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[Fig. 2]
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[Fig. 3]
SBC-5 LC319
A Anti-OIP5  Control Anti-OIP5  Control
siRNA siRNA SiRNA siRNA
#1 #2 LUC CNT #1 #2 LUC CNT
OIP5 OIP5
ACTB . ACTB
MTT assa
50 MTT assay 25 S y
* '—|* | x
15 2.0
1.5
1.0
1.0
0.5 05
0 #1 #2 LUC CNT 0 #1 #2 LUC CNT
* P<0.0001 * P<0.0001
Colony formation assay Colony formation assay

#1

#2 LUC CNT

(kDa) OIP5 mock

37 — 25 MTT assay
' P=0.0009
2.0 >
25_ SR Gy . .
P5) 1.5 — T
ACTB 1.0 — —
WB: anti-ACTB
Colony formation assay 0
OIP5 mock

- vector: pCAGGSn3FC
ock/COS-7 Cell line: COS-7

P

OIP5/COS-7 m

BIO-RAD EX.1025.004



Patent Application Publication  Jun. 30,2011 Sheet 4 of 11 US 2011/0160288 A1

[Fig. 4]
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[Fig. 7A-B]

A
Lung SCC Normal lung

Positive expression Negative expression

B Lung cancer mortality
] OIP5 Negative ( N = 87 )
2
o .8
o
X 6
3
e
— .4
S P =0.0053
g 2 OIP5 Positive ( N = 249 )
(7]

0

0 500 1000 1500 2000 2500 3000

Number at risk postoperative days

OIP5 Positive 249 214 177 114 86 60
OIP5 Negative 87 82 72 56 31 13

BIO-RAD EX.1025.008



Patent Application Publication  Jun. 30,2011 Sheet 8 of 11 US 2011/0160288 A1

[Fig. 7C-D]
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[Fig. 8]
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[Fig. 9A-B]
A Anti-OIP5 Anti-OIP5 & rhOIP5

COsS-7
(kDa) OIP5 mock

Anti-Flag(OIP5) g

anti-ACTB

Number of inv

OIP5 mock
* P=0.0045

OIP5 mock

BIO-RAD EX.1025.011



Patent Application Publication  Jun. 30,2011 Sheet 11 of 11 US 2011/0160288 A1

[Fig. 9C-D]
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OIP5 AS A TARGET GENE FOR CANCER
THERAPY AND DIAGNOSIS

PRIORITY

[0001] The present application claims the benefit of U.S.
Provisional Application No. 61/190,530, filed on Aug. 28,
2008, the entire contents of which are incorporated by refer-
ence herein.

TECHNICAL FIELD

[0002] The present invention relates to the field of biologi-
cal science, more specifically to the field of cancer research,
cancer diagnosis and cancer therapy. Moreover, the present
invention relates to methods of screening for an agent for
treating and/or preventing cancer.

BACKGROUND ART

[0003] Lung cancer is the leading cause of cancer deaths
worldwide, and non-small cell lung cancer (NSCLC)
accounts for nearly 80% of those cases (Greenlee R T, et al.,
CA Cancer J Clin 2001; 51: 15-36). Esophageal squamous-
cell carcinoma (ESCC) is one of the most lethal malignancies
of the digestive tract, and at the time of diagnosis most of the
patients are at advanced stages (Shimada H, et al., Surgery
2003; 133: 486-94). In spite of the use of current surgical
techniques combined with various treatment modalities, such
as radiotherapy and chemotherapy, the overall 5-year survival
rate of ESCC still remains at 40% to 60% (Tamoto E, et al.,
Clin Cancer Res 2004; 10: 3629-38) and that of lung cancer is
only 15% (Greenlee R T, et al., CA Cancer J Clin 2001; 51:
15-36).

[0004] To isolate potential molecular targets for diagnosis,
treatment, and/or prevention of lung and esophageal carcino-
mas, a genome-wide analysis of gene expression profiles of
cancer cells from 101 lung cancer and 19 ESCC patients was
performed using a cDNA microarray consisting of 27,648
genes (WO02004/031413, WO2007/013665, WO2007/
013671, Daigo Y and Nakamura Y, Gen Thorac Cardiovasc
Surg 2008; 56:43-53, Kikuchi T, et al., Oncogene 2003;
22:2192-205, Kakiuchi S, et al.,, Mol Cancer Res 2003;
1:485-99, Kakiuchi S, et al., Hum Mol Genet 2004; 13:3029-
43, Kikuchi T, et al., Int J Oncol 2006; 28:799-805, Taniwaki
M, et al., Int ] Oncol 2006; 29:567-75, and Yamabuki T, et al.,
Int J Oncol 2006; 28:1375-84). To verify the biological and
clinicopathological significance of the respective gene prod-
ucts, high-throughput screening of loss-of-function effects
was performed by means of the RNAI technique and using
tumor-tissue microarray analysis of clinical lung-cancer
materials (Suzuki C, et al., Cancer Res 2003; 63:7038-41,
Ishikawa N, et al., Clin Cancer Res 2004; 10:8363-70, Kato T,
et al., Cancer Res 2005; 65:5638-46, Furukawa C, et al.,
Cancer Res 2005; 65:7102-10, Ishikawa N, et al., Cancer Res
2005; 65:9176-84, Suzuki C, et al.,, Cancer Res 2005;
65:11314-25, Ishikawa N, et al., Cancer Sci 2006; 97:737-45,
Takahashi K, et al. Cancer Res 2006; 66:9408-19, Hayama S,
et al., Cancer Res 2006; 66:10339-48, Kato T, et al., Clin
Cancer Res 2007; 13:434-42, Suzuki C, et al., Mol Cancer
Ther 2007, 6:542-51, Yamabuki T, et al., Cancer Res 2007,
67:2517-25, Hayama S, et al., Cancer Res 2007; 67:4113-22,
Kato T, et al., Cancer Res 2007; 67:8544-53, Taniwaki M, et
al., Clin Cancer Res 2007; 13:6624-31, Ishikawa N, et al.,
Cancer Res 2007; 67:11601-11, Mano Y, et al., Cancer Sci
2007, 98:1902-13, Suda T, et al., Cancer Sci 2007; 98:1803-8,
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Kato T, et al., Clin Cancer Res 2008; 14:2363-70 and
Mizukami Y, et al., Cancer Sci 2008; 99:1448-54).

[0005] OIPS (opa interacting protein 5) was found by yeast
two-hybrid analysis to interact with Neisseria Gonorrhoeae
opacity-associated (Opa) proteins (Williams, J. M., et al., Mol
Microbiol 1998; 27(1): 171-86). OIPS is involved in gono-
coccal adhesion to and invasion of human epithelial cells. A
previous study demonstrated that the elevated expression of
OIP5 mRNA in human gastric carcinomas (Nakamura Y, et
al., Ann Surg Oncol 2007; 14:885-92.), and, some proteins,
such as Rafl, were previously reported to be interacted with
OIPS5 (Yuryev, A. and L. P. Wennogle, Genomics 2003; 81(2):
112-25), however the biological roles of OIPS during carcino-
genesis have not been clarified.
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SUMMARY OF INVENTION
[0042] In this invention, it is disclosed that overexpression

of OIP5 can contribute to the malignant nature of lung and
esophageal cancer cells. Thus, targeting the OIP5 molecule
may hold promise for the development of a new diagnostic
and therapeutic strategy in the clinical management of lung
and esophageal cancers.

[0043] In particular, the present invention arises from the
discovery that double-stranded molecules composed of spe-
cific sequences (in particular, SEQ ID NOs: 11 and 12) are
effective for inhibiting cellular growth of lung and/or esoph-
ageal cancer cells. Specifically, small interfering RNAs (siR-
NAs) targeting OIPS genes are provided by the present inven-
tion. These double-stranded molecules may be utilized in an
isolated state or encoded in vectors and expressed from the
vectors. Accordingly, it is an object of the present invention to
provide such double stranded molecules as well as vectors
and host cells expressing them.

[0044] In one aspect, the present invention provides meth-
ods for inhibiting cell growth and treating lung and/or esoph-
ageal cancer by administering the double-stranded molecules
orvectors of the present invention to a subject in need thereof.
Such methods encompass administering to a subject in need
thereof a composition composed of one or more of the
double-stranded molecules or vectors of the present inven-
tion.

[0045] In another aspect, the present invention provides
compositions for treating a cancer containing at least one of
the double-stranded molecules or vectors of the present
invention.

[0046] Inyetanother aspect, the present invention provides
a method of diagnosing or determining a predisposition to
lung and/or esophageal cancer in a subject by determining an
expression level of OIPS in a patient derived biological
sample. An increase in the expression level of the OIP5 gene
as compared to a normal control level of the gene indicates
that the subject suffers from or is at risk of developing lung
and/or esophageal cancer.
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[0047] Moreover, the present invention relates to the dis-
covery that a high expression level of OIPS correlates to poor
survival rate. Therefore, the present invention provides a
method for assessing or determining the prognosis of a
patient with lung and/or esophageal cancer, such a method
including the steps of detecting the expression level of OIPS,
comparing it to a pre-determined reference expression level
and determining the prognosis of the patient from the differ-
ence there between.

[0048] In a further aspect, the present invention provides a
method of screening for a compound for treating and/or pre-
venting lung and/or esophageal cancer. Such a compound
would bind with the OIPS5 polypeptide or reduce the biologi-
cal activity of the OIP5 polypeptide or reduce the expression
of the OIPS gene or reporter gene surrogating the OIP5 gene
or inhibit the binding between the OIP5 polypeptide and the
Rafl polypeptide or inhibit the phosphorylation of the OIPS
polypeptide.

[0049] It will be understood by those skilled in the art that
one or more aspects of this invention can meet certain objec-
tives, while one or more other aspects can meet certain other
objectives. Each objective may not apply equally, in all its
respects, to every aspect of this invention. As such, the pre-
ceding objects can be viewed in the alternative with respect to
any one aspect of this invention. These and other objects and
features of the invention will become more fully apparent
when the following detailed description is read in conjunction
with the accompanying figures and examples. However, it is
to be understood that both the foregoing summary of the
invention and the following detailed description are of a pre-
ferred embodiment, and not restrictive of the invention or
other alternate embodiments of the invention.

BRIEF DESCRIPTION OF DRAWINGS

[0050] Various aspects and applications of the present
invention will become apparent to the skilled artisan upon
consideration of the brief description of the figures and the
detailed description of the present invention and its preferred
embodiments that follows:

[0051] FIG. 1 depicts OIPS expression in lung and esoph-
ageal cancers and normal tissues. In Part A, the expression of
OIPS5 in a normal lung tissue and 15 clinical lung cancer
samples [lung adenocarcinoma (ADC), lung SCC, and
SCLC; top panels] and 15 lung cancer cell lines (bottom
panels) detected by semiquantitative RT-PCR analysis is
depicted. In Part B, the expression of OIP5 in a normal
esophagus and 10 clinical ESCC tissue samples (top panels)
and 10 ESCC cell lines detected by semi-quantitative RT-
PCR analysis (bottom panels) is depicted. In Part C, the
subcellular localization of endogenous OIP5 protein in
SBC-5 cells is depicted. OIPS was stained in the nucleus and
cytoplasm. DAPI, 4',6-diamidino-2-phenylindole. In Part D,
the results of Northern blot analysis of the OIPS transcript in
16 normal human tissues are depicted. A strong signal was
observed in testis.

[0052] FIG. 2 depicts OIPS protein expression and its asso-
ciation with poorer clinical outcomes for NSCLC patients. In
Part A, representative examples of expression of OIPS in lung
cancer (squamous cell carcinomas, x100) and normal lung
(x100), and magnified view (x200) are depicted. In Part B, the
results of Kaplan-Meier analysis of tumor-specific survival in
NSCLC patients according to OIP5 expression level (P<0.
0099; log-rank test) is depicted.
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[0053] FIG. 3 depicts the effect of OIP5 on growth of cells.
In Part A, the expression of OIPS in response to si-OIP5s (si-1
and -2) or control siRNAs (LUC and On-Target plus/CNT) in
LC319 (left) and SBCS (right) cells, analyzed by semiquan-
titative RT-PCR (top panels) is depicted. In particular, viabil-
ity of LC319 or SBC-5 cells evaluated by MTT assay in
response to si-1, si-2, si-LUC, or si-CNT (middle panels).
Colony-formation assays of LC319 and SBC-5 cells trans-
fected with specific siRNAs or control siRNAs (bottom pan-
els). All experiments were carried out in triplicate assays. In
Part B, the effect of OIP5 on growth of COS-7 cells is
depicted. In particular, expression of OIP5 in COS-7 cells
examined by western-blot analysis (left top panels). The cells
transfected with pPCAGGSn3Fc-OIP5 or mock vector were
each cultured in triplicate, and the cell viability was evaluated
by the MTT assay (right panel). Sizes and numbers of colo-
nies derived from cells transfected with OIP5-expressing
plasmids are greater than those with mock vector (left bottom
panels).

[0054] FIG. 4 depicts the phosphorylation of endogenous
and exogenous OIP5. In particular, by treatment with lambda-
PPase, upper (phosphorylated) band of endogenous or exog-
enous OIP5 was diminished.

[0055] FIG. 5 depicts OIP5 expression in lung and esoph-
ageal cancers and normal tissues. In Part A, the expression of
OIP5 in lung cancer cell lines was examined by Western blot
analyses. Expression of ACTB was served as a quantity con-
trol. In Part B, subcellular localization of endogenous OIP5
protein in SBC-5 cells is depicted. OIPS was stained in the
nucleus and cytoplasm. DAPI indicates 4',6-diamidino-2-
phenylindole.

[0056] FIG. 6 depicts OIP5 protein expression in normal
tissues and lung and esophageal cancers. In Part A, northern
blot analysis of the OIPS transcript in 23 normal human
tissues is depicted. A strong signal was observed in testis. In
Part B, the expression of OIP5 in six normal human tissues as
well as various histologic types of lung cancers and ESCCs
was detected by immunohistochemical staining (Magnifica-
tionx100). Positive staining appeared predominantly in the
nucleus and cytoplasm of the testicular cells and lung cancer
cells.

[0057] FIG. 7 depits association of OIP5 expression with
poorer clinical outcomes for NSCLC and ESCC patients. In
Part A, representative examples of OIP5 expression in lung
cancer (squamous cell carcinomas) and normal lung (top,
X100; bottom X200) are depicted. In Part B, Kaplan-Meier
analysis of tumor-specific survival in NSCLC patients
according to OIPS expression level (P=0.0053; log-rank test)
is depicted. In Part C, representative examples of OIPS
expression in ESCC and normal esophagus (top, X100; bot-
tom X200) are depicted. In Part D, Kaplan-Meier analysis of
tumor-specific survival in ESCC patients according to OIP5
expression level (P=0.0129; log-rank test) is depicted.
[0058] FIG. 8 depicts stabilization of OIP5 protein through
its interaction with Rafl protein. In Part A, interaction of
exogenous OIPS with endogenous Rafl protein in lung can-
cer cells is depicted. Immunoprecipitations were carried out
using M2-Flag agarose and extracts from COS-7 cells that
was transfected with pCAGGSn3FC-OIP5-Flag and
expressed endogenous Rafl. Immunoprecipitates were sub-
jected to western-blot analysis using anti-Rafl polyclonal
antibody to detect endogenous Rafl. IB indicates immunob-
lotting; IP indicates immunoprecipitation. In Part B, the
expression of OIP5 and Rafl proteins in lung cancer cell lines
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is depicted. The expression pattern of OIPS showed good
concordance with that of Rafl protein. In Part C, effect of
Rafl expression on the levels of OIPS protein is depicted. In
left panels, effect of Rafl knockdown on the levels of OIPS
protein is depicted. The expression of endogenous Rafl and
OIPS5 transcripts as well as their coding proteins was detected
by semiquantitative RT-PCR analysis and western-blot analy-
sis in SBC-5 cells transfected with si-Rafl. In right panels,
effect of Rafl overexpression on the levels of OIPS protein is
depicted. The expression levels of Rafl and OIPS transcripts
and proteins were detected by semiquantitative RT-PCR
analysis and western-blot analysis in SBC-5 cells transfected
with Rafl expression vector.

[0059] FIG. 9 depicts supplementary figures. In Part A, an
antigen blocking assays to examine antibody specificity to
OIP5 is depicted. Anti-OIP5 antibody was incubated with
recombinant OIP5 protein before immunohistochemical
staining (Anti-OIP5+rhOIPS). The positive signal by anti-
OIPS5 antibody obtained in lung cancer tissues (Anti-OIP5)
was diminished by preincubation with rhOIP5. In Part B,
enhancement of cellular invasiveness of COS-7 by OIPS5 is
depicted. Expression of OIP5 in COS-7 cells was examined
by western-blot analysis (left top panels). Assays in Matrigel
matrix demonstrates the invasive nature of COS-7 cells after
transfection with pCAGGSn3Fc-OIP5-Flag. Giemsa staining
(bottom panels; magnification, x100), and the relative num-
ber of cells migrating through the Matrigel-coated filters
(right top panels) were shown. In Part C, direct interaction of
OIPS5 with Rafl protein is depicted. Pull-down of OIP5 pro-
tein was carried out using anti-His antibody and mixture of
His-tagged OIPS and GST-fused recombinant Rafl proteins.
OIPS5-binding Rafl protein was detected by subsequent west-
ern blotting using polyclonal antibody to Rafl (cell signaling
technology). In Part D, the expression of Rafl in lung cancer
cell lines, as detected by semiquantitative RT PCR was
depicted.

DESCRIPTION OF EMBODIMENTS

[0060] Although any methods and materials similar or
equivalent to those described herein can be used in the prac-
tice or testing of embodiments of the present invention, the
preferred methods, devices, and materials are now described.
However, before the present materials and methods are
described, it is to be understood that the present invention is
not limited to the particular sizes, shapes, dimensions, mate-
rials, methodologies, protocols, etc. described herein, as
these may vary in accordance with routine experimentation
and optimization. It is also to be understood that the termi-
nology used in the description is for the purpose of describing
the particular versions or embodiments only, and is not
intended to limit the scope of the present invention which will
be limited only by the appended claims.
[0061] The disclosure of each publication, patent or patent
application mentioned in this specification is specifically
incorporated by reference herein in its entirety. However,
nothing herein is to be construed as an admission that the
invention is not entitled to antedate such disclosure by virtue
of prior invention.
[0062] Incase of conflict, the present specification, includ-
ing definitions, will control. In addition, the materials, meth-
ods, and examples are illustrative only and not intended to be
limiting.

DEFINITION
[0063] The words “a”, “an”, and “the” as used herein mean
“at least one” unless otherwise specifically indicated.
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[0064] As used herein, the term “biological sample” refers
to a whole organism or a subset of its tissues, cells or com-
ponent parts (e.g., body fluids, including but not limited to
blood, mucus, lymphatic fluid, synovial fluid, cerebrospinal
fluid, saliva, amniotic fluid, amniotic cord blood, urine, vagi-
nal fluid and semen). “Biological sample” further refers to a
homogenate, lysate, extract, cell culture or tissue culture pre-
pared from a whole organism or a subset of its cells, tissues or
component parts, or a fraction or portion thereof. Lastly,
“biological sample” refers to a medium, such as a nutrient
broth or gel in which an organism has been propagated, which
contains cellular components, such as proteins or polynucle-
otides.

[0065] The terms “gene”, “polynucleotide”, “oligonucle-
otide” “nucleotide”, “nucleic acid”, and “nucleic acid mol-
ecule” are used interchangeably herein to refer to a polymer
of nucleic acid residues and, unless otherwise specifically
indicated are referred to by their commonly accepted single-
letter codes. The terms apply to nucleic acid (nucleotide)
polymers in which one or more nucleic acids are linked by
ester bonding. The nucleic acid polymers may be composed
of DNA, RNA or a combination thereof and encompass both
naturally-occurring and non-naturally occurring nucleic acid
polymers.

[0066] The terms “polypeptide”, “peptide”, and “protein”
are used interchangeably herein to refer to a polymer of amino
acid residues. The terms refer to naturally occurring and
synthetic amino acids, as well as amino acids analogs and
amino acids mimetics amino acid polymers in which one or
more amino acid residue is a modified residue, or a non-
naturally occurring residue, such as an artificial chemical
mimetic of a corresponding naturally occurring amino acid.
Naturally occurring amino acids are those encoded by the
genetic code, as well as those modified after translation in
cells (e.g., hydroxyproline, gamma-carboxyglutamate, and
O-phosphoserine). The phrase “amino acid analog” refers to
compounds that have the same basic chemical structure (an
alpha carbon bound to a hydrogen, a carboxy group, an amino
group, and an R group) as a naturally occurring amino acid
but have a modified R group or modified backbones (e.g.,
homoserine, norleucine, methionine, sulfoxide, methionine
methyl sulfonium). The phrase “amino acid mimetic” refers
to chemical compounds that have different structures but
similar functions to general amino acids. Amino acids may be
referred to herein by their commonly known three letter sym-
bols or the one-letter symbols recommended by the IUPAC-
IUB Biochemical Nomenclature Commission.

[0067] Unless otherwise defined, the terms “cancer” refers
to cancers over-expressing the OIP5 gene. Examples of can-
cers over-expressing OIPS include, but are not limited to, lung
and esophageal cancer.

[0068] Genes or Proteins

[0069] The nucleic acid and polypeptide sequences of
genes of interest to the present invention are shown in the
following numbers, but not limited to those;

CLIT 2

OIP5: SEQ ID NO: 13 and 14
Rafl: SEQ ID NO: 17 and 18

[0070] Additionally, the sequence datas are available via
following accession numbers.

OIP5: NM__007280;
Rafl: NM__002880;
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[0071] According to an aspect of the present invention,
functional equivalents are also considered to be above
“polypeptides”. Herein, a “functional equivalent” of a protein
is a polypeptide that has a biological activity equivalent to the
protein. Namely, any polypeptide that retains the biological
ability of the original reference peptide may be used as such
a functional equivalent in the present invention. Such func-
tional equivalents include those wherein one or more amino
acids are substituted, deleted, added, or inserted to the natural
occurring amino acid sequence of the protein. Alternatively,
the polypeptide may be composed an amino acid sequence
having at least about 80% homology (also referred to as
sequence identity) to the sequence of the respective protein,
more preferably at least about 90% to 95% homology, even
more preferably 96% to 99% homology. In other embodi-
ments, the polypeptide can be encoded by a polynucleotide
that hybridizes under stringent conditions to the naturally
occurring nucleotide sequence of the gene.

[0072] A polypeptide of the present invention may have
variations in amino acid sequence, molecular weight, isoelec-
tric point, the presence or absence of sugar chains, or form,
depending on the cell or host used to produce it or the puri-
fication method utilized. Nevertheless, so long as it has a
function equivalent to that of the human protein of the present
invention, it is within the scope of the present invention.
[0073] The phrase “stringent (hybridization) conditions”
refers to conditions under which a nucleic acid molecule will
hybridize to its target sequence, typically in a complex mix-
ture of nucleic acids, but not detectably to other sequences.
Stringent conditions are sequence-dependent and will vary in
different circumstances. Longer sequences hybridize specifi-
cally at higher temperatures. An extensive guide to the
hybridization of nucleic acids is found in Tijssen, Techniques
in Biochemistry and Molecular Biology—Hybridization
with Nucleic Probes, “Overview of principles of hybridiza-
tion and the strategy of nucleic acid assays” (1993). Gener-
ally, stringent conditions are selected to be about 5-10 degrees
C. lower than the thermal melting point (Tm) for the specific
sequence at a defined ionic strength pH. The Tm is the tem-
perature (under defined ionic strength, pH, and nucleic con-
centration) at which 50% of'the probes complementary to the
target hybridize to the target sequence at equilibrium (as the
target sequences are present in excess, at Tm, 50% of the
probes are occupied at equilibrium). Stringent conditions
may also be achieved with the addition of destabilizing agents
such as formamide. For selective or specific hybridization, a
positive signal is at least two times of background, preferably
10 times of background hybridization. Exemplary stringent
hybridization conditions include the following: 50% forma-
mide, 5xSSC, and 1% SDS, incubating at 42 degrees C., or,
5xSSC, 1% SDS, incubating at 65 degrees C., with wash in
0.2xSSC, and 0.1% SDS at 50 degrees C.

[0074] Inthe contextofthe present invention, a condition of
hybridization for isolating a DNA encoding a polypeptide
functionally equivalent to the above human protein can be
routinely selected by a person skilled in the art. For example,
hybridization may be performed by conducting pre-hybrid-
izationat 68 degrees C. for 30 min or longer using “Rapid-hyb
buffer” (Amersham LIFE SCIENCE), adding a labeled
probe, and warming at 68 degrees C. for 1 hour or longer. The
following washing step can be conducted, for example, in a
low stringent condition. An exemplary low stringent condi-
tion may include 42 degrees C., 2xSSC, 0.1% SDS, prefer-
ably 50 degrees C., 2xSSC, 0.1% SDS. High stringency con-
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ditions are often preferably used. An exemplary high
stringency condition may include washing 3 times in 2xSSC,
0.01% SDS at room temperature for 20 min, then washing 3
times in 1xSSC, 0.1% SDS at 37 degrees C. for 20 min, and
washing twice in 1xSSC, 0.1% SDS at 50 degrees C. for 20
min. However, several factors, such as temperature and salt
concentration, can influence the stringency of hybridization
and one skilled in the art can suitably select the factors to
achieve the requisite stringency.

[0075] In general. modification of one, two or more amino
acid in a protein will not influence the function of the protein.
In fact, mutated or modified proteins (i.e., peptides composed
of an amino acid sequence in which one, two, or several
amino acid residues have been modified through substitution,
deletion, insertion and/or addition) have been known to retain
the original biological activity (Mark et al., Proc Natl Acad
Sci USA 81: 5662-6 (1984); Zoller and Smith, Nucleic Acids
Res 10:6487-500 (1982); Dalbadie-McFarland et al., Proc
Natl Acad Sci USA 79: 6409-13 (1982)). Accordingly, one of
skill in the art will recognize that individual additions, dele-
tions, insertions, or substitutions to an amino acid sequence
which alter a single amino acid or a small percentage of amino
acids or those considered to be a “conservative modifica-
tions”, wherein the alteration of a protein results in a protein
with similar functions, are acceptable in the context of the
instant invention. Thus, in one embodiment, the peptides of
the present invention may have an amino acid sequence
wherein one, two or even more amino acids are added,
inserted, deleted, and/or substituted in a reference sequence.
[0076] So long as the activity the protein is maintained, the
number of amino acid mutations is not particularly limited.
However, it is generally preferred to alter 5% or less of the
amino acid sequence. Accordingly, in a preferred embodi-
ment, the number of amino acids to be mutated in such a
mutant is generally 30 amino acids or less, preferably 20
amino acids or less, more preferably 10 amino acids or less,
more preferably 5 or 6 amino acids or less, and even more
preferably 3 or 4 amino acids or less.

[0077] An amino acid residue to be mutated is preferably
mutated into a different amino acid in which the properties of
the amino acid side-chain are conserved (a process known as
conservative amino acid substitution). Examples of proper-
ties of amino acid side chains are hydrophobic amino acids
(A, L L, M, F, P, W,Y, V), hydrophilic amino acids (R, D, N,
C,E, Q,G,H, K, S, T), and side chains having the following
functional groups or characteristics in common: an aliphatic
side-chain (G, A, V, L, I, P); a hydroxyl group containing
side-chain (S, T,Y); a sulfur atom containing side-chain (C,
M); a carboxylic acid and amide containing side-chain (D, N,
E, Q); abase containing side-chain (R, K, H); and an aromatic
containing side-chain (H, F, Y, W). Conservative substitution
tables providing functionally similar amino acids are well
known in the art. For example, the following eight groups
each contain amino acids that are conservative substitutions
for one another:

[0078] 1) Alanine (A), Glycine (G);

[0079] 2) Aspartic acid (D), Glutamic acid (E);

[0080] 3) Aspargine (N), Glutamine (Q);

[0081] 4) Arginine (R), Lysine (K);

[0082] 5) Isoleucine (I), Leucine (L), Methionine (M),
Valine (V);

[0083] 6) Phenylalanine (F), Tyrosine (Y), Tryptophan
(W)

[0084] 7) Serine (S), Threonine (T); and
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[0085] 8) Cystein (C), Methionine (M) (see, e.g., Creigh-
ton, Proteins 1984).

[0086] Such conservatively modified polypeptides are
included in the present protein. However, the present inven-
tion is not restricted thereto and includes non-conservative
modifications, so long as at least one biological activity of the
protein is retained. Furthermore, the modified proteins do not
exclude polymorphic variants, interspecies homologues, and
those encoded by alleles of these proteins.

[0087] Moreover, the gene of the present invention encom-
passes polynucleotides that encode such functional equiva-
lents of the protein. In addition to hybridization, a gene ampli-
fication method, for example, the polymerase chain reaction
(PCR) method, can be utilized to isolate a polynucleotide
encoding a polypeptide functionally equivalent to the protein,
using a primer synthesized based on the sequence above
information. Polynucleotides and polypeptides that are func-
tionally equivalent to the human gene and protein, respec-
tively, normally have a high homology to the originating
nucleotide or amino acid sequence of. “High homology”
typically refers to a homology of 40% or higher, preferably
60% or higher, more preferably 80% or higher, even more
preferably 90% to 95% or higher, even more preferably 96%
to 99% or higher. The homology of a particular polynucle-
otide or polypeptide can be determined by following the
algorithm in “Wilbur and Lipman, Proc Natl Acad Sci USA
80: 726-30 (1983)”.

[0088] Double-Stranded Molecules

[0089] As used herein, the term “isolated double-stranded
molecule” refers to a nucleic acid molecule that inhibits
expression of a target gene and includes, for example, short
interfering RNA (siRNA; e.g., double-stranded ribonucleic
acid (dsRNA) or small hairpin RNA (shRNA)) and short
interfering DNA/RNA (siD/R-NA; e.g. double-stranded chi-
mera of DNA and RNA (dsD/R-NA) or small hairpin chimera
of DNA and RNA (shD/R-NA)).

[0090] As use herein, the term “siRNA” refers to a double-
stranded RNA molecule which prevents translation of a target
mRNA. Standard techniques of introducing siRNA into the
cell are used, including those in which DNA is a template
from which RNA is transcribed. The siRNA includes an OIP5
sense nucleic acid sequence (also referred to as “sense
strand”), an OIP5 antisense nucleic acid sequence (also
referred to as “antisense strand”) or both. The siRNA may be
constructed such that a single transcript has both the sense and
complementary antisense nucleic acid sequences of the target
gene, e.g., a hairpin. The siRNA may either be a dsRNA or
shRNA.

[0091] As used herein, the term “dsRNA” refers to a con-
struct of two RNA molecules composed of complementary
sequences to one another and that have annealed together via
the complementary sequences to form a double-stranded
RNA molecule. The nucleotide sequence of two strands may
include not only the “sense” or “antisense” RNAs selected
from a protein coding sequence of target gene sequence, but
also RNA molecule having a nucleotide sequence selected
from non-coding region of the target gene.

[0092] The term “shRNA”, as used herein, refers to an
siRNA having a stem-loop structure, composed of first and
second regions complementary to one another, i.e., sense and
antisense strands. The degree of complementarity and orien-
tation of the regions are sufficient such that base pairing
occurs between the regions, the first and second regions are
joined by a loop region, the loop results from a lack of base
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pairing between nucleotides (or nucleotide analogs) within
the loop region. The loop region of an shRNA is a single-
stranded region intervening between the sense and antisense
strands and may also be referred to as “intervening single-
strand”.

[0093] As use herein, the term “siD/R-NA” refers to a
double-stranded polynucleotide molecule which is composed
of both RNA and DNA, and includes hybrids and chimeras of
RNA and DNA and prevents translation of a target mRNA.
Herein, a hybrid indicates a molecule wherein a polynucle-
otide composed of DNA and a polynucleotide composed of
RNA hybridize to each other to form the double-stranded
molecule; whereas a chimera indicates that one or both of the
strands composing the double stranded molecule may contain
RNA and DNA. Standard techniques of introducing siD/R-
NA into the cell are used. The siD/R-NA includes an OIP5
sense nucleic acid sequence (also referred to as “sense
strand”), an OIP5 antisense nucleic acid sequence (also
referred to as “antisense strand”) or both. The siD/R-NA may
be constructed such that a single transcript has both the sense
and complementary antisense nucleic acid sequences from
the target gene, e.g., a hairpin. The siD/R-NA may either be a
dsD/R-NA or shD/R-NA.

[0094] As used herein, the term “dsD/R-NA” refers to a
construct of two molecules composed of complementary
sequences to one another and that have annealed together via
the complementary sequences to form a double-stranded
polynucleotide molecule. The nucleotide sequence of two
strands may include not only the “sense” or “antisense” poly-
nucleotides sequence selected from a protein coding
sequence of target gene sequence, but also polynucleotide
having a nucleotide sequence selected from non-coding
region of the target gene. One or both of the two molecules
constructing the dsD/R-NA are composed of both RNA and
DNA (chimeric molecule), or alternatively, one of the mol-
ecules is composed of RNA and the other is composed of
DNA (hybrid double-strand).

[0095] The term “shD/R-NA”, as used herein, refers to an
siD/R-NA having a stem-loop structure, composed of a first
and second regions complementary to one another, i.e., sense
and antisense strands. The degree of complementarity and
orientation of the regions are sufficient such that base pairing
occurs between the regions, the first and second regions are
joined by a loop region, the loop results from a lack of base
pairing between nucleotides (or nucleotide analogs) within
the loop region. The loop region of an shD/R-NA is a single-
stranded region intervening between the sense and antisense
strands and may also be referred to as “intervening single-
strand”.

[0096] As used herein, an “isolated nucleic acid” is a
nucleic acid removed from its original environment (e.g., the
natural environment if naturally occurring) and thus, syn-
thetically altered from its natural state. In the context of the
present invention, examples of isolated nucleic acid includes
DNA, RNA, and derivatives thereof.

[0097] A double-stranded molecule against OIP5 that
hybridizes to target mRNA, decreases or inhibits production
of OIPS5 protein encoded by OIPS gene by associating with
the normally single-stranded mRNA transcript of the gene,
thereby interfering with translation and thus, inhibiting
expression of the protein. As demonstrated herein, the expres-
sion of OIPS in lung and/or esophageal cancer cell lines was
inhibited by dsRNA (FIG. 3A). Accordingly, the present
invention provides isolated double-stranded molecules that
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are capable of inhibiting the expression of an OIP5 gene when
introduced into a cell expressing the gene. The target
sequence of double-stranded molecules may be designed by
an siRNA design algorithm such as that mentioned below.
[0098] Examples of OIPS target sequences include, for
example, nucleotides such as:

[0099] SEQ ID NO: 11 (at the position 79-97 nt of SEQ ID
NO: 13)

[0100] SEQ ID NO: 12 (at the position 557-575 nt of SEQ
ID NO: 13)

[0101] Ofparticular interest in the present invention are the
double-stranded molecules of [1] to [18] set forth below:
[0102] [1] An isolated double-stranded molecule that,
when introduced into a cell, inhibits in vivo expression of
OIPS and cell proliferation, such molecules composed of a
sense strand and an antisense strand complementary thereto,
hybridized to each other to form the double-stranded mol-
ecule;

[0103] [2] The double-stranded molecule of [1], wherein
said double-stranded molecule acts on mRNA, matching a
target sequence selected from among SEQ ID NOs: 11 (at the
position of 79-97 nt of SEQ ID NO: 13), SEQ ID NO: 12 (at
the position of 557-575 nt of SEQ ID NO: 13);

[0104] [3] The double-stranded molecule of [2], wherein
the sense strand contains a sequence corresponding to a target
sequence selected from among SEQ ID NOs: 11 and 12;
[0105] [4] The double-stranded molecule of [3], having a
length of less than about 100 nucleotides;

[0106] [5] The double-stranded molecule of [4], having a
length of less than about 75 nucleotides;

[0107] [6] The double-stranded molecule of [5], having a
length of less than about 50 nucleotides;

[0108] [7] The double-stranded molecule of [6] having a
length of less than about 25 nucleotides;

[0109] [8] The double-stranded molecule of [7], having a
length of between about 19 and about 25 nucleotides;
[0110] [9] The double-stranded molecule of [1], composed
of'a single polynucleotide having both the sense and antisense
strands linked by an intervening single-strand;

[0111] [10] The double-stranded molecule of [9], having
the general formula 5'-[A]-[B]-[A']-3', wherein [A] is the
sense strand containing a sequence corresponding to a target
sequence selected from among SEQ ID NOs: 11 and 12, [B]
is the intervening single-strand composed of 3 to 23 nucle-
otides, and [A'] is the antisense strand containing a sequence
complementary to [A];

[0112] [11] The double-stranded molecule of [1], com-
posed of RNA;
[0113] [12] The double-stranded molecule of [1], com-

posed of both DNA and RNA,;

[0114] [13] The double-stranded molecule of [ 12], wherein
the molecule is a hybrid of a DNA polynucleotide and an
RNA polynucleotide;

[0115] [14] The double-stranded molecule of [13] wherein
the sense and the antisense strands are composed of DNA and
RNA, respectively;

[0116] [15] The double-stranded molecule of [12], wherein
the molecule is a chimera of DNA and RNA;

[0117] [16] The double-stranded molecule of [15], wherein
a region flanking to the 3'-end of the antisense strand, or both
of a region flanking to the 5'-end of sense strand and a region
flanking to the 3'-end of antisense strand are RNA;

[0118] [17] The double-stranded molecule of [ 16], wherein
the flanking region is composed of 9 to 13 nucleotides; and
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[0119] [18] The double-stranded molecule of [1], wherein
the molecule contains 3' overhang.

[0120] The double-stranded molecule of the present inven-
tion will be described in more detail below.

[0121] Methods for designing double-stranded molecules
having the ability to inhibit target gene expression in cells are
known. (See, for example, U.S. Pat. No. 6,506,559, herein
incorporated by reference in its entirety). For example, a
computer program for designing siRNAs is available from the
Ambion website (http:/www.ambion.com/techlib/misc/
siRNA_finder.html).

[0122] The computer program selects target nucleotide
sequences for double-stranded molecules based on the fol-
lowing protocol.

[0123] Selection of Target Sites:

[0124] 1. Beginning with the AUG start codon of the tran-
script, scan downstream for AA di-nucleotide sequences.
Record the occurrence of each AA and the 3' adjacent 19
nucleotides as potential siRNA target sites. Tuschl etal. don’t
recommend designing siRNA to the 5' and 3' untranslated
regions (UTRs) and regions near the start codon (within 75
bases) as these may be richer in regulatory protein binding
sites, and UTR-binding proteins and/or translation initiation
complexes may interfere with binding of the siRNA endonu-
clease complex.

[0125] 2. Compare the potential target sites to the appro-
priate genome database (human, mouse, rat, etc.) and elimi-
nate from consideration any target sequences with significant
homology to other coding sequences. Basically, BLAST,
which can be found on the NCBI server at: www.ncbi.nlm.
nih.gov/BLAST/, is used (Altschul S F et al., Nucleic Acids
Res 1997 Sep. 1, 25(17): 3389-402).

[0126] 3. Select qualifying target sequences for synthesis.
Selecting several target sequences along the length of the
gene to evaluate is typical.

[0127] Using the above protocol, the target sequence of the
isolated double-stranded molecules of the present invention
were designed as:

[0128] SEQ ID NO: 11 and 12 for OIPS gene.

[0129] Double-stranded molecules targeting the above-
mentioned target sequences were respectively examined for
their ability to suppress the growth of cells expressing the
target genes. Therefore, the present invention provides
double-stranded molecules targeting any of the sequences
selected from the group of:

SEQID NOs: 11 (at the position 79-97 nt of SEQ ID NO: 13)
and 12 (at the position 557-575 nt of SEQ ID NO: 13) for
OIP5 gene.

[0130] The double-stranded molecule of the present inven-
tion may be directed to a single target OIP5 gene sequence or
may be directed to a plurality of target OIP5 gene sequences.
[0131] A double-stranded molecule of the present inven-
tion targeting the above-mentioned targeting sequence of
OIP5 gene include isolated polynucleotides that contain any
of the nucleic acid sequences of target sequences and/or
complementary sequences to the target sequences. Examples
of polynucleotides targeting OIP5 gene include those con-
taining the sequence of SEQ ID NO: 11 or 12 and/or comple-
mentary sequences to these nucleotides; However, the present
invention is not limited to these examples, and minor modi-
fications in the aforementioned nucleic acid sequences are
acceptable so long as the modified molecule retains the ability
to suppress the expression of OIP5 gene. Herein, the phrase
“minor modification” as used in connection with a nucleic
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acid sequence indicates one, two or several substitution, dele-
tion, addition or insertion of nucleic acids to the sequence.

[0132] In the context of the present invention, the term
“several” as applies to nucleic acid substitutions, deletions,
additions and/or insertions may mean 3-7, preferably 3-5,
more preferably 3-4, even more preferably 3 nucleic acid
residues.

[0133] According to the present invention, a double-
stranded molecule of the present invention can be tested for its
ability using the methods utilized in the Examples. In the
Examples herein below, double-stranded molecules com-
posed of sense strands of various portions of mRNA of OIP5
genes or antisense strands complementary thereto were tested
in vitro for their ability to decrease production of an OIP5
gene product in lung and/or esophageal cancer cell lines
according to standard methods. Furthermore, for example,
reduction in an OIP5 gene product in cells contacted with the
candidate double-stranded molecule compared to cells cul-
tured in the absence of the candidate molecule can be detected
by, e.g. RT-PCR using primers for OIP5S mRNA mentioned
under Example 1 item “Semi-quantitative RT-PCR”.
Sequences that decrease the production of an OIP5 gene
product in vitro cell-based assays can then be tested for their
inhibitory effects on cell growth. Sequences that inhibit cell
growth in vitro cell-based assay can then be tested for their in
vivo ability using animals with cancer, e.g. nude mouse
xenograft models, to confirm decreased production of an
OIPS5 gene product and decreased cancer cell growth.

[0134] When the isolated polynucleotide is RNA or deriva-
tives thereof, base “t” should be replaced with “u” in the
nucleotide sequences. As used herein, the term “complemen-
tary” refers to Watson-Crick or Hoogsteen base pairing
between nucleotides units of a polynucleotide, and the term
“binding” means the physical or chemical interaction
between two polynucleotides. When the polynucleotide
includes modified nucleotides and/or non-phosphodiester
linkages, these polynucleotides may also bind each other as
same manner. Generally, complementary polynucleotide
sequences hybridize under appropriate conditions to form
stable duplexes containing few or no mismatches. Further-
more, the sense strand and antisense strand of the isolated
polynucleotide of the present invention can form double-
stranded molecule or hairpin loop structure by the hybridiza-
tion. In a preferred embodiment, such duplexes contain no
more than 1 mismatch for every 10 matches. In an especially
preferred embodiment, where the strands of the duplex are
fully complementary, such duplexes contain no mismatches.

[0135] The polynucleotide is preferably less than 1249
nucleotides in length for OIPS. For example, the polynucle-
otide is less than 500, 200, 100, 75, 50, or 25 nucleotides in
length for all ofthe genes. The isolated polynucleotides of the
present invention are useful for forming double-stranded
molecules against OIP5 gene or preparing template DNAs
encoding the double-stranded molecules. When the poly-
nucleotides are used for forming double-stranded molecules,
the polynucleotide may be longer than 19 nucleotides, pref-
erably longer than 21 nucleotides, and more preferably has a
length of between about 19 and 25 nucleotides.

[0136] Accordingly, the present invention provides the
double-stranded molecules comprising a sense strand and an
antisense strand, wherein the sense strand comprises a nucle-
otide sequence corresponding to a target sequence. In prefer-
able embodiments, the sense strand hybridizes with antisense
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strand at the target sequence to form the double-stranded
molecule having between 19 and 25 nucleotide pair in length.
[0137] The double-stranded molecules of the invention
may contain one or more modified nucleotides and/or non-
phosphodiester linkages. Chemical modifications well
known in the art are capable of increasing stability, availabil-
ity, and/or cell uptake of the double-stranded molecule. The
skilled person will be aware of other types of chemical modi-
fication which may be incorporated into the present mol-
ecules (WO03/070744; WO2005/045037). In one embodi-
ment, modifications can be used to provide improved
resistance to degradation or improved uptake. Examples of
such modifications include, but are not limited to, phospho-
rothioate linkages, 2'-O-methyl ribonucleotides (especially
on the sense strand of a double-stranded molecule), 2'-deoxy-
fluoro ribonucleotides, 2'-deoxy ribonucleotides, “universal
base” nucleotides, 5'-C-methyl nucleotides, and inverted
deoxybasic residue incorporation (US20060122137).

[0138] In another embodiment, modifications can be used
to enhance the stability or to increase targeting efficiency of
the double-stranded molecule. Examples of such modifica-
tions include, but are not limited to, chemical cross linking
between the two complementary strands of a double-stranded
molecule, chemical modification of a 3' or 5' terminus of a
strand of a double-stranded molecule, sugar modifications,
nucleobase modifications and/or backbone modifications,
2-fluoro modified ribonucleotides and 2'-deoxy ribonucle-
otides (W02004/029212). In another embodiment, modifica-
tions can be used to increased or decreased affinity for the
complementary nucleotides in the target mRNA and/or in the
complementary double-stranded molecule strand (WO2005/
044976). For example, an unmodified pyrimidine nucleotide
can be substituted for a 2-thio, 5-alkynyl, 5-methyl, or 5-pro-
pynyl pyrimidine. Additionally, an unmodified purine can be
substituted with a 7-deaza, 7-alkyl, or 7-alkenyl purine. In
another embodiment, when the double-stranded molecule is a
double-stranded molecule with a 3' overhang, the 3'-terminal
nucleotide overhanging nucleotides may be replaced by
deoxyribonucleotides (Elbashir S M et al., Genes Dev 2001
January 15, 15(2): 188-200). For further details, published
documents such as US20060234970 are available. The
present invention is not limited to these examples and any
known chemical modifications may be employed for the
double-stranded molecules of the present invention so long as
the resulting molecule retains the ability to inhibit the expres-
sion of the target gene.

[0139] Furthermore, the double-stranded molecules of the
present invention may include both DNA and RNA, e.g.,
dsD/R-NA or shD/R-NA. Specifically, a hybrid polynucle-
otide of a DNA strand and an RNA strand or a DNA-RNA
chimera polynucleotide shows increased stability. Mixing of
DNA and RNA, i.e., a hybrid type double-stranded molecule
composed of a DNA strand (polynucleotide) and an RNA
strand (polynucleotide), a chimera type double-stranded mol-
ecule containing both DNA and RNA on any or both of the
single strands (polynucleotides), or the like may be formed
for enhancing stability of the double-stranded molecule.
[0140] Thehybrid of a DNA strand and an RNA strand may
be either where the sense strand is DNA and the antisense
strand is RNA, or vice versa, so long as it can inhibit expres-
sion of the target gene when introduced into a cell expressing
the gene. Preferably, the sense strand polynucleotide is DNA
and the antisense strand polynucleotide is RNA. Also, the
chimera type double-stranded molecule may be either where
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both of the sense and antisense strands are composed of DNA
and RNA, or where any one of the sense and antisense strands
is composed of DNA and RNA so long as it has an activity to
inhibit expression of the target gene when introduced into a
cell expressing the gene. In order to enhance stability of the
double-stranded molecule, the molecule preferably contains
as much DNA as possible, whereas to induce inhibition of the
target gene expression, the molecule is required to be RNA
within a range to induce sufficient inhibition of the expres-
sion.

[0141] As a preferred example of the chimera type double-
stranded molecule, an upstream partial region (i.e., a region
flanking to the target sequence or complementary sequence
thereof within the sense or antisense strands) of the double-
stranded molecule is RNA. Preferably, the upstream partial
region indicates the 5' side (5'-end) of the sense strand and the
3'side (3'-end) of the antisense strand. Alternatively, regions
flanking to 5'-end of sense strand and/or 3'-end of antisense
strand are referred to upstream partial region. That is, in
preferable embodiments, a region flanking to the 3'-end of the
antisense strand, or both of a region flanking to the 5'-end of
sense strand and a region flanking to the 3'-end of antisense
strand are composed of RNA. For instance, the chimera or
hybrid type double-stranded molecule of the present inven-
tion include following combinations.

[0142] sense strand:

[0143] 5'-[---DNA---]-3'
[0144] 3'-(RNA)-[DNA]-5'
[0145] :antisense strand,
[0146] sense strand:

[0147] 5'-(RNA)-[DNA]-3'
[0148] 3'-(RNA)-[DNA]-5'
[0149] :antisense strand, and
[0150] sense strand:

[0151] 5'-(RNA)-[DNA]-3'
[0152] 3'-(---RNA---)-5'
[0153] :antisense strand.
[0154] The upstream partial region preferably is a domain

composed of 9 to 13 nucleotides counted from the terminus of
the target sequence or complementary sequence thereto
within the sense or antisense strands of the double-stranded
molecules. Moreover, preferred examples of such chimera
type double-stranded molecules include those having a strand
length of 19 to 21 nucleotides in which at least the upstream
half region (5' side region for the sense strand and 3' side
region for the antisense strand) of the polynucleotide is RNA
and the other half is DNA. In such a chimera type double-
stranded molecule, the effect to inhibit expression of the
target gene is much higher when the entire antisense strand is
RNA (US20050004064).

[0155] In the context of the present invention, the double-
stranded molecule may form a hairpin, such as a short hairpin
RNA (shRNA) and short hairpin consisting of DNA and RNA
(shD/R-NA). The shRNA or shD/R-NA is a sequence of RNA
or mixture of RNA and DNA making a tight hairpin turn that
can be used to silence gene expression via RNA interference.
The shRNA or shD/R-NA includes the sense target sequence
and the antisense target sequence on a single strand wherein
the sequences are separated by a loop sequence. Generally,
the hairpin structure is cleaved by the cellular machinery into
dsRNA or dsD/R-NA, which is then bound to the RNA-
induced silencing complex (RISC). This complex binds to
and cleaves mRNAs which match the target sequence of the
dsRNA or dsD/R-NA.
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[0156] A loop sequence composed of an arbitrary nucle-
otide sequence can be located between the sense and anti-
sense sequence in order to form the hairpin loop structure.
Thus, the present invention also provides a double-stranded
molecule having the general formula 5'-[A]-[B]-[A']-3',
wherein [A] is the sense strand containing a sequence corre-
sponding to a target sequence, [B] is an intervening single-
strand and [A'] is the antisense strand containing a comple-
mentary sequence to [A]. The target sequence may be
selected from among, for example, nucleotides of SEQ ID
NOs: 11 and 12 for OIPS.

[0157] The present invention is not limited to these
examples, and the target sequence in [A] may be modified
sequences from these examples so long as the double-
stranded molecule retains the ability to suppress the expres-
sion of the targeted OIP5 gene. The region [ A] hybridizes to
[A'] to form a loop composed of the region [B]. The interven-
ing single-stranded portion [B], i.e., loop sequence may be
preferably 3 to 23 nucleotides in length. The loop sequence,
for example, can be selected from among the following
sequences (http://www.ambion.com/techlib/tb/tb__506.
html). Furthermore, loop sequence consisting of 23 nucle-
otides also provides active siRNA (Jacque ] M et al., Nature
2002 Jul. 25, 418(6896): 435-8, Epub 2002 Jun. 26):

[0158] CCC, CCACC, or CCACACC: Jacque ] M et al.,
Nature 2002 Jul. 25, 418(6896): 435-8, Epub 2002 Jun. 26;
[0159] UUCG: Lee N S et al., Nat Biotechnol 2002 May,
20(5): 500-5; Fruscoloni P et al., Proc Natl Acad Sci USA
2003 Feb. 18, 100(4): 1639-44, Epub 2003 Feb. 10; and
[0160] UUCAAGAGA: Dykxhoorn D M et al., Nat Rev
Mol Cell Biol 2003 June, 4(6): 457-67.

[0161] Examples of preferred double-stranded molecules
of the present invention having hairpin loop structure are
shown below. In the following structure, the loop sequence
can be selected from among AUG, CCC, UUCG, CCACC,
CTCGAG, AAGCUU, CCACACC, and UUCAAGAGA,
however, the present invention is not limited thereto:

(for target sequence SEQ ID NO: 11)
CGGCAUCGCUCACGUUGUG- [B]- CACAACGUGAGCGAUGCCG ;

(for target sequence SEQ ID NO: 12)
GUGACAAAAUGGUGUGCUA- [B]- UAGCACACCAUUUUGUCAC ;

[0162] Furthermore, in order to enhance the inhibition
activity of the double-stranded molecules, several nucle-
otides can be added to 3'end of the sense strand and/or the
antisense strand of the target sequence, as 3' overhangs. The
number of nucleotides to be added is at least 2, generally 2 to
10, preferably 2 to 5. The added nucleotides form single
strand at the 3'end of the sense strand and/or antisense strand
of the double-stranded molecule. The preferred examples of
nucleotides to be added include “t” and “u”, but are not
limited to. In cases where double-stranded molecules consists
of a single polynucleotide to form a hairpin loop structure, a
3" overhang sequence may be added to the 3' end of the single
polynucleotide.

[0163] The method for preparing the double-stranded mol-
ecule is not particularly limited though it is preferable to use
a chemical synthetic method known in the art. According to
the chemical synthesis method, sense and antisense single-
stranded polynucleotides are separately synthesized and then
annealed together via an appropriate method to obtain a
double-stranded molecule. Specific example for the anneal-
ing includes wherein the synthesized single-stranded poly-
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nucleotides are mixed in a molar ratio of preferably at least
about 3:7, more preferably about 4:6, and most preferably
substantially equimolar amount (i.e., a molar ratio of about
5:5). Next, the mixture is heated to a temperature at which
double-stranded molecules dissociate and then is gradually
cooled down. The annealed double-stranded polynucleotide
can be purified by usually employed methods known in the
art. Example of purification methods include methods utiliz-
ing agarose gel electrophoresis or wherein remaining single-
stranded polynucleotides are optionally removed by, e.g.,
degradation with appropriate enzyme.

[0164] The regulatory sequences flanking OIPS sequences
may be identical or different, such that their expression can be
modulated independently, or in a temporal or spatial manner.
The double-stranded molecules can be transcribed intracel-
lularly by cloning OIP5 gene templates into a vector contain-
ing, e.g., a RNA pol III transcription unit from the small
nuclear RNA (snRNA) U6 or the human H1 RNA promoter.
[0165] Vectors Containing a Double-Stranded Molecule of
the Present Invention:

[0166] Also included in the present invention are vectors
containing one or more of the double-stranded molecules
described herein, and a cell containing such a vector.

[0167] Ofparticular interest to the present invention are the
vectors of [1] to [10] set forth below:

[0168] [1] A vector, encoding a double-stranded molecule
that, when introduced into a cell, inhibits in vivo expression of
OIPS5 and cell proliferation, such molecules composed of a
sense strand and an antisense strand complementary thereto,
hybridized to each other to form the double-stranded mol-
ecule.

[0169] [2] The vector of [1], encoding the double-stranded
molecule acts on mRNA, matching a target sequence selected
from among SEQ ID NO: 11 (at the position of 79-97 nt of
SEQID NO: 13), SEQ ID NO: 12 (at the position of 557-575
nt of SEQ ID NO: 13);

[0170] [3] The vector of [1], wherein the sense strand con-
tains a sequence corresponding to a target sequence selected
from among SEQ ID NOs: 11 and 12;

[0171] [4] The vector of [3], encoding the double-stranded
molecule having a length of less than about 100 nucleotides;
[0172] [5] The vector of [4], encoding the double-stranded
molecule having a length of less than about 75 nucleotides;
[0173] [6] The vector of [5], encoding the double-stranded
molecule having a length of less than about 50 nucleotides;
[0174] [7] The vector of [6] encoding the double-stranded
molecule having a length of less than about 25 nucleotides;
[0175] [8] The vector of [7], encoding the double-stranded
molecule having a length of between about 19 and about 25
nucleotides;

[0176] [9] The vector of [1], wherein the double-stranded
molecule is composed of a single polynucleotide having both
the sense and antisense strands linked by an intervening
single-strand;

[0177] [10] The vector of[9], encoding the double-stranded
molecule having the general formula 5'-[A]-[B]-[A']-3',
wherein [A] is the sense strand containing a sequence corre-
sponding to a target sequence selected from among SEQ ID
NOs: 11 and 12, [B] is the intervening single-strand com-
posed of 3 to 23 nucleotides, and [A'] is the antisense strand
containing a sequence complementary to [A];

[0178] A vectorofthe presentinvention preferably encodes
a double-stranded molecule of the present invention in an
expressible form. Herein, the phrase “in an expressible form”
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indicates that the vector, when introduced into a cell, will
express the molecule. In a preferred embodiment, the vector
includes regulatory elements necessary for expression of the
double-stranded molecule. Such vectors of the present inven-
tion may be used for producing the present double-stranded
molecules, or directly as an active ingredient for treating
cancer.

[0179] Vectors ofthe present invention can be produced, for
example, by cloning OIPS sequence into an expression vector
so that regulatory sequences are operatively-linked to OIP5
sequence in a manner to allow expression (by transcription of
the DNA molecule) of both strands (Lee N S et al., Nat
Biotechnol 2002 May, 20(5): 500-5). For example, RNA mol-
ecule that is the antisense to mRNA is transcribed by a first
promoter (e.g., a promoter sequence flanking to the 3' end of
the cloned DNA) and RNA molecule that is the sense strand
to the mRNA is transcribed by a second promoter (e.g., a
promoter sequence flanking to the 5' end of the cloned DNA).
The sense and antisense strands hybridize in vivo to generate
a double-stranded molecule constructs for silencing of the
gene. Alternatively, two vectors constructs respectively
encoding the sense and antisense strands of the double-
stranded molecule are utilized to respectively express the
sense and anti-sense strands and then forming a double-
stranded molecule construct. Furthermore, the cloned
sequence may encode a construct having a secondary struc-
ture (e.g., hairpin); namely, a single transcript of a vector
contains both the sense and complementary antisense
sequences of the target gene.

[0180] The present invention concerns for the vector
including each or both of a combination of polynucleotide
including a sense strand nucleic acid and an antisense strand
nucleic acid, wherein the antisense strand includes a nucle-
otide sequence which is complementary to said sense strand,
wherein the transcripts of said sense strand and said antisense
strand hybridize to each other to form said double-stranded
molecule, and wherein said vector, when introduced into a
cell expressing the OIP5 gene, inhibits expression of said
gene.

[0181] The vectors of the present invention may also be
equipped so to achieve stable insertion into the genome of the
target cell (see, e.g., Thomas K R & Capecchi MR, Cell 1987,
51: 503-12 for a description of homologous recombination
cassette vectors). See, e.g., Wolff et al., Science 1990, 247:
1465-8; U.S. Pat. Nos. 5,580,859; 5,589,466; 5,804,566;
5,739,118; 5,736,524; 5,679,647; and WO 98/04720.
Examples of DNA-based delivery technologies include
“naked DNA”, facilitated (bupivacaine, polymers, peptide-
mediated) delivery, cationic lipid complexes, and particle-
mediated (“gene gun”) or pressure-mediated delivery (see,
e.g., U.S. Pat. No. 5,922,687).

[0182] The vectors of the present invention include, for
example, viral or bacterial vectors. Examples of expression
vectors include attenuated viral hosts, such as vaccinia or
fowlpox (see, e.g., U.S. Pat. No. 4,722,848). This approach
involves the use of vaccinia virus, e.g., as a vector to express
nucleotide sequences that encode the double-stranded mol-
ecule. Upon introduction into a cell expressing the target
gene, the recombinant vaccinia virus expresses the molecule
and thereby suppresses the proliferation of the cell. Another
example of useable vector includes Bacille Calmette Guerin
(BCG). BCG vectors are described in Stover et al., Nature
1991, 351: 456-60. A wide variety of other vectors are useful
for therapeutic administration and production of the double-
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stranded molecules; examples include adeno and adeno-as-
sociated virus vectors, retroviral vectors, Salmonella typhi
vectors, detoxified anthrax toxin vectors, and the like. See,
e.g., Shata et al., Mol Med Today 2000, 6: 66-71; Shedlock et
al., J Leukoc Biol 2000, 68: 793-806; and Hipp et al., In Vivo
2000, 14: 571-85.

[0183] Methods of Inhibiting or Reducing Growth of a
Cancer Cell and Treating Cancer Using a Double-Stranded
Molecule of the Present Invention:

[0184] The ability of certain siRNA to inhibit NSCLC has
been previously described in WO 2005/89735, incorporated
by reference herein. In present invention, two different
dsRNA for OIP5 were tested for their ability to inhibit cell
growth. The two dsRNA for OIP5 (FIG. 3A) that effectively
knocked down the expression of the gene in lung and esoph-
ageal cancer cell lines coincided with suppression of cell
proliferation.

[0185] Accordingly, the present invention provides meth-
ods for inhibiting cell growth, i.e., lung and/or esophageal
cancer cell growth, by inducing dysfunction of the OIP5 gene
via inhibiting the expression of OIPS5. OIP5 gene expression
can be inhibited by any of the aforementioned double-
stranded molecules of the present invention that specifically
target the OIPS gene or the vectors of the present invention
that can express any of the double-stranded molecules.
[0186] Such ability of the present double-stranded mol-
ecules and vectors to inhibit cell growth of cancerous cell
indicates that they can be used for methods for treating cancer.
Thus, the present invention provides methods to treat patients
with cancer by administering a double-stranded molecule
against an OIPS gene or a vector expressing the molecule
without adverse effect because that genes were hardly
detected in normal organs (FIGS. 1A, B and D, FIG. 6),
wherein the cancer is lung and/or esophageal.

[0187] Ofparticular interest to the present invention are the
methods of [1] to [36] set forth below:

[0188] [1] A method for inhibiting growth of a cancer cell
and treating a cancer, wherein the cancer cell or the cancer
expresses an OIP5 gene, such method including the step of
administering at least one isolated double-stranded molecule
inhibiting the expression of OIPS in a cell over-expressing the
gene and the cell proliferation, wherein the double-stranded
molecule is composed of a sense strand and an antisense
strand complementary thereto, hybridized to each other to
form the double-stranded molecule, wherein the sense strand
comprises a nucleotide sequence corresponding to a contigu-
ous sequence from SEQ ID NO: 13.

[0189] [2] The method of [1], wherein the double-stranded
molecule acts at mRNA which matches a target sequence
selected from among SEQ ID NO: 11 (at the position of 79-97
nt of SEQ ID NO: 13) and SEQ ID NO: 12 (at the position of
557-575 nt of SEQ ID NO: 13).

[0190] [3] The method of [2], wherein the sense strand
contains the sequence corresponding to a target sequence
selected from among SEQ ID NOs: 11 and 12.

[0191] [4] The method of [1], wherein the cancer to be
treated is lung and/or esophageal cancer;

[0192] [5] The method of [4], wherein the lung cancer is
NSCLC or SCLC and esophageal cancer is ESCC;

[0193] [6] The method of [1], wherein plural kinds of the
double-stranded molecules are administered;

[0194] [7] The method of [3], wherein the double-stranded
molecule has a length of less than about 100 nucleotides;
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[0195] [8] The method of [7], wherein the double-stranded
molecule has a length of less than about 75 nucleotides;
[0196] [9] The method of [8], wherein the double-stranded
molecule has a length of less than about 50 nucleotides;
[0197] [10] The method of [9], wherein the double-
stranded molecule has a length of less than about 25 nucle-
otides;

[0198] [11] The method of [10], wherein the double-
stranded molecule has a length of between about 19 and about
25 nucleotides in length;

[0199] [12] The method of [1], wherein the double-
stranded molecule is composed of a single polynucleotide
containing both the sense strand and the antisense strand
linked by an intervening single-strand;

[0200] [13] The method of [12], wherein the double-
stranded molecule has the general formula 5'-[A]-[B]-[A']-3',
wherein [A] is the sense strand containing a sequence corre-
sponding to a target sequence selected from among SEQ ID
NOs: 11 and 12, [B] is the intervening single strand composed
of 3 to 23 nucleotides, and [A'] is the antisense strand con-
taining a sequence complementary to [A];

[0201] [14] The method of [1], wherein the double-
stranded molecule is a RNA;

[0202] [15] The method of [1], wherein the double-
stranded molecule contains both DNA and RNA;

[0203] [16] The method of [15], wherein the double-
stranded molecule is a hybrid of a DNA polynucleotide and
an RNA polynucleotide;

[0204] [17] The method of [16] wherein the sense and
antisense strand polynucleotides are composed of DNA and
RNA, respectively;

[0205] [18] The method of [15], wherein the double-
stranded molecule is a chimera of DNA and RNA;

[0206] [19] The method of [18], wherein a region flanking
to the 3'-end of the antisense strand, or both of a region
flanking to the 5'-end of sense strand and a region flanking to
the 3'-end of antisense strand are composed of RNA;

[0207] [20] The method of [19], wherein the flanking
region is composed of 9 to 13 nucleotides;

[0208] [21] The method of [1], wherein the double-
stranded molecule contains 3' overhangs;

[0209] [22] The method of [1], wherein the double-
stranded molecule is contained in a composition which
includes, in addition to the molecule, a transfection-enhanc-
ing agent and pharmaceutically acceptable carrier.

[0210] [23] The method of [1], wherein the double-
stranded molecule is encoded by a vector;

[0211] [24] The method of [23], wherein the double-
stranded molecule encoded by the vector acts at mRNA
which matches a target sequence selected from among SEQ
IDNO: 11 (at the position of 79-97 nt of SEQ ID NO: 13) and
SEQ ID NO: 12 (at the position of 557-575 nt of SEQ ID NO:
13).

[0212] [25] The method of [24], wherein the sense strand of
the double-stranded molecule encoded by the vector contains
the sequence corresponding to a target sequence selected
from among SEQ ID NOs: 11 and 12.

[0213] [26] The method of [23], wherein the cancer to be
treated is lung and/or esophageal cancer;

[0214] [27] The method of [26], wherein the lung cancer is
NSCLC or SCLC and esophageal cancer is ESCC;

[0215] [28] The method of [23], wherein plural kinds of the
double-stranded molecules are administered;
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[0216] [29] The method of [25], wherein the double-
stranded molecule encoded by the vector has a length of less
than about 100 nucleotides;

[0217] [30] The method of [29], wherein the double-
stranded molecule encoded by the vector has a length of less
than about 75 nucleotides;

[0218] [31] The method of [30], wherein the double-
stranded molecule encoded by the vector has a length of less
than about 50 nucleotides;

[0219] [32] The method of [31], wherein the double-
stranded molecule encoded by the vector has a length of less
than about 25 nucleotides;

[0220] [33] The method of [32], wherein the double-
stranded molecule encoded by the vector has a length of
between about 19 and about 25 nucleotides in length;
[0221] [34] The method of [23], wherein the double-
stranded molecule encoded by the vector is composed of a
single polynucleotide containing both the sense strand and
the antisense strand linked by an intervening single-strand;
[0222] [35] The method of [34], wherein the double-
stranded molecule encoded by the vector has the general
formula 5'-[A]-[B]-[A']-3", wherein [A] is the sense strand
containing a sequence corresponding to a target sequence
selected from among SEQ ID NOs: 11 and 12, [B] is a
intervening single-strand is composed of 3 to 23 nucleotides,
and [A'] is the antisense strand containing a sequence comple-
mentary to [A]; and

[0223] [36] The method of [23], wherein the double-
stranded molecule encoded by the vector is contained in a
composition which includes, in addition to the molecule, a
transfection-enhancing agent and pharmaceutically accept-
able carrier.

[0224] The method of the present invention will be
described in more detail below.

[0225] The growth of cells expressing an OIP5 gene may be
inhibited by contacting the cells with a double-stranded mol-
ecule against an OIP5 gene, a vector expressing the molecule
ora composition containing the same. The cell may be further
contacted with a transfection agent. Suitable transfection
agents are known in the art. The phrase “inhibition of cell
growth” indicates that the cell proliferates at a lower rate or
has decreased viability as compared to a cell not exposed to
the molecule. Cell growth may be measured by methods
known in the art, e.g., using the MTT cell proliferation assay.
[0226] The growth of any kind of cell may be suppressed
according to the present method so long as the cell expresses
or over-expresses the target gene of the double-stranded mol-
ecule of the present invention. Exemplary cells include lung
and/or esophageal cancer cells, particularly NSCLC, SCLC
and ESCC.

[0227] Thus, patients suffering from or at risk of develop-
ing disease related to OIP5 may be treated with the adminis-
tration of at least one of the present double-stranded mol-
ecules, at least one vector expressing at least one of the
molecules or at least one composition containing at least one
of the molecules. For example, patients suffering from lung
and/or esophageal cancer may be treated according to the
present methods. The type of cancer may be identified by
standard methods according to the particular type of tumor to
be diagnosed. Lung and/or esophageal cancer may be diag-
nosed, for example, with Carcinoembryonic antigen (CEA),
CYFRA, pro-GRP and so on, as lung and/or esophageal can-
cer marker, or with Chest X-Ray and/or Sputum Cytology.
More preferably, patients treated by the methods of the
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present invention are selected by detecting the expression of
OIP5 in a biopsy from the patient by RT-PCR or immunoas-
say. Preferably, before the treatment of the present invention,
the biopsy specimen from the subject is confirmed for OIPS
gene over-expression by methods known in the art, for
example, immunohistochemical analysis or RT-PCR.

[0228] According to the present method, to inhibit cell
growth and thereby treat cancer through the administration of
plural kinds of the double-stranded molecules (or vectors
expressing or compositions containing the same), each of the
molecules may have different structures but act on an mRNA
that matches the same target sequence of OIP5. Alternatively,
plural kinds of double-stranded molecules may act on an
mRNA that matches a different target sequence of same gene.
For example, the method may utilize double-stranded mol-
ecules directed to OIPS.

[0229] For inhibiting cell growth, a double-stranded mol-
ecule of present invention may be directly introduced into the
cells in a form to achieve binding of the molecule with cor-
responding mRNA transcripts. Alternatively, as described
above, a DNA encoding the double-stranded molecule may
be introduced into cells as a vector. For introducing the
double-stranded molecules and vectors into the cells, trans-
fection-enhancing agent, such as FuGENE (Roche diagnos-
tics), Lipofectamine 2000 (Invitrogen), Oligofectamine (In-
vitrogen), and Nucleofector (Wako pure Chemical), may be
employed.

[0230] A treatment is deemed “efficacious™ if it leads to
clinical benefit such as, reduction in expression of OIPS gene,
or a decrease in size, prevalence, or metastatic potential of the
cancer in the subject. When the treatment is applied prophy-
lactically, “efficacious” means that it retards or prevents can-
cers from forming or prevents or alleviates a clinical symptom
of cancer. Efficaciousness is determined in association with
any known method for diagnosing or treating the particular
tumor type.

[0231] To the extent that the methods and compositions of
the present invention find utility in the context of “preven-
tion” and “prophylaxis”, such terms are interchangeably used
herein to refer to any activity that reduces the burden of
mortality or morbidity from disease. Prevention and prophy-
laxis can occur “at primary, secondary and tertiary prevention
levels.”” While primary prevention and prophylaxis avoid the
development of a disease, secondary and tertiary levels of
prevention and prophylaxis encompass activities aimed at the
prevention and prophylaxis of the progression of a disease
and the emergence of symptoms as well as reducing the
negative impact of an already established disease by restoring
function and reducing disease-related complications. Alter-
natively, prevention and prophylaxis can include a wide range
of prophylactic therapies aimed at alleviating the severity of
the particular disorder, e.g. reducing the proliferation and
metastasis of tumors.

[0232] The treatment and/or prophylaxis of cancer and/or
the prevention of postoperative recurrence thereof include
any of the following steps, such as the surgical removal of
cancer cells, the inhibition of the growth of cancerous cells,
the involution or regression of a tumor, the induction of remis-
sion and suppression of occurrence of cancer, the tumor
regression, and the reduction or inhibition of metastasis.
Effectively treating and/or the prophylaxis of cancer
decreases mortality and improves the prognosis of individu-
als having cancer, decreases the levels of tumor markers in the
blood, and alleviates detectable symptoms accompanying
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cancer. For example, reduction or improvement of symptoms
constitutes effectively treating and/or the prophylaxis include
10%, 20%, 30% or more reduction, or stable disease.

[0233] It is understood that a double-stranded molecule of
the invention degrades OIP5 mRNA in substoichiometric
amounts. Without wishing to be bound by any theory, it is
believed that the double-stranded molecule of the invention
causes degradation of the target mRNA in a catalytic manner.
Thus, as compared to standard cancer therapies, the present
invention requires the delivery of significantly less double-
stranded molecule at or near the site of cancer in order to exert
therapeutic effect.

[0234] One skilled in the art can readily determine an effec-
tive amount of the double-stranded molecule of the invention
to be administered to a given subject, by taking into account
factors such as body weight, age, sex, type of disease, symp-
toms and other conditions of the subject; the route of admin-
istration; and whether the administration is regional or sys-
temic. Generally, an effective amount of the double-stranded
molecule of the invention is an intercellular concentration at
or near the cancer site of from about 1 nanomolar (nM) to
about 100 nM, preferably from about 2 nM to about 50 nM,
more preferably from about 2.5 nM to about 10 nM. It is
contemplated that greater or smaller amounts of the double-
stranded molecule can be administered. The precise dosage
required for a particular circumstance may be readily and
routinely determined by one of skill in the art.

[0235] The present methods can be used to inhibit the
growth or metastasis of cancer expressing at least one OIP5;
for example, lung and/or esophageal cancer, especially
NSCLC, SCLC or ESCC. In particular, a double-stranded
molecule containing a target sequence of OIPS (i.e., SEQ ID
NOs: 11 or 12) is particularly preferred for the treatment of
lung and/or esophageal cancer.

[0236] Fortreating cancer, the double-stranded molecule of
the invention can also be administered to a subject in combi-
nation with a pharmaceutical agent different from the double-
stranded molecule. Alternatively, the double-stranded mol-
ecule of the invention can be administered to a subject in
combination with another therapeutic method designed to
treat cancer. For example, the double-stranded molecule of
the invention can be administered in combination with thera-
peutic methods currently employed for treating cancer or
preventing cancer metastasis (e.g., radiation therapy, surgery
and treatment using chemotherapeutic agents, such as cispl-
atin, carboplatin, cyclophosphamide, 5-fluorouracil, adria-
mycin, daunorubicin or tamoxifen).

[0237] In the present methods, the double-stranded mol-
ecule can be administered to the subject either as a naked
double-stranded molecule, in conjunction with a delivery
reagent, or as a recombinant plasmid or viral vector which
expresses the double-stranded molecule.

[0238] Suitable delivery reagents for administration in con-
junction with the present a double-stranded molecule include
the Mirus Transit TKO lipophilic reagent; lipofectin; lipo-
fectamine; cellfectin; or polycations (e.g., polylysine), or
liposomes. A preferred delivery reagent is a liposome.
[0239] Liposomes can aid in the delivery of the double-
stranded molecule to a particular tissue, such as lung and/or
esophageal tumor tissue, and can also increase the blood
half-life of the double-stranded molecule. Liposomes suit-
able for use in the context of the present invention may be
formed from standard vesicle-forming lipids, which gener-
ally include neutral or negatively charged phospholipids and
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a sterol, such as cholesterol. The selection of lipids is gener-
ally guided by consideration of factors such as the desired
liposome size and half-life of the liposomes in the blood
stream. A variety of methods are known for preparing lipo-
somes, for example as described in Szoka et al., Ann Rev
Biophys Bioeng 1980, 9: 467; and U.S. Pat. Nos. 4,235,871,
4,501,728; 4,837,028; and 5,019,369, the entire disclosures
of which are herein incorporated by reference.

[0240] Preferably, the liposomes encapsulating the present
double-stranded molecule includes a ligand molecule that can
deliver the liposome to the cancer site. Ligands which bind to
receptors prevalent in tumor or vascular endothelial cells,
such as monoclonal antibodies that bind to tumor antigens or
endothelial cell surface antigens, are preferred.

[0241] Particularly preferably, the liposomes encapsulating
the present double-stranded molecule are modified so as to
avoid clearance by the mononuclear macrophage and reticu-
loendothelial systems, for example, by having opsonization-
inhibition moieties bound to the surface of the structure. In
one embodiment, a liposome of the invention can include
both opsonization-inhibition moieties and a ligand.

[0242] Opsonization-inhibiting moieties for use in prepar-
ing the liposomes of the invention are typically large hydro-
philic polymers that are bound to the liposome membrane. As
used herein, an opsonization inhibiting moiety is “bound” to
a liposome membrane when it is chemically or physically
attached to the membrane, e.g., by the intercalation of a
lipid-soluble anchor into the membrane itself, or by binding
directly to active groups of membrane lipids. These opsoniza-
tion-inhibiting hydrophilic polymers form a protective sur-
face layer which significantly decreases the uptake of the
liposomes by the macrophage-monocyte system (“MMS”)
and reticuloendothelial system (“RES”); e.g., as described in
U.S. Pat. No. 4,920,016, the entire disclosure of which is
herein incorporated by reference. Liposomes modified with
opsonization-inhibition moieties thus remain in the circula-
tion much longer than unmodified liposomes. For this reason,
such liposomes are sometimes called “stealth” liposomes.
[0243] Stealth liposomes are known to accumulate in tis-
sues fed by porous or “leaky” microvasculature. Thus, target
tissue characterized by such microvasculature defects, for
example, solid tumors, will efficiently accumulate these lipo-
somes; see Gabizon et al., Proc Natl Acad Sci USA 1988, 18:
6949-53. In addition, the reduced uptake by the RES lowers
the toxicity of stealth liposomes by preventing significant
accumulation in liver and spleen. Thus, liposomes of the
invention that are modified with opsonization-inhibition moi-
eties can deliver the present double-stranded molecule to
tumor cells.

[0244] Opsonization inhibiting moieties suitable for modi-
fying liposomes are preferably water-soluble polymers with a
molecular weight from about 500 to about 40,000 daltons,
and more preferably from about 2,000 to about 20,000 dal-
tons. Such polymers include polyethylene glycol (PEG) or
polypropylene glycol (PPG) derivatives; e.g., methoxy PEG
or PPG, and PEG or PPG stearate; synthetic polymers such as
poly-acrylamide or poly N-vinyl pyrrolidone; linear,
branched, or dendrimeric polyamidoamines; polyacrylic
acids; polyalcohols, e.g., polyvinylalcohol and polyxylitol to
which carboxylic or amino groups are chemically linked, as
well as gangliosides, such as ganglioside GM.sub.1. Copoly-
mers of PEG, methoxy PEG, or methoxy PPG, or derivatives
thereof, are also suitable. In addition, the opsonization inhib-
iting polymer can be a block copolymer of PEG and either a
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polyamino acid, polysaccharide, polyamidoamine, polyeth-
yleneamine, or polynucleotide. The opsonization inhibiting
polymers can also be natural polysaccharides containing
amino acids or carboxylic acids, e.g., galacturonic acid, glu-
curonic acid, mannuronic acid, hyaluronic acid, pectic acid,
neuraminic acid, alginic acid, carrageenan; aminated
polysaccharides or oligosaccharides (linear or branched); or
carboxylated polysaccharides or oligosaccharides, e.g.,
reacted with derivatives of carbonic acids with resultant link-
ing of carboxylic groups.

[0245] Preferably, the opsonization-inhibiting moiety is a
PEG, PPG, or derivatives thereof. Liposomes modified with
PEG or PEG-derivatives are sometimes called “PEGylated
liposomes™.

[0246] The opsonization inhibiting moiety can be bound to
the liposome membrane by any one of numerous well-known
techniques. For example, an N-hydroxysuccinimide ester of
PEG can be bound to a phosphatidyl-ethanolamine lipid-
soluble anchor, and then bound to a membrane. Similarly, a
dextran polymer can be derivatized with a stearylamine lipid-
soluble anchor via reductive amination using Na(CN)BH.
sub. 3 and a solvent mixture such as tetrahydrofuran and
water in a 30:12 ratio at 60 degrees C.

[0247] Vectors expressing a double-stranded molecule of
the present invention are discussed above. Such vectors
expressing at least one double-stranded molecule of the
invention can also be administered directly or in conjunction
with a suitable delivery reagent, including the Mirus Transit
LT1 lipophilic reagent; lipofectin; lipofectamine; cellfectin;
polycations (e.g., polylysine) or liposomes. Methods for
delivering recombinant viral vectors, which express a double-
stranded molecule of the invention, to an area of cancer in a
patient are within the skill of the art.

[0248] The double-stranded molecule of the invention can
be administered to the subject by any means suitable for
delivering the double-stranded molecule into cancer sites. For
example, the double-stranded molecule can be administered
by gene gun, electroporation, or by other suitable parenteral
or enteral administration routes.

[0249] Suitable enteral administration routes include oral,
rectal, or intranasal delivery.

[0250] Suitable parenteral administration routes include
intravesical or intravascular administration (e.g., intravenous
bolus injection, intravenous infusion, intra-arterial bolus
injection, intra-arterial infusion and catheter instillation into
the vasculature); peri- and intra-tissue injection (e.g., peri-
tumoral and intra-tumoral injection); subcutaneous injection
or deposition including subcutaneous infusion (such as by
osmotic pumps); direct application to the area at or near the
site of cancer, for example by a catheter or other placement
device (e.g., a suppository or an implant including a porous,
non-porous, or gelatinous material); and inhalation. It is pre-
ferred that injections or infusions of the double-stranded mol-
ecule or vector be given at or near the site of the cancer.
[0251] The double-stranded molecule of the invention can
be administered in a single dose or in multiple doses. Where
the administration of the double-stranded molecule of the
invention is by infusion, the infusion can be a single sustained
dose or can be delivered by multiple infusions. Injection of
the agent directly into the tissue is at or near the site of cancer
preferred. Multiple injections of the agent into the tissue at or
near the site of cancer are particularly preferred.

[0252] One skilled in the art can also readily determine an
appropriate dosage regimen for administering the double-
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stranded molecule of the invention to a given subject. For
example, the double-stranded molecule can be administered
to the subject once, for example, as a single injection or
deposition at or near the cancer site. Alternatively, the double-
stranded molecule can be administered once or twice daily to
a subject for a period of from about three to about twenty-
eight days, more preferably from about seven to about ten
days. In a preferred dosage regimen, the double-stranded
molecule is injected at or near the site of cancer once a day for
seven days. Where a dosage regimen includes multiple
administrations, it is understood that the effective amount of
a double-stranded molecule administered to the subject can
include the total amount of a double-stranded molecule
administered over the entire dosage regimen.

[0253] Compositions Containing a Double-Stranded Mol-
ecule of the Present Invention:

[0254] In addition to the above, the present invention also
provides pharmaceutical compositions that include at least
one of the present double-stranded molecules or the vectors
coding for the molecules. Of particular interest to the present
invention are the following compositions [1] to [36]:

[0255] [1] A composition forinhibiting a growth of a cancer
cell and treating a cancer, wherein the cancer and the cancer
cell express at least one OIPS gene, including at least one
isolated double-stranded molecule that inhibits the expres-
sion of OIPS and the cell proliferation, further wherein mol-
ecule is composed of a sense strand and an antisense strand
complementary thereto, hybridized to each other to form the
double-stranded molecule.

[0256] [2] The composition of [1], wherein the double-
stranded molecule acts at mRNA which matches a target
sequence selected from among SEQ ID NO: 11 (at the posi-
tionof 79-97 ntof SEQ ID NO: 13) and SEQ ID NO:12 (at the
position of 557-575 nt of SEQ ID NO: 13).

[0257] [3] The composition of [2], wherein the double-
stranded molecule, wherein the sense strand contains a
sequence corresponding to a target sequence selected from
among SEQ ID NOs: 11 and 12.

[0258] [4] The composition of [1], wherein the cancer to be
treated is lung and/or esophageal cancer;

[0259] [5] The composition of [4], wherein the lung cancer
is NSCLC or SCLC and esophageal cancer is ESCC;

[0260] [6] The compositionof[1], wherein the composition
contains plural kinds of the double-stranded molecules;
[0261] [7] The composition of [3], wherein the double-
stranded molecule has a length of less than about 100 nucle-
otides;

[0262] [8] The composition of [7], wherein the double-
stranded molecule has a length of less than about 75 nucle-
otides;

[0263] [9] The composition of [8], wherein the double-
stranded molecule has a length of less than about 50 nucle-
otides;

[0264] [10] The composition of [9], wherein the double-
stranded molecule has a length of less than about 25 nucle-
otides;

[0265] [11] The composition of [10], wherein the double-
stranded molecule has a length of between about 19 and about
25 nucleotides;

[0266] [12] The composition of [1], wherein the double-
stranded molecule is composed of a single polynucleotide
containing the sense strand and the antisense strand linked by
an intervening single-strand;
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[0267] [13] The composition of [12], wherein the double-
stranded molecule has the general formula 5'-[A]-[B]-[A']-3,
wherein [A] is the sense strand sequence contains a sequence
corresponding to a target sequence selected from among SEQ
ID NOs: 11 and 12, [B] is the intervening single-strand con-
sisting of 3 to 23 nucleotides, and [A'] is the antisense strand
contains a sequence complementary to [A];

[0268] [14] The composition of [1], wherein the double-
stranded molecule is an RNA;

[0269] [15] The composition of [1], wherein the double-
stranded molecule is DNA and/or RNA;

[0270] [16] The composition of [15], wherein the double-
stranded molecule is a hybrid of a DNA polynucleotide and
an RNA polynucleotide;

[0271] [17] The composition of [ 16], wherein the sense and
antisense strand polynucleotides are composed of DNA and
RNA, respectively;

[0272] [18] The composition of [15], wherein the double-
stranded molecule is a chimera of DNA and RNA;

[0273] [19] The composition of [18], wherein a region
flanking to the 3'-end of the antisense strand, or both of a
region flanking to the 5'-end of sense strand and a region
flanking to the 3'-end of antisense strand are composed of
RNA;

[0274] [20] The composition of [19], wherein the flanking
region is composed of 9 to 13 nucleotides;

[0275] [21] The composition of [1], wherein the double-
stranded molecule contains 3' overhangs;

[0276] [22] The composition of [1], wherein the composi-
tion includes a transfection-enhancing agent and pharmaceu-
tically acceptable carrier.

[0277] [23] The composition of [1], wherein the double-
stranded molecule is encoded by a vector and contained in the
composition;

[0278] [24] The composition of [23], wherein the double-
stranded molecule encoded by the vector acts at mRNA
which matches a target sequence selected from among SEQ
IDNO: 11 (at the position 0of 79-97 nt of SEQ ID NO: 13), and
SEQ ID NO: 12 (at the position of 557-575 nt of SEQ ID NO:
13).

[0279] [25] The composition of [24], wherein the sense
strand of the double-stranded molecule encoded by the vector
contains the sequence corresponding to a target sequence
selected from among SEQ ID NOs: 11 and 12.

[0280] [26] The composition of [23], wherein the cancer to
be treated is lung and/or esophageal cancer;

[0281] [27] The composition of [26], wherein the lung can-
cer is NSCLC or SCLC and esophageal cancer is ESCC;
[0282] [28] The composition of [23], wherein plural kinds
of the double-stranded molecules are administered;

[0283] [29] The composition of [25], wherein the double-
stranded molecule encoded by the vector has a length of less
than about 100 nucleotides;

[0284] [30] The composition of [29], wherein the double-
stranded molecule encoded by the vector has a length of less
than about 75 nucleotides;

[0285] [31] The composition of [30], wherein the double-
stranded molecule encoded by the vector has a length of less
than about 50 nucleotides;

[0286] [32] The composition of [31], wherein the double-
stranded molecule encoded by the vector has a length of less
than about 25 nucleotides;
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[0287] [33] The composition of [32], wherein the double-
stranded molecule encoded by the vector has a length of
between about 19 and about 25 nucleotides in length;

[0288] [34] The composition of [23], wherein the double-
stranded molecule encoded by the vector is composed of a
single polynucleotide containing both the sense strand and
the antisense strand linked by an intervening single-strand;
[0289] [35] The composition of [23], wherein the double-
stranded molecule has the general formula 5'-[A]-[B]-[A']-3',
wherein [A] is the sense strand containing a sequence corre-
sponding to a target sequence selected from among SEQ ID
NOs: 11 and 12, [B] is a intervening single-strand composed
of 3 to 23 nucleotides, and [A'] is the antisense strand con-
taining a sequence complementary to [A]; and

[0290] [36] The composition of [23], wherein the compo-
sition includes a transfection-enhancing agent and pharma-
ceutically acceptable carrier.

[0291] Suitable compositions of the present invention are
described in additional detail below.

[0292] The double-stranded molecules of the invention are
preferably formulated as pharmaceutical compositions prior
to administering to a subject, according to techniques known
in the art. Pharmaceutical compositions of the present inven-
tion are characterized as being at least sterile and pyrogen-
free. As used herein, “pharmaceutical formulations” include
formulations for human and veterinary use. Methods for pre-
paring pharmaceutical compositions of the invention are
within the skill in the art, for example as described in Rem-
ington’s Pharmaceutical Science, 17th ed., Mack Publishing
Company, Easton, Pa. (1985), the entire disclosure of which
is herein incorporated by reference.

[0293] The present pharmaceutical formulations contain at
least one of the double-stranded molecules or vectors encod-
ing them of the present invention (e.g., 0.1 to 90% by weight),
or a physiologically acceptable salt of the molecule, mixed
with a physiologically acceptable carrier medium. Preferred
physiologically acceptable carrier media are water, buffered
water, normal saline, 0.4% saline, 0.3% glycine, hyaluronic
acid and the like.

[0294] According to the present invention, the composition
may contain plural kinds of the double-stranded molecules,
each of the molecules may be directed to the same target
sequence, or different target sequences of OIPS. For example,
the composition may contain double-stranded molecules
directed to OIP5. Alternatively, for example, the composition
may contain double-stranded molecules directed to one, two
or more target sequences OIPS5.

[0295] Furthermore, the present composition may contain a
vector coding for one or plural double-stranded molecules.
For example, the vector may encode one, two or several kinds
of the present double-stranded molecules. Alternatively, the
present composition may contain plural kinds of vectors, each
of the vectors coding for a different double-stranded mol-
ecule.

[0296] Moreover, the present double-stranded molecules
may be contained as liposomes in the present composition.
See under the item of “Methods of treating cancer using the
double-stranded molecule” for details of liposomes.

[0297] Pharmaceutical compositions of the invention can
also include conventional pharmaceutical excipients and/or
additives. Suitable pharmaceutical excipients include stabi-
lizers, antioxidants, osmolality adjusting agents, buffers, and
pH adjusting agents. Suitable additives include physiologi-
cally biocompatible buffers (e.g., tromethamine hydrochlo-
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ride), additions of chelants (such as, for example, DTPA or
DTPA-bisamide) or calcium chelate complexes (for example
calcium DTPA, CaNaDTPA-bisamide), or, optionally, addi-
tions of calcium or sodium salts (for example, calcium chlo-
ride, calcium ascorbate, calcium gluconate or calcium lac-
tate). Pharmaceutical compositions of the invention can be
packaged for use in liquid form, or can be lyophilized.
[0298] For solid compositions, conventional nontoxic solid
carriers can be used; for example, pharmaceutical grades of
mannitol, lactose, starch, magnesium stearate, sodium sac-
charin, talcum, cellulose, glucose, sucrose, magnesium car-
bonate, and the like.

[0299] For example, a solid pharmaceutical composition
for oral administration can include any of the carriers and
excipients listed above and 10-95%, preferably 25-75%, of
one or more double-stranded molecule of the invention. A
pharmaceutical composition for aerosol (inhalational)
administration can include 0.01-20% by weight, preferably
1-10% by weight, of one or more double-stranded molecule
of the invention encapsulated in a liposome as described
above, and propellant. A carrier can also be included as
desired; e.g., lecithin for intranasal delivery.

[0300] In addition to the above, the present composition
may contain other pharmaceutically active ingredients, so
long as they do not inhibit the in vivo function of the double-
stranded molecules of the present invention. For example, the
composition may contain chemotherapeutic agents conven-
tionally used for treating cancers.

[0301] In another embodiment, the present invention pro-
vides for the use of the double-stranded nucleic acid mol-
ecules of the present invention in manufacturing a pharma-
ceutical composition for use in treating a lung and/or
esophageal cancer characterized by the expression of OIPS.
For example, the present invention relates to a use of double-
stranded nucleic acid molecule inhibiting the expression of an
OIPS gene in a cell, which molecule includes a sense strand
and an antisense strand complementary thereto, hybridized to
each other to form the double-stranded nucleic acid molecule
and targets to a sequence selected from among SEQ ID NOs:
11 and 12, for manufacturing a pharmaceutical composition
for use in treating lung and/or esophageal cancer expressing
OIPS.

[0302] The present invention further provides a method or
process for manufacturing a pharmaceutical composition for
treating a lung and/or esophageal cancer characterized by the
expression of OIPS, wherein the method or process includes
a step for formulating a pharmaceutically or physiologically
acceptable carrier with a double-stranded nucleic acid mol-
ecule inhibiting the expression of OIPS in a cell, which over-
expresses the gene, which molecule includes a sense strand
and an antisense strand complementary thereto, hybridized to
each other to form the double-stranded nucleic acid molecule
and targets to a sequence selected from among SEQ ID NOs:
11 and 12 as active ingredients.

[0303] In another embodiment, the present invention pro-
vides a method or process for manufacturing a pharmaceuti-
cal composition for treating a lung and/or esophageal cancer
characterized by the expression of OIP5, wherein the method
or process includes a step for admixing an active ingredient
with a pharmaceutically or physiologically acceptable car-
rier, wherein the active ingredient is a double-stranded
nucleic acid molecule inhibiting the expression of OIP5 in a
cell, which over-expresses the gene, which molecule includes
asense strand and an antisense strand complementary thereto,
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hybridized to each other to form the double-stranded nucleic
acid molecule and targets to a sequence selected from among
SEQID NOs: 11 and 12.

[0304] Method of Detecting or Diagnosing Lung and/or
Esophageal Cancer:

[0305] The expression of OIPS was found to be specifically
elevated in lung and/or esophageal cancer cells (FIGS. 1A
and B). Accordingly, the genes identified herein as well as
their transcription and translation products find diagnostic
utility as markers for lung and/or esophageal cancer and by
measuring the expression of OIPS in a cell sample, lung
and/or esophageal cancer can be diagnosed. Specifically, the
present invention provides a method for detecting, diagnosing
and/or determining the presence of or a predisposition for
developing lung and/or esophageal cancer by determining the
expression level of OIPS in the subject. Lung and/or esoph-
ageal cancers that can be diagnosed by the present method
include NSCLC, SCLC and ESCC. Furthermore, NSCLC,
including lung and/or esophageal adenocarcinoma and lung
and/or esophageal squamous cell carcinoma (SCC), can also
be diagnosed or detected by the present invention.

[0306] According to the present invention, an intermediate
result for examining the condition of a subject may be pro-
vided. Such intermediate result may be combined with addi-
tional information to assist a doctor, nurse, or other practitio-
ner to determine that a subject suffers from the disease. That
is, the present invention provides a diagnostic marker OIP5
for examining cancer.

[0307] Alternatively, the present invention provides a
method for detecting or identifying cancer cells in a subject-
derived lung or esophageal tissue sample, said method
including the step of determining the expression level of the
OIP5 gene in a subject-derived biological sample, wherein an
increase in said expression level as compared to a normal
control level of said gene indicates the presence or suspicion
of cancer cells in the tissue.

[0308] Such result may be combined with additional infor-
mation to assist a doctor, nurse, or other healthcare practitio-
ner in diagnosing a subject as afflicted with the disease. In
other words, the present invention may provide a doctor with
useful information to diagnose a subject as afflicted with the
disease. For example, according to the present invention,
when there is doubt regarding the presence of cancer cells in
the tissue obtained from a subject, clinical decisions can be
reached by considering the expression level of the OIP5 gene,
plus a different aspect of the disease including tissue pathol-
ogy, levels of known tumor marker(s) in blood, and clinical
course of the subject, etc. For example, some well-known
diagnostic lung tumor markers in blood are IAP, ACT, BFP,
CA19-9, CA50, CA72-4, CA130, CEA, KMO-1, NSE, SCC,
SP1, Span-1, TPA, CSLEX, SLX, STN and CYFRA. Alter-
natively, diagnostic esophageal tumor markers in blood such
as CEA, DUPAN-2, IAP, NSE, SCC, SLX and Span-1 are
also well known. Namely, in this particular embodiment of
the present invention, the outcome of the gene expression
analysis serves as an intermediate result for further diagnosis
of a subject’s disease state.

[0309] Of particular interest to the present invention are the
following methods [1] to [10]:

[0310] [1] A method for diagnosing lung and/or esophageal
cancer, said method including the steps of:

[0311] (a) detecting the expression level of the gene encod-
ing the amino acid sequence of OIP5 in a biological sample;
and
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[0312] (b) correlating an increase in the expression level
detected as compared to a normal control level of the gene to
the presence of disease.

[0313] [2] The method of [1], wherein the expression level
is at least 10% greater than the normal control level.

[0314] [3] The method of [1], wherein the expression level
is detected by a method selected from among;:

[0315] (a) detecting an mRNA including the sequence of
OIP5,
[0316] (b) detecting a protein including the amino acid

sequence of OIP5, and

[0317] (c)detecting a biological activity of a protein includ-
ing the amino acid sequence of OIPS5.

[0318] [4] The method of [1], wherein the lung cancer is
NSCLC or SCLC, and the esophageal cancer is ESCC.
[0319] [5] The method of [3], wherein the expression level
is determined by detecting hybridization of a probe to a gene
transcript of the gene.

[0320] [6] The method of [3], wherein the expression level
is determined by detecting the binding of an antibody against
the protein encoded by a gene as the expression level of the
gene.

[0321] [7] The method of [1], wherein the biological
sample includes biopsy, sputum or blood.

[0322] [8] The method of [1], wherein the subject-derived
biological sample includes an epithelial cell.

[0323] [9] The method of [1], wherein the subject-derived
biological sample includes a cancer cell.

[0324] [10] The method of [1], wherein the subject-derived
biological sample includes a cancerous epithelial cell.
[0325] The method of diagnosing lung and/or esophageal
cancer will be described in more detail below.

[0326] A subject to be diagnosed by the present method is
preferably a mammal. Exemplary mammals include, but are
not limited to, e.g., human, non-human primate, mouse, rat,
dog, cat, horse, and cow.

[0327] Itis preferredto collecta biological sample from the
subject to be diagnosed to perform the diagnosis. Any bio-
logical material can be used as the biological sample for the
determination so long as it includes the objective transcrip-
tion or translation product of OIP5. The biological samples
include, but are not limited to, bodily tissues which are
desired for diagnosing or are suspicion of suffering from
cancer, and fluids, such as biopsy, blood, sputum, pleural
effusion and urine. Preferably, the biological sample contains
a cell population including an epithelial cell, more preferably
a cancerous epithelial cell or an epithelial cell derived from
tissue suspected to be cancerous. Further, if necessary, the cell
may be purified from the obtained bodily tissues and fluids,
and then used as the biological sample.

[0328] According to the present invention, the expression
level of OIP5 in the subject-derived biological sample is
determined. The expression level can be determined at the
transcription (nucleic acid) product level, using methods
known in the art. For example, the mRNA of OIPS5 may be
quantified using probes by hybridization methods (e.g.,
Northern hybridization). The detection may be carried out on
a chip or an array. The use of an array is preferable for
detecting the expression level of a plurality of genes (e.g.,
various cancer specific genes) including OIPS. Those skilled
in the art can prepare such probes utilizing the sequence
information of the OIP5 (SEQ ID NO 13; GenBank accession
number: NM__007280). For example, the cDNA of OIPS may
be used as the probes. If necessary, the probe may be labeled
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with a suitable label, such as dyes, fluorescent and isotopes,
and the expression level of the gene may be detected as the
intensity of the hybridized labels.

[0329] Furthermore, the transcription product of OIP5 may
be quantified using primers by amplification-based detection
methods (e.g., RT-PCR). Such primers can also be prepared
based on the available sequence information of the gene. For
example, the primer pairs (SEQ ID NOs: 1 and 2, or 5 and 6)
used in the Example may be employed for the detection by
RT-PCR or Northern blot, but the present invention is not
restricted thereto.

[0330] Specifically, a probe or primer used for the present
method hybridizes under stringent, moderately stringent, or
low stringent conditions to the mRNA of OIPS. As used
herein, the phrase “stringent (hybridization) conditions”
refers to conditions under which a probe or primer will
hybridize to its target sequence, but to no other sequences.
Stringent conditions are sequence-dependent and will be dif-
ferent under different circumstances. Specific hybridization
of longer sequences is observed at higher temperatures than
shorter sequences. Generally, the temperature of a stringent
condition is selected to be about 5 degree Centigrade lower
than the thermal melting point (Tm) for a specific sequence at
a defined ionic strength and pH. The Tm is the temperature
(under defined ionic strength, pH and nucleic acid concentra-
tion) at which 50% of the probes complementary to the target
sequence hybridize to the target sequence at equilibrium.
Since the target sequences are generally present at excess, at
Tm, 50% of the probes are occupied at equilibrium. Typically,
stringent conditions will be those in which the salt concen-
tration is less than about 1.0 M sodium ion, typically about
0.01 to 1.0 M sodium ion (or other salts) at pH 7.0 to 8.3 and
the temperature is at least about 30 degree Centigrade for
short probes or primers (e.g., 10to 50 nucleotides) and at least
about 60 degree Centigrade for longer probes or primers.
Stringent conditions may also be achieved with the addition
of destabilizing agents, such as formamide.

[0331] Alternatively, the translation product may be
detected for the diagnosis of the present invention. For
example, the quantity of OIP5 protein may be determined. A
method for determining the quantity of the protein as the
translation product includes immunoassay methods that use
an antibody specifically recognizing the protein. The anti-
body may be monoclonal or polyclonal. Furthermore, any
fragment or modification (e.g., chimeric antibody, scFv, Fab,
F(ab")2, Fv, etc.) of the antibody may be used for the detec-
tion, so long as the fragment retains the binding ability to
OIPS5 protein. Methods to prepare these kinds of antibodies
for the detection of proteins are well known in the art, and any
method may be employed in the present invention to prepare
such antibodies and equivalents thereof.

[0332] As another method to detect the expression level of
OIPS gene based on its translation product, the intensity of
staining may be observed via immunohistochemical analysis
using an antibody against OIP5 protein. Namely, the obser-
vation of strong staining indicates increased presence of the
protein and at the same time high expression level of OIP5
gene.

[0333] Moreover, in addition to the expression level of
OIPS gene, the expression level of other cancer-associated
genes, for example, genes known to be differentially
expressed in lung and/or esophageal cancer may also be
determined to improve the accuracy of the diagnosis.
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[0334] The expression level of cancer marker gene includ-
ing OIPS gene in a biological sample can be considered to be
increased if it increases from the control level of the corre-
sponding cancer marker gene by, for example, 10%, 25%, or
50%; or increases to more than 1.1 fold, more than 1.5 fold,
more than 2.0 fold, more than 5.0 fold, more than 10.0 fold, or
more.

[0335] The control level may be determined at the same
time with the test biological sample by using a sample(s)
previously collected and stored from a subject/subjects
whose disease state (cancerous or non-cancerous) is/are
known. Alternatively, the control level may be determined by
a statistical method based on the results obtained by analyz-
ing previously determined expression level(s) of OIP5 gene in
samples from subjects whose disease state are known. Fur-
thermore, the control level can be a database of expression
patterns from previously tested cells. Moreover, according to
an aspect of the present invention, the expression level of
OIP5 gene in a biological sample may be compared to mul-
tiple control levels, which control levels are determined from
multiple reference samples. It is preferred to use a control
level determined from a reference sample derived from a
tissue type similar to that of the patient-derived biological
sample. Moreover, it is preferred, to use the standard value of
the expression levels of OIPS gene in a population with a
known disease state. The standard value may be obtained by
any method known in the art. For example, a range of
mean+/-2 S.D. or mean+/-3 S.D. may be used as standard
value.

[0336] In the context of the present invention, a control
level determined from a biological sample that is known to be
non-cancerous is referred to as a “normal control level”. On
the other hand, if the control level is determined from a
cancerous biological sample, it is referred to as a “cancerous
control level”.

[0337] Whenthe expression level of OIP5 gene is increased
as compared to the normal control level or is similar to the
cancerous control level, the subject may be diagnosed to be
suffering from or at a risk of developing cancer. Furthermore,
in the case where the expression levels of multiple cancer-
related genes are compared, a similarity in the gene expres-
sion pattern between the sample and the reference that is
cancerous indicates that the subject is suffering from or at a
risk of developing cancer.

[0338] Difference between the expression levels of a test
biological sample and the control level can be normalized to
the expression level of control nucleic acids, e.g., housekeep-
ing genes, whose expression levels are known not to differ
depending on the cancerous or non-cancerous state of the cell.
Exemplary control genes include, but are not limited to, beta-
actin, glyceraldehyde 3 phosphate dehydrogenase, and ribo-
somal protein P1.

[0339] Method for Assessing the Prognosis of Cancer:

[0340] The present invention relates to the novel discovery
that OIP5 expression is significantly associated with poorer
prognosis of patients. Thus, the present invention provides a
method for determining or assessing the prognosis of a
patient with cancer, in particular lung and/or esophageal can-
cer, by detecting the expression level of the OIP5 in a bio-
logical sample of the patient; comparing the detected expres-
sion level to a control level; and determining a increased
expression level to the control level as indicative of poor
prognosis (poor survival).
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[0341] In addition, the expression level of the OIPS gene
before and after a treatment can be compared according to the
present method to assess the efficacy of the treatment. Spe-
cifically, the expression level detected in a subject-derived
biological sample after a treatment (i.e., post-treatment level)
is compared to the expression level detected in a biological
sample obtained prior to treatment onset from the same sub-
ject (i.e., pre-treatment level). A decrease in the post-treat-
ment level compared to the pre-treatment level indicates that
the treatment of interest is efficacious while an increase in or
similarity of the post-treatment level to the pre-treatment
level indicates less favorable clinical outcome or prognosis.

[0342] As used herein, the term “efficacious” indicates that
the treatment leads to a reduction in the expression of a
pathologically up-regulated gene, an increase in the expres-
sion of a pathologically down-regulated gene or a decrease in
size, prevalence, or metastatic potential of carcinoma in a
subject. When a treatment of interest is applied prophylacti-
cally, “efficacious” means that the treatment retards or pre-
vents the forming of tumor or retards, prevents, or alleviates at
least one clinical symptom of the disease. Assessment of the
state of tumor in a subject can be made using standard clinical
protocols.

[0343] In addition, efficaciousness of a treatment can be
determined in association with any known method for diag-
nosing cancer. Cancers can be diagnosed, for example, by
identifying symptomatic anomalies, e.g., weight loss,
abdominal pain, back pain, anorexia, nausea, vomiting and
generalized malaise, weakness, and jaundice.

[0344] Herein, the term “prognosis” refers to a forecast as
to the probable outcome of the disease as well as the prospect
of recovery from the disease as indicated by the nature and
symptoms of the case. Accordingly, a less favorable, negative,
poor prognosis is defined by a lower post-treatment survival
term or survival rate. Conversely, a positive, favorable, or
good prognosis is defined by an elevated post-treatment sur-
vival term or survival rate.

[0345] The terms “assessing the prognosis” refer to the
ability of predicting, forecasting or correlating a given detec-
tion or measurement with a future outcome of cancer of the
patient (e.g., malignancy, likelihood of curing cancer, sur-
vival, and the like). For example, a determination of the
expression level of OIPS over time enables a predicting of an
outcome for the patient (e.g., increase or decrease in malig-
nancy, increase or decrease in grade of a cancer, likelihood of
curing cancer, survival, and the like).

[0346] In the context of the present invention, the phrase
“assessing (or determining) the prognosis” is intended to
encompass predictions and likelihood analysis of cancer, pro-
gression, particularly cancer recurrence, metastatic spread
and disease relapse. The present method for assessing prog-
nosis is intended to be used clinically in making decisions
concerning treatment modalities, including therapeutic inter-
vention, diagnostic criteria such as disease staging, and dis-
ease monitoring and surveillance for metastasis or recurrence
of neoplastic disease.

[0347] The patient-derived biological sample used for the
method may be any sample derived from the subject to be
assessed so long as the OIP5 gene can be detected in the
sample. Preferably, the biological sample is a lung and/or
esophageal cell (a cell obtained from the lung and/or esoph-
ageal). Furthermore, the biological sample may include
bodily fluids such as sputum, blood, serum, or plasma. More-
over, the sample may be cells purified from a tissue. The
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biological samples may be obtained from a patient at various
time points, including before, during, and/or after a treatment.
[0348] According to the present invention, the higher the
expression level of the OIPS gene measured in the patient-
derived biological sample, the poorer the prognosis for post-
treatment remission, recovery, and/or survival and the higher
the likelihood of poor clinical outcome. Thus, according to
the present method, the “control level” used for comparison
may be, for example, the expression level of the OIP5 gene
detected before any kind of treatment in an individual or a
population of individuals who showed good or positive prog-
nosis of cancer, after the treatment, which herein will be
referred to as “good prognosis control level”. Alternatively,
the “control level” may be the expression level of the OIPS
gene detected before any kind of treatment in an individual or
a population of individuals who showed poor or negative
prognosis of cancer, after the treatment, which herein will be
referred to as “poor prognosis control level”. The “control
level” is a single expression pattern derived from a single
reference population or from a plurality of expression pat-
terns. Thus, the control level may be determined based on the
expression level of the OIP5 gene detected before any kind of
treatment in a patient of cancer, or a population of the patients
whose disease state (good or poor prognosis) is known. Pref-
erably, cancer is lung and/or esophageal cancer. It is pre-
ferred, to use the standard value of the expression levels of the
OIPS5 gene in a patient group with a known disease state. The
standard value may be obtained by any method known in the
art. For example, a range of mean+/-2 S.D. or mean+/-3 S.D.
may be used as standard value.

[0349] The control level may be determined at the same
time with the test biological sample by using a sample(s)
previously collected and stored before any kind of treatment
from cancer patient(s) (control or control group) whose dis-
ease state (good prognosis or poor prognosis) are known.
[0350] Alternatively, the control level may be determined
by a statistical method based on the results obtained by ana-
lyzing the expression level of the OIP5 gene in samples pre-
viously collected and stored from a control group. Further-
more, the control level can be a database of expression
patterns from previously tested cells.

[0351] Moreover, according to an aspect of the present
invention, the expression level of the OIP5 gene in a biologi-
cal sample may be compared to multiple control levels, which
control levels are determined from multiple reference
samples. It is preferred to use a control level determined from
areference sample derived from a tissue type similar to that of
the patient-derived biological sample.

[0352] According to the present invention, a similarity in
the expression level of the OIP5 gene to a good prognosis
control level indicates a more favorable prognosis of the
patient and an increase in the expression level to the good
prognosis control level indicates less favorable, poorer prog-
nosis for post-treatment remission, recovery, survival, and/or
clinical outcome. On the other hand, a decrease in the expres-
sion level of the OIP5 gene to the poor prognosis control level
indicates a more favorable prognosis of the patient and a
similarity in the expression level to the poor prognosis control
level indicates less favorable, poorer prognosis for post-treat-
ment remission, recovery, survival, and/or clinical outcome.
[0353] The expression level of the OIP5 gene in a biologi-
cal sample can be considered altered when the expression
level differs from the control level by more than 1.0, 1.5, 2.0,
5.0, 10.0, or more fold.
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[0354] The difference in the expression level between the
test biological sample and the control level can be normalized
to a control, e.g., housekeeping gene. For example, poly-
nucleotides whose expression levels are known not to differ
between the cancerous and non-cancerous cells, including
those coding for beta-actin, glyceraldehyde 3-phosphate
dehydrogenase, and ribosomal protein P1, may be used to
normalize the expression levels of the OIP5 genes.

[0355] The expression level may be determined by detect-
ing the gene transcript in the patient-derived biological
sample using techniques well known in the art. The gene
transcripts detected by the present method include both the
transcription and translation products, such as mRNA and
protein.

[0356] For instance, the transcription product of the OIPS
gene can be detected by hybridization, e.g., Northern blot
hybridization analyses, that use a OIP5 gene probe to the gene
transcript. The detection may be carried out on a chip or an
array. The use of an array is preferable for detecting the
expression level of a plurality of genes including the OIPS
gene. As another example, amplification-based detection
methods, such as reverse-transcription based polymerase
chain reaction (RT-PCR) which use primers specific to the
OIPS5 gene may be employed for the detection (see Example).
The OIP5 gene-specific probe or primers may be designed
and prepared using conventional techniques by referring to
the whole sequence of the OIP5 gene (SEQ ID NO: 13). For
example, the primers (SEQ ID NOs: 1 and 2) used in the
Example may be employed for the detection by RT-PCR, but
the present invention is not restricted thereto.

[0357] Specifically, a probe or primer used for the present
method hybridizes under stringent, moderately stringent, or
low stringent conditions to the mRNA of the OIP5 gene. As
used herein, the phrase “stringent (hybridization) conditions™
refers to conditions under which a probe or primer will
hybridize to its target sequence, but to no other sequences.
Stringent conditions are sequence-dependent and will be dif-
ferent under different circumstances. Specific hybridization
of longer sequences is observed at higher temperatures than
shorter sequences. Generally, the temperature of a stringent
condition is selected to be about 5 degree Centigrade lower
than the thermal melting point (Tm) for a specific sequence at
a defined ionic strength and pH. The Tm is the temperature
(under defined ionic strength, pH and nucleic acid concentra-
tion) at which 50% of the probes complementary to the target
sequence hybridize to the target sequence at equilibrium.
Since the target sequences are generally present at excess, at
Tm, 50% of the probes are occupied at equilibrium. Typically,
stringent conditions will be those in which the salt concen-
tration is less than about 1.0 M sodium ion, typically about
0.01 to 1.0 M sodium ion (or other salts) at pH 7.0 to 8.3 and
the temperature is at least about 30 degree Centigrade for
short probes or primers (e.g., 10to 50 nucleotides) and at least
about 60 degree Centigrade for longer probes or primers.
Stringent conditions may also be achieved with the addition
of destabilizing agents, such as formamide.

[0358] Alternatively, the translation product may be
detected for the assessment of the present invention. For
example, the quantity of the OIPS5 protein may be determined.
A method for determining the quantity of the protein as the
translation product includes immunoassay methods that use
an antibody specifically recognizing the OIPS protein. The
antibody may be monoclonal or polyclonal. Furthermore, any
fragment or modification (e.g., chimeric antibody, scFv, Fab,
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F(ab")2, Fv, etc.) of the antibody may be used for the detec-
tion, so long as the fragment retains the binding ability to the
OIPS5 protein. Methods to prepare these kinds of antibodies
for the detection of proteins are well known in the art, and any
method may be employed in the present invention to prepare
such antibodies and equivalents thereof.

[0359] As another method to detect the expression level of
the OIP5 gene based on its translation product, the intensity of
staining may be observed via immunohistochemical analysis
using an antibody against OIP5 protein. Namely, the obser-
vation of strong staining indicates increased presence of the
OIPS5 protein and at the same time high expression level of the
OIPS5 gene.

[0360] Furthermore, the OIPS protein is known to have a
cell proliferating activity. Therefore, the expression level of
the OIP5 gene can be determined using such cell proliferating
activity as an index. For example, cells which express OIPS
are prepared and cultured in the presence of a biological
sample, and then by detecting the speed of proliferation, or by
measuring the cell cycle or the colony forming ability the cell
proliferating activity of the biological sample can be deter-
mined.

[0361] Moreover, in addition to the expression level of the
OIP5 gene, the expression level of other lung and/or esoph-
ageal cancer-associated genes, for example, genes known to
be differentially expressed in lung and/or esophageal cancer
may also be determined to improve the accuracy of the assess-
ment. Examples of such other lung and/or esophageal cell-
associated genes include those described in WO 2004/
031413 and WO 2005/090603, the contents of which are
incorporated by reference herein.

[0362] Alternatively, according to the present invention, an
intermediate result may also be provided in addition to other
test results for assessing the prognosis of a subject. Such
intermediate result may assist a doctor, nurse, or other prac-
titioner to assess, determine, or estimate the prognosis of a
subject. Additional information that may be considered, in
combination with the intermediate result obtained by the
present invention, to assess prognosis includes clinical symp-
toms and physical conditions of a subject.

[0363] The patient to be assessed for the prognosis of can-
cer according to the method is preferably a mammal and
includes human, non-human primate, mouse, rat, dog, cat,
horse, and cow.

[0364] A Kit for Diagnosing Cancer, Assessing the Prog-
nosis of Cancer and/or Monitoring the Efficacy of a Cancer
Therapy:

[0365] The present invention provides a kit for diagnosing
cancer, assessing the prognosis of cancer, and/or monitoring
the efficacy of a cancer therapy. Preferably, the cancer is lung
and/or esophageal cancer. Specifically, the kit includes at
least one reagent for detecting the expression of the OIPS
gene in a patient-derived biological sample, which reagent
may be selected from the group of:

[0366] (a)areagent for detecting mRNA of the OIP5 gene;
[0367] (b) a reagent for detecting the OIPS5 protein; and
[0368] (c) a reagent for detecting the biological activity of

the OIPS protein.

[0369] Suitable reagents for detecting mRNA of the OIPS
gene include nucleic acids that specifically bind to or identify
the OIP5 mRNA, such as oligonucleotides which have a
complementary sequence to a part of the OIPS mRNA. These
kinds of oligonucleotides are exemplified by primers and
probes that are specific to the OIP5 mRNA. These kinds of
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oligonucleotides may be prepared based on methods well
known in the art. If needed, the reagent for detecting the OIP5
mRNA may be immobilized on a solid matrix. Moreover,
more than one reagent for detecting the OIP5 mRNA may be
included in the kit.

[0370] On the other hand, suitable reagents for detecting
the OIPS protein include antibodies to the OIPS5 protein. The
antibody may be monoclonal or polyclonal. Furthermore, any
fragment or modification (e.g., chimeric antibody, scFv, Fab,
F(ab')2, Fv, etc.) of the antibody may be used as the reagent,
so long as the fragment retains the binding ability to the OIP5
protein. Methods to prepare these kinds of antibodies for the
detection of proteins are well known in the art, and any
method may be employed in the present invention to prepare
such antibodies and equivalents thereof. Furthermore, the
antibody may be labeled with signal generating molecules via
direct linkage or an indirect labeling technique. Labels and
methods for labeling antibodies and detecting the binding of
antibodies to their targets are well known in the art and any
labels and methods may be employed for the present inven-
tion. Moreover, more than one reagent for detecting the OIPS
protein may be included in the kit.

[0371] Furthermore, the biological activity can be deter-
mined by, for example, measuring the cell proliferating activ-
ity due to the expressed OIP5 protein in the biological sample.
For example, the cell is cultured in the presence of a patient-
derived biological sample, and then by detecting the speed of
proliferation, or by measuring the cell cycle or the colony
forming ability the cell proliferating activity of the biological
sample can be determined. If needed, the reagent for detect-
ing the OIP5S mRNA may be immobilized on a solid matrix.
Moreover, more than one reagent for detecting the biological
activity of the OIPS5 protein may be included in the kit.
[0372] Thekit may contain more than one of the aforemen-
tioned reagents. Furthermore, the kit may include a solid
matrix and reagent for binding a probe against the OIPS gene
or antibody against the OIP5 protein, a medium and container
for culturing cells, positive and negative control reagents, and
a secondary antibody for detecting an antibody against the
OIP5 protein. For example, tissue samples obtained from
patient with good prognosis or poor prognosis may serve as
useful control reagents. A kit of the present invention may
further include other materials desirable from a commercial
and user standpoint, including buffers, diluents, filters,
needles, syringes, and package inserts (e.g., written, tape,
CD-ROM, etc.) with instructions for use. These reagents and
such may be retained in a container with a label. Suitable
containers include bottles, vials, and test tubes. The contain-
ers may be formed from a variety of materials, such as glass
or plastic.

[0373] As an embodiment of the present invention, when
the reagent is a probe against the OIPS mRNA, the reagent
may be immobilized on a solid matrix, such as a porous strip,
to form at least one detection site. The measurement or detec-
tion region of the porous strip may include a plurality of sites,
each containing a nucleic acid (probe). A test strip may also
contain sites for negative and/or positive controls. Alterna-
tively, control sites may be located on a strip separated from
the test strip. Optionally, the different detection sites may
contain different amounts of immobilized nucleic acids, i.e.,
a higher amount in the first detection site and lesser amounts
in subsequent sites. Upon the addition of test sample, the
number of sites displaying a detectable signal provides a
quantitative indication of the amount of OIP5S mRNA present
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in the sample. The detection sites may be configured in any
suitably detectable shape and are typically in the shape of a
bar or dot spanning the width of a test strip.

[0374] The kit of the present invention may further include
apositive control sample or OIPS standard sample. The posi-
tive control sample of the present invention may be prepared
by collecting OIP5 positive blood samples and then those
OIP5 level are assayed. Alternatively, purified OIPS protein
or polynucleotide may be added to OIPS5 free serum to form
the positive sample or the OIPS5 standard.

[0375] Screening for an Anti-Cancer Compound:

[0376] In the context of the present invention, agents to be
identified through the present screening methods include any
compound or composition including several compounds.
Furthermore, the test agent exposed to a cell or protein
according to the screening methods of the present invention
may be a single compound or a combination of compounds.
When a combination of compounds is used in the methods,
the compounds may be contacted sequentially or simulta-
neously.

[0377] Any test agent, for example, cell extracts, cell cul-
ture supernatant, products of fermenting microorganism,
extracts from marine organism, plant extracts, purified or
crude proteins, peptides, non-peptide compounds, synthetic
micromolecular compounds (including nucleic acid con-
structs, such as antisense RNA, siRNA, Ribozymes, and
aptamer etc.) and natural compounds can be used in the
screening methods of the present invention. The test agent of
the present invention can be also obtained using any of the
numerous approaches in combinatorial library methods
known in the art, including (1) biological libraries, (2) spa-
tially addressable parallel solid phase or solution phase librar-
ies, (3) synthetic library methods requiring deconvolution, (4)
the “one-bead one-compound” library method and (5) syn-
thetic library methods using affinity chromatography selec-
tion. The biological library methods using affinity chroma-
tography selection is limited to peptide libraries, while the
other four approaches are applicable to peptide, non-peptide
oligomer or small molecule libraries of compounds (Lam,
Anticancer Drug Des 1997, 12: 145-67). Examples of meth-
ods for the synthesis of molecular libraries can be found in the
art (DeWitt etal., Proc Natl Acad Sci USA 1993, 90: 6909-13;
Erb et al., Proc Natl Acad Sci USA 1994, 91: 11422-6; Zuck-
ermann et al., ] Med Chem 37: 2678-85, 1994; Cho et al.,
Science 1993, 261: 1303-5; Carell et al., Angew Chem Int Ed
Engl 1994, 33: 2059; Carell et al., Angew Chem Int Ed Engl
1994, 33: 2061; Gallop et al., ] Med Chem 1994, 37: 1233-
51). Libraries of compounds may be presented in solution
(see Houghten, Bio/Techniques 1992, 13: 412-21) or on
beads (Lam, Nature 1991, 354: 82-4), chips (Fodor, Nature
1993,364: 555-6), bacteria (U.S. Pat. No. 5,223,409), spores
(U.S. Pat. Nos. 5,571,698; 5,403,484, and 5,223,409), plas-
mids (Cull et al., Proc Natl Acad Sci USA 1992, 89: 1865-9)
or phage (Scott and Smith, Science 1990, 249: 386-90; Dev-
lin, Science 1990, 249: 404-6; Cwirla et al., Proc Natl Acad
Sci USA 1990, 87: 6378-82; Felici, ] Mol Biol 1991, 222:
301-10; US Pat. Application 2002103360).

[0378] A compound in which a part of the structure of the
compound screened by any of the present screening methods
is converted by addition, deletion and/or replacement, is
included in the agents obtained by the screening methods of
the present invention.

[0379] Furthermore, when the screened test agent is a pro-
tein, for obtaining a DNA encoding the protein, either the
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whole amino acid sequence of the protein may be determined
to deduce the nucleic acid sequence coding for the protein, or
partial amino acid sequence of the obtained protein may be
analyzed to prepare an oligo DNA as a probe based on the
sequence, and screen cDNA libraries with the probe to obtain
a DNA encoding the protein. The obtained DNA is confirmed
it’s usefulness in preparing the test agent which is a candidate
for treating or preventing cancer.

[0380] Testagents useful in the screenings described herein
can also be antibodies that specifically bind to OIP5 protein or
partial peptides thereof that lack the biological activity of the
original proteins in vivo.

[0381] Although the construction of test agent libraries is
well known in the art, herein below, additional guidance in
identifying test agents and construction libraries of such
agents for the present screening methods are provided.

[0382] (i) Molecular Modeling:

[0383] Construction of test agent libraries is facilitated by
knowledge of the molecular structure of compounds known
to have the properties sought, and/or the molecular structure
of OIPS. One approach to preliminary screening of test agents
suitable for further evaluation utilizes computer modeling of
the interaction between the test agent and its target.

[0384] Computer modeling technology allows for the visu-
alization of the three-dimensional atomic structure of a
selected molecule and the rational design of new compounds
that will interact with the molecule. The three-dimensional
construct typically depends on data from x-ray crystallo-
graphic analysis or NMR imaging of the selected molecule.
The molecular dynamics require force field data. The com-
puter graphics systems enable prediction of how a new com-
pound will link to the target molecule and allow experimental
manipulation of the structures of the compound and target
molecule to perfect binding specificity. Prediction of what the
molecule-compound interaction will be when small changes
are made in one or both requires molecular mechanics soft-
ware and computationally intensive computers, usually
coupled with user-friendly, menu-driven interfaces between
the molecular design program and the user.

[0385] An example of the molecular modeling system
described generally above includes the CHARMm and
QUANTA programs, Polygen Corporation, Waltham, Mass.
CHARMmM performs the energy minimization and molecular
dynamics functions. QUANTA performs the construction,
graphic modeling and analysis of molecular structure.
QUANTA allows interactive construction, modification,
visualization, and analysis of the behavior of molecules with
each other.

[0386] A number of articles have been published on the
subject of computer modeling of drugs interactive with spe-
cific proteins, examples of which include Rotivinen et al. Acta
Pharmaceutica Fennica 1988, 97: 159-66; Ripka, New Sci-
entist 1988, 54-8; McKinlay & Rossmann, Annu Rev Phar-
macol Toxiciol 1989, 29: 111-22; Perry & Davies, Prog Clin
Biol Res 1989, 291: 189-93; Lewis & Dean, Proc R Soc Lond
1989, 236: 125-40, 141-62; and, with respect to a model
receptor for nucleic acid components, Askew et al., J] Am
Chem Soc 1989, 111: 1082-90.

[0387] Other computer programs that screen and graphi-
cally depict chemicals are available from companies such as
BioDesign, Inc., Pasadena, Calif., Allelix, Inc, Mississauga,
Ontario, Canada, and Hypercube, Inc., Cambridge, Ontario.
See, e.g., DesJarlais et al., Med Chem 1988, 31: 722-9; Meng
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et al., J Computer Chem 1992, 13: 505-24; Meng et al.,
Proteins 1993, 17: 266-78; Shoichet et al., Science 1993, 259:
1445-50.

[0388] Once a putative inhibitor has been identified, com-
binatorial chemistry techniques can be employed to construct
any number of variants based on the chemical structure of the
identified putative inhibitor, as detailed below. The resulting
library of putative inhibitors, or “test agents” may be screened
using the methods of the present invention to identify test
agents suited to the treatment and/or prophylaxis of cancer
and/or the prevention of post-operative recurrence of cancer,
particularly wherein the lung and/or esophageal cancer.
[0389] (ii) Combinatorial Chemical Synthesis:

[0390] Combinatorial libraries of test agents may be pro-
duced as part of a rational drug design program involving
knowledge of core structures existing in known inhibitors.
This approach allows the library to be maintained at a reason-
able size, facilitating high throughput screening. Alterna-
tively, simple, particularly short, polymeric molecular librar-
ies may be constructed by simply synthesizing all
permutations of the molecular family making up the library.
An example of this latter approach would be a library of all
peptides six amino acids in length. Such a peptide library
could include every 6 amino acid sequence permutation. This
type of library is termed a linear combinatorial chemical
library.

[0391] Preparation of Combinatorial Chemical Libraries is
Well Known to Those of Skill in the art, and may be generated
by either chemical or biological synthesis. Combinatorial
chemical libraries include, but are not limited to, peptide
libraries (see, e.g., U.S. Pat. No. 5,010,175; Furka, Int J Pept
ProtRes 1991,37: 487-93; Houghten et al., Nature 1991, 354:
84-6). Other chemistries for generating chemical diversity
libraries can also be used. Such chemistries include, but are
not limited to: peptides (e.g., PCT Publication No. WO
91/19735), encoded peptides (e.g., WO 93/20242), random
bio-oligomers (e.g., WO 92/00091), benzodiazepines (e.g.,
U.S. Pat. No. 5,288,514), diversomers such as hydantoins,
benzodiazepines and dipeptides (DeWitt et al., Proc Natl
Acad Sci USA 1993, 90:6909-13), vinylogous polypeptides
(Hagihara et al., ] Amer Chem Soc 1992, 114: 6568), non-
peptidal peptidomimetics with glucose scaffolding (Hir-
schmann et al., J Amer Chem Soc 1992, 114: 9217-8), analo-
gous organic syntheses of small compound libraries (Chen et
al., J. Amer Chem Soc 1994, 116: 2661), oligocarbamates
(Cho et al., Science 1993, 261: 1303), and/or peptidylphos-
phonates (Campbell et al., J] Org Chem 1994, 59: 658),
nucleic acid libraries (see Ausubel, Current Protocols in
Molecular Biology 1995 supplement; Sambrook et al.,
Molecular Cloning: A Laboratory Manual, 1989, Cold Spring
Harbor Laboratory, New York, USA), peptide nucleic acid
libraries (see, e.g., U.S. Pat. No. 5,539,083), antibody librar-
ies (see, e.g., Vaughan et al., Nature Biotechnology 1996,
14(3):309-14 and PCT/US96/10287), carbohydrate libraries
(see, e.g., Liang et al., Science 1996, 274: 1520-22; U.S. Pat.
No. 5,593,853), and small organic molecule libraries (see,
e.g., benzodiazepines, Gordon E M. Curr Opin Biotechnol.
1995 Dec. 1; 6(6):624-31; isoprenoids, U.S. Pat. No. 5,569,
588; thiazolidinones and metathiazanones, U.S. Pat. No.
5,549,974; pyrrolidines, U.S. Pat. Nos. 5,525,735 and 5,519,
134; morpholino compounds, U.S. Pat. No. 5,506,337; ben-
zodiazepines, U.S. Pat. No. 5,288,514, and the like).

[0392] Devices for the preparation of combinatorial librar-
ies are commercially available (see, e.g., 357 MPS, 390 MPS,
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Advanced Chem Tech, Louisville Ky., Symphony, Rainin,
Woburn, Mass., 433A Applied Biosystems, Foster City,
Calif., 9050 Plus, Millipore, Bedford, Mass.). In addition,
numerous combinatorial libraries are themselves commer-
cially available (see, e.g., ComGenex, Princeton, N.J., Tripos,
Inc., St. Louis, Mo., 3D Pharmaceuticals, Exton, Pa., Martek
Biosciences, Columbia, Md., etc.).

[0393] (iii) Other Candidates:

[0394] Another approach uses recombinant bacteriophage
to produce libraries. Using the “phage method” (Scott &
Smith, Science 1990, 249: 386-90; Cwirla et al., Proc Natl
Acad Sci USA 1990, 87: 6378-82; Devlin et al., Science
1990, 249: 404-6), very large libraries can be constructed
(e.g., 106-108 chemical entities). A second approach uses
primarily chemical methods, of which the Geysen method
(Geysen et al., Molecular Immunology 1986, 23: 709-15;
Geysen et al., ] Immunologic Method 1987, 102: 259-74);
and the method of Fodor et al. (Science 1991, 251: 767-73)
are examples. Furka et al. (14th International Congress of
Biochemistry 1988, Volume #5, Abstract FR:013; Furka, IntJ
Peptide Protein Res 1991, 37: 487-93), Houghten (U.S. Pat.
No. 4,631,211) and Rutter et al. (U.S. Pat. No. 5,010,175)
describe methods to produce a mixture of peptides that can be
tested as agonists or antagonists.

[0395] Aptamers are macromolecules composed of nucleic
acid that bind tightly to a specific molecular target. Tuerk and
Gold (Science. 249:505-510 (1990)) discloses SELEX (Sys-
tematic Evolution of Ligands by Exponential Enrichment)
method for selection of aptamers. In the SELEX method, a
large library of nucleic acid molecules (e.g., 10*° different
molecules) can be used for screening.

[0396] Screening for an OIP5 Binding Compound:

[0397] In context of the present invention, over-expression
of OIPS was detected in lung and/or esophageal cancer, in
spite of no expression in normal organs (FIGS. 1A, B, D and
2A). Accordingly, using the OIP5 genes, proteins encoded by
the genes, the present invention provides a method of screen-
ing for a compound that binds to OIPS. Due to the expression
of OIP5 in lung and/or esophageal cancer, a compound binds
to OIPS5 is expected to suppress the proliferation of cancer
cells, and thus be useful for treating or preventing cancer,
wherein the cancer is lung and/or esophageal. Therefore, the
present invention also provides a method of screening for a
compound that suppresses the proliferation of cancer cells
and/or cellular invasion, and a method of screening for a
compound for treating or preventing cancer using the OIP5
polypeptide, particularly wherein the cancer is lung and/or
esophageal. One particular embodiment of this screening
method includes the steps of:

[0398] (a) contacting a test compound with a polypeptide
encoded by a polynucleotide of OIPS;

[0399] (b) detecting the binding activity between the
polypeptide and the test compound; and

[0400] (c) selecting the test compound that binds to the
polypeptide.
[0401] Inthe context of the present invention, the therapeu-

tic effect may be correlated with the binding level of the test
agent or compound and OIPS5 protein(s). For example, when
the test agent or compound binds to an OIP5 protein, the test
agent or compound may identified or selected as a candidate
agent or compound having the requisite therapeutic effect.
Alternatively, when the test agent or compound does not
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binds to OIP5 proteins, the test agent or compound may
identified as the agent or compound having no significant
therapeutic effect.

[0402] The method of the present invention will be
described in more detail below.

[0403] The OIPS polypeptide to be used for screening may
be a recombinant polypeptide or a protein derived from the
nature or a partial peptide thereof. The polypeptide to be
contacted with a test compound can be, for example, a puri-
fied polypeptide, a soluble protein, a form bound to a carrier
or a fusion protein fused with other polypeptides.

[0404] As a method of screening for proteins, for example,
that bind to the OIP5 polypeptide using the OIP5 polypeptide,
many methods well known by a person skilled in the art can be
used. Such a screening can be conducted by, for example,
immunoprecipitation method, specifically, in the following
manner. The gene encoding the OIP5 polypeptide is
expressed in host (e.g., animal) cells and so on by inserting the
gene to an expression vector for foreign genes, such as
pSV2neo, pcDNA I, pcDNA3.1, pCAGGS and pCDS.
[0405] The promoter to be used for the expression may be
any promoter that can be used commonly and include, for
example, the SV40 early promoter (Rigby in Williamson
(ed.), Genetic Engineering, vol. 3. Academic Press, London,
83-141 (1982)), the EF-alpha promoter (Kim et al., Gene 91:
217-23 (1990)), the CAG promoter (Niwa et al., Gene 108:
193 (1991)), the RSV LTR promoter (Cullen, Methods in
Enzymology 152: 684-704 (1987)) the SR alpha promoter
(Takebe et al., Mol Cell Biol 8: 466 (1988)), the CMV imme-
diate early promoter (Seed and Aruffo, Proc Natl Acad Sci
USA 84:3365-9 (1987)), the SV40 late promoter (Gheysen
and Fiers, ] Mol Appl Genet 1: 385-94 (1982)), the Adenovi-
rus late promoter (Kaufman et al., Mol Cell Biol 9: 946
(1989)), the HSV TK promoter and so on.

[0406] The introduction of the gene into host cells to
express a foreign gene can be performed according to any
methods, for example, the electroporation method (Chu et al.,
Nucleic Acids Res 15: 1311-26 (1987)), the calcium phos-
phate method (Chen and Okayama, Mol Cell Biol 7: 2745-52
(1987)), the DEAE dextran method (Lopata et al., Nucleic
Acids Res 12: 5707-17 (1984); Sussman and Milman, Mol
Cell Biol 4: 1641-3 (1984)), the Lipofectin method (Derijard
B., Cell 76: 1025-37 (1994); Lamb et al., Nature Genetics 5:
22-30 (1993): Rabindran et al., Science 259: 230-4 (1993))
and so on.

[0407] The polypeptide encoded by the OIP5 gene can be
expressed as a fusion protein including a recognition site
(epitope) of a monoclonal antibody by introducing the
epitope of the monoclonal antibody, whose specificity has
been revealed, to the N- or C-terminus of the polypeptide. A
commercially available epitope-antibody system can be used
(Experimental Medicine 13: 85-90 (1995)). Vectors which
can express a fusion protein with, for example, beta-galac-
tosidase, maltose binding protein, glutathione S-transferase,
green florescence protein (GFP) and so on by the use of its
multiple cloning sites are commercially available. Also, a
fusion protein prepared by introducing only small epitopes
consisting of several to a dozen amino acids so as not to
change the property of the OIPS polypeptide by the fusion is
alsoreported. Epitopes, such as polyhistidine (His-tag), influ-
enza aggregate HA, human c-myc, FLAG, Vesicular stoma-
titis virus glycoprotein (VSV-GP), T7 gene 10 protein (T7-
tag), human simple herpes virus glycoprotein (HSV-tag),
E-tag (an epitope on monoclonal phage) and such, and mono-
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clonal antibodies recognizing them can be used as the
epitope-antibody system for screening proteins binding to the
OIP5 polypeptide (Experimental Medicine 13: 85-90
(1995)).

[0408] In immunoprecipitation, an immune complex is
formed by adding these antibodies to cell lysate prepared
using an appropriate detergent. The immune complex con-
sists of the OIP5 polypeptide, a polypeptide including the
binding ability with the polypeptide, and an antibody. Immu-
noprecipitation can be also conducted using antibodies
against the OIPS5 polypeptide, besides using antibodies
against the above epitopes, which antibodies can be prepared
as described above. An immune complex can be precipitated,
for example by Protein A sepharose or Protein G sepharose
when the antibody is a mouse IgG antibody. Ifthe polypeptide
encoded by OIP5 gene is prepared as a fusion protein with an
epitope, such as GST, an immune complex can be formed in
the same manner as in the use of the antibody against the OIP5
polypeptide, using a substance specifically binding to these
epitopes, such as glutathione-Sepharose 4B.

[0409] Immunoprecipitation can be performed by follow-
ing or according to, for example, the methods in the literature
(Harlow and Lane, Antibodies, 511-52, Cold Spring Harbor
Laboratory publications, New York (1988)).

[0410] SDS-PAGE is commonly used for analysis of
immunoprecipitated proteins and the bound protein can be
analyzed by the molecular weight of the protein using gels
with an appropriate concentration. Since the protein bound to
the OIP5 polypeptide is difficult to detect by a common
staining method, such as Coomassie staining or silver stain-
ing, the detection sensitivity for the protein can be improved
by culturing cells in culture medium containing radioactive
isotope, >°S-methionine or >*S-cystein, labeling proteins in
the cells, and detecting the proteins. The target protein can be
purified directly from the SDS-polyacrylamide gel and its
sequence can be determined, when the molecular weight of a
protein has been revealed.

[0411] West-Western blotting analysis (Skolnik et al., Cell
65: 83-90 (1991)) can be used as a method of screening for
proteins binding to the OIP5 polypeptide using the polypep-
tide. In particular, a protein binding to the OIPS polypeptide
can be obtained by preparing a cDNA library from cultured
cells expected to express a protein binding to the OIPS
polypeptide using a phage vector (e.g., ZAP), expressing the
protein on LB-agarose, fixing the protein expressed on a filter,
reacting the purified and labeled OIPS polypeptide with the
above filter, and detecting the plaques expressing proteins
bound to the OIP5 polypeptide according to the label. The
polypeptide of the invention may be labeled by utilizing the
binding between biotin and avidin, or by utilizing an antibody
that specifically binds to the OIPS, or a peptide or polypeptide
(for example, GST) that is fused to the OIP5 polypeptide.
Methods using radioisotope or fluorescence and such may be
also used.

[0412] Alternatively, in another embodiment of the screen-
ing method of the present invention, a two-hybrid system
utilizing cells may be used (“MATCHMAKER Two-Hybrid
system”, “Mammalian MATCHMAKER Two-Hybrid Assay
Kit”, “MATCHMAKER one-Hybrid system” (Clontech);
“HybriZAP Two-Hybrid Vector System” (Stratagene); the
references “Dalton and Treisman, Cell 68: 597-612 (1992)”,
“Fields and Sternglanz, Trends Genet 10: 286-92 (1994)”).
[0413] In the two-hybrid system, the polypeptide of the
invention is fused to the SRF-binding region or GAL4-bind-
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ing region and expressed in yeast cells. A cDNA library is
prepared from cells expected to express a protein binding to
the polypeptide of the invention, such that the library, when
expressed, is fused to the VP16 or GAL4 transcriptional acti-
vation region. The cDNA library is then introduced into the
above yeast cells and the cDNA derived from the library is
isolated from the positive clones detected (when a protein
binding to the polypeptide of the invention is expressed in
yeast cells, the binding of the two activates a reporter gene,
making positive clones detectable). A protein encoded by the
c¢DNA can be prepared by introducing the cDNA isolated
aboveto E. coli and expressing the protein. As a reporter gene,
for example, Ade2 gene, lacZ gene, CAT gene, luciferase
gene and such can be used in addition to the HIS3 gene.
[0414] A compound binding to the polypeptide encoded by
OIPS gene can also be screened using affinity chromatogra-
phy. For example, the polypeptide of the invention may be
immobilized on a carrier of an affinity column, and a test
compound, containing a protein capable of binding to the
polypeptide of the invention, is applied to the column. A test
compound herein may be, for example, cell extracts, cell
lysates, etc. After loading the test compound, the column is
washed, and compounds bound to the polypeptide of the
invention can be prepared. When the test compound is a
protein, the amino acid sequence of the obtained protein is
analyzed, an oligo DNA is synthesized based on the
sequence, and cDNA libraries are screened using the oligo
DNA as a probe to obtain a DNA encoding the protein.
[0415] A biosensor using the surface plasmon resonance
phenomenon may be used as a mean for detecting or quanti-
fying the bound compound in the present invention. When
such a biosensor is used, the interaction between the polypep-
tide of the invention and a test compound can be observed
real-time as a surface plasmon resonance signal, using only a
minute amount of polypeptide and without labeling (for
example, BIAcore, Pharmacia). Therefore, it is possible to
evaluate the binding between the polypeptide of the invention
and a test compound using a biosensor such as BlAcore.
[0416] The methods of screening for molecules that bind
when the immobilized OIP5 polypeptide is exposed to syn-
thetic chemical compounds, or natural substance banks or a
random phage peptide display library, and the methods of
screening using high-throughput based on combinatorial
chemistry techniques (Wrighton et al., Science 273: 458-64
(1996); Verdine, Nature 384: 11-13 (1996); Hogan, Nature
384: 17-9 (1996)) to isolate not only proteins but chemical
compounds that bind to the OIPS protein (including agonist
and antagonist) are well known to one skilled in the art.
[0417] Screening for a Compound that Suppresses the Bio-
logical Activity of OIPS:

[0418] In the context of the present invention, the OIPS
protein is characterized as having the activity of promoting
cell proliferation of lung and/or esophageal cancer cells (FIG.
3B) and cellular invasion activity (FIG. 9B). Using this bio-
logical activity as an index, the present invention provides a
method for screening a compound that suppresses the prolif-
eration of cancer cells and/or cellular invasion, and a method
of screening for acompound for treating or preventing cancer,
particularly wherein the cancer is lung and/or esophageal.
Thus, the present invention provides a method of screening
for a compound for treating or preventing cancer relating to
OIPS gene including the steps as follows:

[0419] (a) contacting a test compound with a polypeptide
encoded by a polynucleotide of OIPS;
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[0420] (b) detecting the biological activity of the polypep-
tide of step (a); and

[0421] (c) selecting the test compound that suppresses the
biological activity of the polypeptide encoded by the poly-
nucleotide of OIP5 as compared to the biological activity of
said polypeptide detected in the absence of the test com-
pound.

[0422] According to the present invention, the therapeutic
effect of the test compound on suppressing the activity to
promote cell proliferation, or a candidate compound for treat-
ing or preventing cancer relating to OIP5 (e.g., lung and/or
esophageal cancers) may be evaluated. Therefore, the present
invention also provides a method of screening for a candidate
compound for suppressing the cell proliferation, or a candi-
date compound for treating or preventing cancer relating to
OIP5, using the OIPS polypeptide or fragments thereof
including the steps as follows:

[0423] (a) contacting a test compound with the OIPS
polypeptide or a functional fragment thereof; and

[0424] (b) detecting the biological activity of the polypep-
tide or fragment of step (a), and

[0425] (c) correlating the biological activity of b) with the
therapeutic effect of the test agent or compound.

[0426] In the context of present invention, the therapeutic
effect may be correlated with the biological activity of an
OIP5 polypeptide or a functional fragment thereof. For
example, when the test agent or compound suppresses or
inhibits the biological activity of an OIP5 polypeptide or a
functional fragment thereot as compared to a level detected in
the absence of the test agent or compound, the test agent or
compound may identified or selected as the candidate agent
or compound having the therapeutic effect. Alternatively,
when the test agent or compound does not suppress or inhibit
the biological activity of an OIPS polypeptide or a functional
fragment thereof as compared to a level detected in the
absence of the test agent or compound, the test agent or
compound may identified as the agent or compound having
no significant therapeutic effect.

[0427] The method of the present invention will be
described in more detail below.

[0428] Any polypeptides can be used for screening so long
as they suppress a biological activity of an OIPS protein. Such
biological activity includes cell-proliferating activity of the
OIPS5 protein. For example, OIPS protein can be used and
polypeptides functionally equivalent to these proteins can
also be used. Such polypeptides may be expressed endog-
enously or exogenously by cells.

[0429] The compound isolated by this screening is a can-
didate for antagonists of the polypeptide encoded by OIPS5
gene. The term “antagonist” refers to molecules that inhibit
the function of the polypeptide by binding thereto. This term
also refers to molecules that reduce or inhibit expression of
the gene encoding OIP5. Moreover, a compound isolated by
this screening is a candidate for compounds which inhibit the
in vivo interaction of the OIP5 polypeptide with molecules
(including DNAs and proteins).

[0430] When the biological activity to be detected in the
present method is cell proliferation, it can be detected, for
example, by preparing cells which express the OIPS5 polypep-
tide, culturing the cells in the presence of a test compound,
and determining the speed of cell proliferation, measuring the
cell cycle and such, as well as by measuring survival cells or
the colony forming activity, for example, shown in FIG. 3.
The compounds that reduce the speed of proliferation of the
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cells expressed OIPS are selected as candidate compound for
treating or preventing lung and/or esophageal cancer.

[0431] More specifically, the method includes the step of:
[0432] (a)contacting atest compound with cells expressing
OIP5;

[0433] (b) measuring cell-proliferating activity; and
[0434] (c) selecting the test compound that reduces the

cell-proliferating activity in the comparison with the cell-
proliferating activity in the absence of the test compound.
[0435] In preferable embodiments, the method of the
present invention may further include the steps of:

[0436] (d) selecting the test compound that have no effect to
the cells no or little expressing OIPS.

[0437] The phrase “suppress the biological activity” as
defined herein are preferably at least 10% suppression of the
biological activity of OIPS in comparison with in absence of
the compound, more preferably at least 25%, 50% or 75%
suppression and most preferably at 90% suppression.

[0438] Screening for a Compound Altering the Expression
of OIPS:
[0439] Inthe presentinvention, adecrease in the expression

of OIPS by siRNA results in the inhibition of cancer cell
proliferation (FIG. 3A) and increase in the over-expression of
OIP results in the promotion of cellular invasion. Accord-
ingly, the present invention provides a method of screening
for a compound that inhibits the expression of OIP5. A com-
pound that inhibits the expression of OIPS5 is expected to
suppress the proliferation of cancer cells and/or cellular inva-
sion, and thus is useful for treating or preventing cancer
relating to OIPS5, particularly wherein the cancer is lung and/
or esophageal. Therefore, the present invention also provides
a method for screening a compound that suppresses the pro-
liferation of cancer cells, and a method for screening a com-
pound for treating or preventing cancer relating to OIP5,
wherein the cancer is lung and/or esophageal. In the context
of the present invention, such screening may include, for
example, the following steps:

[0440] (a) contacting a candidate compound with a cell
expressing OIPS; and

[0441] (b) selecting the candidate compound that reduces
the expression level of OIP5 as compared to a control.

[0442] The method of the present invention will be
described in more detail below.

[0443] Cells expressing the OIPS include, for example, cell
lines established from lung and/or esophageal cancer or cell
lines transfected with OIP5 expression vectors; any of such
cells can be used for the above screening of the present
invention. The expression level can be estimated by methods
well known to one skilled in the art, for example, RT-PCR,
Northern blot assay, Western blot assay, immunostaining and
flow cytometry analysis. “Reduce the expression level” as
defined herein are preferably at least 10% reduction of
expression level of OIPS in comparison to the expression
level in absence of the compound, more preferably at least
25%, 50% or 75% reduced level and most preferably at 95%
reduced level. The compound herein includes chemical com-
pound, double-strand nucleotide, and so on. The preparation
of'the double-strand nucleotide is in aforementioned descrip-
tion. In the method of screening, a compound that reduces the
expression level of OIPS can be selected as candidate com-
pounds to be used for the treatment or prevention of lung
and/or esophageal cancer.
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[0444] Alternatively, the screening method of the present
invention may include the following steps:

[0445] (a)contacting a candidate compound with a cell into
which a vector, including the transcriptional regulatory
region of OIP5 and a reporter gene that is expressed under the
control of the transcriptional regulatory region, has been
introduced;

[0446] (b) measuring the expression or activity of said
reporter gene; and

[0447] (c) selecting the candidate compound that reduces
the expression or activity of said reporter gene.

[0448] According to the present invention, the therapeutic
effect of the test agent or compound on inhibiting the cell
growth or a candidate agent or compound for treating or
preventing OIP5 associating disease may be evaluated.
Therefore, the present invention also provides a method for
screening a candidate agent or compound that suppresses the
proliferation of cancer cells, and a method for screening a
candidate agent or compound for treating or preventing an
OIPS5 associated disease.

[0449] In the context of the present invention, such screen-
ing may include, for example, the following steps:

[0450] a) contacting a test agent or compound with a cell
into which a vector, composed of the transcriptional regula-
tory region of the OIPS5 gene and a reporter gene that is
expressed under the control of the transcriptional regulatory
region, has been introduced;

[0451] b) detecting the expression or activity of said
reporter gene; and

[0452] c¢) correlating the expression level of b) with the
therapeutic effect of the test agent or compound.

[0453] Inthe context of the present invention, the therapeu-
tic effect may be correlated with the expression or activity of
said reporter gene. For example, when the test agent or com-
pound reduces the expression or activity of said reporter gene
as compared to a level detected in the absence of the test agent
or compound, the test agent or compound may identified or
selected as the candidate agent or compound having the thera-
peutic effect. Alternatively, when the test agent or compound
does not reduce the expression or activity of said reporter
gene as compared to a level detected in the absence of the test
agent or compound, the test agent or compound may identi-
fied as the agent or compound having no significant therapeu-
tic effect.

[0454] Suitable reporter genes and host cells are well
known in the art. [llustrative reporter genes include, but are
not limited to, luciferase, green florescence protein (GFP),
Discosoma sp. Red Fluorescent Protein (DsRed), Chrolam-
phenicol Acetyltransferase (CAT), lacZ and beta-glucu-
ronidase (GUS), and host cell is COS7, HEK293, HelLa and
so on. The reporter construct required for the screening can be
prepared by connecting reporter gene sequence to the tran-
scriptional regulatory region of OIPS. The transcriptional
regulatory region of OIP5 herein includes the region from
transcriptional start site to at least 500 bp upstream, prefer-
ably 1000 bp, more preferably 5000 or 10000 bp upstream. A
nucleotide segment containing the transcriptional regulatory
region can be isolated from a genome library or can be propa-
gated by PCR. The reporter construct required for the screen-
ing can be prepared by connecting reporter gene sequence to
the transcriptional regulatory region of any one of these
genes. Methods for identifying a transcriptional regulatory
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region, and also assay protocol are well known (Molecular
Cloning third edition chapter 17, 2001, Cold Springs Harbor
Laboratory Press).

[0455] The vector containing the said reporter construct is
infected to host cells and the expression or activity of the
reporter gene is detected by method well known in the art
(e.g., using luminometer, absorption spectrometer, flow
cytometer and so on). “reduces the expression or activity” as
defined herein are preferably at least 10% reduction of the
expression or activity of the reporter gene in comparison with
in absence of the compound, more preferably at least 25%,
50% or 75% reduction and most preferably at 95% reduction.

[0456] Screening Using the Binding of OIP5 and Rafl as an
Index:
[0457] In the present invention, the direct interaction of

OIPS5 with Rafl protein was shown by pull-down assay (FIG.
9C). Pull-down of OIPS protein was carried out using anti-His
antibody and incubated mixture of His-tagged OIP5 and
GST-fused recombinant Rafa proteins. OIP5-binding Rafl
protein was detected by subsequent western blotting using
polyclonal antibody to Rafl (FIG. 9C). Accordingly, the
present invention provides a method of screening for a com-
pound that inhibits the binding between OIP5 and Rafl.
[0458] Compounds that inhibits the binding between OIP5
protein and Rafl protein can be screened by detecting a
binding level between OIP5 protein and Rafl protein as an
index. Therefore, the present invention provides a method for
screening a compound for inhibiting the binding between
OIP5 protein and Rafl protein using a binding level between
OIPS5 protein and Rafl protein as an index. Compounds that
inhibit binding between OIPS protein and Rafl protein are
expected to be suppress cancer cell proliferation and/or cel-
lular invasion through destabilization of OIPS5 protein.
Accordingly, the present invention also provides a method for
screening a candidate compound for inhibiting or reducing a
growth of cancer cells expressing OIP5 gene, e.g., lung can-
cer cell and/or esophageal cancer cell, and therefore, a can-
didate compound for treating or preventing cancers, e.g. lung
cancer and/or esophageal cancer. Further, compounds
obtained by the present screening method may be also useful
for inhibiting cellular invasion.

[0459] Ofparticular interest to the present invention are the
following methods of [1] to [5]:

[0460] [1] A method of screening for a compound that
interrupts a binding between a OIPS polypeptide and a Rafl
polypeptide, said method including the steps of:

[0461] (a) contacting a OIPS polypeptide or functional
equivalent thereof with a Rafl polypeptide or functional
equivalent thereof in the presence of a test compound;

[0462] (b) detecting a binding level between the polypep-
tides;
[0463] (c) comparing the binding level detected in the step

(b) with those detected in the absence of the test compound;
and

[0464] (d) selecting the test compound that reduce the bind-
ing level.
[0465] [2] A method of screening for an agent or compound

useful in treating or preventing cancers, or inhibiting cancer
cell growth and/or cellular invasion, said method including
the steps of:

[0466] (a) contacting a OIPS polypeptide or functional
equivalent thereof with a Rafl polypeptide or functional
equivalent thereof in the presence of a test compound;
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[0467] (b) detecting a binding level between the polypep-
tides;
[0468] (c) comparing the binding level detected in the step

(b) with those detected in the absence of the test compound;
and

[0469] (d) selecting the test compound that reduce the bind-
ing level.
[0470] [3] The method of[1] or [2], wherein the functional

equivalent of OIP5 including the Rafl-binding domain.
[0471] [4] The method of[1] or [2], wherein the functional
equivalent of Rafl including the OIP5-binding domain.
[0472] [5] The method of [1], wherein the cancer is selected
from the group consisting of lung cancers and esophageal
cancer.

[0473] In the context of the present invention, functional
equivalents of an OIP5 and Rafl polypeptide are polypep-
tides that have a biological activity equivalent to a OIP5
polypeptide (SEQ ID NO: 14), Rafl (SEQ ID NO: 18)
polypeptide, respectively. Particularly, the functional equiva-
lent of OIPS5 is a poly peptide fragment containing the binding
domain to Rafl, such as amino acid sequence of SEQ ID NO:
14. Similarly, the functional equivalent of Raf1 is a polypep-
tide fragment of SEQ ID NO: 17 including the OIP5-binding
domain.

[0474] As amethod of screening for compounds that inhib-
its, the binding of OIP5 to Rafl, many methods well known
by one skilled in the art can be used.

[0475] A polypeptide to be used for screening can be a
recombinant polypeptide or a protein derived from natural
sources, or a partial peptide thereof. Any test compound
aforementioned can be used for screening.

[0476] As a method of detecting the binding between an
OIPS5 protein and Raf1 protein, any methods well known by a
person skilled in the art can be used. Such a detection can be
conducted using, for example, an immunoprecipitation,
West-Western blotting analysis (Skolnik et al., Cell 65: 83-90
(1991)), a two-hybrid system utilizing cells (“MATCH-
MAKER Two-Hybrid system”, “Mammalian MATCH-
MAKER Two-Hybrid Assay Kit”, “MATCHMAKER one-
Hybrid system” (Clontech); “HybriZAP Two-Hybrid Vector
System” (Stratagene); the references “Dalton and Treisman,
Cell 68: 597-612 (1992)”, “Fields and Sternglanz, Trends
Genet 10: 286-92 (1994)”), affinity chromatography and a
biosensor using the surface plasmon resonance phenomenon.
[0477] In some embodiments, the present screening
method may be carried out in a cell-based assay using cells
expressing both of a OIP5 protein and a Rafl protein. Cells
expressing OIPS5 protein and Rafl protein include, for
example, cell lines established from cancer, e.g. lung cancer
and/or esophageal cancer. Alternatively the cells may be pre-
pared by transforming cells with nucleotides encoding OIP5
and Rafl protein. Such transformation may be carried out
using an expression vector encoding both OIP5 and Rafl, or
expression vectors encoding either OIP5 or Raf1. The present
screening can be conducted by incubating such cells in the
presence of a test compound. The binding of OIPS protein to
Rafl protein can be detected by immunoprecipitation assay
using an anti-OIP5 antibody or anti-Rafl antibody.

[0478] According to the present invention, the therapeutic
effect of a candidate agent or compound on inhibiting the cell
growth or a candidate agent or compound for treating or
preventing cancer relating to OIPS5 (e.g., lung and esophageal
cancers) may be evaluated. Therefore, the present invention
also provides a method of screening for a candidate agent or
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compound for suppressing the cell proliferation, or a candi-
date agent or compound for treating or preventing cancer
(e.g., lung and esophageal cancers), using a OIP5 polypeptide
or functional equivalent thereof including the steps of:

[0479] (a) contacting a OIPS polypeptide or functional
equivalent thereof with a Rafl polypeptide or functional
equivalent thereof in the presence of a test agent or com-

pound;

[0480] (b) detecting a binding level between the polypep-
tides;

[0481] (c) comparing the binding level detected in the step

(b) with those detected in the absence of the test agent or
compound; and

[0482] (d) correlating the binding level of (¢) with the thera-
peutic effect of the test agent or compound;

[0483] In the present invention, the therapeutic effect may
be correlated with the binding level between a OIPS polypep-
tide and a Raf1 polypeptide. For example, when the test agent
or compound suppresses the binding level between the
polypeptides as compared to a level detected in the absence of
the test agent or compound, the test agent or compound may
identified or selected as the candidate agent or compound
having the therapeutic effect. Alternatively, when the test
agent or compound does not suppress or inhibit the binding
level between the polypeptides as compared to a level
detected in the absence of the test agent or compound, the test
agent or compound may identified as the agent or compound
having no significant therapeutic effect.

[0484] Screening for a Compound that Suppresses the
Phosphorylation of OIPS:

[0485] In the present invention, the phosphorylation of an
OIPS5 protein by a Rafl protein is demonstrated to contributes
the stabilization of the OIPS polypeptide (FIG. 8C), and
therefore, it may have a crucial role in cancer cell growth.
Accordingly, compounds that inhibit the phosphorylation of
an OIPS protein by a Rafl protein are expected to be useful for
inhibiting cancer cell growth and/or cellular invasion, and
therefore, may be candidate compounds for treating or pre-
venting cancer relating to OIP5 over-expression (e.g., lung
cancer or esophageal cancer).

[0486] Therefore, the present invention also provide a
method of screening a candidate compound for suppressing
cell proliferation and/or cellular invasion, or a candidate com-
pound for treating or preventing cancer relating to OIPS over-
expression using the phosphorylation level of OIPS as an
index. In the context of the present invention, such screening
may include, for example, the following steps:

[0487] (a) contacting an OIP5 polypeptide or a functional
equivalent thereof with a Rafl polypeptide or a functional
equivalent thereof in the presence of a test compound under a
suitable condition for the phosphorylation of the OIP5
polypeptide;

[0488] (b) detecting the phosphorylation level of the OIPS
polypeptide;

[0489] (c) comparing the phosphorylation level in the step
(b) with those detected in the absence of the test compound;
and

[0490] (d) selecting the test compound that reduces the
phosphorylation level of the OIPS polypeptide.

[0491] According to the present invention, the therapeutic
effect of the test agent or compound on inhibiting the cell
growth or a candidate agent or compound for treating or
preventing OIP5 associating disease, e.g., lung cancer and
esophageal cancer, may be evaluated. Therefore, the present
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invention also provides a method for screening a candidate
agent or compound that suppresses the proliferation of breast
cancer cells, and a method for screening a candidate agent or
compound for treating or preventing breast cancer.

[0492] More specifically, the method includes the steps of:
[0493] (a) contacting an OIPS protein with a Raf1 proteinin
the presence of an test agent or compound,

[0494] (b) detecting the phosphorylation level of the OIPS
protein;
[0495] (c) comparing the phosphorylation level of the OIP5

protein with that detected in the absence of the test agent or
compound; and

[0496] (d) correlating the phosphorylation level of ¢) with
the therapeutic effect of the test agent or compound.

[0497] In the present invention, the therapeutic effect may
be correlated with the phosphorylation level of the OIPS
protein. For example, when the test agent or compound
reduces the phosphorylation level of the OIP5 protein as
compared to a level detected in the absence of the test agent or
compound, the test agent or compound may identified or
selected as the candidate agent or compound having the thera-
peutic effect. Alternatively, when the test agent or compound
does not reduce the phosphorylation level of OIPS protein as
compared to a level detected in the absence of the test agent or
compound, the test agent or compound may identified as the
agent or compound having no significant therapeutic effect.
[0498] In the context of the present invention, a functional
equivalent of a OIP5 or Rafl polypeptide is a polypeptide that
has a biological activity equivalent to a OIP5 polypeptide
(SEQ ID NO: 14) or Rafl polypeptide (SEQ ID NO: 18),
respectively. As used herein, a phrase “functional equivalent”
is the same meaning as described in the item “Genes or
Proteins”.

[0499] Asamethod of screening for compounds that inhibit
the phosphorylation of an OIP5 polypeptide by a Rafl
polypeptide, any method known in the art can be used. In the
context of the present invention, the conditions suitable for
the phosphorylation of an OIPS polypeptide may be provided
with an incubation of an isolated OIPS polypeptide and an
isolated Rafl polypeptide in the presence of a phosphate
donor, e.g., ATP. The conditions suitable for the OIP5 phos-
phorylation by Rafl also include culturing cells expressing
the both of an OIP5 polypeptide and a Rafl polypeptide. For
example, such a cell may be a cell that endogenously
expresses an OIP5 and Rafl such as a cancer cell (e.g., a lung
cancer cell, an esophageal cancer cell), or a transformant cell
harboring expression vectors containing polynucleotides that
encode an OIPS polypeptide and/or a Rafl polypeptide.
[0500] After the incubation of the isolated polypeptides or
cells expressing the polypeptides in the presence or a test
compound, the phosphorylation level of the OIP5 polypep-
tide can be detected with a reagent, such as an antibody
recognizing phosphorylated OIPS. For instance, immunoas-
say or Western-blotting assay may be applied to the detection
of the phosphorylation state of OIP5 polypeptide.

[0501] Prior to the detection of phosphorylated OIPS, the
OIPS5 polypeptide may be separated from other elements. For
instance, gel electrophoresis may be used for the separation of
the OIPS polypeptide from remaining components. Alterna-
tively, an OIPS polypeptide may be captured by a carrier
having an anti-LGN/GPSM2 antibody.

[0502] Alternatively, the phosphorylation level of the OIPS
polypeptide may be detected by incubating an isolated OIP5
polypeptide and Rafl polypeptide, or cells expressing these
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polypeptides with a labeled phosphate donor, and then tracing
the label. For example, when radio-labeled ATP (e.g., 32P-
ATP) is used as a phosphate donor, radio activity of the
separated OIP5 polypeptide correlates with the phosphoryla-
tion level of OIPS polypeptide.

[0503] In the context of the present invention, candidate
compounds that have the potential to treat or prevent cancers
can be identified. The therapeutic potential of these candidate
compounds may be evaluated by second and/or further
screening to identify therapeutic agent for cancers. For
example, when a compound binding to OIPS5 protein inhibits
described above activities of the cancer, it may be concluded
that such compound has the OIPS specific therapeutic effect.
[0504] Aspects of the present invention are described in the
following examples, which are not intended to limit the scope
of the invention described in the claims.

[0505] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although methods and materials similar or
equivalent to those described herein can be used in the prac-
tice or testing of the present invention, suitable methods and
materials are described below.

EXAMPLES

[0506] The invention will be further described in the fol-
lowing examples, which do not limit the scope of the inven-
tion described in the claims.

[0507] Materials and Methods
[0508] Cell Lines and Tissue Samples.
[0509] The 15 human lung-cancer cell lines used in this

study included five adeno-carcinomas (ADCs) (A549,
LC319, PC-14, NCI-H1373, and NCI-H1781), five squa-
mous-cell carcinomas (SCCs) (SK-MES-1, LU61, NCI-
H520, NCI-H1703, and NCI-H2170), one large-cell carci-
noma (LCC) (LX1), and four small-cell lung cancers
(SCLCs) (DMS114, DMS273, SBC-3, and SBC-5). The
human esophageal carcinoma cell lines used in this study
were as follows; 9 SCC cell lines (TE1, TE2, TE3, TE4, TES,
TE6, TES, TE9, and TE10) and one ADC cell line (TE7)
(Nishihira T, et al., J Cancer Res Clin Oncol 1993; 119:441-
9). All cells were grown in monolayer in appropriate media
supplemented with 10% fetal calf serum (FCS) and were
maintained at 37 degrees C. in humidified air with 5% CO,.
Human small airway epithelial cells (SAEC) used as a normal
control were grown in optimized medium (SAGM) from
Cambrex Bio Science Inc. Primary lung cancer and ESCC
samples had been obtained earlier. This study and the use of
all clinical materials mentioned were approved by individual
institutional Ethical Committees. Clinical stage was judged
according to the UICC TNM classification (Sobin L and
Wittekind Ch. 6th ed. New York: Wiley-Liss; 2002). Forma-
lin-fixed primary lung tumors and adjacent normal lung tissue
samples used for immunostaining on tissue microarrays had
been obtained from 279 patients (161 ADCs, 96 SCCs, 18
LCCs, 4 ASCs; 96 female and 183 male patients; median age
of 63.3 with a range of 26-84 years) undergoing curative
surgery at Hokkaido University (Sapporo, Japan). A total of
280 formalin-fixed primary ESCCs (27 female and 253 male
patients; median age of 61.5 with a range of 38-82 years) and
adjacent normal esophageal tissue samples had also been
obtained from patients undergoing curative surgery at Keiyu-
kai Sapporo Hospital (Sapporo, Japan). Further, a total 0336
NSCLCs (stage I-IIIA; 201 ADCs, 101 SCCs, 23 LCCs, 11
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ASCs; 103 female and 233 male patients; median age of 66.0
with a range of 29-85 years) and normal lung tissue samples
for immunostaining on tissue microarray were also obtained
from Saitama Cancer Center (Saitama, Japan). These patients
received resection of their primary cancers, and among them
only patients with positive lymph node metastasis were
treated with platinum-based adjuvant chemotherapies after
their surgery. Formalin-fixed primary 221 ESCCs (stage
I-IVA; 21 female and 200 male patients; median age of 62
with a range of 44-79 years) and adjacent normal esophageal
tissue samples had been obtained from patients undergoing
curative surgery at Keiyukai Sapporo Hospital (Sapporo,
Japan). 76 ESCCs (stage I-IVB; 13 female and 63 male
patients; median age of 63 with a range of 38-84 years) and
adjacent normal esophageal tissue samples had also been
obtained from patients undergoing curative surgery Hok-
kaido University and its affiliated hospitals (Sapporo, Japan).
This study and the use of all clinical materials were approved
by individual institutional ethical committees.

[0510] Semiquantitative RT-PCR.

[0511] Total RNA was extracted from cultured cells and
clinical tissues using Trizol reagent (Life Technologies, Inc.,
Gaithersburg, Md.) according to the manufacturer’s protocol.
Extracted RNAs and normal human tissue poly(A) RNAs
were treated with DNase I (Nippon Gene, Tokyo, Japan) and
reversely-transcribed using oligo (dT) primer and Super-
Script II reverse transcriptase (Invitrogen, Carlsbad, Calif.).
Semiquantitative RT-PCR experiments were carried out with
the following OIP5-specific primers or with ACTB-specific
primers as an internal control:

OIP5: 5'-CTTCAAGAATGGAGGGGAAA-3',
and

(SEQ ID NO: 1)

5'-GTATTCATAACAACTGCTCCATGC-3" ; (SEQ ID NO: 2)

ACTB: 5'-GAGGTGATAGCATTGCTTTCG-3'
and

(SEQ ID NO: 3)

5'-CAAGTCAGTGTACAGGTAAGC-3" .

[0512] PCR reactions were optimized for the number of
cycles to ensure product intensity within the logarithmic
phase of amplification.

[0513] Northern-Blot Analysis.

[0514] Human multiple-tissue blots (BD Biosciences
Clontech, Palo Alto, Calif.) were hybridized with a *?P-la-
beled PCR product of OIP5. The cDNA probes of OIPS were
prepared by RT-PCR using the following primers:

(SEQ ID NO: 4)

5'-CCAGTGACAAAATGGTGTGC-3 "',
and

(SEQ ID NO: 5)

5'-GTATTCATAACAACTGCTCCATGC-3" .

[0515] Pre-hybridization, hybridization, and washing were
performed according to the supplier’s recommendations. The
blots were autoradiographed at —80 degrees C. for 1 week
with intensifying screens.

[0516] Western-Blotting.

[0517] Tumor tissues or cells were lysed in lysis buffer; 50
mM Tris-HCI (pH 8.0), 150 mM NaCl, 0.5% NP40, 0.5%
sodium deoxycholate, and Protease Inhibitor Cocktail Set II1
(Calbiochem). An enhanced chemiluminescence Western
blotting analysis system (GE Healthcare Biosciences) was
used, as previously described (Kato T, et al., Cancer Res

(SEQ ID NO: §6)
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2005; 65:5638-46). A commercially available rabbit poly-
clonal antibody to human OIP5 (Catalog No. 12142-1-AP,
Proteintech group. Inc.) was confirmed to be specific to
endogenous OIPS protein by western-blot analysis using
lysates of lung cancer and esophageal cancer cell lines as well
as normal airway epithelial cells.

[0518] Immunocytochemistry.

[0519] Cultured cells were fixed with 4% paraformalde-
hyde, and permeabilized with 0.1% Triton X-100 in PBS for
3 minutes at room temperature. Cells were covered by CAS-
BLOCK (ZYMED) for 10 minutes at room temperature to
block nonspecific binding. Cells were then incubated for 60
minutes at room temperature with primary antibodies diluted
in PBS containing 1% BSA. After being washed with PBS,
the immunocomplexes were stained with a goat anti-rabbit
secondary antibody conjugated to Alexa 488 (Invitrogen).
Each specimen was mounted with Vectashield (Vector Labo-
ratories, Inc, Burlingame, Calif.) containing 4',6'-diamidine-
2'-phenylindolendihydrochrolide (DAPI) and visualized with
Spectral Confocal Scanning Systems (TSC SP2 AOBS: Leica
Microsystems, Wetzlar, Germany).

[0520] Immunohistochemistry and Tissue-Microarray
Analysis.
[0521] Tumor tissue microarrays were constructed as pub-

lished previously, using formalin-fixed NSCLCs (Chin S F, et
al., Mol Pathol 2003; 56:275-9, Callagy G, et al., Diagn Mol
Pathol 2003; 12:27-34, Callagy G, et al. J Pathol 2005; 205:
388-96). Tissue areas for sampling were selected based on
visual alignment with the corresponding H&E stained sec-
tions on slides. Three, four, or five tissue cores (diameter, 0.6
mm; height, 3-4 mm) taken from donor tumor blocks were
placed into recipient paraffin blocks using a tissue microar-
rayer (Beecher Instruments, Sun Prairie, Wis.). A core of
normal tissue was punched from each case. Five-micrometer
sections of the resulting microarray block were used for
immunohistochemical analysis. Positivity for OIPS was
assessed semiquantitatively by three independent investiga-
tors without prior knowledge of the clinicopathologic data,
each of whom recorded staining positive or negative. Lung
cancers were decided as positive only if all reviewers defined
them as such.

[0522] To investigate the significance of OIP5 overexpres-
sion in clinical NSCLCs, tissue sections were stained using
ENVISION+kit/horseradish peroxidase (HRP; DakoCyto-
mation, Glostrup, Denmark). OIPS antibody (Proteintech
group. Inc.) was added after blocking of endogenous peroxi-
dase and proteins, and each section was incubated with HRP-
labeled anti-rabbit IgG as the secondary antibody. Substrate-
chromogen was added, and the specimens were
counterstained with hematoxylin.

[0523] Statistical Analysis.

Contingency tables were used to analyze the relationship
between OIP5 expression and clinicopathologic variables in
NSCLC patients. Tumor-specific survival curves were calcu-
lated from the date of surgery to the time of death related to
NSCLC, or to the last follow-up observation. Kaplan-Meier
curves were calculated for each relevant variable and for
OIPS5 expression; differences in survival times among patient
subgroups were analyzed using the log-rank test. Univariate
and multivariate analyses were done with the Cox propor-
tional hazard regression model to determine associations
between clinicopathologic variables and cancer-related mor-
tality. First, associations between death and possible prognos-
tic factors including age, gender, histological type, pT-clas-

BIO-RAD EX.1025.040



US 2011/0160288 A1

sification, and pN-classification, were analyzed, taking into
consideration one factor at a time. Second, multivariate Cox
analysis was applied on backward (stepwise) procedures that
always forced OIP5 expression into the model, along with any
and all variables that satisfied an entry level of a P value less
than 0.05. As the model continued to add factors, independent
factors did not exceed an exit level of P<0.05.

[0524] RNA Interference Assay.

[0525] Small interfering RNA (siRNA) duplexes (Dharma-
con, Inc., Lafayette, Colo.) (100 nM) were transfected into a
NSCLC cell line A549, using 30 micro 1 of Lipofectamine
2000 (Invitrogen, Carlsbad, Calif.) following the manufac-
turer’s protocol. The transfected cells were cultured for 7
days, the number of colonies was counted by Giemsa stain-
ing; and viability of cells was evaluated by 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay (cell counting kit-8 solution; Dojindo Laboratories,
Kumamoto, Japan). To confirm suppression of OIPS mRNA
expression, semiquantitative RT-PCR experiments were car-
ried out with synthesized primers specific to OIP5 described
above. The target sequences of the synthetic oligonucleotides
for RNA interference were as follows:

[0526] control 1 (Luciferase/LUC: Photinus pyralis
luciferase gene):

5'-CGUACGCGGAAUACUUCGA-3"' ; (SEQ ID NO: 7)

[0527] control 2 (On-Target plus/CNT; Dharmacon Inc.):
(SEQ ID NO: 8)
5' - UGGUUUACAUGUCGACUAA-3 ' ;
(SEQ ID NO: 9)

siRNA-OIP5-1: 5'-CGGCAUCGCUCACGUUGUGUU-3';

(SEQ ID NO: 10)
siRNA-OIP5-2: 5'-GUGACAAAAUGGUGUGCUAUU-3';

(SEQ ID NO: 15)
siRNA-Rafl-1: 5'-GCAAAGAACAUCAUCCAUA-3';
and

(SEQ ID NO: 16)

siRNA-Rafl-2: 5'-GACAUGAAAUCCAACAAUA-3'.

[0528] Cell Growth Assay.

[0529] COS-7 cells were plated at densities of 1x10° cells/
100 mm dish, transfected with plasmids designed to express
OIP5 (pcAGGSn3FC-OIP5-Flag) or mock plasmids. Cells
were selected in medium containing 0.4 mg/mL of geneticin
(Invitrogen) for 7 days, and cell numbers were assessed by
MTT assay (cell counting kit-8 solution; Dojindo Laborato-
ries).

[0530] Matrigel Invasion Assay.

[0531] COS-7 cells transfected either with p3XFLAG-
tagged plasmids expressing OIPS (pcAGGSn3FC-OIP5-
Flag) or with mock plasmids were grown to near confluence
in DMEM containing 10% FCS. The cells were harvested by
trypsinization, washed in DMEM without addition of serum
or proteinase inhibitor, and suspended in DMEM at concen-
tration of 1x10° cells/ml. Before preparing the cell suspen-
sion, the dried layer of Matrigel matrix (Becton Dickinson
Labware) was rehydrated with DMEM for 2 hours at room
temperature. DMEM (0.75 ml) containing 10% FCS was
added to each lower chamber in 24-well Matrigel invasion
chambers, and 0.5 ml (5x10* cells) of cell suspension was
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added to each insert of the upper chamber. The plates of
inserts were incubated for 24 hours at 37 degrees C. After
incubation the chambers were processed; cells invading
through the Matrigel were fixed and stained by Giemsa as
directed by the supplier (Becton Dickinson Labware).
[0532] Results

[0533] OIPS expression in lung and esophageal cancers and
normal tissues. To identify target molecules for the develop-
ment of novel therapeutic agents and/or biomarkers for lung
and esophageal cancers, genome-wide expression profile
analysis of lung carcinoma and ESCC was performed using a
¢DNA microarray (Daigo Y and Nakamura Y, Gen Thorac
Cardiovasc Surg 2008; 56:43-53, Kikuchi T, et al., Oncogene
2003;22:2192-205, Kakiuchi S, et al., Mol Cancer Res 2003;
1:485-99, Kakiuchi S, et al., Hum Mol Genet 2004; 13:3029-
43, Kikuchi T, et al., Int J Oncol 2006; 28:799-805, Taniwaki
M, et al., Int ] Oncol 2006; 29:567-75, and Yamabuki T, et al.,
Int J Oncol 2006; 28:1375-84). Among 27,648 genes
screened, elevated expression (3-fold or higher) of OIP5 tran-
script was identified in the great majority of the lung and
esophageal cancer samples examined. Its over-expression
was confirmed by means of semi-quantitative RT-PCR
experiments in 9 of 15 lung cancer tissues, in 15 of 15 lung-
cancer cell lines, in 6 of 10 ESCC tissues, and in 9 of 10 ESCC
cell lines (FIGS. 1A and 1B).

[0534] A high level of OIPS5 expression in lung and esoph-
ageal cancer cell lines was further confirmed by Western blot
analyses using anti-OIP5 antibody (FIG. 5A). OIPS protein
was detected as double bands by western blotting, indicating
a possible modification of the OIP5 protein. Therefore,
extracts from SBC-5 cells that overexpressed endogenous
OIP5 and COS-7 cells transfected with OIPS expressing plas-
mids (pcAGGSn3FC-OIP5-Flag) were incubated in the pres-
ence or absence of protein phosphatase (New England
Biolabs), and analyzed the molecular size of OIP5 protein by
western-blot analysis. The measured weight of the majority
of both endogenous and exogenous OIPS protein in the
extracts treated with phosphatase was smaller than that in the
untreated cells. The data indicated that OIP5 was possibly
phosphorylated in cells (FIG. 4). Immunofluorescence analy-
sis was done to examine the subcellular localization of endog-
enous OIPS5 in a lung cancer cell line SBC-5 and found that
OIP5 was located in the nucleus and cytoplasm (FIG. 1C,
FIG. 5B). Northern-blot analysis using OIP5 ¢cDNA as a
probe identified a strong signal corresponding to a 1.5-kb
transcript only in the testis among 16 tissues (FIG. 1D) or 23
tissues (FIG. 6A) examined. Furthermore, OIPS protein
expressions in six normal tissues (liver heart, kidney, lung,
esophagus and testis) were compared with those in lung and
esophageal cancers using anti-OIP5 polyclonal antibodies by
immunohistochemistry. OIPS was detected abundantly in
nucleus and cytoplasm of testicular cells and lung and esoph-
ageal cancer cells; however, its expression was hardly detect-
able in the remaining five normal tissues (FIG. 6B). The
positive signal by anti-OIPS5 antibody obtained in lung cancer
tissues was diminished by preincubation of the antibody with
recombinant human OIP5, indicating its high specificity to
OIPS5 protein (FIG. 9A).

[0535] Association of OIP5 Expression with Poor Progno-
sis for NSCLC Patients and ESCC.

[0536] Correlations of the OIPS expression in surgically
resected NSCLCs were then examined with various clinico-
pathologic variables. To verify the clinicopathological sig-
nificance of OIP5, the expression of OIPS protein was addi-
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tionally examined by means of tissue microarrays containing
lung-cancer tissues from 419 patients who underwent cura-
tive surgical resection. Positive staining was found in 163 of
262 ADC tumors (62.2%) and 139 of 157 non-ADC tumors
(88.5%) (FIG. 2A). A correlation of OIP5 expression (posi-
tive versus negative) with various clinicopathological param-
eters was then examined and its significant correlation with
histology (higher in nonadenocarcinomas; P<0.0001 by Chi-
square test; Table 1) was found. The Kaplan-Meier method
indicated significant association between OIPS status (posi-
tive versus negative) in NSCLCs and tumor-specific survival
rate (shorter survival periods in OIP5-positive cases; P=0.
0099 by the log-rank test; FIG. 2B). By univariate analysis,
histology (adenocarcinomas versus nonadenocarcinomas),
tumor size (pT1 versus pT2-4), lymph node metastasis (pNO
versus pN1-3), age (<65 years versus z65 years), gender
(female versus male), and OIP5 positivity (negative versus
positive) were all significantly related to poor tumor-specific
survival of NSCLC patients (Table 2). Furthermore, multi-
variate analysis using the Cox proportional hazard model
indicated that pT stage, pN stage, age, and positive OIP5
staining were independent prognostic factors for NSCLC
(Table 2).

TABLE 1

Association between OIP5-positivity in NSCLC tissues and patients’
characteristics (n = 419)

OIPS OIP5 P-value
Total positive  negative positive vs
n=419 n=302 n=117 %2 negative
Age (years)
<65 207 153 54 0.686 0.686
>=65 212 149 63
Gender
Female 129 86 43 271 0.0997
Male 290 216 74
Histological type
ADC 262 163 99 33.794 <0.0001*
non-ADC 157 139 18
pT factor
T1 141 96 45 1.682  0.1946
T2+T3+T4 278 206 72
pN factor
NO 259 182 77 1.099  0.2944
NI +N2 160 120 40

ADC, adenocarcinoma

non-ADC, squamous-cell carcinoma plus large-cell carcinoma and adenosquamous-cell
carcinoma

P <0.05 (5 test)

TABLE 2
Cox’s proportional hazards model analysis of prognostic factors in
patients with NSCLCs
Hazards Unfavorable/

Variables ratio 95% CI  Favorable P-value
Univariate

analysis

OIP5 1.567 1.110-2.212 Positive/Negative 0.0107*
Age (years) 1.522  1.146-2.021 >=65/65> 0.0037*
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TABLE 2-continued

Cox’s proportional hazards model analysis of prognostic factors in
patients with NSCLCs

Hazards Unfavorable/
Variables ratio 95% CI  Favorable P-value
Gender 1.618  1.172-2.235 Male/Female 0.0035*
Histological type 1.424  1.076-1.885 non-ADC/ADC 0.0135*
pT factor 2.468 1.744-3.494 T2 + T3 + T4/T1 <0.0001%*
pN factor 2.342 1.771-3.099 N1 + N2/NO <0.0001*
Multivariate
analysis
OIP5 1.56 1.083-2.247 Positive/Negative 0.0169*
Age (years) 1.811  1.352-2.426 >=65/65> <0.0001*
Gender 1.382  0.965-1.980 Male/Female 0.0774
Histological type 0.881  0.633-1.224 non-ADC/ADC 0.4494
pT factor 1.939 1.353-2.780 T2+ T3 + T4/T1 0.0003*
pN factor 2.316 1.728-3.104 N1 + N2/NO <0.0001*

ADC, adenocarcinoma

non-ADC, squamous-cell carcinoma plus large-cell carcinoma and adenosquamous-cell
carcinoma

P<0.05

[0537] To further verify the clinicopathological signifi-
cance of OIPS5, additionally the expression of OIP5 protein
was examined by means of tissue microarrays containing
lung-cancer tissues from 336 NSCLC and 297 ESCC patients
who underwent surgical resection. Positive staining were
found in 131 of 201 ADC tumors (65.2%), 118 of 135 non-
ADC tumors (87.4%) (FIG. 7A). Then, a correlation of OIP5
expression (positive versus negative) with various clinico-
pathological parameters was examined and found its signifi-
cant correlation with histology (higher in non-ADCs; P<0.
0001 by Fisher’s exact test) and with tumor size (higher in
pT2-T3; P=0.0318 by Fisher’s exact test) and with smoking
(higher in smoker; P=0.0187 by Fisher’s exact test) (Table
3A). The Kaplan-Meier method indicated significant associa-
tion between OIPS5 positivity and shorter tumor-specific sur-
vival periods of NSCLC patients (P=0.0053 by the log-rank
test; FIG. 7B). By univariate analysis, non-adenocarcinoma
histology, larger tumor size (pT2-3), presence of lymph node
metastasis (pN1-2), elderly (>65 years), male gender (female
versus male), and OIPS5 positivity were significantly related to
poor tumor-specific survival of NSCLC patients (Table 3B).
Furthermore, multivariate analysis using the Cox propor-
tional hazard model indicated that pT stage, pN stage, age,
and positive OIPS staining were independent prognostic fac-
tors for NSCLC patients (Table 3B).

TABLE 3A

Association between OIPS5-positivity in NSCLC tissues and patients’
characteristics (n = 336)

OIP5 OIPS
Total positive  negative P-value:
n=336 n=249 1n=87 positive vs negative

Age (years)

<65 178 130 48 0.7084
>=65 158 119 39
Gender
Female 103 70 33 0.1049
Male 233 179 54
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TABLE 3A-continued

Association between OIP5-positivity in NSCLC tissues and patients’
characteristics (n = 336)
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cific survival periods of ESCC patients (P=0.0129 by the
log-rank test; FIG. 7D). By univariate analysis, larger tumor
size (pT2-3), lymph node metastasis positive (pN1-2), male
gender, and OIPS5 positivity were significantly related to poor
tumor-specific survival of ESCC patients (Table 4B). In mul-

OIP5 OIP5 tivariate analysis, OIP5 status did not reach the statistically
Total  positive  negative _ Povalue: significant level as independent prognostic factor for surgi-
0-336 n-249 n-8 positivevs negative cally treated ESCC patients enrolled in this study (P=0.1015),
Histological type while pT and pN stages as well as age did so, suggesting the
relevance of OIP5 expression to these clinicopathological
ADC 201 131 70 <0.0001* factors in esophageal cancer (Table 4B).
non-ADC 135 118 17
pT factor
TABLE 4A
T1 140 95 45 0.0318*
T2+T3 196 154 42 Association between OIPS positivity in esophageal cancer tissues and
pN factor patients’ characteristics (n = 297)
NO 218 155 63 0.0917 OIPS OIP5
N1 +N2 118 94 24 Total positive negative P-value:
smoking n=297 n=172 n=125 positive vs negative
non-smoker 94 61 33 0.0187* Age (years)
smoker 242 188 54
<65 182 100 82 0.2277
ADC, adenocarcinoma >=65 115 72 43
non-ADC, squamous-cell carcinoma plus large-cell carcinoma and adenosquamous-cell Gender
carcinoma
*P <0.05 (Fisher’s exact test) Female 34 21 13 0.7136
Male 263 151 112
pT factor
TABLE 3B
T1 98 45 53 0.004*
Cox’s proportional hazards model analysis of prognostic factors in T2+T3 199 127 72
patients with NSCLCs pN factor
Hazards Unfavorable/ NO 112 53 59 0.0052*
Variables ratio 95% CI  Favorable P-value NI +N2 185 119 66
Univariate *P <0.05 (Fisher’s exact test)
analysis
OIP5 1.854  1.193-2.882 Positive/Negative 0.0061* TABLE 4B
Age (years) 1.557  1.103-2.199 >=65/65> 0.0119*
Glendler ical 1619 1.094-2.396 MME/Fem;ﬂe 0'0159: Cox’s proportional hazards model analysis of prognostic factors in
Histological type 1.428  1.021-1.998 non-ADC/ADC 0.0374 patients with esophageal cancers
pT factor 24 1.610-3.513 T2 + T3/T1 <0.0001%*
pN fa.ctor 2.189  1.565-3.063 N1 + N2/NO <0.0001%* Hazards Unfavorable/
smoking 1.252 0.849-1.844 smoker/ 0.2567 Variables ratio 95% CI  Favorable P-value
non-smoker
Multivariate Univariate analysis
analysis _—
OIP5 1.516  1.090-2.111 Positive/ 0.0135*
OIP5 1.812  1.144-2.869 Positive/Negative 0.0112% Negative
Age (years) 1752 1.228-2.499 >=65/65> 0.002* Age (years) 1002 0.725-1.385 >oE5/65> 0.9891
Gender 1.357 0.878-2.095 Male/Female 0.1691 Gender 3.332 1.634-6.792 Male/Female 0.0009%*
Histological type 0.863  0.586-1.271 non-ADC/ADC 0.4554 pT factor 2841 1.886-4.281 T2 +T3/T1 <0.0001%*
pT factor 1.87 1.250-2.796 T2 +T3/T1 0.0023* PN factor 4036  2.676-6.086 N1 + N2/NO <0.0001*
pN factor 2.115  1.491-3.001 N1 + N2/NO <0.0001* Multivariate analysis
ADC, adenocarcinoma O1PS 132 0.947-1.841 Positive/ 0.1015
non-ADC, squamous-cell carcinoma plus large-cell carcinoma and adenosquamous-cell Negative
22005 Gender 2903 1423-5.926 Male/Female — 0.0034*
pT factor 1.953 1.281-2.977 T2 +T3/T1 0.0019%
.. .. N fact 3.149  2.064-4.804 N1 + N2/NO <0.0001*
[0538] On the other hand, positive staining of OIP5 was p factor *
observed in 172 of 297 (57.9%) surgically resected esoph- P <0.05
ageal cancers, whereas no staining was observed in any of the
adjacent normal esophageal tissues (FIG. 7C). A correlation [0539] Effect of OIPS5 on Cell Growth and Invation.
of OIPS expression (positive versus negative) with various [0540] To assess whether upregulation of OIPS plays a role

clinicopathological parameters was examined and found its
significant correlation with tumor size (higher in pT2-T3;
P=0.004 by Fisher’s exact test) and with lymph node metasta-
sis (higher in pN1-N2; P=0.0052 by Fisher’s exact test)
(Table 4A). The Kaplan-Meier analysis indicated significant
association between OIP5 positivity and shorter tumor-spe-

in growth or survival of lung-cancer cells, siRNA against
OIPS (si-1 and -2) were transfected, along with two different
control (siRNAs for LUC and, CNT) into L.C319 and SBC-5
cells to suppress expression of endogenous OIPS (FIG. 3A).
The level of OIP5 expression in the cells transfected with si-1,
si-2 was significantly reduced, in comparison with two con-
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trol siRNAs (FIG. 3A, top panels). Cell viability and colony
numbers measured by MTT and colony-formation assays
were reduced significantly in the cells transfected with si-1 or
si-2 in comparison with those transfected with control siRNA
(FIG. 3A, middle panels).

[0541] To further examine a potential role of OIP5 in tum-
origenesis, plasmids designed to express OIPS
(pcAGGSn3FC-OIP5-Flag) were prepared and transfected
into COS-7 cells. After confirmation of OIPS expression by
western-blot analysis (FIG. 3B, left top panels), MTT and
colony-formation assays were carried out, and it was found
that growth of the OIP5-COS-7 cells was promoted at a
significant degree in comparison to the COS-7 cells trans-
fected with the mock vector (FIG. 3B, left bottom and right
panels). There was also a remarkable tendency in the COS-
7-OIP5 cells to form larger colonies than the control cells
(FIG. 3B, left bottom panels), implying that OIP5 has an
oncogenic activity in mammalian cells.

[0542] Matrigel invasion assays was done to determine
whether OIPS might play some role in cellular invasive abil-
ity. Invasion of COS-7-OIPS5 cells through Matrigel was sig-
nificantly enhanced, compared with the control cells trans-
fected with mock plasmids (FIG. 9B). These results
independently suggest that OIP5 could contribute to the
highly malignant phenotype of cancer cells.

[0543] Stabilization of OIP5 Protein Through its Interac-
tion with Rafl.
[0544] To elucidate the biological importance of OIP5 acti-

vation in carcinogenesis, proteins that would interact with
OIP5 in cancer cells were attempted to be identified. A pre-
vious report about an exhaustive yeast two-hybrid screening
using N-terminal regulatory domain of human Raf1 as “bait”
indicated that OIP5 was one of 20 candidate interaction part-
ners of Rafl (Yuryev A and Wennogle L P. Genomics 2003;
81:112-25.), although their physiological interaction and
function in mammalian cells were not clarified yet. Rafl is
well known to be activated in a wide range of tumor types, and
this triggers a cascade of responses, from cell growth and
proliferation to survival and motility (Yuryev A and Wen-
nogle L P. Genomics 2003; 81:112-25.). Therefore, firstly
whether OIPS5 could be physiologically associated with Rafl
was examined. Immunoprecipitation of OIP5 in COS-7 cells
transfected with Flag-tagged OIPS5 expressing plasmids using
anti-Flag antibody followed by immunoblotting with anti-
Rafl antibodies indicated the interaction of exogenous OIP5
with endogenous Rafl (FIG. 8A). Next, the direct interaction
of OIP5 with Rafl protein was confirmed by pull-down assay.
Pull-down of OIPS protein was carried out using anti-His
antibody and incubated mixture of His-tagged OIP5 and
GST-fused recombinant Rafl proteins. OIPS-binding Rafl
protein was detected by subsequent western blotting using
polyclonal antibody to Rafl (FIG. 9C). Next, OIP5 expres-
sion in human lung-cancer cell lines were examined by semi-
quantitative RT-PCR experiments (FIG. 9D) and western-
blotting (FIG. 8B), and found co-expression of OIP5 and
Rafl in most of lung-cancer cells examined, suggesting the
possibility of a complex formation of these two proteins in
lung cancer cells.

[0545] To further assess whether expression of Raf1 plays a
role in the regulation of OIP5 function in cancer cells, the
biological significance of the Rafl was examined using siR-
NAs against Rafl. To further assess the effect of Rafl on
OIP5 protein function in cancer cells, the level of endogenous
OIP5 protein after transfection of siRNA for Rafl to SBC-5
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cells was measured. Interestingly, the level of OIP5 protein
was decreased in cells treated with si-Rafl, while the expres-
sion level of OIPS mRNA was not changed (FIG. 8C, left
panels). On the contrary, overexpression of Rafl resulted in
the increase of expression level of OIP5 protein, while the
expression level of OIPS was not varied (FIG. 8C, right pan-
els), indicating a possibility that OIP5 protein stability is
regulated by the Rafl.

[0546] 2. Discussion

[0547] Despite improvement of modern surgical tech-
niques and adjuvant chemoradiotherapy, prognosis of lung
cancer and ESCC is known to be poor among malignant
tumors. Several molecular-targeting drugs have been devel-
oped and proved their efficacy in cancer therapy; however, the
proportion of patients showing good response is still limited
(Ranson M, et al., J Clin Oncol 2002; 20: 2240-50). Accord-
ingly, there is an urgent need to develop new anti-cancer
agents that will be highly specific to malignant cells, with
minimal or no adverse reactions. A genome-wide expression
profile analysis of 101 lung cancers and 19 ESCC cells after
enrichment of cancer cells was performed by laser microdis-
section, using a cDNA microarray containing 27,648 genes
(Daigo Y and Nakamura Y, Gen Thorac Cardiovasc Surg
2008; 56:43-53, Kikuchi T, et al., Oncogene 2003; 22:2192-
205, Kakiuchi S, et al., Mol Cancer Res 2003; 1:485-99,
Kakiuchi S, et al., Hum Mol Genet 2004; 13:3029-43, Kiku-
chi T, et al., Int J Oncol 2006; 28:799-805, Taniwaki M, et al.,
Int J Oncol 2006; 29:567-75, and Yamabuki T, et al., Int J
Oncol 2006; 28:1375-84). Present inventors have undertaken
a strategy that combines screening of candidate molecules by
genome-wide expression analysis with high-throughput
screening of loss-of-function effects, using the RNAIi tech-
nique, and have taken the systematic analysis of protein
expression among hundreds of clinical samples on tissue
microarrays (Suzuki C, et al., Cancer Res 2003; 63:7038-41,
Ishikawa N, et al., Clin Cancer Res 2004; 10:8363-70, Kato T,
et al., Cancer Res 2005; 65:5638-46, Furukawa C, et al.,
Cancer Res 2005; 65:7102-10, Ishikawa N, et al., Cancer Res
2005; 65:9176-84, Suzuki C, et al., Cancer Res 2005;
65:11314-25, Ishikawa N, et al., Cancer Sci 2006; 97:737-45,
Takahashi K, et al. Cancer Res 2006; 66:9408-19, Hayama S,
et al., Cancer Res 2006; 66:10339-48, Kato T, et al., Clin
Cancer Res 2007; 13:434-42, Suzuki C, et al., Mol Cancer
Ther 2007, 6:542-51, Yamabuki T, et al., Cancer Res 2007,
67:2517-25, Hayama S, et al., Cancer Res 2007; 67:4113-22,
Kato T, et al., Cancer Res 2007; 67:8544-53, Taniwaki M, et
al., Clin Cancer Res 2007; 13:6624-31, Ishikawa N, et al.,
Cancer Res 2007; 67:11601-11, Mano Y, et al., Cancer Sci
2007, 98:1902-13, Suda T, et al., Cancer Sci 2007, 98:1803-8,
Kato T, et al.,, Clin Cancer Res 2008; 14:2363-70, and
MizukamiY, etal., Cancer Sci2008; 99:1448-54). The results
have shown that OIPS is frequently over-expressed in clinical
lung and esophageal cancers samples, and cell lines, and that
the gene product is indispensable for survival/growth and
promotion of the malignant potential of cancer cells.

[0548] OIPS5 protein encodes a 229-amino-acid protein
with a coiled-coil domain. OIP5 was found by yeast two-
hybrid analysis to interact with Neisseria Gonorrhoeae opac-
ity-associated (Opa) proteins (Williams, J. M., et al., Mol
Microbiol 1998; 27(1): 171-86), suggesting its involvement
in gonococcal adhesion and invasion to human epithelial
cells. OIP5 was also found to be interacted with Rafl by an
exhaustive yeast two-hybrid analysis (Yuryev, A. and L. P.
Wennogle, Genomics 2003; 81(2): 112-25). OIPS is sug-
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gested to be involved in cell cycle exit as a nuclear protein
through its binding to Lamina-associated polypeptide
(LAP2a) (Naetar, N, et al., J Cell Sci 2007; 120(Pt 5): 737-
47).

[0549] In the present study, it was demonstrated that OIP5S
gene is frequently over-expressed in lung and esophageal
cancers, and may play an important role in the development of
those cancers.

[0550] Knockdown of OIP5 expression by siRNA in lung
cancer cells resulted in suppression of cell growth. Moreover,
clinicopathological evidence obtained through our tissue-mi-
croarray experiments indicated that NSCLC patients with
OIPS-positive tumors had shorter cancer-specific survival
periods than those with OIP5-negative tumors. Importantly,
Rafl could interact with and stabilize OTP5 in cancer cells.
The results obtained by in vitro and in vivo assays strongly
suggested that OIPS is likely to be an important growth factor
and be associated with a more malignant phenotype of lung-
cancer cells. Further investigations of OIP5 pathway may
lead to a better understanding of the mechanisms of onco-
genes activation in carcinogenesis. Additionally, since these
results indicate that OIPS plays a significant role in cancer cell
growth/survival as one of the components of the Rafl path-
way, selective targeting of functional interaction between
Rafl and OIPS could be a promising therapeutic strategy,
although further investigations of OIPS pathway that could
lead to a better understanding of the mechanisms of OIPS
oncogene activation is necessary.

[0551] Because OIP5 should be classified as one of the
typical cancer testis antigens, selective inhibition of OIPS5
activity by molecular targeted agents could be a promising
therapeutic strategy that is expected to have a powerful bio-
logical activity against cancer with a minimal risk of adverse
events.

[0552] Insummary, OIPS may play an important role in the
growth of lung and esophageal cancers by interacting with
Rafl. OIP5 over-expression in resected specimens may be a
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useful index for application of adjuvant therapy to the patients
who are likely to have poor prognosis. In addition, the data
strongly suggests the possibility of designing new anti-cancer
drugs and cancer vaccines to specifically target the OIP5 for
human cancer treatment.

INDUSTRIAL APPLICABILITY

[0553] The gene-expression analysis of cancers described
herein using the combination of laser-capture dissection and
genome-wide cDNA microarray has identified specific genes
as targets for cancer prevention and therapy. Based on the
expression of a differentially expressed gene, OIPS5, the
present invention provides a molecular diagnostic marker for
identifying and detecting cancer, in particular, lung and/or
esophageal cancer.

[0554] The data provided herein add to a comprehensive
understanding of cancers, facilitate development of novel
diagnostic strategies, and provide clues for identification of
molecular targets for therapeutic drugs and preventative
agents. Such information contributes to a more profound
understanding of tumorigenesis, and provide indicators for
developing novel strategies for diagnosis, treatment, and ulti-
mately prevention of cancers.

[0555] All patents, patent applications, and publications
cited herein are incorporated by reference in their entirety.
[0556] Furthermore, while the invention has been
described in detail and with reference to specific embodi-
ments thereof, it is to be understood that the foregoing
description is exemplary and explanatory in nature and is
intended to illustrate the invention and its preferred embodi-
ments. Through routine experimentation, one skilled in the art
will readily recognize that various changes and modifications
can be made therein without departing from the spirit and
scope of the invention. Thus, the invention is intended to be
defined not by the above description, but by the following
claims and their equivalents.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 18

<210> SEQ ID NO 1

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: An artificially synthesized primer for PCR

<400> SEQUENCE: 1

cttcaagaat ggaggggaaa

<210> SEQ ID NO 2

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

20

<223> OTHER INFORMATION: An artificially synthesized primer for PCR

<400> SEQUENCE: 2

gtattcataa caactgctce atge

24
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-continued

<210> SEQ ID NO 3

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: An artificially synthesized primer for PCR

<400> SEQUENCE: 3

gaggtgatag cattgctttce g 21

<210> SEQ ID NO 4

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: An artificially synthesized primer for PCR

<400> SEQUENCE: 4

caagtcagtg tacaggtaag c¢ 21

<210> SEQ ID NO 5

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: An artificially synthesized primer for Northern
blot

<400> SEQUENCE: 5

ccagtgacaa aatggtgtgce 20

<210> SEQ ID NO 6

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: An artificially synthesized primer for Northern
blot

<400> SEQUENCE: 6

gtattcataa caactgctcc atgc 24

<210> SEQ ID NO 7

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: An artificially synthesized for siRNA

<400> SEQUENCE: 7

cguacgcgga auacuucga 19
<210> SEQ ID NO 8

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: An artificially synthesized for siRNA

<400> SEQUENCE: 8

ugguuuacau gucgacuaa 19

<210> SEQ ID NO 9
<211> LENGTH: 21
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<212>
<213>
<220>
<223>

<400>

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: An artificially synthesized for siRNA

SEQUENCE: 9

cggcaucgeu cacguugugu u 21

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 10

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: An artificially synthesized for siRNA

SEQUENCE: 10

gugacaaaau ggugugcuau u 21

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 11

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: An artificially synthesized target sequence for
siRNA

SEQUENCE: 11

cggcatcgcet cacgttgtg 19

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 12

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: An artificially synthesized target sequence for
siRNA

SEQUENCE: 12

gtgacaaaat ggtgtgcta 19

<210>
<211>
<212>
<213>

SEQ ID NO 13

LENGTH: 1249

TYPE: DNA

ORGANISM: Homo sapiens

<400> SEQUENCE: 13

gagetgtget tggggegggg cctggegtgt attcegaaagg aaggegecegg ctgcegggaag 60
atggcggete agccgctgeg gcatcgetca cgttgtgcaa cgccgecccg gggggacttt 120
tgtggtggca ctgagagggc gattgaccaa gcttctttta cgacctccat ggagtgggat 180

acgcaggtgg tgaaggggte ctegecgete ggcccegeag ggcetggggge tgaggageca 240

geegeeggece cgcagetgee gtettggetg cagectgaga ggtgcegetgt gttcecagtge 300
gcacagtgtce acgcagtgcet cgccgactceg gtgcaccteg cctgggacct gtcegeggtcec 360
ctcggggecyg tggtettete cagagttaca aataacgtcg ttttggaage gcccttecta 420
gttggcattg aaggttcact caaaggcagt acttacaacc ttttattctg tggttcettgt 480
gggattcceg ttggttteca tetgtattet acccatgetg cectggetge cttgagaggt 540
cacttctgee tttceccagtga caaaatggtg tgctatctct taaaaacaaa agccatagta 600
aatgcatcag agatggatat tcaaaatgtt cctctatcag aaaagattgc agagctgaaa 660
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gagaagatag

actcctgace

ggctttattyg

tcaagaatgg

gtgaagctgt

taagaactta

ctgtaaattt

ttggtctgaa

gttatgaata

aggtaatgtt

<210>
<211>
<212>
<213>

<400>

tgctaacgca
agtccaagcece
ctgtcttcaa
aggggaaatg
ttttagaaga
ctttagatte
aggaattaag
aatagagttg
ctaatacatc

taataaattg

SEQ ID NO 14
LENGTH: 229
TYPE: PRT
ORGANISM: Homo s

SEQUENCE: 14

Met Ala Ala Gln Pro Le

1

Arg

Phe

Pro

Gln

65

Ala

Leu

Val

Gly

Gly

145

Lys

Ser

Arg

Ser
225

Gly

Thr

Leu

50

Leu

Gln

Ser

Val

Ser

130

Phe

Phe

Ala

Glu

Leu

210

Lys

Asp

Thr

35

Gly

Pro

Cys

Arg

Leu

115

Thr

His

Cys

Ile

Lys

195

Lys

Pro

Phe Cys GL
20

Ser Met Gl

Pro Ala GL

Ser Trp Le

70

His Ala Va
85

Ser Leu GL
100

Glu Ala Pr

Tyr Asn Le

Leu Tyr Se
15

Leu Ser Se
165

Val Asn Al
180
Ile Ala G1

Ser Leu Me

Glu Asn

<210> SEQ ID NO 15

caatcgctta
agaaaactga
caacaggtgce
cagtttctat
tgagagacta
ttattgaatt
atgcagagtce
ggcttaatgt
actttttaac

cctgaataat

apiens

u Arg His

y Gly Thr

u Trp Asp

y Leu Gly
55

u Gln Pro

1 Leu Ala

y Ala Val

o Phe Leu
120

u Leu Phe
135

r Thr His
[0}

r Asp Lys

a Ser Glu

u Leu Lys
200

t Lys Ile
215

aaatcactaa

tcectgtacca

tgcttagteca

ttacctttag

aggattctte

cataatactt

ccatgtgtece

tgacttctat

ttctgtaaaa

atacaaaaaa

Arg

Glu

25

Thr

Ala

Glu

Asp

Val

105

Val

Cys

Ala

Met

Met

185

Glu

Leu

Ser

10

Arg

Gln

Glu

Arg

Ser

90

Phe

Gly

Gly

Ala

Val

170

Asp

Lys

Ser

Arg

Ala

Val

Glu

Cys

75

Val

Ser

Ile

Ser

Leu

155

Cys

Ile

Ile

Glu

tgaagattct gagtgaagtyg

aagcttgagt

tttettgaaa

gctgatttte

tcttttatag

atctctgaaa

tctgatctaa

tactcctgea

tacagatcat

aaaaaaaaa

Cys

Ile

Val

Pro

60

Ala

His

Arg

Glu

Ccys

140

Ala

Tyr

Gln

Val

Val
220

Ala

Asp

Lys

45

Ala

Val

Leu

Val

Gly

125

Gly

Ala

Leu

Asn

Leu

205

Thr

Thr

Gln

30

Gly

Ala

Phe

Ala

Thr

110

Ser

Ile

Leu

Leu

Val

190

Thr

Pro

gtcaggttca
aagattgget
caaattattt
ctatttgeet
atgtctttga
agttgcatgg
tggagcagtt

aatattctat

Pro Pro

15

Ala Ser

Ser Ser

Gly Pro

Gln Cys

80

Trp Asp

Asn Asn

Leu Lys

Pro Val

Arg Gly

160
Lys Thr
175
Pro Leu

His Asn

Asp Gln

720

780

840

900

960

1020

1080

1140

1200

1249
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<211>
<212>
<213>
<220>
<223>

<400>

LENGTH: 19
TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: An artificially synthesized for siRNA

SEQUENCE: 15

gcaaagaaca ucauccaua

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 16
LENGTH: 19
TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: An artificially synthesized for siRNA

SEQUENCE: 16

gacaugaaau ccaacaaua

<210> SEQ ID NO 17

<211> LENGTH: 3291

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (416)..(2362)
<400> SEQUENCE: 17

agaatcggag agccggtgge gtcgcaggte

tcegtetggge cgceccgagag tcttaatcge
gagtaagagg aaaacgattg tgaggcggga
aaaagggtca gctggeceggg ctttggggeyg
cgatgegggg getgeteggg getcegtece
cteeegetee ctcaccegee geggggagga

aggacgttgyg ggcggectgyg ctcecectcagyg

gag cac ata cag gga gct
Glu His Ile Gln Gly Ala

aaa gat gcc gtg ttt gat
Lys Asp Ala Val Phe Asp

cag cag ttt ggc tat cag
Gln Gln Phe Gly Tyr Gln

35

gat cct tct aag aca agce
Asp Pro Ser Lys Thr Ser

50

55

caa aga aca gtg gtc aat
Gln Arg Thr Val Val Asn

70

ctt atg aaa gca ctc aag
Leu Met Lys Ala Leu Lys

85

gtg ttc aga ctt ctc cac
Val Phe Arg Leu Leu His

100

tgg
Trp

dgge
Gly

cge
Arg
40

aac

Asn

gtg
Val

gtg
Val

gaa
Glu

aag
Lys

tec
Ser
25

€99
Arg

act
Thr

cga
Arg

agg
Arg

cac
His
105

dgggaggacga
gggcgettgg
acggetttet
cgtgeectga
ctgggcetggy
dgagegggeg

tttaagaatt

acg atc agc
Thr Ile Ser
10

agc tgc atc
Ser Cys Ile

gca tca gat
Ala Ser Asp

atc cgt gtt
Ile Arg Val
60

aat gga atg
Asn Gly Met
75

ggc ctg caa
Gly Leu Gln
90

aaa ggt aaa
Lys Gly Lys

gcacegagte

gcegecatet

getgeetttt

ggcgeggage

gacgegecga

agaagctgece

gtttaagctg

aat
Asn

tect
Ser

gat
Asp
45

tte

Phe

agc
Ser

cca
Pro

aaa
Lys

ggt
Gly

cect
Pro
30

gge
Gly

ttg
Leu

ttg
Leu

gag
Glu

gca
Ala
110

ttt
Phe

aca
Thr

aaa
Lys

ceg
Pro

cat
His

tge
Cys
95

cgce
Arg

gagggetege
tagatggegyg
ttgggcceey
gegtttgeta
atgtgaccgce
gcecgaacgac
catca atg
Met
1
gga ttc

Gly Phe

ata gtt
Ile Val

cte aca
Leu Thr

aac aag
Asn Lys
65

gac tgc
Asp Cys
80

tgt gca
Cys Ala

tta gat
Leu Asp

19

19

60

120

180

240

300

360

418

466

514

562

610

658

706

754
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tgg
Trp

tte
Phe
130

tte
Phe

gga
Gly

acc
Thr

tta
Leu

cct
Pro
210

gtt
Val

acc
Thr

Thr

agc
Ser

cect
Pro
290

tca

Ser

tct
Ser

tca
Ser

<cg9
Arg

gga
Gly
370

caa
Gln

cat

aat
Asn
115

ctg
Leu

ctg
Leu

ttt
Phe

aaa
Lys

ttg
Leu
195

tct
Ser

agt
Ser

tce
Ser

tce
Ser

agg
Arg
275

tca
Ser

cag
Gln

999
Gly

agc
Ser

att
Ile
355

gat
Asp

tte
Phe

gtg
Val

act
Thr

gat
Asp

aag
Lys

cga
Arg

gta
Val
180

ttt
Phe

ttyg
Leu

tct
Ser

agt
Ser

aca
Thr
260

atg
Met

gece
Ala

ccg
Pro

acc
Thr

tat
Tyr
340

999
Gly

gtt
Val

cag
Gln

aac
Asn

gat
Asp

cat
His

ctt
Leu

tgt
Cys
165

cct
Pro

cca
Pro

act
Thr

cag
Gln

cce
Pro
245

cct
Pro

att
Ile

ctg
Leu

aaa
Lys

cag
Gln
325

tat
Tyr

tca
Ser

gca
Ala

gce
Ala

att
Ile
405

get
Ala

gtt
Val

gce
Ala
150

cag
Gln

act
Thr

aat
Asn

atg
Met

cac
His
230

tca
Ser

aat
Asn

gag
Glu

tece
Ser

acc
Thr
310

gag
Glu

tgg
Trp

gge
Gly

gta
Val

tte
Phe
390

ctg
Leu

gcg
Ala

cece
Pro
135

tte
Phe

act
Thr

atg
Met

tece
Ser

cgt
Arg
215

aga
Arg

tct
Ser

gte
Val

gat
Asp

agt
Ser
295

cece
Pro

aaa
Lys

gaa
Glu

tct
Ser

aag
Lys
375

agg
Arg

ctt
Leu

tct
Ser
120

cte
Leu

tgt
Cys

tgt
Cys

tgt
Cys

act
Thr
200

cgt
Arg

tat
Tyr

gaa
Glu

cac
His

gca
Ala
280

age
Ser

gtg
Val

aac
Asn

ata
Ile

ttt
Phe
360

atc
Ile

aat
Asn

tte
Phe

ttyg
Leu

aca
Thr

gac
Asp

gge
Gly

gtg
Val
185

att
Ile

atg
Met

tct
Ser

ggt
Gly

atg
Met
265

att
Ile

cecc
Pro

cca
Pro

aaa
Lys

gaa
Glu
345

gga
Gly

cta
Leu

gag
Glu

atg
Met

att
Ile

aca
Thr

atc
Ile

tac
Tyr
170

gac
Asp

ggt
Gly

cga
Arg

aca
Thr

tce
Ser
250

gtc
Val

cga
Arg

aac
Asn

gca
Ala

att
Ile
330

gce
Ala

act
Thr

aag
Lys

gtg
Val

999
Gly
410

gga
Gly

cac
His

tgt
Cys
155

aaa
Lys

tgg
Trp

gat
Asp

gag
Glu

cct
Pro
235

cte
Leu

agc
Ser

agt
Ser

aat
Asn

caa
Gln
315

agg
Arg

agt
Ser

gtt
Val

gtt
Val

gct
Ala
395

tac
Tyr

gaa
Glu

aac
Asn
140

cag
Gln

ttt
Phe

agt
Ser

agt
Ser

tect
Ser
220

cac
His

tce
Ser

acc
Thr

cac
His

ctg
Leu
300

aga
Arg

cct
Pro

gaa
Glu

tat
Tyr

gte
Val
380

gtt
Val

atg
Met

gaa
Glu
125

ttt
Phe

aaa
Lys

cat
His

aac
Asn

gga
Gly
205

gtt
Val

gece
Ala

cag
Gln

acce
Thr

agc
Ser
285

agce
Ser

gag
Glu

cgt
Arg

gtg
Val

aag
Lys
365

gac

Asp

ctg
Leu

aca
Thr

ctt
Leu

get
Ala

tte
Phe

gag
Glu

atc
Ile
190

gte
Val

tce
Ser

ttc
Phe

agg
Arg

ctg
Leu
270

gaa
Glu

cca
Pro

<€gg9
Arg

gga
Gly

atg
Met
350

ggt
Gly

cca
Pro

cge
Arg

aag
Lys

caa
Gln

€99
Arg

ctg
Leu

cac
His
175

aga
Arg

cca
Pro

agg
Arg

ace
Thr

cag
Gln
255

cct
Pro

tca
Ser

aca
Thr

gca
Ala

cag
Gln
335

ctg
Leu

aaa
Lys

acc
Thr

aaa
Lys

gac
Asp
415

gta
Val

aag
Lys

cte
Leu
160

tgt
Cys

caa
Gln

gca
Ala

atg
Met

ttt
Phe
240

agg
Arg

gtg
Val

gce
Ala

gge
Gly

cca
Pro
320

aga
Arg

tce
Ser

tgg
Trp

cca
Pro

aca
Thr
400

aac
Asn

gat
Asp

acyg
Thr
145

aat
Asn

agc
Ser

cte
Leu

cta
Leu

cct
Pro
225

aac
Asn

tcg
Ser

gac
Asp

tca
Ser

tgg
Trp
305

gta
Val

gat
Asp

act
Thr

cac
His

gag
Glu
385

€99
Arg

ctg
Leu

802

850

898

946

994

1042

1090

1138

1186

1234

1282

1330

1378

1426

1474

1522

1570

1618

1666
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gca att gtg acc cag tgg tgc gag ggc agc agc ctc tac aaa cac ctg 1714
Ala Ile Val Thr Gln Trp Cys Glu Gly Ser Ser Leu Tyr Lys His Leu
420 425 430
cat gtc cag gag acc aag ttt cag atg ttc cag cta att gac att gcc 1762
His Val Gln Glu Thr Lys Phe Gln Met Phe Gln Leu Ile Asp Ile Ala
435 440 445
cgg cag acg gct cag gga atg gac tat ttg cat gca aag aac atc atc 1810
Arg Gln Thr Ala Gln Gly Met Asp Tyr Leu His Ala Lys Asn Ile Ile
450 455 460 465
cat aga gac atg aaa tcc aac aat ata ttt ctc cat gaa ggc tta aca 1858
His Arg Asp Met Lys Ser Asn Asn Ile Phe Leu His Glu Gly Leu Thr
470 475 480
gtg aaa att gga gat ttt ggt ttg gca aca gta aag tca cgc tgg agt 1906
Val Lys Ile Gly Asp Phe Gly Leu Ala Thr Val Lys Ser Arg Trp Ser
485 490 495
ggt tct cag cag gtt gaa caa cct act ggc tect gte cte tgg atg gece 1954
Gly Ser Gln Gln Val Glu Gln Pro Thr Gly Ser Val Leu Trp Met Ala
500 505 510
cca gag gtg atc cga atg cag gat aac aac cca ttc agt ttc cag tcg 2002
Pro Glu Val Ile Arg Met Gln Asp Asn Asn Pro Phe Ser Phe Gln Ser
515 520 525
gat gtc tac tcc tat ggc atc gta ttg tat gaa ctg atg acg ggg gag 2050
Asp Val Tyr Ser Tyr Gly Ile Val Leu Tyr Glu Leu Met Thr Gly Glu
530 535 540 545
ctt cct tat tct cac atc aac aac cga gat cag atc atc ttc atg gtg 2098
Leu Pro Tyr Ser His Ile Asn Asn Arg Asp Gln Ile Ile Phe Met Val
550 555 560
ggc cga gga tat gcc tce cca gat ctt agt aag cta tat aag aac tgc 2146
Gly Arg Gly Tyr Ala Ser Pro Asp Leu Ser Lys Leu Tyr Lys Asn Cys
565 570 575
cce aaa gca atg aag agg ctg gta gct gac tgt gtg aag aaa gta aag 2194
Pro Lys Ala Met Lys Arg Leu Val Ala Asp Cys Val Lys Lys Val Lys
580 585 590
gaa gag agg cct ctt ttt ccc cag atc ctg tet tec att gag ctg cte 2242
Glu Glu Arg Pro Leu Phe Pro Gln Ile Leu Ser Ser Ile Glu Leu Leu
595 600 605
caa cac tct cta ccg aag atc aac c¢gg agc gct tecc gag cca tce ttg 2290
Gln His Ser Leu Pro Lys Ile Asn Arg Ser Ala Ser Glu Pro Ser Leu
610 615 620 625
cat cgg gca gcc cac act gag gat atc aat get tge acg ctg acc acg 2338
His Arg Ala Ala His Thr Glu Asp Ile Asn Ala Cys Thr Leu Thr Thr
630 635 640
tce ccg agg ctg cct gte tte tag ttgactttge acctgtcectte aggctgcecag 2392
Ser Pro Arg Leu Pro Val Phe
645
gggaggagga gaagccagca ggcaccactt ttctgctcecce tttctccaga ggcagaacac 2452
atgttttcag agaagctgct gctaaggacc ttctagactg ctcacagggc cttaacttca 2512
tgttgcctte ttttcectatce ctttgggcce tgggagaagg aagccatttg cagtgectggt 2572
gtgtcctget ccctecccac attccccatg ctcaaggece agecttectgt agatgcgcaa 2632
gtggatgttg atggtagtac aaaaagcagg ggcccagccce cagctgttgg ctacatgagt 2692
atttagagga agtaaggtag caggcagtcc agccctgatg tggagacaca tgggattttg 2752
gaaatcagct tctggaggaa tgcatgtcac aggcgggact ttcttcagag agtggtgcag 2812
cgccagacat tttgcacata aggcaccaaa cagcccagga ctgccgagac tctggccgec 2872
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cgaaggagcec

cttetaaggt

tcteageect

cctatgggge

cttgtttete

gatttgggtt

tcaattatgt

<210>
<211>
<212>
<213>

<400>

tgctttggta ctatggaact

gtccagtgca

ctcagggage agtcttccat

dgggecgeag

tagtcacatc atgtgtatac
ttaattttgt ttttattgca
tattttaata aaataaatta
SEQ ID NO 18
LENGTH: 648

TYPE:
ORGANISM:

PRT

SEQUENCE: 18

Met Glu His Ile Gln Gly

1

Phe

Val

Thr

Lys

65

Cys

Ala

Asp

Asp

Thr

145

Asn

Ser

Leu

Leu

Pro

225

Asn

Ser

Asp

Lys

Gln

Asp

50

Gln

Leu

Val

Trp

Phe

130

Phe

Gly

Thr

Leu

Pro

210

Val

Thr

Thr

Ser

Asp

Gln

35

Pro

Arg

Met

Phe

Asn

115

Leu

Leu

Phe

Lys

Leu

195

Ser

Ser

Ser

Ser

Arg
275

Ala Val Phe

Phe Gly Tyr

Ser Lys Thr

Thr Val Val

70

Lys Ala Leu
85

Arg Leu Leu
100

Thr Asp Ala

Asp His Val

Lys Leu Ala

150

Arg Cys Gln
165

Val Pro Thr
180

Phe Pro Asn

Leu Thr Met

Ser Gln His

230

Ser Pro Ser
245

Thr Pro Asn
260

Met Ile Glu

Ala

Asp

Gln

Ser

55

Asn

Lys

His

Ala

Pro

135

Phe

Thr

Met

Ser

Arg

215

Arg

Ser

Val

Asp

ttgggatggt

ggccagectt

Homo sapiens

Trp

Gly

Arg

40

Asn

Val

Val

Glu

Ser

120

Leu

Cys

Cys

Cys

Thr

200

Arg

Tyr

Glu

His

Ala
280

tttettaggg
ttteccaggea
catgctgaat
gtttetctaa
aaggaagcca
cctgacaaaa

aatttaggtg

Lys Thr Ile
10

Ser Ser Cys
25

Arg Ala Ser

Thr Ile Arg

Arg Asn Gly

Arg Gly Leu

90

His Lys Gly
105

Leu Ile Gly
Thr Thr His
Asp Ile Cys

155

Gly Tyr Lys
170

Val Asp Trp
185

Ile Gly Asp
Met Arg Glu
Ser Thr Pro

235

Gly Ser Leu
250

Met Val Ser
265

Ile Arg Ser

gacacgtect cctttcacag

aggcactcgg

tttgtcttee

caaacaaaca

ggaatacagg

tacagttatc

taaaaaaaaa

Ser

Ile

Asp

Val

60

Met

Gln

Lys

Glu

Asn

140

Gln

Phe

Ser

Ser

Ser

220

His

Ser

Thr

His

Asn

Ser

Asp

45

Phe

Ser

Pro

Lys

Glu

125

Phe

Lys

His

Asn

Gly

205

Val

Ala

Gln

Thr

Ser
285

Gly

Pro

30

Gly

Leu

Leu

Glu

Ala

110

Leu

Ala

Phe

Glu

Ile

190

Val

Ser

Phe

Arg

Leu

270

Glu

ccaatccgea
aggagctgece
aacaaacagc
ttttcttgat
tgatggtcce

aaaaaaaaa

Phe Gly
15

Thr Ile

Lys Leu

Pro Asn

His Asp

Cys Cys

95

Arg Leu

Gln Val

Arg Lys

Leu Leu

160

His Cys
175

Arg Gln

Pro Ala

Arg Met

Thr Phe

240

Gln Arg
255

Pro Val

Ser Ala

2932

2992

3052

3112

3172

3232

3291
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Ser

Trp

305

Val

Asp

Thr

Glu

385

Arg

Leu

Leu

Ala

Ile

465

Thr

Ser

Ala

Ser

Glu

545

Val

Cys

Lys

Leu

Leu
625

Thr

Pro

290

Ser

Ser

Ser

Arg

Gly

370

Gln

His

Ala

His

Arg

450

His

Val

Gly

Pro

Asp

530

Leu

Gly

Pro

Glu

Gln
610

His

Ser

Ser

Gln

Gly

Ser

Ile

355

Asp

Phe

val

Ile

Val

435

Gln

Arg

Lys

Glu

515

Val

Pro

Arg

Lys

Glu

595

His

Arg

Pro

Ala

Pro

Thr

Tyr

340

Gly

Val

Gln

Asn

Val

420

Gln

Thr

Asp

Ile

Gln

500

Val

Tyr

Tyr

Gly

Ala

580

Arg

Ser

Ala

Arg

Leu

Lys

Gln

325

Tyr

Ser

Ala

Ala

Ile

405

Thr

Glu

Ala

Met

Gly

485

Gln

Ile

Ser

Ser

Tyr

565

Met

Pro

Leu

Ala

Leu
645

Ser

Thr

310

Glu

Trp

Gly

Val

Phe

390

Leu

Gln

Thr

Gln

Lys

470

Asp

Val

Arg

Tyr

His

550

Ala

Lys

Leu

Pro

His
630

Pro

Ser

295

Pro

Lys

Glu

Ser

Lys

375

Arg

Leu

Trp

Lys

Gly

455

Ser

Phe

Glu

Met

Gly

535

Ile

Ser

Arg

Phe

Lys
615

Thr

Val

Ser

Val

Asn

Ile

Phe

360

Ile

Asn

Phe

Cys

Phe

440

Met

Asn

Gly

Gln

Gln

520

Ile

Asn

Pro

Leu

Pro

600

Ile

Glu

Phe

Pro

Pro

Lys

Glu

345

Gly

Leu

Glu

Met

Glu

425

Gln

Asp

Asn

Leu

Pro

505

Asp

Val

Asn

Asp

Val

585

Gln

Asn

Asp

Asn

Ala

Ile

330

Ala

Thr

Lys

Val

Gly

410

Gly

Met

Tyr

Ile

Ala

490

Thr

Asn

Leu

Arg

Leu

570

Ala

Ile

Arg

Ile

Asn

Gln

315

Arg

Ser

Val

Val

Ala

395

Tyr

Ser

Phe

Leu

Phe

475

Thr

Gly

Asn

Tyr

Asp

555

Ser

Asp

Leu

Ser

Asn
635

Leu

300

Arg

Pro

Glu

Tyr

Val

380

Val

Met

Ser

Gln

His

460

Leu

Val

Ser

Pro

Glu

540

Gln

Lys

Cys

Ser

Ala
620

Ala

Ser

Glu

Arg

Val

Lys

365

Asp

Leu

Thr

Leu

Leu

445

Ala

His

Lys

Val

Phe

525

Leu

Ile

Leu

Val

Ser
605

Ser

Cys

Pro

Arg

Gly

Met

350

Gly

Pro

Arg

Lys

Tyr

430

Ile

Lys

Glu

Ser

Leu

510

Ser

Met

Ile

Tyr

Lys

590

Ile

Glu

Thr

Thr

Ala

Gln

335

Leu

Lys

Thr

Lys

Asp

415

Lys

Asp

Asn

Gly

Arg

495

Trp

Phe

Thr

Phe

Lys

575

Lys

Glu

Pro

Leu

Gly

Pro

320

Arg

Ser

Trp

Pro

Thr

400

Asn

His

Ile

Ile

Leu

480

Trp

Met

Gln

Gly

Met

560

Asn

Val

Leu

Ser

Thr
640
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1. A method for diagnosing lung and/or esophageal cancer,
said method comprising the steps of:

(a) determining the expression level of an OIPS gene in a
subject-derived biological sample by any one of the
method select from the group consisting of:

(i) detecting mRNA of the OIPS5 gene,

(i1) detecting a protein encoded by the OIPS gene, and

(iii) detecting a biological activity of a protein encoded by
the OIPS gene; and

(b) correlating an increase in the expression level deter-
mined in step (a) as compared to a normal control level
of the gene to the presence of lung and/or esophageal
cancer.

2. The method of claim 1, wherein the expression level
determined in step (a) is at least 10% greater than the normal
control level.

3. The method of claim 1, wherein the expression level
determined in step (a) is determined by detecting the binding
of an antibody against the OIPS5 protein.

4. The method of claim 1, wherein the subject-derived
biological sample comprises biopsy.

5. A method for assessing or determining the prognosis of
a patient with lung and/or esophageal cancer, which method
comprises the steps of:

(a) detecting the expression level of an OIP5 gene in a

patient-derived biological sample;

(b) comparing the detected expression level to a control
level; and

(c) determining the prognosis of the patient based on the
comparison of (b).

6. The method of claim 5, wherein the control level is a
good prognosis control level and an increase of the expression
level compared to the control level is determined as poor
prognosis.

7. The method of claim 6, wherein the increase is at least
10% greater than the control level.

8. The method of claim 5, wherein the expression level is
determined by any one method selected from the group con-
sisting of:

(a) detecting mRNA of the OIP5 gene;

(b) detecting a protein encoded by the OIP5 gene; and

(c) detecting a biological activity of a protein encoded by
the OIPS5 gene.

9. The method of claim 5, wherein the patient-derived

biological sample comprises biopsy.

10. A kit for diagnosing lung and/or esophageal cancer or
assessing or determining the prognosis of a patient suffering
from lung and/or esophageal cancer, which comprises a
reagent selected from the group consisting of:

(a) a reagent for detecting mRNA of an OIPS5 gene;

(b) a reagent for detecting a protein encoded by an OIP5

gene; and

(c) a reagent for detecting a biological activity of a protein
encoded by an OIPS gene.

11. The kit of claim 10, wherein the reagent is a probe to a

gene transcript of the gene.

12. The kit of claim 10, wherein the reagent is an antibody
against the protein encoded by the gene.

13. Anisolated double-stranded molecule that, when intro-
duced into a cell, inhibits in vivo expression of an OIPS gene
as well as cell proliferation, said molecule comprising a sense
strand and an antisense strand complementary thereto, said
strands hybridized to each other to form the double-stranded
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molecule, wherein the sense strand comprises a nucleotide
sequence corresponding to a contiguous sequence from SEQ
ID NO: 13.

14. The double-stranded molecule of claim 13, wherein the
sense strand comprises the sequence corresponding to a target
sequence selected from the group consisting of SEQ ID NOs:
11 and 12.

15. The double-stranded molecule of claim 14, wherein the
double stranded molecule is an oligonucleotide of between
about 19 and about 25 nucleotides in length.

16. The double-stranded molecule of claim 13, which con-
sists of a single polynucleotide comprising both the sense and
antisense strands linked by an intervening single-strand.

17. The double-stranded molecule of claim 16, which has
the general formula 5'-[A]-[B]-[A']-3', wherein [A] is the
sense strand comprising a sequence corresponding to a target
sequence selected from the group consisting of SEQ ID NOs:
11 and 12, [B] is the intervening single-strand consisting of 3
to 23 nucleotides, and [A'] is the antisense strand comprising
a complementary sequence to [A].

18. A vector encoding the double-stranded molecule of
claim 13 to 17.

19. A method for treating or preventing a cancer expressing
an OIPS gene, wherein the method comprises the step of
administering at least one isolated double-stranded molecule
of claims 13 to 17 or vector of claim 18.

20. The method of claim 19, wherein the cancer to be
treated is lung and/or esophageal cancer.

21. A composition for treating or preventing a cancer
expressing an OIPS gene, wherein composition comprised at
least one isolated double-stranded molecule of claims 13 to
17 or vector of claim 18.

22. The composition of claim 21, wherein the cancer to be
treated is lung and/or esophageal cancer.

23. A method of screening for a candidate compound for
treating or preventing a cancer associated with the over-ex-
pression of an OIPS gene, or inhibiting said cancer cells
growth, said method comprising the steps of:

(a) contacting a test compound with a polypeptide encoded

by a polynucleotide of an OIP5 gene;

(b) detecting the binding activity between the polypeptide

and the test compound; and

(c) selecting the test compound that binds to the polypep-

tide.

24. A method of screening for a candidate compound for
treating or preventing a cancer associated with the over-ex-
pression of an OIPS gene, or inhibiting said cancer cells
growth, said method comprising the steps of:

(a) contacting a test compound with a polypeptide encoded

by a polynucleotide of an OIP5 gene;
(b) detecting a biological activity of the polypeptide of step
(a); and

(c) selecting the test compound that suppresses the biologi-
cal activity of the polypeptide encoded by the polynucle-
otide of the OIP5 gene as compared to the biological
activity of said polypeptide detected in the absence of
the test compound.

25. The method of claim 24, wherein the biological activity
is the facilitation of the cell proliferation.

26. A method of screening for a candidate compound for
treating or preventing s cancer associated with the over-ex-
pression of an OIPS gene, or inhibiting said cancer cells
growth, said method comprising the steps of:
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(a) contacting a test compound with a cell expressing an
OIPS5 gene and

(b) selecting the test compound that reduces the expression
level of the OIP5 gene in comparison with the expres-
sion level detected in the absence of the test compound.

27. A method of screening for a candidate compound for
treating or preventing a cancer associated with the over-ex-
pression of an OIPS gene, or inhibiting said cancer cells
growth, said method comprising the steps of:

(a) contacting a test compound with a cell into which a
vector, comprising the transcriptional regulatory region
of the OIP5 gene and a reporter gene that is expressed
under the control of the transcriptional regulatory
region, has been introduced;

(b) measuring the expression or activity of said reporter
gene; and

(c) selecting the test compound that reduces the expression
or activity level of said reporter gene as compared to a
control.

28. A method of screening for a candidate compound for
treating or preventing a cancer associated with the over-ex-
pression of an OIPS gene, or inhibiting said cancer cells
growth, said method comprising steps of:

(a) contacting an OIPS5 polypeptide or a functional equiva-

lent thereof with a Rafl polypeptide or a functional
equivalent thereof in the presence of a test compound;
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(b) detecting a binding level between the polypeptides;

(c) comparing the binding level detected in the step (b) with
those detected in absence of the test compound; and

(d) selecting the test compound that reduces the binding
level comparing with those detected in absence of the
test compound in step (c).

29. The method of claim 28, wherein the functional equiva-

lent of OIP5 comprises Rafl-binding domain.

30. A method of screening for a candidate compound for
treating or preventing a cancer associated with the over-ex-
pression of an OIP gene, or inhibiting said cancer cells
growth, said method comprising steps of:

(a) contacting an OIPS5 polypeptide or a functional equiva-
lent thereof with a Rafl polypeptide or a functional
equivalent thereof in the presence of a test compound
under a suitable condition for phosphorylation;

(b) detecting the phosphorylation level of the OIPS
polypeptide; and

(c) selecting the test compound that reduces the phospho-
rylation level of the OIP5 polypeptide as compared to
the phosphorylation label detected in the absence of the
test compound.

31. A method of any one of claims 23, 24, 26, 27, 28 or 29,

wherein the cancer is selected from lung cancer and esoph-
ageal cancer.
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