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[Fig. 3A]
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[Fig. 3B]
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[Fig. 4A]
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[Fig. 4B]
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[Fig. 5A-B]
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[Fig. 5C]
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[Fig. 6B-D]
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[Fig. 6E]
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[Fig. 6F-G]
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[Fig- 7]
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SYNGR4 FOR TARGET GENES OF CANCER
THERAPY AND DIAGNOSIS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims the benefit of U.S.
Provisional Application No. 61/190,358, filed on Aug. 27,
2008, the entire disclosure of which is hereby incorporated
herein by reference.

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. In particular, the present
invention relates to methods for detecting and diagnosing
lung cancer as well as methods for treating and preventing
lung cancer. Moreover, the present invention relates to meth-
ods for screening agents for treating and/or preventing lung
cancer.

BACKGROUND ART

[0003] Lungcancer is one of the most common cancers and
aleading cause of cancer deaths in the world (NPL 1: Shibuya
K et al., BMC Cancer 2002, 2:37). Despite of the use of
modern surgical techniques combined with various adjuvant
treatment modalities, such as radiotherapy and chemo-
therapy, the overall 5-year survival rate of lung cancer
patients still remains at about 20% (NPL 2: Naruke T, et al.,
Ann Thorac Surg 2001, 71(6): 1759-64). The recent develop-
ment of molecularly targeted drugs such as gefitinib and
bevacizumab provides hope, but fatal adverse events such as
interstitial pneumonia by gefitinib or severe hemorrhage by
bevacizumab have been reported. Therefore, the development
of new agents targeting cancer specific molecules without
adverse side effects is urgently needed (NPL 3: Ranson M, et
al., J Clin Oncol 2002, 20: 2240-50; NPL 4: Inoue A, et al.,
Lancet 2003, 361: 137-9; NPL 5: Johnson D H, et al., J Clin
Oncol 2004, 22: 2184-91). Oncoantigens, including some of
cancer-testis antigens with oncogenic function, are an ideal
therapeutic target. Cancer-testis antigens are defined to be
proteins that are highly expressed in cancer cells but not in
normal cells, except for cells in reproductive tissues, such as
testis, ovary, and placenta. Because the cells from these tis-
sues do not express MHC class I molecules, cancer-testis
antigens are also considered to be a promising target for
immunotherapy, such as cancer vaccines (NPL 6: Daigo Y, et
al., Gen Thorac Cardiovasc Surg 2008, 56: 43-53).

[0004] Systematic analysis of expression levels of thou-
sands of genes using a cDNA microarray technology is an
effective approach for identifying molecules involved in
pathways of carcinogenesis or those with efficacy to antican-
cer therapy; some of such genes or their gene products may be
good target molecules for the development of novel therapies
and/or cancer biomarkers. Previously, a genome-wide
expression profile analysis of 101 clinical lung cancer
samples was performed, coupled with enrichment of tumor
cells by laser microdissection and then compared with the
expression profile data of 31 normal human tissues (27 adult
and 4 fetal organs) (NPL 6:Daigo Y, et al., Gen Thorac Car-
diovasc Surg 2008, 56: 43-53; NPL 7:Kikuchi T, et al., Onco-
gene 2003, 22: 2192-205; NPL 8:Kakiuchi S, et al., Mol
Cancer Res 2003, 1: 485-99; NPL 9:Kakiuchi S, et al., Hum

Oct. 27,2011

Mol Genet 2004, 13: 3029-43; NPL 10:Kikuchi T, et al., Int J
Oncol 2006, 28: 799-805; NPL 11:Taniwaki M, et al., Int J
Oncol 2006, 29: 567-75).

[0005] In this invention, a screening system was estab-
lished by a combination of tumor-tissue microarray analyses
of clinical lung cancer materials and RNA interference tech-
niques (NPL 12:Suzuki C, et al., Cancer Res 2003, 63: 7038-
41; NPL 13:Ishikawa N, et al., Clin Cancer Res 2004, 10:
8363-70; NPL 14:Kato T, et al., Cancer Res 2005, 65: 5638-
46; NPL 15:Furukawa C, et al., Cancer Res 2005, 65: 7102-
10; NPL 16:Ishikawa N, et al., Cancer Res 2005, 65: 9176-84;
NPL 17:Suzuki C, et al., Cancer Res 2005, 65: 11314-25;
NPL 18:Ishikawa N, et al., Cancer Sci 2006, 97: 737-45; NPL
19:Takahashi K, et al., Cancer Res 2006, 66: 9408-19; NPL
20:Hayama S, et al., Cancer Res 2006, 66: 10339-48; NPL
21:Kato T, et al., Clin Cancer Res 2007, 13: 434-42; NPL
22:Suzuki C, et al., Mol Cancer Ther 2007, 6: 542-51; NPL
23:Yamabuki T, et al., Cancer Res 2007, 67: 2517-25; NPL
24:Hayama S, et al., Cancer Res 2007, 67: 4113-22 ; NPL
25:Kato T, et al., Cancer Res 2007, 67: 8544-53; NPL
26:Taniwaki M, et al., Clin Cancer Res 2007, 13: 6624-31;
NPL 27:Ishikawa N, et al., Cancer Res 2007, 67: 11601-11;
NPL 28:Mano Y, et al., Cancer Sci 2007, 98: 1902-13; NPL
29:Suda T, et al., Cancer Sci 2007, 98: 1803-8; NPL 30:Kato
T, et al., Clin Cancer Res 2008, 14: 2363-70; NPL 31:Mi-
zukami, et al., Cancer Sci 2008, 99: 1448-54). This system-
atic approach revealed that Synaptogyrin 4 (“SYNGR4”) is a
novel cancer-testis antigen that is overexpressed commonly
in primary lung cancers and is involved in cell invasion and
growth/survival of cancer cells.

[0006] SYNGR4 is a 25 kD protein that was first described
its chromosomal localization at 19qg-arm glioma tumor sup-
pressor region (NPL 32:Smith J S, et al., Genomics 2000, 64:
44-50). SYNGRA4 is considered to be a new member of the
synaptogyrin family. SYNGR1-3 are abundantly expressed
on microvesicles in neuronal or non-neuronal cells (NPL
33:Kedra D, et al., Hum Genet 1998, 273: 2851-7; NPL
34:Janz R, et al., Neuron 1999, 24: 687-700; NPL 35:Zhao H,
et al., Mol Biol Cell 2001, 12: 2275-89). The function of
SYNGRI1 and SYNGR2 (cellugyrin) has been well charac-
terized. SYNGR1 and SYNGR?2 have distinct expression pro-
files, in which SYNGRI1 is mainly expressed in the central
nervous system and SYNGR2 ubiquitously is expressed in
various organs except brain (NPL 33:Kedra D, et al., Hum
Genet 1998, 273: 2851-7). SYNGRI protein localizes in syn-
aptic vesicles of neurons and functionally influences the plas-
ticity of neurons and endocytosis from the plasma membrane
(NPL 34:Janz R, et al., Neuron 1999, 24: 687-700; NPL
35:Zhao H, et al.,, Mol Biol Cell 2001, 12: 2275-89).
SYNGR2 protein is a component of synaptic-like
microvesicles (SLMVs) which are ubiquitously observed in
most types of cells (NPL 36:Belfort G M, et al., J Biol Chem
2003, 278: 47971-8; NPL 37:Belfort G M, et al., ] Biol Chem
2005, 280: 7262-72). SYNGR2 is important for biogenesis of
SLMVs by mobilizing the main component protein in
SLMVs, synaptophysin, onto SLMVs (NPL 36:Belfort G M,
etal., ] Biol Chem 2003, 278: 47971-8; NPL 37:Belfort GM,
et al., J Biol Chem 2005, 280: 7262-72). SYNGR3 protein
exhibits the same expression profile of SYNGRI1, but the
exact function of SYNGR3 is unknown (NPL 38:Belizaire R,
et al., J Comp Neurol 2004, 470: 266-81). The physiological
and oncogenic function of SYNGR4 have not been well
described.
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SUMMARY OF INVENTION
[0045] The present invention is based, in part, on the dis-

covery of SYNGR4 as a member of the cancer-testis antigens,
an ideal target for cancer vaccine therapy, and the role of
SYNGR4 in pulmonary carcinogenesis and tumor progres-
sion. SYNGR4 is a useful prognostic biomarker and thera-
peutic target for lung cancer.

[0046] Accordingly, the present invention relates to
SYNGR4, and its role in lung cancer carcinogenesis and other
cancers that overexpress SYNGR4. As such, the present
invention relates to compositions and methods for detecting,
diagnosing, treating and/or preventing cancers that overex-
press SYNGR4, e.g., lung cancer, particularly SCLC and
NSCLC, as well as methods for screening for useful agents
that bind and/or inhibit SYNGR4.

[0047] In particular, the present invention arises, in part,
from the discovery that double-stranded molecules composed
of specific sequences (in particular, SEQ ID NOs: 11, 12, 19
and 20) that inhibit the expression of SYNGR4 are effective
for inhibiting cellular growth of cancers cells that overexpress
SYNGR4, e.g., lung cancer cells. Specifically, small interfer-
ing RNAs (siRNAs) targeting SYNGR4 genes are provided
by the present invention. These double-stranded molecules
can 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 that inhibit
the expression of SYNGRA4. In one aspect, the present inven-
tion provides methods for inhibiting cell growth and treating
lung cancer by administering the double-stranded molecules
or vectors of the present invention to a subject in need thereof.
Such methods encompass administering to a subject a com-
position composed of one or more of the double-stranded
molecules or vectors.

[0048] In another aspect, the present invention provides
compositions for treating a lung cancer containing at least one
of the double-stranded molecules or vectors of the present
invention that are effective in inhibiting the expression of
SYNGRA4.

[0049] Inyet another aspect, the present invention provides
a method of diagnosing or determining a predisposition to
lung cancer in a subject by determining an expression level of
SYNGR4 in a patient derived biological sample. An increase
in the expression level of SYNGR4 as compared to a normal
control level of SYNGR4 indicates that the subject suffers
from or is at risk of developing lung cancer.

[0050] Moreover, the present invention relates to the dis-
covery that a high expression level of SYNGR4 correlates to
poor survival rate in a cancer patient, particularly in a lung
cancer patient. Therefore, the present invention provides a
method for assessing or determining the prognosis of a
patient with cancer, e.g., lung cancer, which method includes
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the steps of detecting the expression level of SYNGR4, com-
paring it to a pre-determined reference expression level and
determining the prognosis of the patient from the difference
there between.

[0051] In a further aspect, the present invention provides a
method of screening for a compound for treating and/or pre-
venting a cancer promoted or caused or promoted in part by
overexpression of SYNGR4, e.g., lung cancer. Such a com-
pound would bind with the SYNGR4 gene, reduce the bio-
logical activity of SYNGRA4, inhibit the interaction between
SYNGR4 and other proteins or reduce the expression of the
SYNGR4 gene or a reporter gene that was controlled by the
transcription initiation region of the SYNGR4 gene.

[0052] In one aspect, present invention provides a method
of treating or preventing a cancer promoted or caused or
promoted in part by overexpression of SYNGR4, e.g., lung
cancer by administering an antibody that binds to and/or
inhibits the activity of the SYNGR4 protein.

[0053] 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 pre-
ferred embodiments, and not restrictive of the invention or
other alternate embodiments of the invention.

BRIEF DESCRIPTION OF DRAWINGS

[0054] [FIG. 1A-C] Analysis of SYNGR4 expression in
tumor tissues, cell lines and normal tissue. A, Expression of
SYNGR4 in 15 clinical lung cancer and normal lung tissue
samples (top panels) [lung adenocarcinoma (ADC), lung
squamous cell carcinoma (SCC) and small cell lung carci-
noma (SCLC); top] and 22 lung cancer cell lines (bottom
panels) detected by semiquantitative RT-PCR analysis. B,
Expression and sub-cellular localization of endogenous
SYNGR4 protein in SYNGR4-positive and —-negative lung
cancer cell lines, and bronchial epithelial cells. SYNGR4 was
stained mainly at the cytoplasm and weakly on cell surface
with granular appearance in NCI-H1373, LC319, A549, and
SBC3 cells, whereas no staining was observed in NCI-H1781
and bronchial epithelia derived BEAS-2B and SAEC cell
lines. C, Detection of cell surface SYNGR4 by immunocy-
tochemistry using anti-myc antibody in COS-7 cells trans-
fected with C-terminal myc/His-tagged SYNGR4 and anti-
Flag antibody in COS-7 cells transfected with N-terminal 3x
Flag-tagged SYNGR4. SYNGRA4 staining on cell surface was
observed with and without Triton-X treatment, whereas
SYNGR4 staining was disappeared by removing cell surface
antibody with acid glycine, indicating that C-terminus and
N-terminus of SYNGR4 is outside of cell membrane.
[0055] [FIG. 1D] D, Detection of cell surface SYNGR4 in
lung cancer cell lines by flow cytometry. SYNGR4 was
detected on cell surface of SYNGR4 expressing cell lines.
[0056] [FIG. 2] Expression of SYNGR4 in normal tissues
and lung cancers, and its association with poor prognosis for
NSCLC patients. A, Northern blot analysis of the SYNGR4
transcript in 16 normal adult human tissues. A strong signal
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was observed in testis. B, Comparison of SYNGR4 protein
expression between normal tissues and lung cancers by
immunohistochemistry. C, Examples for strong, weak, and
absent SYNGR4 expression in lung cancer tissues and a
normal tissue (left photos). Original magnification, x100.
Kaplan-Meier analysis of survival of patients with NSCLC
(P=0.0002 by log-rank test) according to expression levels of
SYNGR4 (right panel).

[0057] [FIG.3A] Growth promoting effect of SYNGR4. A,
Inhibition of growth of lung cancer cells by siRNAs against
SYNGR4. Upper panels, Gene knockdown effect on
SYNGR4 expression in A549 cells (left) and SBC-5 cells
(right) by si-SYNGR4s (#1 and #2) and control siRNAs (si-
EGFP/enhanced green fluorescent protein gene, si-LUC/Lu-
ciferase), analyzed by semiquantitative RT-PCR. Bottom
panels, Colony formation and MTT assays of A549 and
SBC-5 cells transfected with si-SYNGR4s or control siR-
NAs. Columns, relative absorbance of triplicate assays; bars,
SD.

[0058] [FIG. 3B] B, Promotion of cell proliferation in
COS-7 or NTH-3T3 cells exogenously overexpressing
SYNGR4. Upper panel, Detection of transient SYNGR4
expression by western blotting. Bottom panel, MTT assays of
COS-7 cells 96 hours after transfection of SYNGR4-express-
ing vector. Columns, relative absorbance of triplicate assays;
bars, SD.

[0059] [FIG. 4A] Cellular invasive effect of SYNGR4. A,
Promotion of cell invasion in mammalian cells exogenously
overexpressing SYNGR4. Top panels, Transient expression
of SYNGR4 protein in COS-7 (left) and NIH3T3 (right) cells,
detected by western-blotting. Bottom panels, Assay demon-
strating the invasive nature of COS-7 and NTH3T3 cells in
Matrigel matrix after transfection with expression plasmids
for human SYNGR4. Giemsa staining (x 200; left bottom),
and graph panels representing the number of cells migrating
through the Matrigel-coated filters (right bottom). Bars, SD.
Assays were performed three times and in triplicate wells.
[0060] [FIG.4B]B, Inhibitory effect of anti-SYNGR4 anti-
body on the cell invasive activity in exogenously SYNGR4
expressing COS-7 cells. Left panels, Microscopic evaluation
of'invaded COS-7 cells treated with anti-SYNGR4 antibody
or isotype IgG, or PBS. Right panel, The number of COS-7
cells migrating through the Matrigel-coated filters; bars, SD.
Assays were done for three times and in triplicate wells.
[0061] [FIG.4C]C, Inhibitory effect of anti-SYNGR4 anti-
body on cell invasive activity in lung cancer cells. Top panels,
Microscopic evaluation of invaded A549 cells (left) and NCI-
H1781 cells (right) treated with anti-SYNGR4 antibody, iso-
type IgG, or PBS. Bottom panels, The number of invading
cancer cells through the Matrigel-coated filters; bars, SD.
Assays were done thrice in triplicate wells.

[0062] [FIG. 5A-B] Interaction of SYNGR4 with GRB2.
A, Identification of phosphorylation of SYNGR4. Left top
panels, phosphatase treatment of exogenous SYNGR4 pro-
tein in COS-7 cells. Shifted band in phosphatase-treated
samples indicates that SYNGR4 is phosphorylated. Left bot-
tom panels, immunoblot of immunoprecipitants of lysates
from COS-7 cells that was exogenously expressed SYNGR4
or those transfected with Mock vector by anti-phosphoty-
rosine antibody. Right panel, Protein sequence of SYNGR4
protein. Number indicates the amino acid from N-terminus.
B, Confirmation of exogenous SYNGR4 binding with GRB2
by immunoprecipitation (IP) in mammalian cells. Left panel,
COS-7 cells were transfected with mock or SYNGR4 and
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subjected to IP-myc by anti-myc antibody, followed by
immunoblotting (IB) with anti-GRB2 antibody. Immunoblot-
ting using cell lysates being not precipitated (input) was per-
formed at the same time. The re-immunoblotting with anti-
myc antibody was performed to confirm the
immunoprecipitation of SYNGR4. Right panel, COS-7 cells
were transfected with Mock or SYNGR4 and carried out
IP-GRB2 by anti-GRB2 antibody, followed by immunoblot-
ting with anti-myc antibody. The re-immunoblotting with
anti-GRB2 antibody was performed to confirm the immuno-
precipitation of GRB2.

[0063] [FIG. 5C] C, Tyrosine-46 in SYNGR4 was phos-
phorylated and important for interaction with GRB2 by
replaced of tyrosine-46 with phenylalanine in SYNGR4
(SYNGR4-Y46F). Left panels, COS-7 cells were transfected
with Mock or wild type (WT) of SYNGR4 or SYNGR4-
Y46F and IP-Flag with anti-Flag antibody, followed by
immunoblotting (IB) with anti-phosphotyrosine antibody.
Right panel, COS-7 cells were transfected with Mock or
SYNGR4-WT or Y46F and subjected to IP-myd with anti-
myc antibody, followed by immunoblotting with anti-GRB2
antibody. The re-immunoblotting with anti-myc antibody
was performed to confirm the immunoprecipitation of
SYNGRA4.

[0064] [FIG. 6A] Activation of MAPK signaling through
its upstream SYNGR4-dependent GRB2-PAK1 pathway. A,
Status of MAPK signaling molecules phosphorylation by
SYNGR4 or siRNA for SYNGR4 transfection in mammalian
cells. Left panel, COS-7 cells were transfected with Mock or
SYNGR4 and 24 hours after transfection cell lysates were
subjected to immunoblotting with anti-phospho c-RAF
(Ser338), anti-c-RAF, anti-phospho MEK1/2 (Ser217/221),
anti-phospho MEK1 (Ser298), anti-phospho ERK (Thr202/
Tyr204), anti-ERK, anti-myc, and anti-GAPDH antibodies.
Right panels, A549 and SBC-3 cells were transfected with
siRNA for SYNGR4 or control siRNA (EGFP) and 24 hours
after transfection cell lysates were carried out immunoblot-
ting with anti-phospho c-RAF (Ser338), anti-c-RAF, anti-
phospho MEK1/2 (Ser217/221), anti-phospho MEKI1
(Ser298), anti-phospho ERK (Thr202/Tyr204), anti-ERK,
and anti-GAPDH antibodies. Cell total RNA is also acquired
and carried out reverse-transcription reaction, followed by
PCR reaction to evaluate knockdown of SYNGR4 transcrip-
tion. GAPDH transcription was used as internal control.

[0065] [FIG. 6B-D] B, Effect of enhancing MAPK signal-
ing by SYNGR4 is mediated via GRB2. COS-7 cells were
transfected with siRNA for GRB2 or control siRNA (EGFP)
and 4 hours after transfection cells were transfected with
mock or SYNGR4. 24 hours after second transfection cell
lysates were subsequently subjected to immunoblotting with
anti-phospho c¢c-RAF (Ser338), anti-c-RAF, anti-phospho
MEK1/2 (Ser217/221), anti-phospho MEK1 (Ser298), anti-
phospho ERK (Thr202/Tyr204), anti-ERK, anti-GRB2, anti-
myc, and anti-GAPDH antibodies. C, Impaired function of
enhancing MAPK signaling in mutant-SYNGR4 expressing
COS-7 cells. COS-7 cell were transfected with mock, wild
type SYNGR4 (WT), or mutant SYNGR4 (Y46F) and 24
hours after transfection cell lysates were subjected to immu-
noblotting with anti-phospho ¢-RAF (Ser338), anti-c-RAF,
anti-phospho MEK1/2 (Ser217/221), anti-phospho MEK1
(Ser298), anti-phospho ERK (Thr202/Tyr204), anti-ERK,
anti-myc, and anti-GAPDH antibodies. D, Effect of PAK1
phosphorylation by SYNGR4 transfection in lung cancer
cells. A549 and SBC-3 cells were transfected with siRNA for
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SYNGR4 or control siRNA (EGFP) and 24 hours after trans-
fection cell lysates were carried out immunoblotting with
anti-phospho PAK1 (Thr423), PAK1, and GAPDH antibod-
ies. Cell total RNA is also acquired and carried out reverse-
transcription reaction, followed by PCR reaction to evaluate
knockdown of SYNGR4 transcription. GAPDH transcription
was used as internal control.

[0066] [FIG. 6E] E, Effect of enhancing MAPK signaling
by SYNGR4 is mediated via PAK1. COS-7 cells were trans-
fected with siRNA for PAK1 or control siRNA (EGFP) and 4
hours after transfection cells were transfected with mock or
SYNGR4. 24 hours after second transfection cell lysates were
subsequently subjected to immunoblotting with anti-phospho
c-RAF (Ser338), anti-c-RAF, anti-phospho MEK1/2
(Ser217/221), anti-phospho MEK1 (Ser298), anti-phospho
ERK (Thr202/Tyr204), anti-ERK, anti-PAK1, anti-myc, and
anti-GAPDH antibodies.

[0067] [FIG. 6F-G] F, Impaired function of promoting cell
growth and invasion in mutant SYNGR4 expressing COS-7
cells. Left panels, COS-7 cells were transfected with mock,
wild type SYNGR4 (WT), or mutant SYNGR4 (Y46F) and
120 hours after colony formation (Top) and MTT (bottom)
assays were performed. Columns, relative absorbance of trip-
licate assays; bars, SD. Right panels, COS-7 cells were trans-
fected with mock, SYNGR4-WT, or SYNGR4-Y46F and
were applied and incubated in Matrigel Invasion chamber for
22 hours, followed by counting cells migrating through the
Matrigel-coated filters. Giemsa staining (x 200; right top),
and graph panels representing the number of migrating cells
(right bottom). Bars, SD. Assays were performed three times
and in triplicate wells. G, Possible interacting cascade related
to SYNGRA4.

[0068] [FIG. 7] Supplementary figures. A, Immunohis-
tochemistry of lung cancer tissues with or without pre-incu-
bating antigen peptide for SYNGR4 antibody. B, RAF1 pull-
down assay for detecting GTP-bound RAS. COS-7 cells were
transtected with mock or SYNGR4 expressing plasmids and
24 hours after cell lysates were subjected to incubate with
recombinant active RAF1 conjugated beads, followed by
immunoblotting with anti-RAS antibody.

DESCRIPTION OF EMBODIMENTS

[0069] Definition

[0070] The words “a”, “an”, and “the” as used herein mean
“at least one” unless otherwise specifically indicated.

[0071] As used herein, the term “biological sample” refers
to a whole organism or a subset of its tissues (e.g., lung
tissue), cells or component parts (e.g., body fluids, including
but not limited to blood, serum, plasma, mucus, lymphatic
fluid, synovial fluid, cerebrospinal fluid, saliva, sputum,
ammotic fluid, amniotic cord blood, urine, vaginal fluid and
semen). “Biological sample” further refers to a homogenate,
lysate, extract, cell culture or tissue culture prepared 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 cel-
lular components, such as proteins or polynucleotides.
[0072] The term “polynucleotide”, “oligonucleotide”
“nucleotide”, “nucleic acid”, and “nucleic acid molecule” 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
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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-oc-
curring and non-naturally occurring nucleic acid polymers.
[0073] The terms “polypeptide”, “peptide”, and “protein”
are used interchangeably herein to refer to a polymer of amino
acid residues. The terms apply to 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, as well as to naturally occurring amino acid
polymers.

[0074] SYNGR4 Gene or SYNGR4 Protein

[0075] The nucleic acid and polypeptide sequences of
genes in present invention are shown in the following num-
bers, but not limited to those;

[0076] SYNGR4: SEQ ID NO: 13 and 14.

[0077] Furthermore, the sequence data is also available via
the following accession number:

[0078] SYNGR4: NM_ 012451.

[0079] The present invention first discloses the SYNGR4
expression could promote progression of lung tumors by
stimulating cell proliferation/survival and metastasis through
activating a new GRB2/PAK1/MAPK signaling pathway.
[0080] GRB2 Gene or GRB2 Protein

[0081] The nucleic acid and polypeptide sequences of
genes in present invention are shown in the following num-
bers, but not limited to those;

[0082] GRB2: SEQ ID NO: 22 to 25.

[0083] Furthermore, the sequence data are also available
via the following accession numbers:

[0084] GRB2: NM__ 002086 and NM__203506.

[0085] The protein encoded by this gene binds the epider-
mal growth factor receptor and contains one SH2 domain and
two SH3 domains. Its two SH3 domains direct complex for-
mation with proline-rich regions of other proteins, and its
SH2 domain binds tyrosine phosphorylated sequences. This
gene is similar to the Sem5 gene of C.elegans, which is
involved in the signal transduction pathway. Two alterna-
tively spliced transcript variants encoding different isoforms
have been found for this gene. The variant (1) (NM__002086)
represents the longer transcript and encodes the longer iso-
form.

[0086] PAKI1 Gene or PAK1 Protein

[0087] The nucleic acid and polypeptide sequence of the
gene in the present invention are shown in the following
numbers, but not limited to those;

[0088] PAK1: SEQ ID NO: 26 to 29.

[0089] Furthermore, the sequence data are also available
via following accession numbers:

[0090] PAKI: NM_ 001128620 and NM__002576.

[0091] PAK proteins are critical effectors that link RhoGT-
Pases to cytoskeleton reorganization and nuclear signaling.
PAK proteins, a family of serine/threonine p21-activating
kinases, include PAK1, PAK2, PAK3 and PAK4. These pro-
teins serve as targets for the small GTP binding proteins
Cdc42 and Rac and have been implicated in a wide range of
biological activities. PAK1 regulates cell motility and mor-
phology. Alternatively spliced transcript variants encoding
different isoforms have been found for this gene. The variant
(1)(NM__001128620) encodes the longer isoform.
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[0092] c-Raf Gene or c-Raf Protein

[0093] The nucleic acid and polypeptide sequences of
genes in present invention are shown in the following num-
bers, but not limited to those;

[0094] c-Raf: SEQ ID NO: 30 to 31;

[0095] Furthermore, the sequence data are also available
via following accession numbers.

[0096] c-Raf: NM__002880;

[0097] This gene is the cellular homolog of viral raf gene
(v-raf). The encoded protein is a MAP kinase kinase kinase
(MAP3K), which functions downstream of the Ras family of
membrane associated GTPases to which it binds directly.
Once activated, the cellular RAF1 protein can phosphoryl ate
to activate the dual specificity protein kinases MEK1 and
MEK2, which in turn phosphorylate to activate the serine/
threonine specific protein kinases, ERK1 and ERK2. Acti-
vated ERKs are pleiotropic effectors of cell physiology and
play an important role in the control of gene expression
involved in the cell division cycle, apoptosis, cell differentia-
tion and cell migration. Mutations in this gene are associated
with Noonan syndrome 5 and LEOPARD syndrome 2.
[0098] Gene or Protein of MEK1/2

[0099] The nucleic acid and polypeptide sequences of
genes in present invention are shown in the following num-
bers, but not limited to those;

[0100] MEKI1: SEQ ID NO: 32 and 33, MEK2: SEQ ID
NO: 34 and 35.
[0101] Furthermore, the sequence data are also available

via following accession numbers:

[0102] MEKI1: NM_002755, MEK2: NM__030662.
[0103] MEKI is a member of the dual specificity protein
kinase family, which acts as a mitogen-activated protein
(MAP) kinase kinase. MAP kinases, also known as extra-
cellular signal-regulated kinases (ERKs), act as an integration
point for multiple bio-chemical signals. This protein kinase
lies upstream of MAP kinases and stimulates the enzymatic
activity of MAP kinases upon wide variety of extra- and
intracellular signals. As an essential component of MAP
kinase signal transduction pathway, this kinase is involved in
many cellular processes such as proliferation, differentiation,
transcription regulation and development. MEK?2 is a dual
specificity protein kinase that belongs to the MAP kinase
kinase family. This kinase is known to play a critical role in
mitogen growth factor signal transduction. It phosphorylates
and thus activates MAPK1/ERK2 and MAPK2/ERK3. The
activation of this kinase itself is dependent on the Ser/Thr
phosphorylation by MAP kinase kinase kinases. Mutations in
this gene cause cardiofaciocutaneous syndrome retardation,
and distinctive facial features similar to those found in
Noonan syndrome. The inhibition or degradation of this
kinase is also found to be involved in the pathogenesis of
Yersinia and anthrax. A pseudogene, which is located on
chromosome 7, has been identified for this gene.

[0104] Gene or Protein of ERK1/2

[0105] The nucleic acid and polypeptide sequences of
genes in present invention are shown in the following num-
bers, but not limited to those;

[0106] ERKI1: SEQ ID NO: 36 to 41, ERK2: SEQ ID NO:
42 to 45.
[0107] Furthermore, the sequence data are also available

via following accession numbers:

[0108] ERKI: NM__ 002746, NM__ 001040056,
NM_ 001109891, ERK2: NM__ 002745, NM__138957.
[0109] ERKI is a member of the MAP kinase family. MAP
kinases, also known as extra-cellular signal-regulated kinases
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(ERKs), act in a signaling cascade that regulates various
cellular processes such as proliferation, differentiation, and
cell cycle progression in response to a variety of extracellular
signals. This kinase is activated by upstream kinases, result-
ing in its translocation to the nucleus where it phosphorylates
nuclear targets. Alternatively spliced transcript variants
encoding different protein isoforms have been described
(NM__002746, NM__001040056, NM_001109891). The
variant (1) (NM__002746) represents the most common tran-
script and encodes isoform 1. ERK2 is a member of the MAP
kinase family. MAP kinases, also known as extra-cellular
signal-regulated kinases (ERKs), act as an integration point
for multiple bio-chemical signals, and are involved in a wide
variety of cellular processes such as pro-liferation, differen-
tiation, transcription regulation and development. The activa-
tion of this kinase requires its phosphorylation by upstream
kinases. Upon activation, this kinase translocates to the
nucleus of the stimulated cells, where it phosphorylates
nuclear targets. Two alternatively spliced transcript variants
encoding the same protein, but differing in the UTRs, have
been reported for this gene. This variant (1) (NM__002745)
represents the longer transcript. Both variants 1 (NM__
002745) and 2 (NM__138957) encode the same protein.

[0110] 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 may be used as such a functional equivalent in the
present invention. Such functional 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%, 93%, 95%, 97%, 99% sequence identity to a
reference sequence, e.g., a SYNGR4 polypeptide, e.g., SEQ
ID NO:14, as determined using a known sequence compari-
son algorithm, e.g., BLAST or ALIGN, set to default settings.
In other embodiments, the polypeptide can be encoded by a
polynucleotide that hybridizes under stringent conditions to
the natural occurring nucleotide sequence of the gene. In
some embodiments, the polypeptide is encoded by a poly-
nucleotide that shares at least about 90%, 93%, 95%, 97%,
99% sequence identity to a reference sequence, e.g., a
SYNGR4 polynucleotide, e.g., SEQ ID NO:13, as deter-
mined using a known sequence comparison algorithm.

[0111] 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
functional equivalent to that of the human protein of the
present invention, it is within the scope of the present inven-
tion.

[0112] 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 be dif-
ferent in different circumstances. Longer sequences hybrid-
ize specifically at higher temperatures. An extensive guide to
the hybridization of nucleic acids is found in Tijssen, Tech-
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niques in Biochemistry and Molecular Biology—Hybridiza-
tion with Nucleic Probes, “Overview of principles of hybrid-
ization and the strategy of nucleic acid assays” (1993).
Generally, 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
temperature (under defined ionic strength, pH, and nucleic
concentration) 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.

[0113] 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-
ization at 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-
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.

[0114] Generally, it is known that modifications of one or
more amino acid in a protein do not influence the function of
the protein. In fact, mutated or modified proteins, proteins
having amino acid sequences modified by substituting, delet-
ing, inserting, and/or adding one or more amino acid residues
of a certain amino acid sequence, 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.

[0115] So long as the activity the protein is maintained, the
number of amino acid mutations is not particularly limited. In
the present invention, the inventors demonstrated that the
strong SYNGR4 expression was associated with poorer clini-
cal outcome for NSCLC patients, inhibition of endogenous
expression of SYNGR4 by siRNA resulted in marked reduc-
tion of viability of lung cancer cells, and exogenous expres-
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sion of SYNGR4 enhanced the cell growth and cellular
migration/invasive activity in mammalian cells. Furthermore,
it was revealed that Tyr46 in SYNGR4 was phosphorylated
and important for binding with GRB2 and also for activating
GRB2/PAK1/MAPK signaling pathway. However, it is gen-
erally preferred to alter 5% or less of the amino acid sequence.
Accordingly, in a preferred embodiment, 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 6 amino
acids or less, and even more preferably 3 amino acids or less.
[0116] 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, E, 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:

[0117] 1) Alanine (A), Glycine (G);

[0118] 2) Aspartic acid (D), Glutamic acid (E);

[0119] 3) Aspargine (N), Glutamine (Q);

[0120] 4) Arginine (R), Lysine (K);

[0121] 5) Isoleucine (I), Leucine (L), Methionine (M),
Valine (V);

[0122] 6) Phenylalanine (F), Tyrosine (Y), Tryptophan
(W);

[0123] 7) Serine (S), Threonine (T); and

[0124] 8) Cysteine (C), Methionine (M) (see, e.g., Creigh-

ton, Proteins 1984).

[0125] Such conservatively modified polypeptides are
included in the present protein. However, the present inven-
tion is not restricted thereto and the protein 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.
[0126] 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. The homology of a particu-
lar polynucleotide or polypeptide can be determined by fol-
lowing the algorithm in “Wilbur and Lipman, Proc Natl Acad
Sci USA 80: 726-30 (1983)”.
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[0127] Antibody

[0128] The terms “antibody” as used herein is intended to
include immunoglobulins and fragments thereof which are
specifically reactive to the designated protein or peptide
thereof. An antibody can include human antibodies, prima-
tized antibodies, chimeric antibodies, bispecific antibodies,
humanized antibodies, antibodies fused to other proteins or
radiolabels, and antibody fragments. Furthermore, an anti-
body herein is used in the broadest sense and specifically
covers intact monoclonal antibodies, polyclonal antibodies,
multispecific antibodies (e.g. bispecific antibodies) formed
from at least two intact antibodies, and antibody fragments so
long as they exhibit the desired biological activity. An “anti-
body” indicates all classes (e.g. IgA, IgD, IgE, IgG and IgM).
[0129] An antibody that specifically binds to SYNGR4 is
useful for inhibiting lung cancer cell proliferation and inva-
sive activity (FIGS. 4A-C and FIG. 6F).

[0130] Therefore the antibodies of the present invention
find use for treating lung cancer. These antibodies can be
produced by known methods. Exemplary techmques for the
production of the antibodies used in accordance with the
present invention are known in the art and described herein.
[0131] The present invention uses antibodies against
SYNGR4 for the treatment and prevention of lung cancer.
These antibodies will be provided by known methods.
[0132] Exemplary techniques for the production of the anti-
bodies used in accordance with the present invention are
described.

[0133] (i) Polyclonal Antibodies:

[0134] Polyclonal antibodies are preferably raised in ani-
mals by multiple subcutaneous (sc) or intraperitoneal (ip)
injections of the relevant antigen and an adjuvant. It may be
useful to conjugate the relevant antigen to a protein that is
immunogenic in the species to be immunized, e.g., keyhole
limpet hemocyanin, serum albumin, bovine thyroglobulin, or
soybean trypsin inhibitor using a bifunctional or derivatizing
agent, for example, maleimidobenzoyl sulfosuccinimi de
ester (conjugation through cysteine residues), N-hydroxysuc-
cinimide (through lysine residues), glutaraldehyde, succinic
anhydride, SOCl,, or RN—C=—NR, where R and R are dif-
ferent alkyl groups. Amimals are immunized against the anti-
gen, e.g., SYNGR4, immunogenic conjugates, or derivatives
by combining, e.g. 100 micro-g or 5 micro-g of the protein or
conjugate (for rabbits or mice, respectively) with 3 volumes
of Freund’s complete adjuvant and injecting the solution
intradermally at multiple sites. One month later the animals
are boosted with 1/5 to 1/10 the original amount of peptide or
conjugate in Freund’s complete adjuvant by subcutaneous
injection at multiple sites. Seven to 14 days later the animals
are bled and the serum is assayed for antibody titer. Animals
are boosted until the titer plateaus. Preferably, the animal is
boosted with the conjugate of the same antigen, but conju-
gated to a different protein and/or through a different cross-
linking reagent.

[0135] Conjugates also can be made in recombinant cell
culture as protein fusions. Also, aggregating agents such as
alum are suitably used to enhance the immune response.
[0136] (ii) Monoclonal Antibodies:

[0137] Monoclonal antibodies are obtained from a popula-
tion of substantially homogeneous antibodies, i.e., the indi-
vidual antibodies including the population are identical
except for possible naturally occurring mutations that may be
present in minor amounts. Thus, the modifier “monoclonal”
indicates the character of the antibody as not being a mixture
of discrete antibodies.
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[0138] For example, the monoclonal antibodies may be
made using the hybridoma method first described by Kohler
G & Milstein C. Nature. 1975 Aug. 7; 256(5517):495-7, or
may be made by recombinant DNA methods (U.S. Pat. No.
4,816,567).

[0139] In the hybridoma method, a mouse or other appro-
priate host animal, such as a hamster, is immunized as here-
inabove described to elicit lymphocytes that produce or are
capable of producing antibodies that will specifically bind to
the protein used for immunization. Alternatively, lympho-
cytes may be immunized in vitro. Lymphocytes then are fused
with myeloma cells using a suitable fusing agent, such as
polyethylene glycol, to form a hybridoma cell (Goding,
Monoclonal Antibodies: Principles and Practice, pp. 59-103
(Academic Press, 1986)).

[0140] The hybridoma cells thus prepared are seeded and
grown in a suitable culture medium that preferably contains
one or more substances that inhibit the growth or survival of
the unfused, parental myeloma cells. For example, if the
parental myeloma cells lack the enzyme hypoxanthine gua-
nine phosphoribosyl transferase (HGPRT or HPRT), the cul-
ture medium for the hybridomas typically will include hypox-
anthine, aminopterin, and thymidine (HAT medium), which
substances prevent the growth of HGPRT-deficient cells.

[0141] Preferred myeloma cells are those that fuse effi-
ciently, support stable high-level production of antibody by
the selected antibody-producing cells, and are sensitive to a
medium such as HAT medium. Among these, preferred
myeloma cell lines are murine myeloma lines, such as those
derived from MOPC-21 and MPC-11 mouse tumors available
from the Salk Institute Cell Distribution Center, San Diego,
Calif. USA, and SP-2 or X63-Ag8-653 cells available from
the American Type Culture Collection, Manassas, Va., USA.
Human myeloma and mouse-human heteromyeloma cell
lines also have been described for the production of human
monoclonal antibodies (Kozbor D, et al., ] Immunol. 1984
December; 133(6):3001-5; Brodeur et al., Monoclonal Anti-
body Production Techniques and Applications, pp. 51-63
(Marcel Dekker, Inc., New York, 1987)).

[0142] Culture medium in which hybridoma cells are grow-
ing is assayed for production of monoclonal antibodies
directed against the antigen. Preferably, the binding specific-
ity of monoclonal antibodies produced by hybridoma cells is
determined by immunoprecipitation or by an in vitro binding
assay, such as radioimmunoassay (RIA) or enzyme-linked
immunoabsorbent assay (ELISA).

[0143] The binding affinity of the monoclonal antibody
can, for example, be determined by the 30 Scatchard analysis
of Munson P J & Rodbard D. Anal Biochem. 1980 Sep. 1;
107(1):220-39.

[0144] After hybridoma cells are identified that produce
antibodies of the desired specificity, affinity, and/or activity,
the clones may be subcloned by limiting dilution procedures
and grown by standard methods (Goding, Monoclonal Anti-
bodies : Principles and Practice, pp. 59-103 (Academic Press,
1986)). Suitable culture media for this purpose include, for
example, D-MEM or RPML-1640 medium. In addition, the
hybridoma cells may be grown in vivo as ascites tumors in an
animal.

[0145] The monoclonal antibodies secreted by the sub-
clones are suitably separated from the culture medium,
ascites fluid, or serum by conventional immunoglobulin puri-
fication procedures such as, for example, protein
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A-Sepharose, hydroxylapatite chromatography, gel electro-
phoresis, dialysis, or affinity chromatography.

[0146] DNA encoding the monoclonal antibodies is readily
isolated and sequenced using conventional procedures (e.g.,
by using oligonucleotide probes that are capable of binding
specifically to genes encoding the heavy and light chains of
murine antibodies). The hybridoma cells serve as a preferred
source of such DNA. Once isolated, the DNA may be placed
into expression vectors, which are then transfected into host
cells such as E. coli cells, simian COS cells, Chinese Hamster
Ovary (CHO) cells, or myeloma cells that do not otherwise
produce immunoglobulin protein, to obtain the synthesis of
monoclonal antibodies in the recombinant host cells. Review
articles on recombinant expression in bacteria of DNA encod-
ing the antibody include Skerra A. Curr Opin Immunol. 1993
April; 5(2):256-62 and Pluckthun A. Immunol Rev. 1992
December; 130:151-88.

[0147] Another method of generating specific antibodies,
or antibody fragments, reactive against a SYNGR4 is to
screen expression libraries encoding immunoglobulin genes,
or portions thereof, expressed in bacteria with SYNGR4. For
example, complete Fab fragments, VH regions and Fv regions
can be expressed in bacteria using phage expression libraries.
See for example, Ward E S, et al., Nature. 1989 Oct. 12;
341(6242):544-6; Huse W D, et al., Science. 1989 Dec. 8;
246(4935):1275-81; and McCafferty J, et al., Nature. 1990
Dec. 6; 348(6301):552-4. Screening such libraries with,
SYNGR4 peptide, can identify immunoglobulin fragments
reactive with SYNGR4. Alternatively, the SCID-hu-mouse
(available from Genpharm) can be used to produce antibodies
or fragments thereof.

[0148] In a further embodiment, antibodies or antibody
fragments can be isolated from antibody phage libraries gen-
erated using the techniques described in McCafferty J, et al.,
Nature. 1990 Dec. 6; 348(6301):552-4; Clarkson T, et al.,
Nature. 1991 Aug. 15; 352(6336):624-8; and Marks J D, et
al., J MoL BioL, 222: 581-597 (1991) J Mol Biol. 1991 Dec.
5;222(3):581-97 describe the isolation of murine and human
antibodies, respectively, using phage libraries. Subsequent
publications describe the production of high affinity (nM
range) human antibodies by chain shuffling (Marks J D, et al.,
Biotechnology (NY). 1992 July; 10(7):779-83), as well as
combinatorial infection and in vivo recombination as a strat-
egy for constructing very large phage libraries (Waterhouse P,
etal., Nucleic Acids Res. 1993 May 11;21(9):2265-6). Thus,
these techniques are viable alternatives to traditional mono-
clonal antibody hybridoma techniques for isolation of mono-
clonal antibodies.

[0149] The DNA also may be modified, for example, by
substituting the coding sequence for human heavy-and light-
chain constant domains in place of the homologous murine
sequences (U.S. Pat. No.4,816,567; Morrison S L, et al., Proc
Natl Acad Sci USA. 1984 November; 81(21):6851-5), or by
covalently joining to the immunoglobulin coding sequence
all or part of the coding sequence for a non-immunoglobulin
polypeptide.

[0150] Typically, such non-immunoglobulin polypeptides
are substituted for the constant domains of an antibody, or
they are substituted for the variable domains of one antigen-
combining site of an antibody to create a chimeric bivalent
antibody including one antigen-combining site having speci-
ficity for an antigen and another antigen-combining site hav-
ing specificity for a different antigen.
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[0151] (iii) Humanized Antibodies:

[0152] Methods for humanizing non-human antibodies
have been described in the art. Preferably, a humanized anti-
body has one or more amino acid residues introduced into it
from a source which is non-human. These non-human amino
acid residues are often referred to as “import” residues, which
are typically taken from an “import” variable domain.
Humanization can be essentially performed following the
method of Winter and co-workers (Jones P T, et al., Nature.
1986 May 29-Jun. 4; 321(6069):522-5; Riechmann L, et al.,
Nature. 1988 Mar. 24; 332(6162):323-7; Verhoeyen M, et al.,
Science. 1988 Mar. 25; 239(4847):1534-6), by substituting
hypervariable region sequences for the corresponding
sequences of a human antibody. Accordingly, such “human-
ized” antibodies are chimeric antibodies (U.S. Pat. No. 4,816,
567) wherein substantially less than an intact human variable
domain has been substituted by the corresponding sequence
from a non-human species. In practice, humanized antibodies
are typically human antibodies in which some hypervariable
region residues and possibly some FR residues are substituted
by residues from analogous sites in rodent antibodies.
[0153] The choice of human variable domains, both light
and heavy, to be used in making the humanized antibodies is
very important to reduce antigenicity. According to the so
called “best-fit” method, the sequence of the variable domain
of a rodent antibody is screened against the entire library of
known human variable-domain sequences. The human
sequence which is closest to that of the rodent is then accepted
as the human framework region (FR) for the humanized anti-
body (Sims M J, et al., ] Immunol. 1993 Aug. 15; 151(4):
2296-308; Chothia C & Lesk A M. ] Mol Biol. 1987 Aug. 20;
196(4):901-17). Another method uses a particular framework
region derived from the consensus sequence of all human
antibodies of a particular subgroup of light or heavy chains.
The same framework may be used for several different
humanized antibodies (Carter P, et al., Proc Natl Acad Sci
USA. 1992 May 15; 89(10):4285-9; Presta L G, et al., J
Immunol. 1993 Sep. 1; 151(5):2623-32).

[0154] TItis further important that antibodies be humanized
with retention of high affinity for the antigen and other favor-
able biological properties. To achieve this goal, according to
a preferred method, humanized antibodies are prepared by a
process of analysis of the parental sequences and various
conceptual humanized products using three-dimensional
models of the parental and humanized sequences. Three-
dimensional immunoglobulin models are commonly avail-
able and are familiar to those skilled in the art. Computer
programs are available which illustrate and display probable
three-dimensional conformational structures of selected can-
didate immunoglobulin sequences. Inspection of these dis-
plays permits analysis of the likely role of the residues in the
functioning of the candidate immunoglobulin sequence, i.e.,
the analysis of residues that influence the ability of the can-
didate immunoglobulin to bind its antigen. In this way, FR
residues can be selected and combined from the recipient and
import sequences so that the desired antibody characteristic,
such as increased affinity for the target antigen, is achieved. In
general, the hypervariable region residues are directly and
most substantially involved in influencing antigen binding.
[0155] (iv) Human Antibodies:

[0156] As an alternative to humanization, human antibod-
ies can be generated. For example, it is now possible to
produce transgenic animals (e.g., mice) that are capable, upon
immunization, of producing a full repertoire of human anti-
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bodies in the absence of endogenous immunoglobulin pro-
duction. For example, it has been described that the homozy-
gous deletion of the antibody heavy-chain joining region (JH)
gene in chimeric and germ-line mutant mice results in com-
plete inhibition of endogenous antibody production. Transfer
of the human germ-line immunoglobulin gene array in such
germ line mutant mice will result in the production of human
antibodies upon antigen challenge. See, e.g., Jakobovits A, et
al., Proc Natl Acad Sci USA. 1993 Mar. 15; 90(6):2551-5;
Nature. 1993 Mar. 18; 362(6417):255-8; Bruggemann M, et
al., Year Immunol. 1993;7:33-40; and U.S. Pat. Nos. 5,591,
669; 5,589,369 and 5,545,807. Alternatively, phage display
technology (McCafferty J, et al., Nature. 1990 Dec. 6; 348
(6301):552-4) can be used to produce human antibodies and
antibody fragments in vitro, from immunoglobulin variable
(V) domain gene repertoires from unimmunized donors.
According to this technique, antibody V domain genes are
cloned in-frame into either a major or minor coat protein gene
of a filamentous bacteriophage, such as M13 or fd, and dis-
played as functional antibody fragments on the surface of the
phage particle. Because the filamentous particle contains a
single-stranded DNA copy of the phage genome, selections
based on the functional properties of the antibody also result
in selection of the gene encoding the antibody exhibiting
those properties. Thus, the phage mimics some of the prop-
erties of the B cell. Phage display can be performed in a
variety of formats ; for their review see, e.g., Johnson K S &
Chiswell D J. Curr Opin Struct Biol. 1993; 3:564-71. Several
sources of V-gene segments can be used for phage display.
[0157] ClacksonT,etal., Nature. 1991 Aug. 15;352(6336):
624-8 isolated a diverse array of anti-oxazolone antibodies
from a small random combinatorial library of V genes derived
from the spleens of immunized mice. A repertoire of V genes
from unimmunized human donors can be constructed and
antibodies to a diverse array of antigens (including self anti-
gens) can be isolated essentially following the techniques
described by Marks I D, et al., J] Mol Biol. 1991 Dec. 5;
222(3):581-97, or Griffiths A D, et al., EMBO J. 1993 Feb-
ruary; 12(2):725-34. See, also, U.S. Pat. Nos. 5,565,332 and
5,573,905.

[0158] Human antibodies may also be generated by in vitro
activated B cells (see U.S. Pat. Nos. 20 5,567,610 and 5,229,
275). A preferred means of generating human antibodies
using SCID mice is disclosed in commonly-owned, co-pend-
ing applications.

[0159] (V) Antibody Fragments:

[0160] Various techniques have been developed for the pro-
duction of antibody fragments. Traditionally, these fragments
were derived via proteolytic digestion of intact antibodies
(see, e.g., Morimoto K & Inouye K. J Biochem Biophys
Methods. 1992 March; 24(1-2):107-17; Brennan M, et al.,
Science. 1985 Jul. 5; 229(4708):81-3). However, these frag-
ments can now be produced directly by recombinant host
cells. For example, the antibody fragments can be isolated
from the antibody phage libraries discussed above. Alterna-
tively, Fab'-SH fragments can be directly recovered from E.
coli and chemically coupled to form F (ab') 2 fragments
(Carter P, et al., Biotechnology (NY). 1992 February; 10(2):
163-7). According to another approach, F (ab') 2 fragments
can be isolated directly from recombinant host cell culture.
Other techniques for the production of antibody fragments
will be apparent to the skilled practitioner. In other embodi-
ments, the antibody of choice is a single chain Fv fragment
(scFv). See WO 93/16185; U.S. Pat. Nos. 5,571,894 and
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5,587,458. The antibody fragment may also be a “linear anti-
body”, e.g., as described in U.S. Pat. No.5,641,870 for
example. Such linear antibody fragments may be monospe-
cific or bispecific.

[0161] (vi) Non-Antibody Binding Protein:

[0162] The terms “non-antibody binding protein” or “non-
antibody ligand” or “antigen binding protein” interchange-
ably refer to antibody mimics that use non-immunoglobulin
protein scaffolds, including adnectins, avimers, single chain
polypeptide binding molecules, and antibody-like binding
peptidomimetics, as discussed in more detail below.

[0163] Other compounds have been developed that target
and bind to targets in a manner similar to antibodies. Certain
of these “antibody mimics” use non-immunoglobulin protein
scaffolds as alternative protein frameworks for the variable
regions of antibodies.

[0164] Forexample, Ladneretal. (U.S. Pat. No. 5,260,203)
describe single polypeptide chain binding molecules with
binding specificity similar to that of the aggregated, but
molecularly separate, light and heavy chain variable region of
antibodies. The single-chain binding molecule contains the
antigen binding sites of both the heavy and light variable
regions of an antibody connected by a peptide linker and will
fold into a structure similar to that of the two peptides anti-
body. The single-chain binding molecule displays several
advantages over conventional antibodies, including, smaller
size, greater stability and are more easily modified.

[0165] Ku et al. (Proc Natl Acad Sci USA 92(14):6552-
6556 (1995)) describe an alternative to antibodies based on
cytochrome b562. Ku et al. (1995) generated a library in
which two of the loops of cytochrome b562 were randomized
and selected for binding against bovine serum albumin. The
individual mutants were found to bind selectively with BSA
similarly with anti-BSA antibodies.

[0166] Lipovseketal. (U.S. Pat. Nos. 6,818,418 and 7,115,
396) describe an antibody mimic featuring a fibronectin or
fibronectin-like protein scaffold and at least one variable
loop. Known as Adnectins, these fibronectin-based antibody
mimics exhibit many of the same characteristics of natural or
engineered antibodies, including high affinity and specificity
for any targeted ligand. Any technique for evolving new or
improved binding proteins can be used with these antibody
mimics.

[0167] The structure of these fibronectin-based antibody
mimics is similar to the structure of the variable region of the
IgG heavy chain. Therefore, these mimics display antigen
binding properties similar in nature and affinity to those of
native antibodies. Further, these fibronectin-based antibody
mimics exhibit certain benefits over antibodies and antibody
fragments. For example, these antibody mimics do not rely on
disulfide bonds for native fold stability, and are, therefore,
stable under conditions which would normally break down
antibodies. In addition, since the structure of these fibronec-
tin-based antibody mimics is similar to that of the IgG heavy
chain, the process for loop randomization and shuffling can
be employed in vitro that is similar to the process of affinity
maturation of antibodies in vivo.

[0168] Beste et al. (Proc Natl Acad Sci USA 96(5):1898-
1903 (1999)) describe an antibody mimic based on alipocalin
scaffold (Anticalin(registered trademark)). Lipocalins are
composed of a beta-barrel with four hypervariable loops at
the terminus of the protein. Beste (1999), subjected the loops
to random mutagenesis and selected for binding with, for
example, fluorescein. Three variants exhibited specific bind-
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ing with fluorescein, with one variant showing binding simi-
lar to that of an anti-fluorescein antibody. Further analysis
revealed that all of the randomized positions are variable,
indicating that Anticalin(registered trademark) would be suit-
able to be used as an alternative to antibodies.

[0169] Anticalins (registered trademark) are small, single
chain peptides, typically between 160 and 180 residues,
which provides several advantages over antibodies, including
decreased cost of production, increased stability in storage
and decreased immunological reaction.

[0170] Hamilton et al. (U.S. Pat. No. 5,770,380) describe a
synthetic antibody mimic using the rigid, non-peptide organic
scaffold of calixarene, attached with multiple variable pep-
tide loops used as binding sites. The peptide loops all project
from the same side geometrically from the calixarene, with
respect to each other. Because of this geometric confirmation,
all of the loops are available for binding, increasing the bind-
ing affinity to a ligand. However, in comparison to other
antibody mimics, the calixarene-based antibody mimic does
not consist exclusively of a peptide, and therefore it is less
vulnerable to attack by protease enzymes. Neither does the
scaffold consist purely of a peptide, DNA or RNA, meaning
this antibody mimic is relatively stable in extreme environ-
mental conditions and has a long life span. Further, since the
calixarene-based antibody mimic is relatively small, it is less
likely to produce an immunogenic response.

[0171] Murali et al. (Cell Mol Biol. 49(2):209-216 (2003))
describe a methodology for reducing antibodies into smaller
peptidomimetics, they term “antibody like binding peptido-
mimetics” (ABiP) which can also be useful as an alternative
to antibodies.

[0172] Silverman et al. (Nat Biotechnol. (2005), 23: 1556-
1561) describe fusion proteins that are single-chain polypep-
tides including multiple domains termed “avimers.” Devel-
oped from human extracellular receptor domains by in vitro
exon shuffling and phage display the avimers are a class of
binding proteins somewhat similar to antibodies in their
affinities and specificities for various target molecules. The
resulting multidomain proteins can include multiple indepen-
dent binding domains that can exhibit improved affinity (in
some cases sub-nanomolar) and specificity compared with
single-epitope binding proteins. Additional details concern-
ing methods of construction and use of avimers are disclosed,
for example, in US Pat. App. Pub. Nos. 20040175756,

20050048512, 20050053973, 20050089932 and
20050221384.
[0173] In addition to non-immunoglobulin protein frame-

works, antibody properties have also been mimicked in com-
pounds including, but not limited to, RNA molecules and
unnatural oligomers (e.g., protease inhibitors, benzodiaz-
epines, purine derivatives and beta-turn mimics) all of which
are suitable for use with the present invention.

[0174] (vii) Pharmaceutical Formulations:

[0175] Therapeutic formulations of present antibodies used
in accordance with the present invention may be prepared for
storage by mixing an anti-SYNGR4 antibody having the
desired degree of purity with optional pharmaceutically
acceptable carriers, excipients or stabilizers (Remington: The
Science and Practice of Pharmacy, 21°* Ed., Lippincott, Wil-
liams and Wilkins, 2005), in the form of lyophilized formu-
lations or aqueous solutions. Acceptable carriers, excipients,
or stabilizers are nontoxic to recipients at the dosages and
concentrations employed, and include buffers such as phos-
phate, citrate, and other organic acids; antioxidants including
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ascorbic acid and methionine; preservatives (such as octade-
cyldimethylbenzyl ammonium chloride; hexamethonium
chloride; benzalkonium chloride, benzethonium chloride;
phenol, butyl or benzyl alcohol; alkyl parabens such as
methyl or propyl paraben; catechol; resorcinol; cyclohex-
anol; 3-pentanol; and m-cresol); low molecular weight (less
than about 10 residues) polypeptides; proteins, such as serum
albumin, gelatin, or immunoglobulins; hydrophilic polymers
such as polyvinylpyrrolidone; amino acids such as glycine,
glutamine, asparagine, his tidine, arginine, or lysine;
monosaccharides, disaccharides, and other carbohydrates
including glucose, mannose, or dextrins; chelating agents
such as EDTA,; sugars such as sucrose, mannitol, trehalose or
sorbitol; salt-forming counterions such as sodium; metal
complexes (e. g. Zn-protein complexes); and/or non-ionic
surfactants such as TWEEN™, PLURONTCS™ or polyeth-
ylene glycol (PEG). Lyophilized formulations adapted for
subcutaneous administration are described in WO97/04801.
Such lyophilized formulations may be reconstituted with a
suitable diluent to a high protein concentration and the recon-
stituted formulation may be administered subcutaneously to
the mammal to be treated herein.

[0176] The formulation herein may also contain more than
one active compound as necessary for the particular indica-
tion being treated, preferably those with complementary
activities that do not adversely affect each other. For example,
it may be desirable to further provide a chemotherapeutic
agent, cytokine or immunosuppressive agent. The effective
amount of such other agents depends on the amount of anti-
body present in the formulation, the type of disease or disor-
der or treatment, and other factors discussed above. These are
generally used in the same dosages and with administration
routes as used hereinbefore or about from 1 to 99% of the
heretofore employed dosages.

[0177] The active ingredients may also be entrapped in
microcapsules prepared, for example, by coacervation tech-
niques or by interfacial polymerization, for example,
hydroxymethylcellulose or gelatin-microcapsules and poly-
(methyl methacrylate) microcapsules, respectively, in colloi-
dal drug delivery systems (for example, liposomes, albumin
microspheres, microemulsions, nano-particles and nanocap-
sules) or in macroemulsions. Such techniques are disclosed in
Remington: The Science and Practice of Pharmacy, 21*° Ed.,
Lippincott, Williams and Wilkins, 2005.

[0178] Sustained-release preparations may be prepared.
Suitable examples of sustained release preparations include
semipermeable matrices of solid hydrophobic polymers con-
taining the agent, which matrices are in the form of shaped
articles, e.g. films, or microcapsules. Examples of sustained-
release matrices include polyesters, hydrogels (for example,
poly (2-hydroxyethyl-methacrylate), or poly (vinylalcohol)),
polylactides (U.S. Pat. No. 3,773,919), copolymers of
L-glutamic acid and ethyl-L-glutamate, noir degradable eth-
ylene-vinyl acetate, degradable lactic acid-glycolic acid
copolymers such as the LUPRON DEPOT (injectable micro-
spheres composed of lactic acid-glycolic acid copolymer and
leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid.
The formulations to be used for in vivo administration must
be sterile. This is readily accomplished by filtration through
sterile filtration membranes.

[0179] (x) Treatment with an Antibody:

[0180] A composition including anti-SYNGR4 antibodies
may be formulated, dosed, and administered in a fashion
consistent with good medical practice. Preferably, the present
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antibody will be a human, chimeric or humanized antibody
scFv, or antibody fragment. Factors for consideration in this
context include the particular lung cancer being treated, the
particular mammal being treated, the clinical condition of the
individual patient, the cause of the disease or disorder, the site
of delivery of the agent, the method of administration, the
scheduling of administration, and other factors known to
medical practitioners. The therapeutically effective amount
of the antibody to be administered will be governed by such
considerations.

[0181] As a general proposition, the therapeutically effec-
tive amount of the antibody administered parenterally per
dose will be in the range of about 0.1 to 20 mg/kg of patient
body weight per day, with the typical initial range of antibody
used being in the range of about 2 to 10 mg/kg.

[0182] As noted above, however, these suggested amounts
of antibody are subject to a great deal of therapeutic discre-
tion. The key factor in selecting an appropriate dose and
scheduling is the result obtained, as indicated above.

[0183] Forexample, relatively higher doses may be needed
initially for the treatment of ongoing and acute diseases. To
obtain the most efficacious results, depending on the disease
or disorder, the antibody may be administered as close to the
first sign, diagnosis, appearance, or occurrence of the disease
or disorder as possible or during remissions of the disease or
disorder.

[0184] The antibody may be administered by any suitable
means, including parenteral, subcutaneous, intraperitoneal,
intrapulmonary, inhalational and intranasal, and, if desired
for local immunosuppressive treatment, intralesional admin-
istration. Parenteral infusions include intramuscular, intrave-
nous, intraarterial, intraperitoneal, or subcutaneous adminis-
tration.

[0185] In addition, the antibody may suitably be adminis-
tered by pulse infusion, e.g., with declining doses of the
antibody. Preferably the dosing is given by injections, most
preferably intravenous or subcutaneous injections, depend-
ing in part on whether the administration is brief or chronic.
[0186] One additionally may administer other compounds,
such as cytotoxic agents, chemotherapeutic agents, immuno-
suppressive agents and/or cytokines with the antibody herein.
The combined administration includes co-administration,
using separate formulations or a single pharmaceutical for-
mulation, and consecutive administration in either order,
wherein preferably there is a time period while both (or all)
active agents simultaneously exert their biological activities.
[0187] Aside from administration of the antibody to the
patient, the present invention contemplates administration of
the antibody by gene therapy. Such administration of a
nucleic acid encoding an antibody is encompassed by the
expression “administering a therapeutically effective amount
of an antibody”. See, for example, WO96/07321 published
Mar. 14, 1996 concerning the use of gene therapy to generate
intracellular antibodies.

[0188] There are two major approaches to getting the
nucleic acid (optionally contained in a vector) into the
patient’s cells; in vivo and ex vivo. For in vivo delivery the
nucleic acid is injected directly into the patient, usually at the
site where the antibody is required. For ex vivo treatment, the
patient’s cells are removed, the nucleic acid is introduced into
these isolated cells and the modified cells are administered to
the patient either directly or, for example, encapsulated
within porous membranes which are implanted into the
patient (see, e.g. U.S. Pat. Nos. 4,892,538 and 5,283,187).
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There are a variety of techniques available for introducing
nucleic acids into viable cells. The techniques vary depending
upon whether the nucleic acid is transferred into cultured
cells in vitro or in vivo in the cells of the intended host.
Techniques suitable for the transfer of nucleic acid into mam-
malian cells in vitro include the use of liposomes, electropo-
ration, microinjection, cell fusion, DEAE-dextran, the cal-
cium phosphate pre-cipitation method, etc. A commonly used
vector for ex vivo delivery of the gene is a retrovirus.

[0189] The currently preferred in vivo nucleic acid transfer
techniques include transfection with viral vectors (such as
adenovirus, Herpes simplex I virus, or adeno-associated
virus) and lipid-based systems (useful lipids for lipid medi-
ated transfer of the gene are DOTMA, DOPE and DC-Chol,
for example). In some situations it is desirable to provide the
nucleic acid source with an agent that targets the target cells,
such as an antibody specific for a cell surface membrane
protein or the target cell, a ligand for a receptor on the target
cell, etc. Where liposomes are employed, proteins which bind
to a cell surface membrane protein associated with endocy-
tosis may be used for targeting and/or to facilitate uptake, e.g.
capsid proteins or fragments thereof tropic for a particular
cell type, antibodies for proteins which undergo internaliza-
tion in cycling, and proteins that target intracellular localiza-
tion and enhance intracellular half-life. The technique of
receptor-mediated endocytosis is described, for example, by
Wuetal., J. Biol. Chem. 262: 4429-4432 (1987); and Wagner
et al, Proc. Nad. Acad. Sci. USA 87: 3410-3414 (1990). For
review of the currently known gene marking and gene therapy
protocols see Anderson et al., Science 256: 808-813 (1992).
See also WO 93/25673 and the references cited therein.
[0190] Double Stranded Molecules

[0191] As used herein, the term “double-stranded mol-
ecule” refers to a nucleic acid molecule that inhibits expres-
sion of a target gene and includes, for example, short inter-
fering RNA (siRNA; e.g., double-stranded ribonucleic acid
(dsRNA) or small hairpin RNA (shRNA)) and short interfer-
ing DNA/RNA (siD/R-NA; e.g. double-stranded chimera of
DNA and RNA (dsD/R-NA) or small hairpin chimera of DNA
and RNA (shD/R-NA)). In some embodiments, the double-
stranded molecules are isolated or recombinant.

[0192] 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
SYNGR4 sense nucleic acid sequence (also referred to as
“sense strand”), an SYNGR4 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.

[0193] 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.

[0194] The term “shRNA”, as used herein, refers to an
siRNA having a stem-loop structure, composed of first and
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second regions complementary to one another, i.e., sense and
antisense strands. The degree of complementarity and orien-
tation of the regions is 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 shRNA is a single-stranded
region intervening between the sense and antisense strands
and may also be referred to as “intervening single-strand”.
[0195] 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 a SYNGR4
sense nucleic acid sequence (also referred to as “sense
strand”), a SYNGR4 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.

[0196] 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).

[0197] The term “shD/R-NA”, as used herein, refers to an
siD/R-NA having a stem-loop structure, composed of the first
and second regions complementary to one another, i.e., sense
and antisense strands. The degree of complementarity and
orientation of the regions is 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”.

[0198] 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 present inven-
tion, examples of isolated nucleic acid includes DNA, RNA,
and derivatives thereof.

[0199] A double-stranded molecule against SYNGR4,
which molecule hybridizes to target mRNA, decreases or
inhibits production of SYNGR4 protein encoded by
SYNGR4 gene by associating with the normally single-
stranded mRNA transcript of the gene, thereby interfering
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with translation and thus, inhibiting expression of the protein.
As demonstrated herein, the expression of SYNGR4 in lung
cancer cell lines was inhibited by dsRNA that specifically
annealed to the SYNGR4 encoding gene (FIG. 3A). There-
fore the present invention provides isolated double-stranded
molecules that inhibit the expression of SYNGR4 gene when
introduced into a cell expressing the SYNGR4 gene. The
target sequence of double-stranded molecule may be
designed by an siRNA design algorithni such as that men-
tioned below.

[0200] SYNGR4 target sequence includes, for example,
nucleotides

[0201] SEQ ID NO: 11 (positions 389-407ut of SEQ ID
NO: 13)

[0202] SEQ ID NO: 12 (positions 754-772nt of SEQ ID
NO: 13)

[0203] Specifically, the present invention provides the fol-

lowing double-stranded molecules [1] to [18]:

[0204] [1] An isolated double-stranded molecule that,
when introduced into a cell, specifically inhibits expression of
SYNGR4, such molecule composed of a sense strand and an
antisense strand complementary thereto, hybridized to each
other to form the double-stranded molecule;

[0205] [2] The double-stranded molecule of [1], wherein
said double-stranded molecule acts on SYNGR4 mRNA,
matching a target sequence selected from among SEQ ID NO:
11 (at the position of 389-407nt of SEQ ID NO: 13), SEQ ID
NO: 12 (at the position of 754-772nt of SEQ ID NO: 13);
[0206] [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, 12, 19 and
20;

[0207] [4] The double-stranded molecule of [3], having a
length of less than about 100 nucleotides;

[0208] [5] The double-stranded molecule of [4], having a
length of less than about 75 nucleotides;

[0209] [6] The double-stranded molecule of [5], having a
length of less than about 50 nucleotides;

[0210] [7] The double-stranded molecule of [6] having a
length of less than about 25 nucleotides;

[0211] [8] The double-stranded molecule of [7], having a
length of between about 19 and about 25 nucleotides;
[0212] [9] The double-stranded molecule of [1], composed
ofasingle polynucleotide having both the sense and antisense
strands linked by an intervening single-strand;

[0213] [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, 12, 19 and
20, [B] is the intervening single-strand composed of 3 to 23
nucleotides, and [A'] is the antisense strand containing a
sequence complementary to [Al];

[0214] [11] The double-stranded molecule of [1], com-
posed of RNA;
[0215] [12] The double-stranded molecule of [1], com-

posed of both DNA and RNA;

[0216] [13] The double-stranded molecule of [12], wherein
the molecule is a hybrid of a DNA polynucleotide and an
RNA polynucleotide;

[0217] [14] The double-stranded molecule of [13] wherein
the sense and the antisense strands are composed of DNA and
RNA, respectively;

[0218] [15] The double-stranded molecule of [12], wherein
the molecule is a chimera of DNA and RNA;
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[0219] [16] The double-stranded molecule of [15], wherein
aregion 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;

[0220] [17] The double-stranded molecule of [16], wherein
the flanking region is composed of 9 to 13 nucleotides; and

[0221] [18] The double-stranded molecule of [2], wherein
the molecule contains 3' overhang;

[0222] The double-stranded molecule of the present inven-
tion will be described in more detail below.

[0223] 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 (on the worldwide web at ambion.com/
techlib/misc/siRNA_finder.html).

[0224] The computer program selects target nucleotide
sequences for double-stranded molecules based on the fol-
lowing protocol.

[0225] Selection of Target Sites:

[0226] 1. Beginning with the AUG start codon of the tran-
script, scan downstream for AA dinucleotide sequences.
Record the occurrence of each AA and the 3' adjacent 19
nucleotides as potential siRNA target sites. Tuschl et al. rec-
ommend to avoid designing siRNA to the 5' and 3' untrans-
lated 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.

[0227] 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: ncbi.nlm.nih.gov/
BLAST/, is used (Altschul S F et al., Nucleic Acids Res 1997
Sep. 1, 25(17): 3389-402).

[0228] 3. Select qualifying target sequences for synthesis.
Selecting several target sequences along the length of the
gene to evaluate is typical.

[0229] Using the above protocol, the target sequence of the
isolated double-stranded molecules of the present invention
were designed as

[0230] SEQIDNO: 11, 12, 19 and 20 for SYNGR4 gene,
[0231] 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

[0232] SEQ ID NO: 11 (at the position 389-407nt of SEQ
ID NO: 13), 12 (atthe position 754-772nt of SEQ IDNO: 13),
19 (at the position 519-537nt of SEQ ID NO: 13) and 20 (at
the position 520-538nt of SEQ ID NO: 13) for SYNGR4
gene,

[0233] The double-stranded molecule of the present inven-
tion may be directed to a single target SYNGR4 gene
sequence or may be directed to a plurality of target SYNGR4
gene sequences.

[0234] A double-stranded molecule of the present inven-
tion targeting the above-mentioned targeting sequence of
SYNGR4 gene include isolated polynucleotides that contain
any of the nucleic acid sequences of target sequences and/or
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complementary sequences to the target sequences. Examples
of polynucleotides targeting SYNGR4 gene include those
containing the sequence of SEQ ID NO: 11, 12, 19 or 20
and/or complementary sequences to these nucleotides; How-
ever, the present invention is not limited to these examples,
and minor modifications in the aforementioned nucleic acid
sequences are acceptable so long as the modified molecule
retains the ability to suppress the expression of SYNGR4
gene. Herein, the phrase “minor modification” as used in
connection with a nucleic acid sequence indicates one, two or
several substitution, deletion, addition or insertion of nucleic
acids to the sequence.

[0235] 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.

[0236] 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
SYNGR4 genes or antisense strands complementary thereto
were tested in vitro for their ability to decrease production of
SYNGR4 gene product in lung cancer cell lines (e.g., using
A549 and SBC-5) according to standard methods. Further-
more, for example, reduction in SYNGR4 gene product in
cells contacted with the candidate double-stranded molecule
compared to cells cultured in the absence of the candidate
molecule can be detected by, e.g. RT-PCR using primers for
SYNGR4 mRNA mentioned under Example 1 item “Semi-
quantitative RT-PCR”. Sequences which decrease the pro-
duction of SYNGR4 gene product in in vitro cell-based
assays can then be tested for there inhibitory effects on lung
cancer cell growth. Sequences which inhibit lung cancer cell
growth in in vitro cell-based assay can then be tested for their
in vivo ability using animals with lung cancer, e.g. nude
mouse xenograft models, to confirm decreased production of
SYNGR4 product and decreased lung cancer cell growth.
[0237] 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.
[0238] The polynucleotide is preferably less than 1000
nucleotides in length for SYNGR4. For example, the poly-
nucleotide is less than 500, 200, 100, 75, 50, or 25 nucleotides
in length for all of the genes. The isolated polynucleotides of
the present invention are useful for forming double-stranded
molecules against SYNGR4 gene or preparing template
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DNAs encoding the double-stranded molecules. When the
polynucleotides are used for forming double-stranded mol-
ecules, the sense strand of polynucleotide may be longer than
19 nucleotides, preferably longer than 21 nucleotides, and
more preferably has a length of between about 19 and 25
nucleotides. Accordingly, the present invention provides the
double-stranded molecules including a sense strand and an
antisense strand, wherein the sense strand includes a nucle-
otide sequence corresponding to a target sequence. In prefer-
able embodiments, the sense strand hybridizes with antisense
strand at the target sequence to form the double-stranded
molecule having between 19 and 25 nucleotide pair in length.

[0239] 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).

[0240] 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 moleculeis 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
Jan. 15, 15(2): 188-200). For further details, published docu-
ments 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 expression
of'the target gene.

[0241] Furthermore, the double-stranded molecules of the
invention may include both DNA and RNA, e.g., dsD/R-NA
or shD/R-NA. Specifically, a hybrid polynucleotide of a DNA
strand and an RNA strand or a DNA-RNA chimera poly-
nucleotide shows increased stability. Mixing of DNA and
RNA, i.e., ahybrid type double-stranded molecule composed
of'a DNA strand (polynucleotide) and an RNA strand (poly-
nucleotide), a chimera type double-stranded molecule con-
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taining 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.

[0242] 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 the opposite 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
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.

[0243] 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.

sense strand:

5'-[---DNA---]-3"
3'- (RNA) -[DNA]-5"' :
antigense strand,

sense strand:

5'- (RNA) -[DNA]-3'
3'- (RNA) -[DNA]-5':
antisense strand,
and

sense strand:

5'- (RNA) -[DNA]-3"'
3'-(---RNA---)-5"':
antisense strand.

[0244] 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).

[0245] In the present invention, the double-stranded mol-
ecule may form a hairpin, such as a short hairpin RNA
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(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.

[0246] 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, 12, 19 and 20 for SYNGR4.

[0247] 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 SYNGR4 gene. The region [A] hybridizes
to [A'] to form a loop composed of the region [B]. The
intervening 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 fol-
lowing sequences (on the worldwide web at ambion.com/
techlib/tb/tb__506.html). Furthermore, loop sequence con-
sisting of 23 nucleotides also provides active siRNA (Jacque
JTM et al., Nature 2002 Jul. 25, 418(6896): 435-8, Epub 2002
Jun. 26):

[0248] CCC, CCACC, or CCACACC: Jacque ] M et al.,
Nature 2002 Jul. 25, 418(6896): 435-8, Epub 2002 Jun. 26;
[0249] 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
[0250] UUCAAGAGA: Dykxhoorn D M et al., Nat Rev
Mol Cell Biol 2003 Jun. 4(6): 457-67.

[0251] 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)
CAAGAUGGAGUCUCCGCAG-[B]- CUGCGGAGACUCCAUCUUG;

(for target sequence SEQ ID NO: 12)
AUGAUGCUCCAGUCCCUUA- [B]- UAAGGGACUGGAGCAUCAU;

(for target sequence SEQ ID NO: 19)
CGCAUUGCCGGCACCCGCU-[B]-AGCGGGTGCCGGCAATGCG;

(for target sequence SEQ ID NO: 20)
GCAUUGCCGGCACCCGCUU- [B]- AAGCGEGTGCCGGCARTGC ;

[0252] Furthermore, in order to enhance the inhibition

i

activity of the double-stranded molecules, nucleotide “u” can
be added to 3'end of the antisense strand of the target
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sequence, as 3' overhangs. The number of “u”s to be added is
at least 2, generally 2 to 10, preferably 2 to 5. The added “u”’s
form single strand at the 3'end of the antisense strand of the
double-stranded molecule.

[0253] 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-
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.

[0254] The regulatory sequences flanking SYNGR4
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 intracellularly by cloning SYNGR4 gene tem-
plates into a vector containing, e.g., a RNA pol III transcrip-
tion unit from the small nuclear RNA (snRNA) U6 or the
human H1 RNA promoter.

[0255] Vectors Containing a Double-Stranded Molecule of
the Present Invention:

[0256] 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.

[0257] Specifically, the present invention provides the fol-
lowing vector of [1] to [10].

[0258] [1] A vector, encoding a double-stranded molecule
that, when introduced into a cell, specifically inhibits expres-
sion of SYNGR4, such molecule composed of a sense strand
and an antisense strand complementary thereto, hybridized to
each other to form the double-stranded molecule.

[0259] [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 389-407nt of
SEQ ID NO: 13), SEQ ID NO: 12 (at the position of 754-
772nt of SEQ ID NO: 13), SEQ ID NO:19 (at the position
519-537nt of SEQ ID NO: 13) and SEQ ID NO:20 (at the
position 520-538nt of SEQ ID NO: 13);

[0260] [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, 12, 19 and 20;

[0261] [4] The vector of [3], encoding the double-stranded
molecule, wherein the sense strand of the double-stranded
molecule hybridizes with antisense strand at the target
sequence to form the double-stranded molecule having a
length of less than about 100 nucleotides;

[0262] [5] The vector of [4], encoding the double-stranded
molecule, wherein the sense strand of the double-stranded
molecule hybridizes with antisense strand at the target
sequence to form the double-stranded molecule having a
length of less than about 75 nucleotides;
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[0263] [6] The vector of [5], encoding the double-stranded
molecule, wherein the sense strand of the double-stranded
molecule hybridizes with antisense strand at the target
sequence to form the double-stranded molecule having a
length of less than about 50 nucleotides;

[0264] [7] The vector of [6] encoding the double-stranded
molecule, wherein the sense strand of the double-stranded
molecule hybridizes with antisense strand at the target
sequence to form the double-stranded molecule having a
length of less than about 25 nucleotides;

[0265] [8] The vector of [7], encoding the double-stranded
molecule, wherein the sense strand of the double-stranded
molecule hybridizes with antisense strand at the target
sequence to form the double-stranded molecule having a
length of between about 19 and about 25 nucleotides;
[0266] [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,

[0267] [10] Thevectorof[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, 12, 19 and 20, [B] is the intervening single-strand
composed of 3 to 23 nucleotides, and [A'] is the antisense
strand containing a sequence complementary to [A];

[0268] A vectorofthe present invention preferably encodes
a double-stranded molecule of the present invention in an
expressible form. Herein, the phrase “in an expressible form”
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.

[0269] Alternatively, the present invention provides vectors
including each of a combination of polynucleotide including
a sense strand nucleic acid and an antisense strand nucleic
acid, wherein said sense strand nucleic acid includes nucle-
otide sequence of SEQ ID NOs: 11, 12, 19 and 20, and said
antisense strand nucleic acid consists of a sequence comple-
mentary to the sense strand, wherein the transcripts of said
sense strand and said antisense strand hybridize to each other
to form a double-stranded molecule, and wherein said vec-
tors, when introduced into a cell expressing the SYNGR4
gene, inhibits expression of said gene. Preferably, the poly-
nucleotide is an oligonucleotide of between about 19 and 25
nucleotides in length (e.g., contiguous nucleotides from the
nucleotide sequence of SEQ ID NO: 13). More preferably, the
combination of polynucleotide includes a single nucleotide
transcript including the sense strand and the antisense strand
linked via a single-stranded nucleotide sequence. More pref-
erably, the combination of polynucleotide has the general
formula 5'[A]-[B]-[A']-3', wherein [A] is a nucleotide
sequence including SEQ ID NO: 11, 12, 19 and 20; [B] is a
nucleotide sequence consisting of about 3 to about 23 nucle-
otide; and [A'] is a nucleotide sequence complementary to
[A].

[0270] Vectors of the present invention can be produced, for
example, by cloning SYNGR4 sequence into an expression
vector so that regulatory sequences are operatively-linked to
SYNGR4 sequence in a manner to allow expression (by tran-
scription of the DNA molecule) of both strands (Lee NS et al.,
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Nat Biotechnol 2002 May, 20(5): 500-5). For example, RNA
molecule 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
ofthe 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.

[0271] 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 KR & 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).

[0272] 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-
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.

[0273] Methods of Inhibiting or Reducing Growth of a
Cancer Cell and Treating Cancer Using a Double-Stranded
Molecule of the Present Invention:

[0274] The ability of certain siRNA to inhibit NSCLC has
been previously described in WO 2005/89735, incorporated
by reference herein. In the present invention, two different
dsRNA for SYNGR4 were tested for their ability to inhibit
lung cancer cell growth. The two dsRNA for SYNGR4
(FIGS. 3A,3B), effectively knocked down the expression of
the gene in lung cancer cell lines coincided with suppression
of cell proliferation.

[0275] Therefore, the present invention provides methods
for inhibiting lung cancer cell growth, by inhibiting the
expression of SYNGR4. SYNGR4 gene expression can be
inhibited by any method known in the art, including use of the
aforementioned double-stranded molecules which specifi-
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cally target of SYNGR4 gene or the aforementioned vectors
that express double-stranded molecules which specifically
target the SYNGR4 gene.

[0276] Such ability of the present double-stranded mol-
ecules and vectors to inhibit cell growth of lung cancer cells
indicates that they can be used for methods for treating and/or
preventing lung cancer. Thus, the present invention provides
methods to treat patients with lung cancer by administering a
double-stranded molecule against SYNGR4 gene or a vector
expressing the molecule without adverse side effects because
the SYNGR4 gene is not overexpressed in normal tissues
(FIGS. 1A, 2A and B).

[0277] Specifically, the present invention provides the fol-
lowing methods [1] to [36]:

[0278] [1] A method for inhibiting a growth of cancer cell
and/or treating a cancer, wherein the cancer cell or the cancer
over-expresses the SYNGR4 gene, which method includes
the step of contacting the cell with at least one isolated
double-stranded molecule that specifically inhibits the
expression of SYNGR4 in a cancer cell over-expressing the
gene, thereby inhibiting the growth of the lung cancer cell
and/or treating the lung cancer.

[0279] [2] The method of [1], wherein the double-stranded
molecule acts at SYNGR4 mRNA which matches a target
sequence selected from among SEQ ID NO: 11 (at the posi-
tion 0f 389-407nt of SEQ ID NO: 13) and SEQ IDNO: 12 (at
the position 0f 754-772nt of SEQID NO: 13), SEQID NO:19
(at the position 519-537nt of SEQ ID NO: 13) and SEQ ID
NO:20 (at the position 520-538nt of SEQ ID NO: 13).
[0280] [3] The method of [2], wherein the sense strand
contains the sequence corresponding to a target sequence
selected from among SEQ ID NOs: 11, 12, 19 and 20.
[0281] [4] The method of [1], wherein the cancer to be
treated is lung cancer;

[0282] [5] The method of [4], wherein the lung cancer is
NSCLC or SCLC;

[0283] [6] The method of [1], whereina plurality of double-
stranded molecules that specifically inhibit the expression of
SYNGR4 are administered;

[0284] [7] The method of [3], wherein the sense strand of
the double-stranded molecule has a length of less than about
100 nucleotides;

[0285] [8] The method of [7], wherein the sense strand of
the double-stranded molecule has a length of less than about
75 nucleotides;

[0286] [9] The method of [8], wherein the sense strand of
the double-stranded molecule has a length of less than about
50 nucleotides;

[0287] [10] The method of [9], wherein the sense strand of
the double-stranded molecule has a length of less than about
25 nucleotides;

[0288] [11] The method of[10], wherein the sense strand of
the double-stranded molecule has a length of between about
19 and about 25 nucleotides in length;

[0289] [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,

[0290] [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, 12, 19 and 20, [B] is the intervening single strand
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composed of 3 to 23 nucleotides, and [A'] is the antisense
strand containing a sequence complementary to [A];

[0291] [14] The method of [1], wherein the double-
stranded molecule is an RNA;

[0292] [15] The method of [1], wherein the double-
stranded molecule contains both DNA and RNA;

[0293] [16] The method of [15], wherein the double-
stranded molecule is a hybrid of a DNA polynucleotide and
an RNA polynucleotide;

[0294] [17] The method of [16] wherein the sense and
antisense strand polynucleotides are composed of DNA and
RNA, respectively;

[0295] [18] The method of [15], wherein the double-
stranded molecule is a chimera of DNA and RNA;

[0296] [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;

[0297] [20] The method of [19], wherein the flanking
region is composed of 9 to 13 nucleotides;

[0298] [21] The method of [1], wherein the double-
stranded molecule contains 3' overhangs;

[0299] [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.

[0300] [23] The method of [1], wherein the double-
stranded molecule is encoded by a vector;

[0301] [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
ID NO: 11 (at the position of 389-407nt of SEQ ID NO: 13),
SEQ ID NO: 12 (at the position of 754-772nt of SEQ ID NO:
13), SEQ ID NO:19 (at the position 519-537nt of SEQ ID
NO: 13) and SEQ ID NO:20 (at the position 520-538nt of
SEQ ID NO: 13).

[0302] [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, 12, 19 and 20.

[0303] [26] The method of [23], wherein the cancer to be
treated is lung cancer;

[0304] [27] The method of [26], wherein the lung cancer is
NSCLC or SCLC;

[0305] [28] The method of [23], wherein plural kinds of the
double-stranded molecules are administered;

[0306] [29] The method of[25], wherein the sense strand of
the double-stranded molecule encoded by the vector has a
length of less than about 100 nucleotides;

[0307] [30] The method of[29], wherein the sense strand of
the double-stranded molecule encoded by the vector has a
length of less than about 75 nucleotides;

[0308] [31] The method of[30], wherein the sense strand of
the double-stranded molecule encoded by the vector has a
length of less than about 50 nucleotides;

[0309] [32] The method of[31], wherein the sense strand of
the double-stranded molecule encoded by the vector has a
length of less than about 25 nucleotides;

[0310] [33] The method of[32], wherein the sense strand of
the double-stranded molecule encoded by the vector has a
length of between about 19 and about 25 nucleotides in
length;

[0311] [34] The method of [23], wherein the double-
stranded molecule encoded by the vector is composed of a
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single polynucleotide containing both the sense strand and
the antisense strand linked by an intervening single-strand;
[0312] [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, 12, 19 and 20, [B] is
a intervening single-strand is composed of 3 to 23 nucle-
otides, and [A'] is the antisense strand containing a sequence
complementary to [A]; and

[0313] [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. The methods of the present invention will be
described in more detail below.

[0314] The growth of cells expressing SYNGR4 gene may
be inhibited by contacting the cells with a double-stranded
molecule that specifically anneals to the SYNGR4 gene, a
vector expressing the molecule or a composition containing
the same. The cell may be further contacted with a transfec-
tion 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 com-
pared to a cell not exposed to the molecule. Cell growth may
be measured by methods known in the art, including, e.g.,
using the MTT cell proliferation assay.

[0315] The growth of any kind of cell may be suppressed
according to the present method so long as the cell expresses
or over-expresses SYNGR4, the target gene of the double-
stranded molecule of the present invention. Exemplary cells
include lung cancer cells, including both NSCLC and SCLC.
[0316] Thus, patients suffering from or at risk of develop-
ing disease caused or promoted in part by the overexpression
of SYNGR4 may be treated by administering at least one of
the present double-stranded molecules, at least one vector
expressing at least one of the molecules or at least one com-
position containing at least one of the molecules. For
example, patients of lung 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 cancer may be diagnosed, for example,
with Carcinoembryonic antigen (CEA), CYFRA, pro-GRP
and so on, as lung cancer marker, or with Chest X-Ray and/or
Sputum Cytology. More preferably, patients treated by the
methods of the present invention are selected by detecting the
expression of SYNGR4 in a biopsy from the patient by RT-
PCR or immunoassay. Preferably, before the treatment of the
present invention, the biopsy specimen from the subject is
confirmed for SYNGR4 gene over-expression by methods
known in the art, for example, immunohistochemical analysis
or RT-PCR.

[0317] According to the present method to inhibit lung
cancer cell growth and thereby treating lung cancer, when
administering a plurality of double-stranded molecules (or
vectors expressing or compositions containing the same),
each of the molecules may have different structures but act at
mRNA which matches the same target sequence of SYNGR4.
Alternatively, a plurality of double-stranded molecules may
actat mRNA which matches different target sequences within
the SYNGR4 gene or acts at mRNA which matches different
target sequence of different gene. For example, the method
may utilize double-stranded molecules directed to SYNGRA4.
Alternatively, for example, the method may utilize double-
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stranded molecules directed to one, two or more target
sequence of within the SYNGR4 coding sequence.

[0318] For inhibiting lung cancer cell growth, a double-
stranded molecule of the present invention may be directly
introduced into the cells in a form to achieve binding of the
molecule with corresponding mRNA transcripts. Alterna-
tively, 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, transfection-enhancing agent, such as FuGENE
(Roche diagnostics), Lipofectamine 2000 (Invitrogen), Oli-
gofectamine (Invitrogen), and Nucleofector (Wako pure
Chemical), may be employed.

[0319] The term “specifically inhibit” in the context of
inhibitory polynucleotides and polypeptides refers to the abil-
ity of an agent or ligand to preferentially inhibit the expres-
sion or the biological function of SYNGR4 in comparison to
the expression or biological function of polynucleotides and
polypeptides other than SYNGR4. Specific inhibition typi-
cally results in at least about a 2-fold inhibition over back-
ground, preferably greater than about 10 fold and most pref-
erably greater than 100-fold inhibition of 10 fold expression
(e.g., transcription or translation) or measured biological
function (e.g., cell growth or proliferation, inhibition of apo-
ptosis, intracellular signaling from SYNGR4). Expression
levels and/or biological function can be measured in the con-
text of comparing treated and untreated cells, or a cell popu-
lation before and after treatment. In some embodiments, the
expression or biological function of SYNGR4 is completely
inhibited. Typically, specific inhibition is a statistically mean-
ingful reduction in SYNGR4 expression or biological func-
tion (e.g., p<=0.05) using an appropriate statistical test.
[0320] A treatment is deemed “efficacious” if it leads to
clinical benefit such as, reduction in expression of SYNGR4
gene, or a decrease in size, prevalence, or metastatic potential
of the cancer in the subject. When the treatment is applied
prophylactically, “efficacious” means that it retards or pre-
vents cancers from forming or prevents or alleviates a clinical
symptom of cancer. Efficaciousness is determined in associa-
tion with any known method for diagnosing or treating the
particular tumor type.

[0321] It is understood that the double-stranded molecules
ofthe invention degrade the SYNGR4 mRNA in substoichio-
metric amounts. Without wishing to be bound by any theory,
it is believed that the double-stranded molecules of the inven-
tion cause degradation of the target mRNA in a catalytic
manner. Thus, compared to standard cancer therapies, signifi-
cantly less double-stranded molecule needs to be delivered at
or near the site of cancer to exert a therapeutic effect.

[0322] Oneskilled in the art can readily determine an effec-
tive amount of the double-stranded molecules 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
molecules of the invention is an intracellular 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.
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[0323] The present methods can be used to inhibit the
growth or metastasis of a cancer expressing SYNGR4; for
example lung cancer, especially NSCLC or SCLC. In particu-
lar, a double-stranded molecule containing a target sequence
of SYNGRA4 (i.e., SEQIDNO: 11, 12,19 or 20) is particularly
preferred for the treatment of lung cancer. For treating cancer,
the double-stranded molecules of the invention can also be
administered to a subject in combination with a pharmaceu-
tical agent different from the double-stranded molecule.
Alternatively, the double-stranded molecules of the invention
can be administered to a subject in combination with another
therapeutic method designed to treat cancer. For example, the
double-stranded molecules of the invention can be adminis-
tered in combination with therapeutic methods currently
employed for treating cancer or preventing cancer metastasis
(e.g., radiation therapy, surgery and treatment using chemo-
therapeutic agents, such as cisplatin, carboplatin, cyclophos-
phamide, 5-fluorouracil, adriamycin, daunorubicin or tamox-
ifen).

[0324] 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.

[0325] 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.
[0326] Liposomes can aid in the delivery of the double-
stranded molecule to a particular tissue, such as lung tumor
tissue, and can also increase the blood half-life of the double-
stranded molecule. Liposomes suitable for use in the inven-
tion are formed from standard vesicle-forming lipids, which
generally include neutral or negatively charged phospholip-
ids and a sterol, such as cholesterol. The selection of lipids is
generally 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
liposomes, 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.

[0327] 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.

[0328] In particular, the liposomes encapsulating the
present double-stranded molecule are modified so as to avoid
clearance by the mononuclear macrophage and reticuloen-
dothelial systems, for example, by having opsonization-inhi-
bition 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.

[0329] 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-
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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.
[0330] 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.

[0331] 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
polyacrylamide 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
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.

[0332] Preferably, the opsonization-inhibiting moiety is a
PEG, PPG, or derivatives thereof. Liposomes modified with
PEG or PEG-derivatives are sometimes called “PEGylated
liposomes”.

[0333] 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)BHj,
and a solvent mixture such as tetrahydrofuran and water in a
30:12 ratio at 60 degrees C.

[0334] Vectors expressing a double-stranded molecule of
the 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
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(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.

[0335] The double-stranded molecules 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.

[0336] Suitable enteral administration routes include oral,
rectal, inhalational or intranasal delivery.

[0337] Suitable parenteral administration routes include
intravascular administration (e.g., intravenous bolus injec-
tion, 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 preferred that injec-
tions or infusions of the double-stranded molecule or vector
be given at or near the site of cancer.

[0338] The double-stranded molecules of the invention can
be administered in a single dose or in multiple doses. Where
the administration of the double-stranded molecules 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.

[0339] One skilled in the art can also readily determine an
appropriate dosage regimen for administering the double-
stranded molecules 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.

[0340] Compositions Containing a Double-Stranded Mol-
ecule of the Present Invention:

[0341] 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. Specifically, the present invention
provides the following compositions [1] to [36]:

[0342] [1] A composition for inhibiting a growth of cancer
cell and treating a cancer, wherein the cancer cell and the
cancer over-expresses the SYNGR4 gene, including at least
one isolated double-stranded molecule inhibiting the expres-
sion of SYNGR4 and the cell proliferation, which molecule is
composed of a sense strand and an antisense strand comple-
mentary thereto, hybridized to each other to form the double-
stranded molecule.
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[0343] [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-
tion 0f 389-407ut of SEQ ID NO: 13), SEQID NO:12 (at the
position of 754-772nt of SEQ ID NO: 13), SEQ ID NO:19 (at
the position 519-537nt of SEQ ID NO: 13) and SEQ ID
NO:20 (at the position 520-538nt of SEQ ID NO: 13).
[0344] [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, 12, 19 and 20.

[0345] [4] The composition of [1], wherein the cancer to be
treated is lung cancer;

[0346] [5] The composition of [4], wherein the lung cancer
is NSCLC or SCLC;

[0347] [6] The composition of[1], wherein the composition
contains plural kinds of the double-stranded molecules;
[0348] [7] The composition of [3], wherein the sense strand
of the double-stranded molecule has a length of less than
about 100 nucleotides;

[0349] [8] The composition of [7], wherein the sense strand
of the double-stranded molecule has a length of less than
about 75 nucleotides;

[0350] [9] The composition of [8], wherein the sense strand
of the double-stranded molecule has a length of less than
about 50 nucleotides;

[0351] [10] The composition of [9], wherein the sense
strand of the double-stranded molecule has a length of less
than about 25 nucleotides;

[0352] [11] The composition of [10], wherein the sense
strand of the double-stranded molecule has a length of
between about 19 and about 25 nucleotides;

[0353] [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;

[0354] [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
IDNOs: 11,12,19 and 20, [ B] is the intervening single-strand
consisting of 3 to 23 nucleotides, and [A'] is the antisense
strand contains a sequence complementary to [A];

[0355] [14] The composition of [1], wherein the double-
stranded molecule is an RNA;

[0356] [15] The composition of [1], wherein the double-
stranded molecule is DNA and/or RNA;

[0357] [16] The composition of [15], wherein the double-
stranded molecule is a hybrid of a DNA polynucleotide and
an RNA polynucleotide;

[0358] [17] The composition of [16], wherein the sense and
antisense strand polynucleotides are composed of DNA and
RNA, respectively;

[0359] [18] The composition of [15], wherein the double-
stranded molecule is a chimera of DNA and RNA;

[0360] [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;

[0361] [20] The composition of [19], wherein the flanking
region is composed of 9 to 13 nucleotides;

[0362] [21] The composition of [1], wherein the double-
stranded molecule contains 3' overhangs;
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[0363] [22] The composition of [1], wherein the composi-
tion includes a transfection-enhancing agent and pharmaceu-
tically acceptable carrier.

[0364] [23] The composition of [1], wherein the double-
stranded molecule is encoded by a vector and contained in the
composition;

[0365] [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
ID NO: 11 (at the position of 389-407nt of SEQ ID NO: 13),
SEQ ID NO: 12 (at the position of 754-772nt of SEQ ID NO:
13), SEQ ID NO:19 (at the position 519-537nt of SEQ ID
NO: 13) and SEQ ID NO:20 (at the position 520-538nt of
SEQ ID NO: 13).

[0366] [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, 12, 19 and 20.
[0367] [26] The composition of [23], wherein the cancer to
be treated is lung cancer;

[0368] [27] The composition of [26], wherein the lung can-
cer is NSCLC or SCLC;

[0369] [28] The composition of [23], wherein plural kinds
of the double-stranded molecules are administered,

[0370] [29] The composition of [25], wherein the sense
strand of the double-stranded molecule encoded by the vector
has a length of less than about 100 nucleotides;

[0371] [30] The composition of [29], wherein the sense
strand of the double-stranded molecule encoded by the vector
has a length of less than about 75 nucleotides;

[0372] [31] The composition of [30], wherein the sense
strand of the double-stranded molecule encoded by the vector
has a length of less than about 50 nucleotides;

[0373] [32] The composition of [31], wherein the sense
strand of the double-stranded molecule encoded by the vector
has a length of less than about 25 nucleotides;

[0374] [33] The composition of [32], wherein the sense
strand of the double-stranded molecule encoded by the vector
has a length of between about 19 and about 25 nucleotides in
length;

[0375] [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;
[0376] [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, 12, 19 and 20, [B] is a intervening single-strand
composed of 3 to 23 nucleotides, and [A'] is the antisense
strand containing a sequence complementary to [A]; and
[0377] [36] The composition of [23], wherein the compo-
sition includes a transfection-enhancing agent and pharma-
ceutically acceptable carrier.

[0378] Suitable compositions of the present invention are
described in additional detail below.

[0379] 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
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within the skill in the art, for example as described in Rem-
ington: The Science and Practice of Pharmacy, 21st ed., Lip-
pincott, Williams and Wilkins. (2005), the entire disclosure of
which is herein incorporated by reference.

[0380] 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.

[0381] According to the present invention, the composition
may contain a plurality of double-stranded molecules, each of
the molecules may be directed to the same target sequence, or
different target sequences of SYNGR4. For example, the
composition may contain double-stranded molecules
directed to SYNGR4. Alternatively, for example, the compo-
sition may contain double-stranded molecules directed to
one, two or more target sequences SYNGR4.

[0382] Furthermore, the present composition may contain a
vector coding for one or a plurality of double-stranded mol-
ecules. For example, the vector may encode one, two or
several kinds of the present double-stranded molecules.
Alternatively, the present composition may contain a plural-
ity of vectors, each of the vectors coding for a different
double-stranded molecule.

[0383] 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.

[0384] 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-
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. For
solid compositions, conventional nontoxic solid carriers can
be used; for example, pharmaceutical grades of mannitol,
lactose, starch, magnesium stearate, sodium saccharin, tal-
cum, cellulose, glucose, sucrose, magnesium carbonate, and
the like. For example, a solid pharmaceutical composition for
oral administration can include any of the carriers and excipi-
ents listed above and 10-95%, preferably 25-75%, of one or
more double-stranded molecules of the invention. A pharma-
ceutical composition for aerosol (inhalational) administra-
tion can include 0.01-20% by weight, preferably 1-10% by
weight, of one or more double-stranded molecules 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.

[0385] 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 present
double-stranded molecules. For example, the composition
may contain chemotherapeutic agents conventionally used
for treating cancers.
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[0386] In another embodiment, the present invention also
provides the use of the double-stranded nucleic acid mol-
ecules of the present invention in manufacturing a pharma-
ceutical composition for treating a lung cancer characterized
by the over-expression of SYNGR4. For example, the present
invention relates to a use of double-stranded nucleic acid
molecule inhibiting the expression of SYNGR4 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 SEQID NOs: 11,12, 19 and
20, for manufacturing a pharmaceutical composition for
treating lung cancer over-expressing SYNGR4.

[0387] Alternatively, the present invention further provides
a method or process for manufacturing a pharmaceutical
composition for treating a cancer caused or promoted in part
by the overexpression of SYNGRA4, e.g., a lung cancer char-
acterized by the over-expression of SYNGR4, wherein the
method or process includes a step for formulating a pharma-
ceutically or physiologically acceptable carrier with a
double-stranded nucleic acid molecule inhibiting the expres-
sion of SYNGR4 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 SEQID NOs: 11,12, 19 and
20 as active ingredients.

[0388] In another embodiment, the present invention also
provides a method or process for manufacturing a pharma-
ceutical composition for treating a cancer caused or promoted
in part by the overexpression of SYNGR4, e.g., a lung cancer
characterized by the expression of SYNGR4, wherein the
method or process includes a step for admixing an active
ingredient with a pharmaceutically or physiologically accept-
able carrier, wherein the active ingredient is a double-
stranded nucleic acid molecule inhibiting the expression of
SYNGR4 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, 12, 19 and
20.

[0389] Method of Detecting or Diagnosing Lung Cancer

[0390] The expression of SYNGR4 was found to be spe-
cifically elevated in lung cancer cells (FIG. 1). Therefore, the
genes identified herein as well as their transcription and trans-
lation products find diagnostic utility as markers for lung
cancer and by measuring the expression of SYNGR4 in a lung
tissue sample, lung cancer can be diagnosed. Specifically, the
present invention provides a method for diagnosing lung can-
cer by determining the expression level of SYNGR4 in the
subject. Lung cancers that can be diagnosed by the present
method include NSCLC and SCLC. Furthermore, NSCLC,
including lung adenocarcinoma and lung squamous cell car-
cinoma (SCC), can also be diagnosed or detected by the
present invention.

[0391] 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 diagnose that a subject suffers from the disease.
Alternatively, the present invention may be used to detect
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cancerous cells in a subject-derived tissue, and provide a
doctor with useful information to diagnose that the subject
suffers from the disease.

[0392] Alternatively, the present invention provides a
method for detecting or identifying cancer cells in a subject-
derived lung tissue sample, said method including the step of
determining the expression level of the SYNGR4 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 lung tissue.

[0393] Such results 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 SYNGR4
gene, plus a different aspect of the disease including tissue
pathology, 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.
Namely, in this particular embodiment of the present inven-
tion, the outcome of the gene expression analysis serves as an
intermediate result for further diagnosis of a subject’s disease
state.

[0394] In another embodiment, the present invention pro-
vides a method for detecting a diagnostic marker of cancer,
said method including the step of detecting the expression of
the SYNGRA4 gene in a subject-derived biological sample as
a diagnostic marker of lung cancer. Specifically, the present
invention provides the following methods [1] to [10]:

[0395] [1] A method for diagnosing lung cancer, said
method including the steps of:

[0396] (a) detecting the expression level of the gene encod-
ing the amino acid sequence of SYNGR4 in a biological
sample; and

[0397] (b) correlating an increase in the expression level
detected as compared to a normal control level of the gene to
the presence of disease.

[0398] [2] The method of [1], wherein the expression level
is at least 10% greater than the normal control level.

[0399] [3] The method of [1], wherein the expression level
is detected by a method selected from among:

[0400] (a) detecting an mRNA including the sequence of
SYNGRA4,
[0401] (b) detecting a protein including the amino acid

sequence of SYNGR4, and

[0402] (c)detecting abiological activity of a protein includ-
ing the amino acid sequence of SYNGR4.

[0403] [4] The method of [1], wherein the lung cancer is
NSCLC or SCLC.

[0404] [5] The method of [3], wherein the expression level
is determined by detecting hybridization of a probe to a gene
transcript of the gene.

[0405] [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.
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[0406] [7] The method of [1], wherein the biological
sample includes biopsy, sputum or blood.

[0407] [8] The method of [1], wherein the subject-derived
biological sample includes an epithelial cell.

[0408] [9] The method of [1], wherein the subject-derived
biological sample includes a cancer cell.

[0409] [10] The method of [1], wherein the subject-derived
biological sample includes a cancerous epithelial cell.
[0410] The method of diagnosing lung cancer will be
described in more detail below.

[0411] 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.

[0412] TItis preferred to 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 SYNGR4. 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, serum, plasma,
saliva, 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 cancer-
ous, e.g., lung tissue. Further, if necessary, the cell may be
purified from the obtained bodily tissues and fluids, and then
used as the biological sample.

[0413] According to the present invention, the expression
level of SYNGR4 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 SYNGR4 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 SYNGR4. Those
skilled in the art can prepare such probes utilizing the
sequence information of the SYNGR4 (SEQ ID NO 13; Gen-
Bank accession number: NM__012451). For example, the
cDNA of SYNGR4 may be used as the probes. If necessary,
the probe may be labeled 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.
Furthermore, the transcription product of SYNGR4 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 primers (SEQ ID NOs: 7 and 8) used in the
Example may be employed for the detection by RT-PCR or
Northern blot, but the present invention is not restricted
thereto.

[0414] Specifically, a probe or primer used for the present
method hybridizes under stringent, moderately stringent, or
low stringent conditions to the mRNA of SYNGR4. 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
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condition is selected to be about 5 degrees 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 degrees Centigrade for
short probes or primers (e.g., 10to 50 nucleotides) and at least
about 60 degrees Centigrade for longer probes or primers.
Stringent conditions may also be achieved with the addition
of destabilizing agents, such as formamide.

[0415] Alternatively, the translation product may be
detected for the diagnosis of the present invention. For
example, the quantity of SYNGR4 protein may be deter-
mined. 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
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 for the detec-
tion, so long as the fragment retains the binding ability to
SYNGR4 protein. Methods to prepare these kinds of antibod-
ies 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.

[0416] As another method to detect the expression level of
SYNGR4 gene based on its translation product, the intensity
of'staining may be observed via immunohistochemical analy-
sis using an antibody against SYNGR4 protein. Namely, the
observation of strong staining indicates increased presence of
the protein and at the same time high expression level of
SYNGR4 gene.

[0417] Moreover, in addition to the expression level of
SYNGR4 gene, the expression level of other cancer-associ-
ated genes, for example, genes known to be differentially
expressed in lung cancer may also be determined to improve
the accuracy of the diagnosis. The expression level of the
SYNGR4 could also be correlated with a pathological deter-
mination of the cell and/or tissue for cancerous or pre-can-
cerous state.

[0418] The expression level of cancer marker genes,
including the SYNGR4 gene, in a biological sample can be
considered to be increased if it increases from the control
level of the corresponding 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.

[0419] 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 SYNGR4
gene in samples from subjects whose disease state are known.
Furthermore, 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
SYNGR4 gene in a biological sample may be compared to
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multiple 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 bio-
logical sample, e.g., lung tissue. Moreover, it is preferred, to
use the standard value of the expression levels of SYNGR4
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.

[0420] In the context of the present invention, a control
level determined from a biological sample that is known not
to be 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”.

[0421] When the expression level of SYNGR4 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. Fur-
thermore, in the case where the expression levels of multiple
cancer-related genes are compared, a similarity in the gene
expression pattern between the sample and the reference
which is cancerous indicates that the subject is suffering from
or at a risk of developing cancer.

[0422] Differences 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.

[0423] Methods for Assessing the Prognosis of Cancer

[0424] The present invention relates, in part, to the discov-
ery that SYNGR4 expression is significantly associated with
poorer prognosis of patients with lung cancer. Thus, the
present invention provides a method for determining or
assessing the prognosis of a patient with a cancer caused or
promoted in part by the over-expression of SYNGR4, in
particular lung cancer, by detecting the expression level of the
SYNGR4 in a biological sample of the patient; comparing the
detected expression level to a control level; and determining
aincreased expression level of SYNGR4 in comparison to the
normal control level as indicative of poor prognosis (poor
survival). In other embodiments, determining a similar or
increased expression level of SYNGR4 in comparison to a
cancerous control level is indicative of a poor prognosis.
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,
or poor prognosis is defined by a lower post-treatment sur-
vival term or survival rate. Conversely, a positive, favorable,
or good prognosis is defined by an elevated post-treatment
survival term or survival rate.

[0425] 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 SYNGR4 over time enables a predicting
of an outcome for the patient (e.g., increase or decrease in
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malignancy, increase or decrease in grade of a cancer, likeli-
hood of curing cancer, survival, and the like).

[0426] 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.

[0427] The patient-derived biological sample used for the
method may be any sample derived from the subject to be
assessed so long as the SYNGR4 gene can be detected in the
sample. The subject-derived biological sample may be any
sample derived from a subject, e.g., a patient known to have or
suspected of having lung cancer. Preferably, the biological
sample is a lung cell (a cell obtained from the lung). Further-
more, the biological sample may include bodily fluids such as
sputum, blood, serum, or plasma. Moreover, the sample may
be cells purified from a tissue. The biological samples may be
obtained from a patient at various time points, including
before, during, and/or after a treatment.

[0428] According to the present invention, it was shown
that the higher the expression level of the SYNGR4 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 out-
come. Thus, according to the present methods, the “control
level” used for comparison may be, for example, the expres-
sion level of the SYNGR4 gene detected before any kind of
treatment in an individual, or a population of individuals who
showed good or positive prognosis of cancer after the treat-
ment, which herein will be referred to as “good prognosis
control level”. Alternatively, the “control level” may be the
expression level of the SYNGR4 gene detected before any
kind of treatment in an individual, or a population of indi-
viduals 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 patterns. Thus, the control
level may be determined based on the expression level of the
SYNGR4 gene detected before any kind of treatment in a
patient of cancer, or a population of the patients whose dis-
ease state (good or poor prognosis) is known. Preferably,
cancer is lung cancer. It is preferred, to use the standard value
of the expression levels of the SYNGR4 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.

[0429] 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.
[0430] Alternatively, the control level may be determined
by a statistical method based on the results obtained by ana-
lyzing the expression level of the SYNGR4 gene in samples
previously collected and stored from a control group. Further-
more, the control level can be a database of expression pat-
terns from previously tested cells.
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[0431] Moreover, according to an aspect of the present
invention, the expression level of the SYNGR4 gene in a
biological sample may be compared to multiple control lev-
els, which control levels are determined from multiple refer-
ence 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.

[0432] According to the present invention, a similarity in
the expression level of the SYNGR4 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 SYNGRA4 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.
[0433] The expression level of the SYNGR4 gene in a
biological sample can be considered altered when the expres-
sion level differs from the control level by more than 1.0, 1.5,
2.0, 5.0, 10.0, or more fold.

[0434] 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 SYNGR4 genes.
[0435] 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.

[0436] For instance, the transcription product of the
SYNGRA4 gene can be detected by hybridization, e.g., North-
ern blot hybridization analyses, that use a SYNGR4 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 SYNGR4 gene. As another example, amplification-based
detection methods, such as reverse-transcription based poly-
merase chain reaction (RT-PCR) which use primers specific
to the SYNGR4 gene may be employed for the detection (see
Example). The SYNGR4 gene-specific probe or primers may
be designed and prepared using conventional techniques by
referring to the whole sequence of the SYNGR4 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.
[0437] Specifically, a probe or primer used for the present
method hybridizes under stringent, moderately stringent, or
low stringent conditions to the mRNA of the SYNGR4 gene.
As used herein, the phrase “stringent (hybridization) condi-
tions” 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
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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 degrees Centigrade for
short probes or primers (e.g., 10to 50 nucleotides) and at least
about 60 degrees Centigrade for longer probes or primers.
Stringent conditions may also be achieved with the addition
of destabilizing agents, such as formamide.

[0438] Alternatively, the translation product may be
detected for the assessment of the present invention. For
example, the quantity of the SYNGR4 protein may be deter-
mined. A method for determining the quantity of the protein
as the translation product includes immunoassay methods
that use an antibody specifically recognizing the SYNGR4
protein. The antibody may be monoclonal or polyclonal. Fur-
thermore, any fragment or modification (e.g., chimeric anti-
body, scFv, Fab, F(ab")2, Fv, etc.) of the antibody may be used
for the detection, so long as the fragment retains the binding
ability to the SYNGR4 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.

[0439] As another method to detect the expression level of
the SYNGR4 gene based on its translation product, the inten-
sity of staining may be observed via immunohistochemical
analysis using an antibody against SYNGR4 protein.
Namely, the observation of strong staining indicates
increased presence of the SYNGR4 protein and at the same
time high expression level of the SYNGR4 gene.

[0440] Furthermore, the SYNGR4 protein is known to have
a cell proliferating activity. Therefore, the expression level of
the SYNGR4 gene can be determined using such cell prolif-
erating activity as an index. For example, cells which express
SYNGR4 are prepared and cultured in the presence of a
biological sample, and then by detecting the extent of prolif-
eration in a predetermined time period, or by measuring the
cell cycle or the colony forming ability the cell proliferating
activity of the biological sample can be determined.

[0441] Moreover, in addition to the expression level of the
SYNGR4 gene, the expression level of other lung cancer-
associated genes, for example, genes known to be differen-
tially expressed in lung cancer may also be determined to
improve the accuracy of the assessment. Examples of such
other lung cell-associated genes include those described
herein and in WO 2004/031413 and WO 2005/090603, the
contents of which are incorporated by reference herein.

[0442] 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.
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[0443] 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.

[0444] A kit for diagnosing cancer or assessing the prog-
nosis of cancer:

[0445] The present invention provides a kit for diagnosing
cancer or assessing the prognosis of cancer. Preferably, the
cancer is lung cancer. Specifically, the kit includes at least one
reagent for detecting the expression of the SYNGR4 gene in
a patient-derived biological sample, which reagent may be
selected from the group of:

[0446] (a) a reagent for detecting mRNA of the SYNGR4
gene;

[0447] (b)areagent for detecting the SYNGR4 protein; and
[0448] (c) a reagent for detecting the biological activity of

the SYNGR4 protein.

[0449] Suitable reagents for detecting mRNA of the
SYNGR4 gene include nucleic acids that specifically bind to
or identify the SYNGR4 mRNA, including oligonucleotides
which have a complementary sequence to a part of the
SYNGR4 mRNA. These kinds of oligonucleotides are exem-
plified by primers and probes that are specific to the SYNGR4
mRNA. These kinds of oligonucleotides may be prepared
based on methods well known in the art. If desired, the
reagent for detecting the SYNGR4 mRNA may be immobi-
lized on a solid support, e.g., a bead, an array chip, a porous
strip, etc. Moreover, more than one reagent for detecting the
SYNGR4 mRNA may be included in the kit.

[0450] Suitable reagents for detecting the SYNGR4 protein
include antibodies to the SYNGR4 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 SYNGR4 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 label-
ing 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 invention. Moreover, more
than one reagent for detecting the SYNGR4 protein may be
included in the kit.

[0451] Furthermore, the biological activity can be deter-
mined by, for example, measuring the cell proliferating activ-
ity due to the expressed SYNGR4 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 in the presence and
absence of expression of the SYNGR4 protein. If needed, the
reagent for detecting the SYNGR4 mRNA may be immobi-
lized on a solid support. Moreover, more than one reagent for
detecting the biological activity of the SYNGR4 protein may
be included in the kit.

[0452] The kit may contain more than one of the aforemen-
tioned reagents. Furthermore, the kit may include a solid
support and reagent for binding a probe against the SYNGR4
gene or antibody against the SYNGR4 protein, a medium and
container for culturing cells, positive and negative control
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reagents, and a secondary antibody for detecting an antibody
against the SYNGR4 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
acommercial end 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 included 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.

[0453] As an embodiment of the present invention, when
the reagent is a probe against the SYNGR4 mRNA, the
reagent may be immobilized on a solid support, such as a
porous strip, to form at least one detection site. The measure-
ment or detection 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. Alternatively, control sites may be located on a strip
separated from the test strip. Optionally, the different detec-
tion 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 SYNGR4
mRNA present 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.
[0454] The kit of the present invention may further include
a positive control sample or SYNGR4 standard sample. The
positive control sample of the present invention may be pre-
pared by collecting SYNGR4 positive blood samples and
then those SYNGR4 levels are assayed. Alternatively, puri-
fied SYNGR4 protein or polynucleotide may be added to
SYNGR4 free serum to form the positive sample or the
SYNGR4 standard.

[0455] Screening for an Anti-Lung Cancer Compounds
[0456] In the context of the present invention, agents to be
identified through the present screening methods may be 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.

[0457] 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
macromolecular 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
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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 et al., 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 (US Pat. No. 5,223,409), spores
(US Pat. No. 5,571,698; 5,403,484, and 5,223,409), plasmids
(Cull et al., Proc Natl Acad Sci USA 1992, 89: 1865-9) or
phage (Scott and Smith, Science 1990, 249: 386-90; Devlin,
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).

[0458] 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.

[0459] Furthermore, when the screened test agent is a pro-
tein, for obtaining a DNA encoding the protein, either the
whole amino acid sequence of the protein may be determined
to deduce the nucleic acid sequence coding for the protein, or
a 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
for its usefulness in preparing the test agent which is a can-
didate for treating or preventing cancer.

[0460] Testagents useful in the screenings described herein
can also be antibodies that specifically bind to SYNGR4
protein or partial peptides thereof that lack the biological
activity of the original proteins in vivo.

[0461] 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.

[0462] (i) Molecular Modeling:

[0463] 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 SYNGR4. One approach to preliminary screening of test
agents suitable for further evaluation is computer modeling of
the interaction between the test agent and its target.

[0464] Computer modeling technology allows the visual-
ization of the three-dimensional atomic structure ofa 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 crystallographic analy-
sis or NMR imaging of the selected molecule. The molecular
dynamics require force field data. Computer graphics sys-
tems enable prediction of how a new compound 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-com-
pound interaction will be when small changes are made in one
or both requires molecular mechanics software and compu-
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tationally intensive computers, usually coupled with user-
friendly, menu-driven interfaces between the molecular
design program and the user.

[0465] 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.

[0466] A number of articles review computer modeling of
drugs interactive with specific proteins, such as Rotivinen et
al. Acta Pharmaceutica Fennica 1988, 97: 159-66; Ripka,
New Scientist 1988, 54-8; McKinlay & Rossmann, Annu Rev
Pharmacol 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.

[0467] 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 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.

[0468] 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 treating or preventing the lung cancer.

[0469] (ii) Combinatorial Chemical Synthesis:

[0470] 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.

[0471] 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
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(Hagihara et al., J] Amer Chem Soc 1992, 114: 6568), non-
peptidal peptidomimetics with glucose scaffolding (Hir-
schmann et al., ] 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 1995-2009 Wiley Interscience; Sambrook
et al., Molecular Cloning: A Laboratory Manual, 3rd Ed,
2001, Cold Spring Harbor Laboratory, New York, USA),
peptide nucleic acid libraries (see, e.g., U.S. Pat. No. 5,539,
083), antibody libraries (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.; iso-
prenoids, U.S. Pat. No. 5,569,588 thiazolidinones and met-
athiazanones, 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; benzodiazepines, U.S. Pat. No. 5,288,
514, and the like).

[0472] Devices for the preparation of combinatorial librar-
ies are commercially available (see, e.g., 357 MPS, 390 MPS,
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.).

[0473] (iii) Other Candidates:

[0474] 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., ] Inmunologic 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, Int J
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.

[0475] 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.

[0476] Screening for an SYNGR4 Binding Compound
[0477] In present invention, over-expression of SYNGR4
was detected in lung cancer, where no expression of
SYNGR4 was observed in normal organs (FIGS. 1 and 2).
Therefore, using the SYNGR4 genes, proteins encoded by the
genes, the present invention provides a method of screening
for a compound that binds to SYNGR4. Due to the expression
of SYNGR4 in lung cancer, a compound binds to SYNGR4 is



US 2011/0262463 Al

expected to suppress the proliferation of lung cancer cells,
and thus be useful for treating or preventing lung cancer.
Therefore, the present invention also provides a method for
screening a compound that suppresses the proliferation of
lung cancer cells, and a method for screening a compound for
treating or preventing lung cancer using the SYNGR4
polypeptide. Specially, an embodiment of this screening
method includes the steps of:

[0478] (a) contacting a test compound with a polypeptide
encoded by a polynucleotide of SYNGR4;

[0479] (b) detecting the binding activity between the
polypeptide and the test compound; and

[0480] (c) selecting the test compound that binds to the
polypeptide.
[0481] Inthe present invention, it is revealed that suppress-

ing the expression of SYNGR4, reduces lung cancer cell
growth. Thus, by screening for candidate compounds that
binds to the SYNGR4 polypeptide, candidate compounds
that find use to treat or prevent lung cancers can be identified.
The usefulness of the candidate compounds to treat or prevent
lung cancers may be evaluated by a secondary and/or further
screening to identify therapeutic agents for lung cancers.
[0482] According to the present invention, the therapeutic
effect of the test agent or compound on inhibiting the lung
cancer cell growth or a candidate agent or compound for
treating or preventing a disease that is in part caused or
promoted by SYNGR4 expression (“SYNGR4 associating
disease’””) may be evaluated. Therefore, the present invention
also provides a method of screening for a candidate agent or
compound for inhibiting the cell growth or a candidate agent
or compound for treating or preventing SYNGR4 associating
disease, using the SYNGR4 polypeptide or fragments thereof
including the steps as follows:

[0483] a) contacting a test agent or compound with the
SYNGR4 polypeptide or a functional fragment thereof;
[0484] b) detecting the binding activity between the
polypeptide or a functional fragment thereof, and the test
compound, and

[0485] c) correlating the binding activity of b) with the
therapeutic effect of the test agent or compound.

[0486] In the present invention, the therapeutic effect may
be correlated with the binding activity to SYNGR4 polypep-
tide or a functional fragment thereof. For example, when the
test agent or compound bind to SYNGR4 polypeptide or a
functional fragment thereof, the test agent or compound may
be identified or selected as the candidate agent or compound
having the therapeutic effect. Alternatively, when the test
agent or compound does not bind to SYNGR4 polypeptide or
a functional fragment thereof, the test agent or compound
may be identified as the agent or compound having no sig-
nificant therapeutic effect.

[0487] The screening methods of the present invention will
be described in more detail below.

[0488] The SYNGR4 polypeptide to be used for screening
may be a recombinant polypeptide or a protein derived from
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.

[0489] As amethod of screening for proteins, for example,
that bind to the SYNGR4 polypeptide using the SYNGR4
polypeptide, any method known in the art can be used. Such
a screening can be conducted by, for example, immunopre-
cipitation method, specifically, in the following manner. The
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gene encoding the SYNGR4 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.

[0490] 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.

[0491] 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.

[0492] The polypeptide encoded by SYNGR4 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 SYNGR4 polypeptide by the
fusion is also reported. Epitopes, such as polyhistidine (His-
tag), influenza aggregate HA, human c-myc, FLAG, Vesicu-
lar stomatitis virus glycoprotein (VSV-GP), T7 gene 10 pro-
tein (T7-tag), human simple herpes virus glycoprotein (HSV-
tag), E-tag (an epitope on monoclonal phage) and such, and
monoclonal antibodies recognizing them can be used as the
epitope-antibody system for screening proteins binding to the
SYNGR4 polypeptide (Experimental Medicine 13: 85-90
(1995)).

[0493] 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 SYNGR4 polypeptide, a polypeptide including the
binding ability with the polypeptide, and an antibody. Immu-
noprecipitation can be also conducted using antibodies
against the SYNGR4 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 amouse IgG antibody. If the polypeptide
encoded by SYNGR4 gene is prepared as a fusion protein
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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 SYNGR4 polypeptide, using a substance specifi-
cally binding to these epitopes, such as glutathione-
Sepharose 4B.

[0494] 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)).

[0495] 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 SYNGR4 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 **5-cysteine, 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.

[0496] Asamethod of screening for proteins binding to the
SYNGR4 polypeptide using the polypeptide, for example,
West-Western blotting analysis (Skolnik et al., Cell 65: 83-90
(1991)) can be used. Specifically, a protein binding to the
SYNGR4 polypeptide can be obtained by preparing a cDNA
library from cultured cells (e.g., LC176, LC319, A549, NCI-
H23, NCI-H226, NCI-H522, PC3, PC9, PC14, SK-LU-1,
EBC-1, RERF-LC-AI, SK-MES-1, SW900, and SW1573)
expected to express a protein binding to the SYNGR4
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 SYNGR4 polypeptide with
the above filter, and detecting the plaques expressing proteins
bound to the SYNGR4 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 SYNGR4, or a peptide
or polypeptide (for example, GST) that is fused to the
SYNGR4 polypeptide. Methods using radioisotope or fluo-
rescence and such may be also used.

[0497] 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)”).
[0498] Inthetwo-hybrid system, the SYNGR4 polypeptide
is fused to the SRF-binding region or GAL4-binding 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 activation 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 cDNA can be
prepared by introducing the cDNA isolated above to E. coli
and expressing the protein. As a reporter gene, for example,
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Ade2 gene, lacZ gene, CAT gene, luciferase gene and such
can be used in addition to the HTS3 gene.

[0499] A compound binding to the polypeptide encoded by
SYNGR4 gene can also be screened using affinity chroma-
tography. 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.
[0500] A biosensor using the surface plasmon resonance
phenomenon may be used as a means for detecting or quan-
tifying 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, BlAcore, Pharmacia). Therefore, it is possible to
evaluate the binding between the polypeptide of the invention
and a test compound using a biosensor such as BIAcore.
[0501] Methods of screening for molecules that bind when
the immobilized SYNGR4 polypeptide is exposed to syn-
thetic chemical compounds, or natural substance banks or a
random phage peptide display library, and methods of screen-
ing 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 SYNGR4 protein (including agonist and
antagonist) are well known to one skilled in the alt.

[0502] Screening for a Compound Suppressing the Bio-
logical Activity of SYNGR4

[0503] In the present invention, the SYNGR4 protein has
the activity of promoting cell proliferation of lung cancer
cells (FIG. 3B), and cell invasion activity (FIG. 4A). Using
these biological activities, the present invention provides a
method for screening a compound that suppresses the prolif-
eration of lung cancer cells, and a method for screening a
compound for treating or preventing lung cancer. Thus, the
present invention provides a method of screening for a com-
pound for treating or preventing lung cancer using the
polypeptide encoded by the SYNGR4 gene including the
steps as follows:

[0504] (a) contacting a test compound with a polypeptide
encoded by a polynucleotide of SYNGR4;

[0505] (b) detecting the biological activity of the polypep-
tide of step (a); and

[0506] (c) selecting the test compound that suppresses the
biological activity of the polypeptide encoded by the poly-
nucleotide of SYNGR4 as compared to the biological activity
of said polypeptide detected in the absence of the test com-
pound.

[0507] Inthe present invention, it is revealed that suppress-
ing the expression of SYNGR4, reduces lung cancer cell
growth. Thus, by screening for candidate compounds that
inhibit the biological activity of SYNGR4 polypeptide, can-
didate compounds that find use to treat or prevent lung can-
cers can be identified. The potential of these candidate com-
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pounds to treat or prevent cancers may be evaluated by a
secondary and/or further screening to identify therapeutic
agents useful in treating or preventing lung cancers. For
example, when a compound binding to SYNGR4 protein
inhibits, e.g., the proliferative or invasive activities of the lung
cancer cells, it may be concluded that such compound has the
SYNGR4 specific therapeutic effect.

[0508] 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 SYNGR4 associating disease may be evaluated.
Therefore, the present invention also provides a method of
screening for a candidate agent or compound for inhibiting
the cell growth or a candidate agent or compound for treating
or preventing SYNGR4 associating disease, using the
SYNGR4 polypeptide or fragments thereof including the
steps as follows:

[0509] a) contacting a test agent or compound with the
SYNGR4 polypeptide or a functional fragment thereof; and
[0510] b) detecting the biological activity of the polypep-
tide or fragment of step (a), and

[0511] c) correlating the biological activity of b) with the
therapeutic effect of the test agent or compound.

[0512] In the present invention, the therapeutic effect may
be correlated with the biological activity SYNGR4 polypep-
tide or a functional fragment thereof. For example, when the
test agent or compound suppresses or inhibits the biological
activity SYNGR4 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 be
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 SYNGR4 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 be
identified as the agent or compound having no significant
therapeutic effect. The methods of the present invention will
be described in more detail below. Any SYNGR4 polypep-
tides can be used for screening so long as they include the
biological activity of the SYNGR4 protein. Such biological
activity includes cell-proliferating activity or invasive activity
of the SYNGR4 protein. For example, SYNGR4 protein can
be used and polypeptides functionally equivalent to these
proteins can also be used. Such polypeptides may be
expressed endogenously or exogenously by cells. Further
SYNGR4 protein has interacting activity with GRB2, and
tyrosine-46 residue of SYNGR4 is indispensable for the
activity. SYNGR4 could exert oncogenic function possibly
with GRB2-PAK1 and subsequent MAPK signal activation.
[0513] The compound isolated by this screening is a can-
didate for antagonists of the polypeptide encoded by
SYNGR4 gene. The term “antagonist” refers to molecules
that inhibit the function of the polypeptide by binding thereto.
Said term also refers to molecules that reduce or inhibit
expression of the gene encoding SYNGR4. Moreover, a com-
pound isolated by this screening is a candidate for compounds
which inhibit the in vivo interaction of the SYNGR4 polypep-
tide with molecules (including DNAs and proteins).

[0514] 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 SYNGR4
polypeptide, culturing the cells in the presence of a test com-
pound, and determining the speed of cell proliferation, mea-
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suring the cell cycle and such, as well as by measuring sur-
vival cells or the colony forming activity, for example, shown
in FIG. 3. The compounds that reduce the speed of prolifera-
tion of the cells expressed SYNGR4 are selected as candidate
compounds for treating or preventing lung cancer.

[0515] More specifically, the method includes the step of:
[0516] (a) contacting a test compound with cells overex-
pressing SYNGR4;

[0517] (b) measuring cell-proliferating activity; and
[0518] (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.
[0519] In preferable embodiments, the method of the
present invention may further include the steps of:

[0520] (d) selecting the test compound that has no effect on
the cells that express little or no SYNGRA4.

[0521] When the biological activity to be detected in the
present method is invasive activity, it can be detected, for
example, by preparing cells which express SYNGR4
polypeptide and counting invasive cells number using any
method known in the art, e.g., using a matrigel invasion assay,
for example, shown in FIG. 4A. The compounds that reduce
the invasive cells number are selected as candidate com-
pounds for treating or preventing lung cancer.

[0522] More specifically, the methods include the steps of:
[0523] (a) contacting a test compound with a cell that over-
expresses SYNGR4;

[0524] (b) measuring the invasive activity of the cell; and
[0525] (c) selecting the test compound that reduces the
invasive activity of the cell in the comparison with the inva-
sive activity of the cell in the absence of the test compound.
[0526] In preferable embodiments, the method of the
present invention may further include the steps of:

[0527] (d) selecting the test compound that has no effect on
the cells that express little or no SYNGRA4.

[0528] Inthe present invention, it is revealed that suppress-
ing the expression of SYNGR4, reduces lung cancer cell
invasion. Thus, by screening for candidate compounds that
reduces the invasive activity, candidate compounds that find
use to treat or prevent lung cancer cell invasion can be iden-
tified. Potential of these candidate compounds to treat or
prevent lung cancer cell invasion may be evaluated by sec-
ondary and/or further screening to identify therapeutic agents
for cancer invasion.

[0529] According to the present invention, the therapeutic
effect of the test agent or compound on inhibiting the cancer
cell invasion or a candidate agent or compound for treating or
preventing lung cancer cell invasion may be evaluated. There-
fore, the present invention also provides a method of screen-
ing for a candidate agent or compound for inhibiting lung
cancer cell invasion or a candidate agent or compound for
treating or preventing lung cancer cell invasion, using the
SYNGR4 polypeptide or fragments thereof including the
steps as follows:

[0530] a) contacting a test agent or compound with a cell
expressing the SYNGR4 polypeptide or a functional frag-
ment thereof;,

[0531] b) measuring the invasive activity of the cell, and
[0532] c) correlating the invasive activity of the cell of b)
with the therapeutic effect of the test agent or compound.
[0533] In the present invention, the therapeutic effect may
be correlated with the invasive activity. For example, when
the test agent or compound suppresses or inhibits the invasive
activity as compared to a level detected in the absence of the
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test agent or compound, the test agent or compound may be
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 invasive
activity as compared to a level detected in the absence of the
test agent or compound, the test agent or compound may be
identified as the agent or compound having no significant
therapeutic effect. “Suppress the biological activity” as
defined herein refers to preferably at least 10% suppression of
the biological activity of SYNGR4 in comparison with in
absence of the compound, more preferably at least 25%, 50%
or 75% suppression and most preferably at 90% suppression.

[0534] Screening for Compounds Altering the Expression
of SYNGR4
[0535] In the present invention, the decrease of the expres-

sion of SYNGR4 by siRNA inhibits lung cancer cell prolif-
eration (FIG. 3A). Therefore, the present invention provides a
method of screening for a compound that inhibits the expres-
sion of SYNGR4. A compound that inhibits the expression of
SYNGR4 is expected to suppress the proliferation of lung
cancer cells, and thus is useful for treating or preventing lung
cancer. Therefore, the present invention also provides a
method for screening a compound that suppresses the prolif-
eration of lung cancer cells, and a method for screening a
compound for treating or preventing lung cancer. In the con-
text of the present invention, such screening may include, for
example, the following steps:

[0536] (a) contacting a candidate compound with a cell
expressing SYNGR4; and

[0537] (b) selecting the candidate compound that reduces
the expression level of SYNGR4 as compared to a control.
[0538] Inthe present invention, it is revealed that suppress-
ing the expression of SYNGR4, reduces lung cancer cell
growth. Thus, by screening for candidate compounds that
inhibit the expression level of SYNGR4, candidate com-
pounds that find use to treat or prevent cancers that are in part
caused or promoted by the overexpression of SYNGR4 can
be identified. The potential of these candidate compounds to
treat or prevent cancers may be evaluated by secondary and/or
further screening to identify therapeutic agents for SYNGR4-
associated cancers.

[0539] 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 SYNGR4 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
SYNGR4 associating disease.

[0540] Inthe context of the present invention, such screen-
ing may include, for example, the following steps:

[0541] a) contacting a test agent or compound with a cell
expressing the SYNGR4 gene;

[0542] b) detecting the expression level of the SYNGR4
gene; and

[0543] c¢) correlating the expression level of b) with the
therapeutic effect of the test agent or compound.

[0544] In the present invention, the therapeutic effect may
be correlated with the expression level of the SYNGR4 gene.
For example, when the test agent or compound reduces the
expression level of the SYNGR4 gene as compared to a level
detected in the absence of the test agent or compound, the test
agent or compound may be identified or selected as the can-
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didate agent or compound having the therapeutic effect.
Alternatively, when the test agent or compound does not
reduce the expression level of the SYNGR4 gene as com-
pared to a level detected in the absence of the test agent or
compound, the test agent or compound may by identified as
the agent or compound having no significant therapeutic
effect.

[0545] The methods of the present invention will be
described in more detail below.

[0546] Cells expressing the SYNGR4 include, for example,
cell lines established from lung cancer; such cells can be used
for the above screening of the present invention (e.g., A427,
A549,L.C319,PC14,PC3,PC9, NCI-H1373, NCI-H1781,
NCI-H358, NCI-H226, NCI-H520, NCI-H1703, NCI-
H2170, EBC-1, RERF-LC-AI, LX1, DMS114, DMS273,
SBC-3,SBC-5,NCI-H196, NCI-H446). The expression level
can be estimated by methods well known to one skilled in the
art, for example, RT-PCR, Northern bolt assay, Western blot
assay, immunostaining and flow cytometry analysis. “reduce
the expression level” as defined herein are preferably at least
a 10% reduction of expression level of SYNGR4 in compari-
son to the expression level in absence of the compound, more
preferably at leasta 25%, 50% or 75% reduced level and most
preferably at least a 95% reduced level. The compounds of
use are described herein, including chemical compounds,
double-strand nucleotides, and so on. The preparation of the
double-strand nucleotide is in aforementioned description. In
the methods of screening, a compound that reduces the
expression level of SYNGR4 are selected as candidate com-
pounds to be used for the treatment or prevention of lung
cancer.

[0547] Alternatively, the screening method of the present
invention may include the following steps:

[0548] (a) contacting a candidate compound with a cell into
which a vector, including the transcriptional regulatory
region of SYNGR4 and a reporter gene that is expressed
under the control of the transcriptional regulatory region, has
been introduced;

[0549] (b) measuring the expression or activity of said
reporter gene; and

[0550] (c) selecting the candidate compound that reduces
the expression or activity of said reporter gene.

[0551] Inthe present invention, it is revealed that suppress-
ing the expression of SYNGR4, reduces lung cancer cell
growth. Thus, by screening for candidate compounds that
inhibits the expression or activity of said reporter gene, can-
didate compounds find use to treat or prevent lung cancers can
be identified. Potential of these candidate compounds to treat
or prevent cancers may be evaluated by secondary and/or
further screening to identify therapeutic agents for lung can-
cers.

[0552] According to the present invention, the therapeutic
effect of the test agent or compound on inhibiting lung cancer
cell growth or a candidate agent or compound for treating or
preventing SYNGR4 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 lung cancer cells, and a method for screening
a candidate agent or compound for treating or preventing
SYNGR4 associating disease.

[0553] According to another aspect, the present invention
provides a method which includes the following steps of:
[0554] a) contacting a test agent or compound with a cell
into which a vector, composed of the transcriptional regula-
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tory region of the SYNGR4 gene and a reporter gene that is
expressed under the control of the transcriptional regulatory
region has been introduced;

[0555] b) detecting the expression or activity of said
reporter gene; and

[0556] c) correlating the expression level of b) with the
therapeutic effect of the test agent or compound.

[0557] In the present invention, the therapeutic effect may
be correlated with the expression or activity of said reporter
gene. For example, when the test agent or compound 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 be identified or selected as
the candidate agent or compound having the therapeutic
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 be identified as
an agent or compound having no significant therapeutic
effect.

[0558] Suitable reporter genes and host cells are well
known in the art. For example, reporter genes are luciferase,
green florescence protein (GFP), Discosoma sp. Red Fluo-
rescent Protein (DsRed), Chrolamphenicol Acetyltransferase
(CAT), lacZ and beta-glucuronidase (GUS), and host cell is
COST, HEK293, HelLa and so on. The reporter construct
required for the screening can be prepared by connecting
reporter gene sequence to the transcriptional regulatory
region of SYNGRA4. The transcriptional regulatory region of
SYNGR4 herein is the region from start codon to at least 500
bp upstream, preferably 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 propagated by PCR. The reporter
construct required for the screening can be prepared by con-
necting reporter gene sequence to the transcriptional regula-
tory region of any one of these genes. Methods for identifying
a transcriptional regulatory region, and also assay protocol
are well known (Molecular Cloning third edition chapter 17,
2001, Cold Springs Harbor Laboratory Press).

[0559] 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 a 10% reduction of the
expression or activity of the reporter gene in comparison with
in absence of the compound, more preferably at least a 25%,
50% or 75% reduction and most preferably at least a 95%
reduction.

[0560] Screening Using the Phosphorylation Level of
SYNGR4 as Index

[0561] Furthermore, in the present invention, it was con-
firmed that the SYNGR4 proteins were phosphorylated.
Thus, a compound that inhibits the phosphorylation of
SYNGR4 protein can be screened using such modification as
an index. Therefore, the present invention also provides a
method for screening a compound for inhibits the phospho-
rylation of SYNGRA4 protein. Furthermore, the present inven-
tion also provides a method for screening a compound for
treating or preventing cancer. The method is particularly
suited for screening agents that may be used in treating or
preventing cancer.
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[0562] More specifically, the method includes the steps of:
[0563] (a) contacting a cell that expresses a polypeptide
selected from the group consisting of:

[0564] (1) apolypeptide including the amino acid sequence
of SEQ ID NO: 14;

[0565] (2) a polypeptide that includes the amino acid
sequence of SEQ ID NO: 14 in which one or more amino
acids are substituted, deleted, inserted, and/or added and that
has a biological activity equivalent to a protein consisting of
the amino acid sequence of SEQ ID NO: 14

[0566] (3) a polypeptide that shares at least 90%, 93%,
95%, 96%, 97%, 98% or 99% sequence identity with a
polypeptide including the amino acid sequence of SEQ ID
NO: 14 wherein the polypeptide has a biological activity
equivalent to a polypeptide of the amino acid sequence of
SEQ ID NO: 14; and

[0567] (4) a polypeptide encoded by a polynucleotide that
hybridizes under stringent conditions to a polynucleotide
consisting of the nucleotide sequence of SEQ ID NO: 13,
wherein the polypeptide has a biological activity equivalent
to a polypeptide consisting of the amino acid sequence of
SEQ ID NO: 14;

[0568] with a test compound;

[0569] (b) detecting the phosphorylation level of the
polypeptide;

[0570] (c) comparing the phosphorylation level of the

polypeptide with the phosphorylation level of the polypeptide
detected in the absence of the compound; and

[0571] (d) selecting the compound that reduced the phos-
phorylation level of the polypeptide as an inhibitor of the
phosphorylation of the polypeptide or a compound for treat-
ing or preventing cancer.

[0572] Herein, any cell may be used so long as it expresses
the SYNGR4 polypeptide or functional equivalents thereof.
The cell used in the present screening may be a cell naturally
expressing the SYNGR4 polypeptide including, for example,
cells derived from and cell-lines established from lung cancer
and testis. Cell-lines of lung cancer such as A427, A549,
LC319, PC-3, PC-9, PC-14, NCI-H1373, NCI-H1781, NCI-
H358, NCI-H226, EBC-1, NCI-H520, NCI-H1703, NCI-
H2170, RERF-LC-AI, DMS114, DMS273, SBC-3, SBC-5,
NCI-H196, and NCI-H446 can be employed.

[0573] Alternatively, the cell used in the screening may be
a cell that naturally does not express the SYNGR4 polypep-
tide and which is transfected with an SYNGR4 polypeptide-
or an SYNGR4 functional equivalent-expressing vector.
Such recombinant cells can be obtained through known
genetic engineering methods (e.g., Morrison D A., J Bacteri-
ology 1977, 132: 349-51; Clark-Curtiss & Curtiss, Methods
in Enzymology (eds. Wu et al.) 1983, 101: 347-62) as men-
tioned above.

[0574] Any of the aforementioned test compounds may be
used for the present screening. However, it is preferred to
select compounds that can permeate into a cell. Alternatively,
when the test compound is a polypeptide, the contact of a cell
and the test agent in the present screening can be performed
by transforming the cell with a vector that includes the nucle-
otide sequence coding for the test agent and expressing the
test agent in the cell.

[0575] In another embodiment, conditions suitable for
phosphorylation of SYNGR4 polypeptide or functional
equivalents thereof can be provided in vitro. This screening
method includes the steps of:
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[0576] (a) contacting a test compound with the polypeptide
of the present invention or fragment thereof (e.g. including
tyrosine-46);

[0577] (Db) detecting the phosphorylation of the polypeptide
of step (a); and

[0578] (c) selecting a compound that suppresses the phos-
phorylation of the polypeptide in comparison with the bio-
logical activity detected in the absence of the test compound.
In the present invention, as mentioned above, the biological
activity of the SYNGR4 protein is preferably phosphorylated
activity. The skilled artisan can estimate phosphorylation
level.

[0579] Accordingly, in these embodiments, the present
invention provides a method of screening an agent for inhib-
iting the phosphorylation of SYNGR4 or preventing or treat-
ing cancer including the steps of:

[0580] (a)contacting a polypeptide selected from the group
consisting of:
[0581] (1) apolypeptide including the amino acid sequence

of SEQ ID NO: 14;

[0582] (2) a polypeptide that includes the amino acid
sequence of SEQ ID NO: 14 in which one or more amino
acids are substituted, deleted, inserted, and/or added and that
has a biological activity equivalent to a protein consisting of
the amino acid sequence of SEQ ID NO: 14

[0583] (3) a polypeptide that shares at least 90%, 93%,
95%, 96%, 97%, 98% or 99% sequence identity with a
polypeptide including the amino acid sequence of SEQ ID
NO: 14 wherein the polypeptide has a biological activity
equivalent to a polypeptide of the amino acid sequence of
SEQ ID NO: 14; and

[0584] (4) a polypeptide encoded by a polynucleotide that
hybridizes under stringent conditions to a polynucleotide
consisting of the nucleotide sequence of SEQ 1D NO: 13,
wherein the polypeptide has a biological activity equivalent
to a polypeptide consisting of the amino acid sequence of
SEQ ID NO: 14; or a fragment thereof including a phospho-
rylation site

[0585] with a test compound under a condition that allows
phosphorylation of the polypeptide;

[0586] (b) detecting the phosphorylation level of the
polypeptide or the fragment thereof;

[0587] (c) comparing the phosphorylation level of the sub-
strate with the phosphorylation level of the polypeptide
detected in the absence of the test compound; and

[0588] (d) selecting the compound that reduced the phos-
phorylation level of the polypeptide as a compound for inhib-
iting the phosphorylation of the polypeptide or treating or
preventing cancer.

[0589] Inthese embodiments, a condition that allows phos-
phorylation of SYNGR4 polypeptide can be provided by
incubating the polypeptide with suitable kinase for phospho-
rylation the SYNGR4 polypeptide and ATP. In some embodi-
ments, the SYNGR4 polypeptide is further contacted with an
AURKB polypeptide. Further, in the preferable embodi-
ments, a substance enhancing phosphorylation of the
SYNGR4 polypeptide can be added to the reaction mixture of
screening. When phosphorylation of the polypeptide is
enhanced by the addition of the substance, the phosphoryla-
tion level can be determined with higher sensitivity.

[0590] The phosphorylation level of SYNGR4 polypeptide
or functional equivalent thereof may be detected according to
any method known in the art (e.g. see Examples).
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[0591] Screening Using the Interaction of SYNGR4 as
Index
[0592] Furthermore, the present inventors revealed that

SYNGR4 interacts with GRB2 (FIG. 5). Accordingly, it is
believed that the interaction of both polypeptides plays a
crucial role in carcinogenesis or cell proliferation, in particu-
lar cell proliferation of cancer. Hence, it is intended to screen
for a compound useful in treating or preventing cancer, that
inhibits an interaction between an SYNGR4 polypeptide and
a GRB2 polypeptide or a vice versa interaction. Thus, the
present invention provides methods of screening for a com-
pound for inhibiting an interaction between a SYNGR4
polypeptide and a GRB2 polypeptide. Furthermore, the
present invention provides methods of screening for a com-
pound for inhibiting a binding between a SYNGR4 polypep-
tide and a GRB2 polypeptide, or treating or preventing can-
cer. The methods include the steps of:

[0593] (a) contacting an GRB2 polypeptide or functional
equivalent thereof with an SYNGR4 polypeptide or func-
tional equivalent thereof in the presence of a test compound;

[0594] (b) detecting the binding between the polypeptides
of'step (a); and

[0595] (c) selecting the test compound that inhibits the
binding between the GRB2 and SYNGR4 polypeptides.

[0596] In the context of the present invention, a functional
equivalent of an SYNGR4 or GRB2 polypeptide is a polypep-
tide that has a biological activity equivalent to an SYNGR4
polypeptide (SEQ ID NO: 14) or GRB2 polypeptide (SEQ ID
NO: 23 or 25), respectively (see Definition).

[0597] Screening fora compound that suppresses the phos-
phorylation activity of PAK1, c-Raf, MEK1/2 and ERK1/2

[0598] In the context of the present invention, it was con-
firmed that phosphorylation of PAK1 (Thr423), c-Raf
(Ser338), MEK1 (Ser 298), MEK1/2 (Ser217/221) and
ERK1/2 (Thr202/204) were decreased in SYNGR4 knock-
down. Meanwhile, phosphorylated PAK1 (Thr423), c-Raf
(Ser338), MEK1 (Ser 298), MEK1/2 (Ser217/221) and
ERK1/2 (Thr202/204) were increased following SYNGR4
expression (FIG. 6). These findings indicate that PAKI1,
c-Raf, MEK1, MEK1/2 and ERK1/2 are down-stream effec-
tor molecules for phosphorylation signaling of SYNGR4
polypeptide which leads to cell proliferation. In the present
invention, down-stream effector of SYNGR4 refers to mol-
ecule which is phosphorylated by SYNGR4 directly or indi-
rectly manner. Thus, down-stream effector of SYNGR4
includes molecules phosphorylated during signaling pathway
from SYNGR4. For example, according to the present inven-
tion, SYNGR4 enhances phosphorylation level of PAK1
which is one of down-stream effectors of SYNGR4. In addi-
tion, phosphorylation level of c-Raf, MEK1, MEK1/2 and
ERK are increased following to the phosphorylation of
SYNGR4. Thus, these molecules are also down-stream effec-
tors of SYNGR4. Therefore, by using this activity as anindex,
the present invention provides a method for screening a com-
pound that suppresses the proliferation of cancer cells
expressing SYNGR4, GRB2 and PAK1, and c-Raf, MEK1/2
or ERK1/2, and a method of screening for a compound for
treating or preventing cancer, particularly cancers including
lung cancer. Thus, the present invention provides a method of
screening for a compound for inhibiting the activity of
SYNGR4 for phosphorylating down-stream effectors, or
treating or preventing cancer using the polypeptide encoded
by SYNGR4 gene including the steps as follows:



US 2011/0262463 Al

[0599] (a) contacting a test compound with a polypeptide
encoded by a polynucleotide of SYNGR4 in the presence of
polypeptides encoded by a polynucleotide GRB2 and PAK1
under the condition for phosphorylation of at least one of
down-stream effector selected from the group consisting of
PAK1, c-Raf, MEK1, MEK1/2 and ERK1/2,;

[0600] (Db) detecting the phosphorylation level of the down-
stream effector of SYNGR4; and

[0601] (c) selecting the test compound that suppresses the
phosphorylation level of the down-stream effector of
SYNGR4 as compared to the phosphorylation level of the
down-stream effector of SYNGR4 detected in the absence of
the test compound.

[0602] In preferred embodiments, the phosphorylation
level of the down-stream effector of SYNGR4 to be detected
is that of Thr423 of PAK 1, Ser338 of c-Raf, Ser 298 of MEK 1,
Ser217/221 of MEK1/2, and Thr202/204 of ERK1/2, respec-
tively. In the present invention, the condition for phosphory-
lation of at least one of down-stream effectors selected from
the group consisting of PAK1, c-Raf, MEK1, MEK1/2 and
ERK1/2 may be provided via culturing cells expressing
SYNGR4 and at least one of the down-stream effectors
thereof. For example, cells expressing SYNGR4 and all of
these down-stream effectors including GRB2 are preferred
condition for phosphorylation of these down-stream effec-
tors. In particular, lung cancer cell lines expressing these
molecules may be used for the present invention. Alterna-
tively, any cells endogenously expressing the down-stream
effectors transfected with vector for expressing SYNGR4 are
also useful for present invention.

[0603] According to the present invention, the therapeutic
effect of the test compound on suppressing the phosphoryla-
tion activity of PAK1, c-Raf, MEK1/2 or ERK1/2, or a can-
didate compound for treating or preventing cancer relating to
SYNGR4 (e.g., lung cancer.) may be evaluated. Therefore,
the present invention also provides a method of screening for
a candidate compound for suppressing the phosphorylation
activity, or a candidate compound for treating or preventing
cancer relating to SYNGR4, using the SYNGR4 polypeptide
or fragments thereof and PAK1, c-Raf, MEK1/2 or ERK1/2
polypeptide or fragments thereof including the steps as fol-
lows:

[0604] a) contacting a test compound with the SYNGR4
polypeptide or a functional fragment thereof in the presence
of the GRB2 and PAKI, and c-Raf, MEK1/2 or ERK1/2
polypeptide or a functional fragment thereof, under the con-
dition for phosphorylation of at least one of down-stream
effectors of SYNGR4 selected from the group consisting of
PAK1, c-Raf, MEK1, MEK1/2 and ERK1/2;

[0605] b) detecting the phosphorylation level of the down-
stream effector of SYNGR4, and

[0606] c) correlating the phosphorylation level of b) with
the therapeutic effect of the test agent or compound.

[0607] Inthe context ofthe present invention, the therapeu-
tic effect may be correlated with the phosphorylating activity
of PAK1, c-Raf, MEK1/2 or ERK1/2 polypeptide or a func-
tional fragment thereof enhanced by SYNGR4. For example,
when the test agent or compound suppresses or inhibits the
phosphorylating activity of PAK1, c-Raf, MEK/2 or ERK1/2
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 or selected as the
candidate agent or compound having the therapeutic effect.
Alternatively, when the test agent or compound does not
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suppress or inhibit the phosphorylating activity of PAKI,
c-Raf, MEK1/2 or ERK1/2 polypeptide or a functional frag-
ment 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.

[0608] The method of the present invention will be
described in more detail below.

[0609] Any polypeptides can be used for screening so long
as they suppress an phosphorylating activity of PAK1, c-Raf,
MEK1/2 or ERK1/2. For example, SYNGR4 protein and
GRB2,PAK1, c-Raf, MEK1/2 or ERK1/2 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.

[0610] The compound isolated by this screening is a can-
didate for antagonists of the polypeptide encoded by
SYNGR4 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 SYNGR4. Moreover, a com-
pound isolated by this screening is a candidate for compounds
which inhibit the in vivo interaction of the SYNGR4 polypep-
tide with GRB2.

[0611] When the biological activity to be detected in the
present method is phosphorylating, it can be detected, for
example, by preparing cells which express the SYNGR4,
GRB2 and PAK1, and c-Raf, MEK1/2 or ERK1/2 polypep-
tide, culturing the cells in the presence of a test compound,
and determining the phosphorylating of PAKI1, c-Raf,
MEK1/2 or ERK1/2, measuring the cell cycle and such, as
well as by measuring survival cells or the colony forming
activity. The compounds that reduce the phosphorylating of
PAK1, and c-Raf, MEK1/2 or ERK1/2 of the cells expressed
SYNGR4 are selected as candidate compound for treating or
preventing cancer including lung cancer.

[0612] In the preferred embodiments, control cells which
do not express SYNGR4 polypeptide are used. Accordingly,
the present invention also provides a method of screening for
a candidate substance for inhibiting the cell growth or a
candidate substance for treating or preventing SYNGR4 asso-
ciating disease, using the SYNGR4 polypeptide or fragments
thereof including the steps as follows:

[0613] (a) contacting a test compound with cells over-ex-
pressing SYNGR4, GRB2 and PAK1, and c-Raf, MEK1/2 or
ERK1/2;

[0614] (b) measuring the phosphorylating activity of PAK1
(Thr423), c-Raf (Ser338), MEKI1 (Ser 298), MEK1/2
(Ser217/221) and ERK1/2 (Thr202/204); and

[0615] (c) selecting the test compound that reduces the
phosphorylating activity in the comparison with the cell-
proliferating activity in the absence of the test compound.
[0616] In preferable embodiments, the method of the
present invention may further include the step of:

[0617] (d) selecting the test compound that have no effectto
the cells no or little expressing SYNGR4.

[0618] Alternatively, according to the present invention,
potential antagonist for SYNGR4 polypeptide may be evalu-
ate on the ability to inhibit SYNGR4 mediated phosphoryla-
tion of down-stream effector molecules of SYNGR4. For
example, any compounds that bind to SYNGR4 polypeptide
may be potential antagonist for the polypeptide.
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[0619] Such compound can be isolated by following
method which includes the steps of:

[0620] 1) contacting a test compound with SYNGR4
polypeptide,
[0621] ii) detecting the binding between the test compound

and SYNGR4 polypeptide, and

[0622] iii) selecting the test compound that binds to the
SYNGR4 polypeptide as the potential antagonist for
SYNGR4 polypeptide.

[0623] The phrase “suppress or reduce the phosphorylating
” as defined herein are preferably at least 10% suppression of
the biological activity of SYNGR4 in comparison with in
absence of the compound, more preferably at least 25%, 50%
or 75% suppression and most preferably at 90% suppression.
Aspects of the present invention are described in the follow-
ing examples, which are not intended to limit the scope of the
invention described in the claims.

[0624] 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.

[0625] 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.

EXAMPLES
Example 1
General Methods

[0626] 1. Cell Lines and Tissue Samples.

[0627] The 22 human lung cancer cell lines used in this
example included nine adenocarcinomas (ADC; A427, A549,
LC319, PC-3, PC-9, PC-14, NCI-H1373, NCI-H1781, and
NCI-H358), one adenosquamous carcinoma (ASC; NCI-
H226), five squamous cell carcinomas (SCC; EBC-1, NCI-
H520, NCI-H1703, NCI-H2170, and RERF-LC-AT), one
large cell carcinoma (LX1), and six small cell lung cancers
(SCLC; DMS114, DMS273, SBC-3, SBC-5, NCI-H196, and
NCI-H446). Human bronchial epithelial cells (BEAS-2B)
and Human small airway epithelial cells (SAEC) were used as
a control. All cells were grown in monolayer in appropriate
medium supplemented with 10% FCS and maintained at 37
degrees C. in humidified air with 5% CO,. Primary lung
cancer samples had been obtained earlier. Clinical stage was
judged according to the International Union Against Cancer
TNM classification (Sobin L et al., 6 ed. New York 2002). A
total of 339 formalin-fixed samples of primary NSCLCs
(stage I-IITA) including 203 ADCs, 100 SCCs, 25 LCCs, 11
ASCs and adjacent normal lung tissues, had been obtained
earlier along with clinicopathological data from patients
undergoing surgery at Saitama Cancer Center (Saitama,
Japan). The use of all clinical materials mentioned were
approved by individual institutional Ethical Committees.
[0628] 2. Semiquantitative Reverse Transcription-PCR.
[0629] A total of 3 micro-g aliquot of mRNA from each
sample was reversely transcribed to single-stranded cDNAs
using random primer (Roche Diagnostics, Basel, Switzer-
land) and SuperScript II (Invitrogen, Carlsbad, Calif.). Semi-
quantitative reverse transcription-PCR (RT-PCR) experi-
ments were carried out with the following sets of synthesized
primers specific to SYNGR4 or beta-actin (ACTB) specific
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primers as an internal control: SYNGR4, 5'-CAACAGC-
CCTGTGAACATGC-3' (SEQ ID NO: 1) and 5'-ACCCT-
TCTGGAGGGAGGATTC-3' (SEQ ID NO: 2); ACTB,
5'-GAGGTGATAGCATTGCTTTCG-3' (SEQ ID NO: 3)and
5'-CAAGTCAGTGTACAGGTAAGC-3' (SEQ ID NO: 4).
PCRs were optimized for the number of cycles to ensure
product intensity to be within the linear phase of amplifica-
tion.

[0630] 3. Northern Blot Analysis.

[0631] Human multiple tissue blots covering 16 tissues
(BD Biosciences, Palo Alto, Calif.) were hybridized with an
[alpha-**P1-dCTP-labeled, 406-bp PCR product of
SYNGR4 that was prepared as a probe using primers 5'-CG-
GCTACCAGAACAAGATGG-3' (SEQ ID NO: 5) and
5'-GAAGCGCTTGTAAGGGACTG-3' (SEQ ID NO: 6).
Prehybridization, hybridization, and washing were done fol-
lowing the manufacturer’s specifications. The blots were
autoradiographed with intensifying screens at —80 degrees C.
for 7 days.

[0632] 4. Construction of SYNGR4 Expressing Vector.
[0633] The entire coding region of SYNGR4 was amplified
by RT-PCR using the primer sets (5'-GGAATTCCAGAC-
CGTGCATCATGCACATCCCCAAAAGCCTCCAG-3'
(SEQ ID NO: 7) and 5'-CCGCTCGAGCGGGTTGTCAG-
GCATCATAGCAAGC-3' (SEQ ID NO: 8). The product was
digested with EcoRI and Xhol, and cloned into appropriate
sites of a pcDNA3.1-myc/His A(+) vector (Invitrogen) that
contained c-myc-His epitope sequences (LDEESILKQEHH-
HHHH)(SEQ ID NO: 15) at the COOH-terminal of the
SYNGR4 protein. The inventors also constructed expression
vector using pPCAGGSn-3Fc vector and pCAGGSn-3FH vec-
tor, which contained 3x Flag epitope sequences
(DYKDHDGDYKDHDIDYKDDDDK) (SEQ ID NO: 16) at
the NH,-terminal of the SYNGR4 protein. Generation of
mutant SYNGR4 in which Tyr46 was replaced with pheny-
lalanine (Y46F) was performed by standard mutagenesis
PCR (Suzuki C, et al. Cancer Res 2005; 65:11314-25.). The
primer sets used for SYNGR4-Y46F were as follows; for-
ward, 5-CGACGGCTtCCAGAACAAG-3' (SEQ ID NO:
17) and reverse, 5'-CTTGTTCTGGaAGCCGTCG-3' (SEQ
ID NO: 18) (small characters indicate nucleotides that were
mutated). In brief, the SYNGR4 sequence was amplified by
PCR using primer set of forward cloning primer and reverse
Y46F primer or of forward Y46F primer and reverse cloning
primer. Two amplified PCR products were purified and fused
by performing mutagenesis PCR.

[0634] 5. Immunocytochemical Analysis.

[0635] For analyses under permeabilized condition, cells
were plated on glass coverslips (Becton Dickinson Labware,
Franklin Lakes, N.J.), fixed with 4% paraformaldehyde, and
permeabilized with 0.1% Triton X-100 in PBS for 5 min at
room temperature. Nonspecific binding was blocked by Cas-
block (ZYMED, San Francisco, Calif.) for 10 min at room
temperature. Cells were then incubated for 60 min at room
temperature with 1.3 micro-g/ml of a goat polyclonal anti-
human SYNGR4 antibody (Santa Cruz Biotechnology, Santa
Cruz, Calif.) diluted in PBS containing 1% BSA. After being
washed with PBS,; the cells were stained by Alexa488-conju-
gated secondary antibody (Invitrogen) for 60 min at room
temperature. After another wash with PBS, each specimen
was mounted with Vectashield (Vector Laboratories, Inc.,
Burlingame, Calif.) containing 4',6-diamidino-2-phenylin-
dole and visualized with Spectral Confocal Scanning Sys-
tems (TSC SP2 AOBS; Leica Microsystems, Wetzlar, Ger-
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many). To determine subcellular localization of SYNGR4,
fixed cells were divided into the condition with or without
permeabilization. After blocking and incubation with pri-
mary antibody cells were treated with acid glycine for 5 min
to remove antibodies that bind cell surface. After acid glycine
treatment, secondary antibody and 4',6-diamidino-2-phe-
nylindole were treated by normal procedure.

[0636] 6. Flow Cytometric Analysis.

[0637] Lung cancer cells (2x10° cells) were incubated with
a goat anti-SYNGR4 antibody (5 micro-g/mL; Santa Cruz
Biotechnology, Santa Cruz, Calif.) for detecting cell surface
SYNGR4 or control goat IgG (5 micro-g/mL; R&D Systems,
Inc.) at 4 degrees C. for 30 min. The cells were washed in PBS
and then incubated with AlexaFluor 488-conjugated anti-goat
IgG (Invitrogen, Carlsbad, Calif.) at 4 degrees C. for 30 min.
The cells were washed in PBS and analyzed on a FACScan
flow cytometer (Becton Dickinson Labware, Bedford, Mass.)
and analyzed by ModFit software (Verity Software House,
Inc., Topsham, Me.). Mean fluorescence intensity was calcu-
lated as a relative signal-intensity value, i.e., cells treated with
anti-SYNGR4 antibody/cells treated with control goat IgG.

[0638] 7. Immunohistochemistry and Tissue Microarray.

[0639] In the invention, the SYNGR4 protein in clinical
samples that had been embedded in paraffin blocks was
stained the sections in the following manner. Briefly, 20
micro-g/mL of primary antibody to SYNGR4 (Santa Cruz
Biotechnology) were added to each slide after blocking of
endogenous peroxidase and proteins, and the sections were
incubated with HRP-labeled anti-goat IgG [Histofine Simple
Stain MAX PO (G), Nichirei, Tokyo, Japan] as the secondary
antibody. Substrate-chromogen was added, and the speci-
mens were counterstained with hematoxylin. Antigen block-
ing assays to examine antibody specificity to SYNGR4 was
performed as follows. Before immunohistochemical staining,
20 micro-g/ml, anti-SYNGR4 antibody (Catalog No.sc-
34968; Santa Cruz Biotechnology) was incubated with
SYNGR4 antigen peptide (Catalog No.sc-34968P; Santa
Cruz Biotechnology) for 60 min at 37 degrees C. and the
reaction product was centrifuged at 12,000xg for 15 min at 4
degrees C. to remove the immune complexes. The superna-
tant was used as a neutralized antibody for further analysis.
Reacting mole ratio of anti-SYNGR4 antibody and its antigen
peptide was 1:8.

[0640] Tumor tissue microarrays were constructed with
formalin-fixed 339 primary lung cancers as described else-
where (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). The tissue area for sampling was
selected based on visual alignment with the corresponding
H&E-stained section on a slide. Three, four, or five tissue
cores (diameter, 0.6 mm; depth, 3-4 mm) taken from a donor
tumor block were placed into a recipient paraffin block with a
tissue microarrayer (Beecher Instruments, Sun Prairie, Wis.).
A core of normal tissue was punched from each case, and
5-micrometer sections of the resulting microarray block were
used for immunohistochemical analysis. Three independent
investigators semiquantitatively assessed SYNGR4 positiv-
ity without prior knowledge of clinicopathologic data. The
intensity of SYNGR4 staining was evaluated using the fol-
lowing criteria: strong positive (scored as 2+), brown staining
in >50% of tumor cells completely obscuring cytoplasm;
weak positive (1+), any lesser degree of brown staining appre-
ciable in tumor cell cytoplasm; and absent (scored as 0), no
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appreciable staining in tumor cells. Cases were accepted as
strongly positive only if reviewers independently defined
them as such.

[0641] 8. Statistical Analysis.

[0642] Statistical analyses were done using the StatView
statistical program (SAS, Cary, N.C.). Tumor-specific sur-
vival curves were calculated 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 SYNGR4 expression; differences in
survival times among patient subgroups were analyzed using
the log-rank test. Univariate and multivariate analyses were
done with the Cox proportional hazard regression model to
determine associations between clinicopathologic variables
and cancer-related mortality. First, it was analyzed associa-
tions between death and other prognostic factors, including
age, gender, pathologic tumor classification, and pathologic
node classification, taking into consideration one factor at a
time. Second, multivariate Cox analysis was applied on back-
ward (stepwise) procedures that always forced strong
SYNGR4 expression into the model, along with any and all
variables that satisfied an entry level of a P value of <0.05. As
the model continued to add factors, independent factors did
not exceed an exit level of P<0.05.

[0643] 9. RNA Interference Assay.

[0644] The invention had previously established a vector-
based RNA interference system, psiHIBX3.0 that was
designed to synthesize small interfering RNAs (siRNA) in
mammalian cells (Suzuki C et al.,, Cancer Res 2003, 63:
7038-41). Ten micrograms of siRNA expression vector were
transfected using 30 micro-L of Lipofect AMINE 2000 (Invit-
rogen) into lung cancer cell lines SBC-5 and A549. The
transfected cells were cultured for 7 days in the presence of
appropriate concentrations of geneticin (G418); the number
of colonies was counted by Giemsa staining; and viability of
cells was evaluated by 3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide assay at 7 days after the treat-
ment. Briefly, cell counting kit-8 solution (Dojindo) was
added to each dish at a concentration of %0 volume, and the
plates were incubated at 37 degrees C. for additional 1 h.
Absorbance was then measured at 490 nm, and at 630 nm as
a reference, with a Microplate Reader 550 (Bio-Rad). To
confirm suppression of SYNGR4 mRNA expression, semi-
quantitative RT-PCR experiments were carried out with the
following synthesized SYNGR4-specific primers according
to the standard protocol. The target sequences of the synthetic
oligonucleotides for RNA interference were as follows: con-
trol 1 (EGFP: enhanced green fluorescent protein gene, a
mutant of Aequorea victoria green fluorescent protein),
5'-GAAGCAGCACGACTTCTTC-3' (SEQ ID NO: 9); con-
trol 2 (luciferase/LUC: Photinus pyralis luciferase gene),
5'-CGTACGCGGAATACTTCGA-3' (SEQ ID NO: 10);
siRNA-SYNGR4-#1, 5'-CAAGATGGAGTCTCCGCAG-3'
(SEQ ID NO: 11); siRNA-SYNGR4-#2, 5'-ATGATGCTC-
CAGTCCCTTA-3' (SEQ ID NO: 12), siRNA-SYNGR4-#3,
5'-CGCAUUGCCGGCACCCGCU-3' (SEQ ID NO: 19),
siRNA-SYNGR4-#4, 5'-GCAUUGCCGGCACCCGCUU-3'
(SEQ ID NO: 20), siRNA-PAK1, 5'-CAAACAUUGUGAA-
UUACUU-3" (SEQ ID NO: 21). The sense strand of the
siRNA constructs were added TT at 3'.

[0645] 10, Cell Growth Assays.

[0646] COS-7 cells transfected either with plasmids
expressing SYNGR4 or with mock plasmids were seeded
onto six-well plates (5x10* cells/well), and maintained in
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medium containing 10% FBS and 0.4 mg/ml geneticin. After
72 hours cell proliferation was evaluated by the MTT assay
using Cell Counting Kits (Wako, Osaka, Japan).

[0647] 11.Matrigel Invasion Assay.

[0648] COS-7 and NIH3T3 cells transfected either with
plasmids expressing SYNGR4 or with mock plasmids were
grown to near confluence in DMEM containing 10% FBS.
The cells were harvested by trypsinization, washed in DMEM
without addition of serum or proteinase inhibitor, and sus-
pended in DMEM at 2x W/mL. Before preparing the cell
suspension, the dried layer of Matrigel matrix (Becton Dick-
inson Labware) was rehydrated with DMEM for 2 h at room
temperature. DMEM (0.75 mL) containing 10% FBS was
added to each lower chamber in 24-well Matrigel invasion
chambers, and 0.5 mL (1x10°/cells) of cell suspension were
added to each insert of the upper chamber. The plates of
inserts were incubated for 22 h at 37 degrees C. After incu-
bation, the chambers were processed; cells invading through
the Matrigel were fixed and stained by Giemsa as directed by
the supplier (Becton Dickinson Labware).

[0649] 12. Antibody Treatment Assay Suppressing the Cell
Invasive Activity of SYNGR4.

[0650] To assess the inhibitory effect of anti-SYNGR4 anti-
body on the invasive ability of mammalian cells that overex-
pressed exogenous or endogenous SYNGR4, Matrigel inva-
sion assay was performed under the treatment with anti-
SYNGR4 antibody (Santa Cruz Biotechnology). COS-7 cells
transfected either with plasmids expressing SYNGR4 or with
mock plasmids, or lung cancer cells expressing endogenous
SYNGR4 were grown to near confluence in DMEM contain-
ing 10% FBS. The cells were harvested by tripsinization,
washed in DMEM without FBS, and harvested into Matrigel
chambers at anumber of 1x10° cells/chamber with 100 nM or
200 nM of anti-SYNGR4 antibody for COS-7 expressing
SYNGR4, COS-7 transfected with mock, or lung cancer cells
expressing SYNGR4 endogenously. These cells were also
treated with 200 nM Isotype goat IgG or PBS as control
assays. At lower chamber DMEM (0.75 mL) containing 10%
FBS was added to each lower chamber in 24-well Matrigel
invasion chambers, and the same concentration of anti-
SYNGR4 antibody, Isotype IgG, or PBS as upper chamber
was added to lower chamers. The plates of inserts were incu-
bated for 22 h at 37 degrees C. and after incubation the
chambers were processed; cells invading through the Matri-
gel were fixed and stained by Giemsa and number of invading
cells were counted.

[0651] 13. Antibodies and Reagent.

[0652] Anti-SYNGR4 antibody (Catalog No.sc-34968),
anti-myc, and anti-GAPDH antibody were purchased from
Santa Cruz Biotechnology. Anti-phospho ERK1/2 (Thr202/
Tyr204), anti-ERK1/2, anti-phospho MEK1/2 (Ser217/221),
anti-phospho MEK1 (Ser298), anti-MEK1/2, anti-phospho
c-Raf (Ser338), anti-c-Raf, anti-phospho AKT (Thr308),
anti-phospho AKT (Serd73), anti-AKT, anti-GRB2, anti-
PAK1, and anti-phospho PAK1/2 (Thr423) antibodies were
purchased from Cell signaling biotechnology. Anti-Flag M2
antibody was obtained from Sigma-Aldrich. Anti-phospho
trypsin antibody was from Millipore. Isotype goat IgG used
for flow cytometry was from R & D systems, Inc. Rac and Ras
activation assay kits were purchased from Cell Biolabs, Inc
and assays were performed according to the manufacturer’s
protocol.
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[0653] 14. Western Blot Analysis.

[0654] Lysates of A549 and SBC-3 cells transfected with
si-SYNGR4-#1 or si-EGFP, and of COS-7 cells transfected
either with plasmids expressing wild type or mutant
SYNGR4-Y46F, or with mock plasmids, were subjected to
western blotting. In brief, cells were incubated in 1 mL of
lysis buffer (0.5% NP-40, 50 mmol/L. Tris-HCI, 150 mmol
NaCl) in the presence of protease inhibitor (Protease Inhibitor
Cocktail Set III; Calbiochem). Western blotting was done
using an ECL western-blotting analysis system (GE Health-
care Bio-sciences), as previously described (Suzuki C, et al.
Cancer Res 2005;65:11314-25.). For the analyses of MAPK
signaling activation by SYNGR4, specific antibodies for each
MAPK signaling proteins (see above) were used, and a goat
anti-mouse and -rabbit IgG-HRP antibody (GE Healthcare
Bio-sciences) were served as the secondary antibodies for
these experiments.

[0655] 15. Phosphatase Assay.

[0656] COS-7 cells transfected either with plasmids
expressing SYNGR4 plasmids were lysed by lysis buffer and
were treated for 1 hat 30 degrees C. with 400 units of lambda-
phosphatase (New England Biolabs) in phosphatase buffer
containing 50 mmol/L Tris-HCL (pH 7.5), 0.1 mmol/LL Na,-
EDTA, 5 mmol/L dithiothreitol, 2 mmol/L MgCl, and 0.01%
Brij-35, followed by western blotting as described above.
[0657] 16. Immunoprecipitation.

[0658] Cell lysates of COS-7 cells transfected either with
plasmids expressing SYNGR4 or with mock plasmids were
subjected to immunoprecipitation and western blotting. In
Brief, cells were incubated in 1 mL lysis buffer (0.5% NP-40,
50 mmol/LL Tris-HCl, 150 mmol NaCl) in the presence of
protease inhibitor (Protease Inhibitor Cocktail Set III; Cal-
biochem Darmstadt). Cell extracts were precleared by incu-
bation at 4 degrees C. for 1 h with 30 mL protein G-Agarose
beads (Invitrogen), in final volumes of 1 ml lysis buffer in the
presence of protease inhibitor. Immunoprecipitation and sub-
sequent western blotting were done using antibodies specific
for exogenous SYNGR4 (anti-myc antibody or anti-Flag
antibody) and endogenous GRB2 or phosphorylated tyrosine.

[0659] Example 2
SYNGR4 Expression in Lung Cancers and Normal
Tissues
[0660] Toidentify novel molecules that can be applicable to

develop novel biomarkers and treatments based on the bio-
logical characteristics of cancer cells, it was done genome-
wide expression profile analysis of 101 lung carcinomas
using a cDNA microarray (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 J Oncol 2006, 29: 567-75). Among 32,256 genes
screened, it was identified elevated expression (5-fold or
higher) of EBI3 transcript in cancer cells in the great majority
of'the lung cancer samples examined. It was confirmed that its
overexpression by means of semiquantitative RT-PCR
experiments in 10 of 15 lung cancer tissues, in 17 of 22 lung
cancer cell lines (FIG. 1A). The present inventors did immu-
nofluorescence analysis to examine the subcellular localiza-
tion of endogenous SYNGR4 in lung cancer cells. SYNGR4
was detected mainly at cytoplasm and on the surface of tumor
cells at a high level in LC319, NCI-H1373, and A549 cells in
which SYNGR4 transcript was detected by semiquantitative
RT-PCR experiments, but not in NCI-H1781 cells as well as
bronchial epithelia derived BEAS-2B and SAEC cells, these
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showed no expression of SYNGR4 gene (FIG. 1B). The
results also indicated the specificity of SYNGR4 antibody.
SYNGR4 was predicted to encode cell surface protein with
four transmembrane domains, however there was no report
that indicated whether both N-terminus and C-terminus of
SYNGR4 could correspond to intra- or extracellular portion.
Therefore, the present inventors first performed immunocy-
tochemical analysis with or without a cell permeabilizing
agent like Triton-X. Plasmids designed to express SYNGR4
with myc/His tag at C-terminus (pcDNA3.1-SYNGR4-myc/
His) and those with 3x Flag-tag at N-terminus (pCAGGSn3F-
SYNGR4) were constructed. Then, the plasmids or mock
plasmids was transfected into COS-7 cells and stained the
cells using anti-myc antibody for detecting myc-tagged
SYNGR4 and anti-Flag antibody for Flag-tagged SYNGR4.
It was confirmed that the expression of SYNGR4 protein on
cell surface and in cytoplasm by immunocytochemical stain-
ing of the cells pretreated with Triton-X. The only cell surface
staining of SYNGR4 protein was observed without Triton-X
treatment (FIG. 1C, left top panels), indicating that C-termi-
nus of SYNGR4 protein could be an extracellular portion. It
was also confirmed that SYNGR4 was stained on cell surface
of COS-7 cells transfected with N-terminus-tagged SYNGR4
expressing vector (data not shown). Since anti-SYNGR4
antibody recognizes C-terminus of SYNGR4, it was per-
formed immunofluorescence analysis of lung cancer LC319
cells without Triton-X treatment and was confirmed that
C-terminus of endogenous SYNGR4 protein was located
extracellularly (FIG. 1C, left bottom panels). To further con-
firm that C-terminus and N-terminus of SYNGR4 are both
extracellular portion, it was performed immunofluorescence
analysis by treating the cells with the acid glycine after pri-
mary antibody reaction. Expectedly, SYNGR4 staining on
the cell surface of SYNGR4-positive COS-7 cells LC319
cells disappeared by stripping the antibodies with acid gly-
cine treatment (FIG. 1C, right panels). It was also measured
the levels of SYNGR4 protein on the surface of SYNGR4-
positive and -negative lung cancer cells by flow cytometry
using the same anti-SYNGR4 antibody recognizing C-termi-
nus of SYNGR4, and confirmed that both C-and N-terminus
of SYNGR4 were detected on cell surface, and that the level
of membrane SYNGR4 protein was correlated with the
expression levels of SYNGR4 gene detected by semiquanti-
tative RT-PCR (FIG. 1D).

[0661] Northern blot analysis using a SYNGR4 cDNA
fragment as a probe identified a transcript of 1.2 kb only in
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testis, but not in any other normal tissues (FIG. 2A). The
invention also examined expression of SYNGR4 protein with
polyclonal antibody specific to SYNGR4 on five normal tis-
sues (liver, heart, kidney, lung, and testis) and lung cancer
tissues (ADC, SCC, and SCLC). SYNGR4 staining was
mainly observed in cytoplasm of lung tumor cells and testis,
but not detected in other four normal tissues (FIG. 2B).
[0662] Example3

Association of SYNGR4 Expression with Poor
Prognosis for NSCLC Patients

[0663] To investigate the biological and clinicopathologi-
cal significance of SYNGR4 in pulmonary carcinogenesis, it
was carried out immunohistochemical staining on tissue
microarray containing tissue sections from 339 NSCLC cases
that underwent curative surgical resection. SYNGR4 staining
detected with polyclonal antibody specific to SYNGR4 was
mainly observed at membrane and cytoplasm of tumor cells
but was not in normal lung cells (FIG. 2C, left panels). This
invention classified a pattern of SYNGR4 expression on the
tissue array ranging from absent (scored as 0) to weak/strong
positive (scored as 1+ to 2+). Of the 339 NSCLCs, SYNGR4
was strongly stained in 127 (37.5%) cases (score 2+), weakly
stained in 157 (46.3%) cases (score 1+), and not stained in 55
(16.2%) cases (score 0) (Table 1A). Then, it was examined a
correlation of SYNGR4 expression (strong positive vs weak
positive/absent) with various clinicopathologic parameters
and found its significant correlation with gender (higher in
male; P=0.0487 by Fisher’s exact test), histological type
(higher in non-ADC; P=0.0116 by Fisher’s exact test), and
lymph-node metastasis (higher in pN1-2; P=0.0175 by Fish-
er’s exact test) (Table 1A). The median survival time of
NSCLC patients was significantly shorter in accordance with
the higher expression levels of SYNGR4 (P=0.0002, log-rank
test; FIG. 2C, right panel). The invention also applied univari-
ate analysis to evaluate associations between patient progno-
sis and several factors, including age, sex, pathologic tumor
stage (tumor size; T1 vs T2-3), pathologic node stage (node
status; NO vs N1-2), histology (ADC vs other histology
types), and SYNGR4 status (score 0, 1+ vs score 2+). All
those variables were significantly associated with poor prog-
nosis. Multivariate analysis using a Cox proportional hazard
model determined that SYNGR4 (P=0.0078) as well as other
three factors (age, tumor size, and lymph node metastasis)
were independent prognostic factors for surgically treated
NSCLC patients (Table 1B).

TABLE 1A

Association between SYNGR4-positivity in NSCLC tissues
and patients’ characteristics (n = 339)

SYNGR4 expression
Strong Low or absent P value
Total expression  expression Strong vs
n=339 n=128 n=211 Chi-square Low or absent

Sex
Female 100 29 71 3.841 0.0487*
Male 239 98 141
Age (year)
>=65 177 67 110 0.002 NS

<65 162 60 102
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TABLE 1A-continued
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40

Association between SYNGR4-positivity in NSCLC tissues
and patients’ characteristics (n = 339)

SYNGR4 expression
Strong Low or absent P value
Total expression  expression Strong vs
n=339 n=128 n=211 Chi-square Low or absent

Smoking status
never smoker 92 30 62 1.002 NS
current or ex-smoker 247 97 150
T factor
T1 139 44 95 2.987 NS
T2+ T3 200 83 117
N factor
NO 225 74 151 5.411 0.0175*
NI +N2 114 53 61
Histological type
ADC 204 65 139 6.272 0.0116*
non-ADC 135 62 73

*P <0.05 (Fisher’s exact test)
NS, no significance
ADC, adenocarcinoma

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

TABLE 1B

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

Variables Hazards ratio 95% CI  Unfavorable/Favorable P-value
Univariate analysis

SYNGR4 1.883 1.339-2.650 Positive/Negative 0.0003*
Age (years) 1.693 1.189-2.410 >=65/65> 0.0035%*
Gender 1.653 1.100-2.485 Male/Female 0.0155%*
Smoking status 1.249 0.838-1.859 Current or ex-smoker/never smoker NS
pT factor 2.395 1.621-3.540 T2 + T3/T1 <0.0001*
pN factor 2.225 1.580-3.132 N1 + N2/NO <0.0001*
Histological type 1.515 1.076-2.131 non-ADC/ADC 0.0172*
Multivariate analysis

SYNGR4 1.602 1.132-2.267 Positive/Negative 0.0078*
Age (years) 1.811 1.252-2.590 >=65/65> 0.0015*
Gender 1.361 0.867-2.138 Male/Female NS
pT factor 1.811 1.192-2.751 T2+ T3/T1 0.0054*
pN factor 2.077 1.454-2.967 N1 + N2/NO <0.0001%*
Histological type 0.989 0.673-1.453 non-ADC/ADC NS

ADC, adenocarcinoma

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

NS, no significance
*P <0.05

Example 4
Cell Growth Effect of SYNGR4

[0664] To assess whether up-regulation of SYNGR4 plays
a role in growth and/or survival of lung cancer cells, it was
evaluated the inhibition of endogenous SYNGR4 expression
by siRNA against SYNGR4, along with two different control
siRNAs (siRNAs for EGFP and LUC). Treatment of NSCLC
cells (A549) (Left panels) and SCLC cells (SBC-5) (Right

panels) with the effective siRNA could reduce expression of
SYNGR4 (FIG. 3A), and resulted in significant inhibition of
cell viability and colony numbers measured by MTT and
colony formation assays (FIG. 3A). To disclose the role of
SYNGRA4 in tumorigenesis, plasmids expressing SYNGR4 or
mock plasmids transfected into COS-7 cells and evaluated the
effect of SYNGR4 on cell growth, and observed significant
cell proliferation in COS-7 cells exogenously overexpressing
SYNGR4 (FIG. 3B). In accordance with the result of siRNA
assays, the data are consistent with the conclusion that
SYNGR4 is required for the tumor growth and/or survival.
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Example 5
Promotion of Mammalian Cell Invasion by SYNGR4

[0665] Since strong SYNGR4 expression was associated
with lymph node metastasis and poorer prognosis for lung
cancer patients, the role of SYNGR4 in cellular invasion in
mammalian cells was examined by Matrigel assays. Trans-
fection of SYNGR4 expressing vector into COS-7 or NIH3T3
cells significantly enhanced its invasion through Matrigel,
compared with cell transfected with mock vector (FIG. 4A).

Example 6

Inhibitory Effect of anti-SYNGR4 Antibody on the
Cell Invasive Activity

[0666] Since it was found that SYNGR4 was expressed on
cell surface, the function of SYNGR4 was blocked by using
antibody for SYNGR4. C-terminus of SYNGR4 seemed to be
outside of cell membrane, so this lesion was targeted by
antibody treatment. This present inventors applied COS-7
cells transfected with SYNGR4 expressing vector or mock
vector to Matrigel assays for the evaluation of inhibition of
SYNGR4-dependent cellular invasion by SYNGR4 antibody.
The invasive activity induced by SYNGR4 was significantly
blocked by anti-SYNGR4 antibody in a dose dependent man-
ner (FIG. 4B). It was then evaluated the functional blocking
effect of anti-SYNGR4 antibody on lung cancer cell invasion.
In concordance with the result of COS-7 cells, cellular inva-
siveness of A549 cells, which highly expressed endogenous
SYNGR4, were effectively blocked by anti-SYNGR4 anti-
body in a dose dependent manner, whereas the antibody failed
to block cellular invasiveness of SYNGR4 negative NCI-
H1781 cells (FIG. 4C). These results are consistent with the
conclusion that SYNGRA4 is required for cell invasion and is
an ideal target for antibody-based immunotherapy.

[0667] Interaction of SYNGR4 with GRB2 through GRB2
SH2 domain binding motif on SYNGR4.

[0668] As demonstrated, SYNGR4 is a membrane protein
and both N- and C-terminal is outside of cell surface. The
present inventors next evaluated the posttranscriptional modi-
fication in cell-inside region of SYNGR4. Because SYNGR4
family protein is heavily phosphorylated (Janz R et al. Neu-
ron 1999:24:687-700., Janz R, ] Biol Chem. 1998;273: 2851-
7.), the inventors first treated phosphatase COS-7 cells exog-
enously expressing SYNGR4 and found that SYNGR4 was
likely to be phosphorylated, because the band was lower
shifted after the treatment (FIG. 5A, left upper panel). The
inventors next tried to identify phosphorylated residue of
SYNGR4 protein by immunoblotting of immunoprecipitated
exogenous SYNGR4-expressed COS-7 cell lysate using anti-
phosphorylated tyrosine (FIG. 5A, right panel), and con-
firmed that tyrosine residue in SYNGR4 could be phospho-
rylated. The inventors next focused on tyrosine residue in
intracellular sequence of SYNGR4 protein, and found that
tyrosine-46 intracellularly located (FIG. 5A, lower panel).
Since SYNGR4 tyrosine-46 was included in a predicted con-
sensus GRB2 SH2 domain binding motif (pY—X—N), the
inventors next evaluated the possibility that SYNGR4 inter-
acts with GRB2, a multifunctional adaptor protein that inter-
acts with various proteins. Their interaction was confirmed by
immunoprecipitation experiment (FIG. 5B), which indicates
that SYNGR4 might be involved in functional signaling path-
way using GRB2. To examine whether tyrosine-46 in
SYNGR4 could be phosphorylated and function as GRB2-
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interacting residue, the inventors next generated phenylala-
nine-replaced mutant SYNGR4 and performed immunoblot-
ting using anti-phosphorylated tyrosine using wild type or
mutant SYNGR4 immunoprecipitants obtained by anti-Flag
antibody. Expectedly, blotted phospho-tyrosine was mark-
edly decreased (FIG. 5C, left panel), indicating that tyrosine-
46 could be phosphorylated. Next immunoblotting of GRB2
was performed using the same immunoprecipitants and found
that the amount of GRB2-binding SYNGR4 was decreased in
mutant SYNGR4-Y46F compared with wild type SYNGR4
(FIG. 5C, left panel). These data indicates that tyrosine-46 in
SYNGR4 is important residue for the interaction of SYNGR4
with GRB2.

[0669] SYNGR4 as a novel modulator of MAPK signaling
pathway through PAK1.

[0670] Since introduction of SYNGR4 into mammalian
cells exhibited promotion of cell growth and invasion, the
inventors attempted to find SYNGR4-dependent signaling
molecules related to cell growth and invasion. GRB2 is
known to be a key molecule that mediates signals of cell
surface to Ras-MAPK pathway by cooperating with SOS
(Downward J. FEBS Lett. 1994; 338: 113-7). Because Ras-
MAPK signaling is considered as one of the most causative
signals of lung cancer progression (Sebolt-Leopold J S, Nat
Rev Cancer. 2004; 4; 937-47), the inventors first evaluated the
effect of exogenous SYNGR4 expression was on the activa-
tion of RAS-MAPK signaling molecules in COS-7 cells. The
present inventors found no increase of the levels of activated
RAS by pull-down assay using RAF1 recombinant protein
(FIG. 7B), but interestingly phosphorylation of c-Raf, MEK,
and ERK proteins were significantly elevated by exogenously
expressed SYNGR4 (FIG. 6A, left panel). Furthermore by
knocking down endogenous SYNGR4 expression by siRNA
against SYNGR4 in lung cancer cell lines, A549 and SBC-3
cells, the inventors found marked decrease in phosphoryla-
tion of each MAPK signaling proteins (FIG. 6A, right pan-
els). These data suggested that MAPK signaling is a target of
SYNGR4 but not through RAS activation. The inventors next
performed assay knocking down endogenous GRB2 protein
in COS-7 cells by siRNA against GRB2, followed by intro-
duction of SYNGR4 (FIG. 6B). It was found that phospho-
rylation status of MAPK signaling proteins was not altered by
introduction of SYNGR4 in siGRB2-treated cells, although
significant reduction of baseline phosphorylation status by
si-GRB2 was found, probably because of termination of
GRB2-SOS-RAS signaling pathway. The inventors further
analyzed the relationship of SYNGR4 with GRB2 by intro-
ducing mutant SYNGR-Y46F whose binding affinity to
GRB2 was significantly reduced into COS-7 cells. Expect-
edly, phosphorylation status of MAPK signaling molecules
was significantly decreased in cells transfected with mutant
SYNGR-Y46F expression vector compared with those trans-
fected with plasmids expressing wild type SYNGR4 (FIG.
6C). These data indicates that GRB2 is indispensable inter-
acting protein for SYNGR4 to function as it’s a downstream
signaling molecule. Next the present inventors searched for
other molecules except RAS that affects MAPK signaling
molecule. Among phosphorylation site in MAPK signaling
molecules, serine-298 of MEK1 is known as a site which is
specifically phosphorylated by p21 protein-activated kinase
(PAK) (Slack-Davis J K, etal. ] Cell Biol. 2003; 162: 281-91.,
Park E R et al. Cell Signal. 2007; 19: 1488-96.), and the
inventors found the levels of serine-298 of MEK1 phospho-
rylation to be enhanced in concordance with the expression of
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SYNGR4 (FIGS. 6A and 6C). Therefore, the phosphorylation
status of PAK1-Thr423 was evaluated, which is known as an
indispensable phosphorylation site for its kinase activity in
lung cancer cells by siRNA for SYNGR4 and found that
PAK1 activity was decreased (FIG. 6D). Next it was found
that knocking down of endogenous PAK1 by siRNA for
PAK1 reduced enhancement of phosphorylation induced by
exogenous SYNGR4 in COS-7 cells (FIG. 6E). The results
suggested that SYNGR4 could exert oncogenic function pos-
sibly with GRB2-PAK1 and subsequent MAPK signal acti-
vation. Finally the inventors evaluated whether the enhance-
ment of growth and invasive activity induced by SYNGR4 is
inhibited by replacement of tyrosine-46 to phenylalanine in
SYNGR4. COS-7 cells exogenously expressing mutant
SYNGR-S46F exhibited loss of ability to enhance growth and
invasive activity compared with wild type SYNGR4 intro-
duced cells (FIG. 6F). According to these findings it could be
suggested alternative growth and invasion-promoting path-
way involving SYNGR4, GRB2, PAK1 (FIG. 6G).

[0671] Discussion

[0672] Recent accumulation of knowledge in cancer
genomics and molecular biochemistry introduced new strat-
egy fortreatment of cancer like molecular target drugs (Daigo
Y et al., Gen Thorac Cardiovasc Surg 2008, 56: 43-53).
Molecular targeted drugs are expected to be highly specific to
malignant cells, with minimal adverse effects due to their
well-defined mechanisms of action. To find such molecules, it
was established a powerful screening system to identify pro-
teins that were activated specifically in lung cancer cells. The
strategy was as follows: (a) identification of up-regulated
genes in 101 lung cancer samples through the genome-wide
c¢DNA microarray system, containing more than 32,256
genes, coupled with laser microdissection (Daigo Y et al.,
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);
(b) verification of very low or absent expression of such genes
in normal organs by cDNA microarray analysis and multiple-
tissue Northern blot analysis; (¢) confirmation of the clinico-
pathologic significance of their overexpression using tissue
microarray consisting of hundreds of NSCLC tissue samples
(Suzuki C et al., Cancer Res 2003, 63: 7038-41; Ishikawa Net
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: 9 408-19; 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: 2517-25; 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., 2007, 67: 11601-11;
Mano T et al., Cancer Sci 2007, 98: 1902-13); and (d) verifi-
cation of the targeted genes whether they are essential for the
survival or growth of lung cancer cells by siRNA (Suzuki C et
al., 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; 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
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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 Yet al., Cancer Sci 2007, 98: 1902-13; kato T et a;.,
Clin Cancer Res 2008, 14:2263-70). Through the analyses, it
was identified several genes encoding oncoantigens that are
candidates for the development of diagnostic markers, thera-
peutic drugs, and/or immunotherapy. Among them, genes
encoding tumor-specific transmembrane or secretory pro-
teins are considered to have significant advantages because
they are present on the cell surface or within the extracellular
space. The present invention is based, in part, on the discovery
that one of the genes, SYNGR4, that encodes a multi-pass
transmembrane protein, and shown that SYNGR4 is fre-
quently overexpressed in clinical lung cancer samples and
cell lines, and that its gene product plays important roles in
the growth and invasion of lung cancer cells. SYNGR4 is a 25
kD protein that first described its chromosomal localization
by transcript mapping of 19 g-arm glioma tumor suppressor
region (Smith J S et al., Genomics 2000, 64: 44-50; Kedra D
et al., Hum Genet 1998, 273: 2851-7), but there has been no
report that refers its biological function as well as its involve-
ment in carcinogenesis.

[0673] In this example, it was found that strong SYNGR4
expression was associated with poorer clinical outcome for
NSCLC patients. It was also demonstrated that inhibition of
endogenous expression of SYNGR4 by siRNA resulted in
marked reduction of viability of lung cancer cells. Exogenous
expression of SYNGR4 enhanced the cell growth and cellular
migration/invasive activity in mammalian cells. Furthermore,
it was revealed that Tyr46 in SYNGR4 was phosphorylated
and important for binding with GRB2. GRB2 is a key mol-
ecule for transmitting the stimulation of cell surface to cyto-
plasm signaling pathways (Downward J. FEBS Lett. 1994;
338: 113-7.), and there are several interacting proteins of
GRB2 related to downstream signaling pathways leading to
cell growth and invasion. Because MAPK signaling is con-
sidered to have critical role for cancer cell proliferation (Se-
bolt-Leopold J S and Herrera R. Nat Rev Cancer. 2004; 4;
937-47.), the inventors focused on this signaling pathway to
elucidate the function of SYNGR4. Expectedly, activity of
MAPK signaling molecules was enhanced by expression of
SYNGR4, and was suppressed by siRNA for SYNGR4.

[0674] Phosphorylation levels of serine-298 in MEKI,
which is known as a specific phosphorylation site by PAK1
kinase (Slack-Davis J K, etal. J Cell Biol. 2003; 162: 281-91.,
53), was increased or decreased in concordance with
SYNGR4 expression. In addition, serine 338 in c-RAF, which
is known to be phosphorylated by PAK1 and enhance c-RAF
activity in cooperating with RAS (Chaudhary A, et al. Curr
Biol 2000; 10: 551-4.), was also altered its phosphorylation
status in concordance with SYNGR4 expression. Another
evidence indicates that GRB2 could directly interact with and
activate PAK1 (Puto L A, et al. J Biol Chem. 2003; 278:
9388-93.). The inventors thus hypothesized that SYNGR4
may positively regulate MAPK signaling pathway via PAK1.
Consistently, knocking down of PAK1 by siRNA for PAK1
revealed reduced the effect of SYNGR4 on the enhancement
of phosphorylation of MAPK signal proteins without total
elimination of phosphorylation in each protein, which is con-
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sistent with the fact that PAK1-mediated regulation of c-RAF
and MEKI1 is likely to be important for maximization of
canonical growth factor and RAS-mediated regulation of
MAPK signaling pathway (Beeser A, et al. J Biol Chem.
2005; 280: 36609-15.). Furthermore, PAK1 is one of the
effectors of Rac/Cdc42 GTPases and its activity is closely
related to cell invasion, cytoskeletal dynamics and cell motil-
ity (Kumar R, et al. Nat Rev Cancer. 2006; 6: 459-71.).

[0675] d type and Y46F SYNGR4-introduced COS-7 cells
and decreased ability was found in siRNA for SYNGR4-
treated lung cancer cells. These data supports our hypothesis
that SYNGR4 promotes cell invasion via GRB2-PAK1 path-
way.

[0676] Although the detailed function of SYNGR4 in pul-
monary carcinogenesis is still under analyses, our results are
consistent with the conclusion that SYNGR4 expression pro-
motes progression of lung tumors by stimulating cell prolif-
eration/survival and metastasis.

[0677] Since SYNGR4 is expressed in only testis among
normal tissues and a membrane protein is considered to be
ideal target for antibody-based therapy, the efficacy of anti-
SYNGR4 antibody in blocking SYNGR4-dependent invasive
activity in SYNGR4-positive cells was examined, and it was
observed that cell invasion was significantly suppressed by an
anti-SYNGR4 antibody. This finding supports the use of anti-
SYNGR4 antibody for lung cancer therapy.

[0678] This invention demonstrates that SYNGR4 cancer-
testis antigen is frequently expressed in lung cancers and is al
prognostic biomarker for this disease. SYNGR4 overexpres-
sion in resected specimens may be a useful index for appli-
cation of adjuvant therapy to the lung cancer patients who are
likely to show poor prognosis. Moreover, SYNGR4 is likely
to be an essential contributor to aggressive features of
NSCLC and a likely target for the development of new thera-
peutic approaches, such as molecular targeted drugs and anti-
body-based immunotherapy to lung cancer.

Oct. 27,2011

INDUSTRIAL APPLICABILITY

[0679] As demonstrated herein, cell growth is suppressed
by a double-stranded molecule that specifically targets the
SYNGR4 gene. Thus, the novel double-stranded molecules
are useful candidate for the development of an anti-cancer
pharmaceutical. For example, agents that block the expres-
sion of SYNGR4 protein and/or prevent its activity may find
therapeutic utility as an anti-cancer agent, particularly an
anti-cancer agent for the treatment of lung cancer, more par-
ticularly for the treatment of NSCLC and SCLC.

[0680] The expression of human gene SYNGR4 is mark-
edly elevated in lung cancer, as compared to normal organs.
Accordingly, the gene can be conveniently used as diagnostic
marker of lung cancer and the protein encoded thereby find
utility in diagnostic assays of lung cancer.

[0681] Furthermore, the methods described herein are also
useful in diagnosis of lung cancer, including small-cell lung
carcinomas (SCLCs) and non-small cell lung cancers
(NSCLCs), as well as the prediction of the poor prognosis of
the patients with these diseases. Moreover, the present inven-
tion provides a likely candidate for development of therapeu-
tic approaches for cancer including lung cancers.

[0682] Furthermore, SYNGR4 polypeptide is a useful tar-
get for the development of anti-cancer pharmaceuticals. For
example, agents that bind SYNGR4 or block the expression
of SYNGRA4 or prevent its activity may find therapeutic utility
as anti-cancer agents, particularly anti-cancer agents for the
treatment of lung cancer.

[0683] All publications, databases, sequences, patents, and
patent applications cited herein are hereby incorporated by
reference.

[0684] While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the
spirit and scope of the invention, the metes and bounds of
which are set by the appended claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 45

<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

caacagccct gtgaacatge

<210> SEQ ID NO 2

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial
<220> FEATURE:

20

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

<400> SEQUENCE: 2

acccttetgg agggaggatt ¢

21
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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 cattgetttc 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 ¢ 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 probe

<400> SEQUENCE: 5

cggctaccag aacaagatgg 20

<210> SEQ ID NO 6

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

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

<400> SEQUENCE: 6

gaagcgcettg taagggactg 20

<210> SEQ ID NO 7

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

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

<400> SEQUENCE: 7

ggaattccag accgtgcatc atgcacatcc ccaaaagcct ccag 44
<210> SEQ ID NO 8

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

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

<400> SEQUENCE: 8

cecgetegage gggttgtcag gecatcatage aagce 34

<210> SEQ ID NO 9
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<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: An artificially synthesized target sequence for
siRNA

<400> SEQUENCE: 9

gaagcagcac gacttctte 19

<210> SEQ ID NO 10

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: An artificially synthesized target sequence for
siRNA

<400> SEQUENCE: 10

cgtacgcgga atacttcga 19

<210> SEQ ID NO 11

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: An artificially synthesized target sequence for
siRNA

<400> SEQUENCE: 11

caagatggag tctccgcag 19

<210> SEQ ID NO 12

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: An artificially synthesized target sequence for
siRNA

<400> SEQUENCE: 12

atgatgctcecc agtccectta 19
<210> SEQ ID NO 13

<211> LENGTH: 1009

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 13

ggcgaaagga agggcgggcc ctcaggtgac gcagattgge cctccagaga aggggceggec 60
ccttectcagg tgccgtcacc cccaaacctc agcactgcca ttccaggtec ttaaagggga 120
gaccgcgatt ctaagaagca gccaagccca gggctggect gaagcccccg gacggcagtg 180
cccagcagge agcgcccage accctggcte ccacctecca gtggccccaa aggaaaacag 240
ctgccatgca catccccaaa agectccagg agcetggecaa cagcgaagec gtgcagttte 300
tgagaaggcce caagaccatc acgecgggtcet tcgaaggggt cttcetcecectg atcgtcettet 360
cctcectget gaccgacgge taccagaaca agatggagtce tcegcagetce cactgeatte 420
tcaacagcaa cagcgtggcce tgcagctttg ccgtgggagce cggcttcectg gecttectca 480

getgectgge cttectegte ctggacacac aggagacccg cattgecgge acccegettea 540
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agacagcctt ccagctcctg gacttcatce tggetgttct ctgggcagtt gtctggttca 600
tgggtttctg cttcctggece aaccaatgge agcattecgcc gecccaaagag ttcctectgg 660
ggagcagcag tgcccaggca gccatcgect tcaccttett ctccatectt gtectggatat 720
tccaggecta cctggcatte caggacctcece gaaatgatge tccagtccct tacaagegcet 780
tcetggatga gggtggcatg gtgctgacca ccctecccett gecctetgee aacagceectyg 840
tgaacatgcc caccactggce cccaacagcc tgagttatge tagctctgec ctgtecccect 900
gtctgaccge tccaaagtcc ccccggettyg ctatgatgec tgacaactaa atatccttat 960
ccaaatcaat aaagagagaa tcctccctece agaagggttt ctaaaaaca 1009

<210> SEQ ID NO 14

<211> LENGTH: 234

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 14

Met His Ile Pro Lys Ser Leu Gln Glu Leu Ala Asn Ser Glu Ala Val
1 5 10 15

Gln Phe Leu Arg Arg Pro Lys Thr Ile Thr Arg Val Phe Glu Gly Val
20 25 30

Phe Ser Leu Ile Val Phe Ser Ser Leu Leu Thr Asp Gly Tyr Gln Asn
35 40 45

Lys Met Glu Ser Pro Gln Leu His Cys Ile Leu Asn Ser Asn Ser Val
50 55 60

Ala Cys Ser Phe Ala Val Gly Ala Gly Phe Leu Ala Phe Leu Ser Cys
65 70 75 80

Leu Ala Phe Leu Val Leu Asp Thr Gln Glu Thr Arg Ile Ala Gly Thr

Arg Phe Lys Thr Ala Phe Gln Leu Leu Asp Phe Ile Leu Ala Val Leu
100 105 110

Trp Ala Val Val Trp Phe Met Gly Phe Cys Phe Leu Ala Asn Gln Trp
115 120 125

Gln His Ser Pro Pro Lys Glu Phe Leu Leu Gly Ser Ser Ser Ala Gln
130 135 140

Ala Ala Ile Ala Phe Thr Phe Phe Ser Ile Leu Val Trp Ile Phe Gln
145 150 155 160

Ala Tyr Leu Ala Phe Gln Asp Leu Arg Asn Asp Ala Pro Val Pro Tyr
165 170 175

Lys Arg Phe Leu Asp Glu Gly Gly Met Val Leu Thr Thr Leu Pro Leu
180 185 190

Pro Ser Ala Asn Ser Pro Val Asn Met Pro Thr Thr Gly Pro Asn Ser
195 200 205

Leu Ser Tyr Ala Ser Ser Ala Leu Ser Pro Cys Leu Thr Ala Pro Lys
210 215 220

Ser Pro Arg Leu Ala Met Met Pro Asp Asn
225 230

<210> SEQ ID NO 15

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: 'An artificially synthesized epitope peptide
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sequence
<400> SEQUENCE: 15

Leu Asp Glu Glu Ser Ile Leu Lys Gln Glu His His His His His His
1 5 10 15

<210> SEQ ID NO 16

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: An artificially synthesized epitope peptide
sequence

<400> SEQUENCE: 16

Asp Tyr Lys Asp His Asp Gly Asp Tyr Lys Asp His Asp Ile Asp Tyr
1 5 10 15

Lys Asp Asp Asp Asp Lys
20

<210> SEQ ID NO 17

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

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

<400> SEQUENCE: 17

cgacggcttce cagaacaag 19

<210> SEQ ID NO 18

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

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

<400> SEQUENCE: 18

cttgttetgg aagcegteg 19

<210> SEQ ID NO 19

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: An artificially synthesized target sequence for
siRNA

<400> SEQUENCE: 19

cgcauugccg gcacccgcu 19

<210> SEQ ID NO 20

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: An artificially synthesized target sequence for
siRNA

<400> SEQUENCE: 20

gcauugccgg cacccgceuu 19

<210> SEQ ID NO 21
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<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: An artificially synthesized target sequence for
siRNA

<400> SEQUENCE: 21

caaacauugu gaauuacuu 19

<210> SEQ ID NO 22

<211> LENGTH: 3303

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 22

agttctegeg ggacaccgac ggggagcgga agccaggagg tattgetget tcggcgacceg 60

ggcggcggca gcggeggegg cggctgtgge agagtctgtg cctgtggegg tgacggegge 120

gggagcaage gctgeecteg cagagcagee ttggggtege cggecgeteg cagegttgtg 180

gaggggceggg ccggacgctg ageggagcag ctgcgccacg ggtggcattg tgtgtcccag 240

agtgceggag cgagtcccag aagagaggceg aggctaagec cagagegetg ggttgettca 300
gcagggaaga ctcectteee cetgettcag getgetgage actgagecage getcagaatg 360
gaagccatcg ccaaatatga cttcaaagcet actgcagacg acgagcetgag cttcaaaagg 420
ggggacatcce tcaaggtttt gaacgaagaa tgtgatcaga actggtacaa ggcagagcett 480
aatggaaaag acggcttcat tcccaagaac tacatagaaa tgaaaccaca tccgtggttt 540
tttggcaaaa tccccagage caaggcagaa gaaatgctta gcaaacageg gcacgatggg 600
gectttetta tccgagagag tgagageget cctggggact tcetceectete tgtcaagttt 660
ggaaacgatg tgcagcactt caaggtgctc cgagatggag ccgggaagta cttcectctgg 720
gtggtgaagt tcaattcttt gaatgagctg gtggattatce acagatctac atctgtctcece 780
agaaaccagce agatattcct gegggacata gaacaggtge cacagcagec gacatacgtce 840
caggcectet ttgactttga tccccaggag gatggagage tgggetteceg cceggggagat 900
tttatccatg tcatggataa ctcagaccce aactggtgga aaggagcettg ccacgggcag 960

accggcatgt ttcccecgcaa ttatgtcacce cccgtgaacce ggaacgtcta agagtcaaga 1020
agcaattatt taaagaaagt gaaaaatgta aaacacatac aaaagaatta aacccacaag 1080
ctgcctetga cagcagectg tgagggagtg cagaacacct ggccgggtca ccctgtgacce 1140
ctctcacttt ggttggaact ttagggggtg ggagggggcyg ttggatttaa aaatgccaaa 1200
acttacctat aaattaagaa gagtttttat tacaaatttt cactgctgct cctcectttecce 1260
ctcctttgte ttttttttceca tectttttte tecttectgtee atcagtgcat gacgtttaag 1320
gccacgtata gtcctagetg acgccaataa taaaaaacaa gaaaccaagt gggctggtat 1380
tctctectatg caaaatgtet gttttagttg gaatgactga aagaagaaca gctgttectg 1440
tgttcttegt atatacacac aaaaaggagc gggcagggcc gctcgatgece tttgetgttt 1500
agcttectcee agaggagggyg acttgtagga atctgectte cagcccagac ccccagtgta 1560
ttttgtccaa gttcacagta gagtagggta gaaggaaagc atgtctctge ttccatgget 1620
tcctgagaaa gcccacctgg gectgggcgeg gtggctcacg cctgtaatcce cagcactttg 1680

ggaggccaag gtgggcggat cacaaggtca ggagttcgag accaacctag ccaacatggt 1740
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gaaaccccgt ctctactaaa aataagaaat tagccgggtg tggcacgcac ctgtagtccce 1800
agctacttgg gagcctgagg caggagaatc gcttgaacct gggaagtgga ggttgagtga 1860
gcecgggaceg tgccattgta ctccagectg ggtgacagag cgagattccg tctcaaaaaa 1920
aaaaaaaaaa agcccacctg aaagcctgte tcetttecact ttgttggecce ttecagtggg 1980
attatcgagc atgttgtttt ttcatagtgc ctttttectt atttcaaggg ttgcttctga 2040
gtggtgtttt tttttttttt ttaatttgtt ttgttttaaa ataagttaaa ggcagtccag 2100
agcttttcag ccaatttgtc tcctactctg tgtaaatatt tttccctecg ggcaggggag 2160
ccagggtaga gcaaaggaga caaagcagga gtggaaggtg aggcgttctc ctgcttgtac 2220
taagccagga ggctttaage tccagcttta agggttgtga gccccttggg ggttcaggga 2280
actgcttgece cagggtgcag tgtgagtgtg atgggccacc ggggcaagag ggaaggtgac 2340
cgcccagcecte tcecccacatcce cactggatct ggcecttacagg ggggtcecggaa gcectgtecte 2400
accgtectegg gggttgtgge ccccgcccce tceectatatg caccectgga accagcaagt 2460
cccagacaag gagagcggag gaggaagtca tgggaacgca gectccagtt gtagcaggtt 2520
tcactattcc tatgetgggg tacacagtga gagtactcac ttttcacttg tcttgcetett 2580
agattgggcc atggctttca tcctgtgtcece cctgacctgt ccaggtgagt gtgagggcag 2640
cactgggaag ctggagtgct gcttgtgect ccctteccag tgggctgtgt tgactgetge 2700
tccccaccee taccgatggt cccaggaagce agggagagtt ggggaaggca agattggaaa 2760
gacaggaaga ccaaggcctc ggcagaactc tctgtcttet ctccacttet ggteccectgt 2820
ggtgatgtgc ctgtaatctt tttctccacce caaacccctt cccacgacaa aaacaagact 2880
gcctecctet cttecgggag ctggtgacag ccttgggect ttcagtccca aagcggcecga 2940
tgggagtctc cctcecgacte cagatatgaa cagggcccag gcctggagceg tttgctgtge 3000
caggaggcgg cagctcttet gggcagagcce tgtccccgece ttceccctcact cttectceatce 3060
ctgcttetet tttectecgeca gatgataaaa ggaatctgge attctacacc tggaccattt 3120
gattgtttta ttttggaatt ggtgtatatc atgaagcctt gctgaactaa gttttgtgtg 3180
tatatattta aaaaaaaaat cagtgtttaa ataaagacct atgtacttaa tcctttaact 3240
ctgcggatag catttggtag gtagtgatta actgtgaata ataaatacac aatgaattct 3300
tca 3303
<210> SEQ ID NO 23

<211> LENGTH: 217

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 23

Met Glu Ala Ile Ala Lys Tyr Asp Phe Lys Ala Thr Ala Asp Asp Glu
1 5 10 15

Leu Ser Phe Lys Arg Gly Asp Ile Leu Lys Val Leu Asn Glu Glu Cys
20 25 30

Asp Gln Asn Trp Tyr Lys Ala Glu Leu Asn Gly Lys Asp Gly Phe Ile
35 40 45

Pro Lys Asn Tyr Ile Glu Met Lys Pro His Pro Trp Phe Phe Gly Lys
50 55 60

Ile Pro Arg Ala Lys Ala Glu Glu Met Leu Ser Lys Gln Arg His Asp
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65 70 75 80

Gly Ala Phe Leu Ile Arg Glu Ser Glu Ser Ala Pro Gly Asp Phe Ser
85 90 95

Leu Ser Val Lys Phe Gly Asn Asp Val Gln His Phe Lys Val Leu Arg
100 105 110

Asp Gly Ala Gly Lys Tyr Phe Leu Trp Val Val Lys Phe Asn Ser Leu
115 120 125

Asn Glu Leu Val Asp Tyr His Arg Ser Thr Ser Val Ser Arg Asn Gln
130 135 140

Gln Ile Phe Leu Arg Asp Ile Glu Gln Val Pro Gln Gln Pro Thr Tyr
145 150 155 160

Val Gln Ala Leu Phe Asp Phe Asp Pro Gln Glu Asp Gly Glu Leu Gly
165 170 175

Phe Arg Arg Gly Asp Phe Ile His Val Met Asp Asn Ser Asp Pro Asn
180 185 190

Trp Trp Lys Gly Ala Cys His Gly Gln Thr Gly Met Phe Pro Arg Asn
195 200 205

Tyr Val Thr Pro Val Asn Arg Asn Val

210 215

<210> SEQ ID NO 24

<211> LENGTH: 3181

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 24

aagttctege gggacaccga cggggagegg aagccaggag gtattgetge tteggegace 60
gggcggcgge agceggeggceg gcggetgtgg cagagtetgt gectgtggeg gtgacggegy 120

cgggagcaag cgctgccecte gcagagcage cttggggteg ceggecgete gcagegttgt 180

ggaggggcegg gccggacgct gagcggagca gctgegecac gggtggeatt gtgtgtccca 240

gagtgccgga gcegagtecca gaagagagge gaggctaage ccagageget gggttgette 300
agcagggaag actcccttee cectgettea ggetgetgag cactgagcag cgctcagaat 360
ggaagccatc gccaaatatg acttcaaage tactgcagac gacgagctga gcettcaaaag 420
gggggacatc ctcaaggttt tgaacgaaga atgtgatcag aactggtaca aggcagagct 480
taatggaaaa gacggcttca ttcccaagaa ctacatagaa atgaaaccac atccgtttgg 540
aaacgatgtg cagcacttca aggtgctccg agatggagec gggaagtact tcctetgggt 600
ggtgaagttc aattctttga atgagetggt ggattatcac agatctacat ctgtctccag 660
aaaccagcag atattcctgc gggacataga acaggtgcca cagcagccga catacgtcca 720
ggccctettt gactttgate cccaggagga tggagagctyg ggettecgece ggggagattt 780
tatccatgte atggataact cagaccccaa ctggtggaaa ggagettgece acgggcagac 840
cggeatgttt cccegcaatt atgtcacccee cgtgaaccgg aacgtctaag agtcaagaag 900
caattattta aagaaagtga aaaatgtaaa acacatacaa aagaattaaa cccacaagct 960

gectetgaca gecagectgtg agggagtgca gaacacctgg ccgggtcace ctgtgaccct 1020
ctcactttgg ttggaacttt agggggtggg agggggcgtt ggatttaaaa atgccaaaac 1080
ttacctataa attaagaaga gtttttatta caaattttca ctgctgctecc tcectttecect 1140

cctttgtett ttttttcate cttttttecte ttcectgtccat cagtgcatga cgtttaagge 1200
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cacgtatagt cctagctgac gccaataata aaaaacaaga aaccaagtgg gctggtattc 1260
tctctatgca aaatgtctgt tttagttgga atgactgaaa gaagaacagc tgttcctgtg 1320
ttcttegtat atacacacaa aaaggagcgg gcagggccge tcgatgectt tgctgtttag 1380
cttcctecag aggaggggac ttgtaggaat ctgccttceca gecccagaccce ccagtgtatt 1440
ttgtccaagt tcacagtaga gtagggtaga aggaaagcat gtctctgett ccatggette 1500
ctgagaaagc ccacctgggce tgggcgcggt ggctcacgece tgtaatccca gcactttggg 1560
aggccaaggt gggcggatca caaggtcagg agttcgagac caacctagec aacatggtga 1620
aacccecgtet ctactaaaaa taagaaatta gccgggtgtg gcacgcacct gtagtcccag 1680
ctacttggga gcctgaggca ggagaatcge ttgaacctgg gaagtggagg ttgagtgagce 1740
cgggaccgtg ccattgtact ccagcctggg tgacagagcg agattccgtce tcaaaaaaaa 1800
aaaaaaaaag cccacctgaa agcctgtcte tttccacttt gttggccctt ccagtgggat 1860
tatcgagcat gttgtttttt catagtgcct tttteccttat ttcaagggtt gcttctgagt 1920
ggtgtttttt tttttttttt aatttgtttt gttttaaaat aagttaaagg cagtccagag 1980
cttttcagec aatttgtcte ctactctgtg taaatatttt tecccteeggg caggggagcece 2040
agggtagagc aaaggagaca aagcaggagt ggaaggtgag gcgttctect gettgtacta 2100
agccaggagg ctttaagctc cagctttaag ggttgtgage cccttggggg ttcagggaac 2160
tgcttgccca gggtgcagtg tgagtgtgat gggccaccgg ggcaagaggg aaggtgaccg 2220
cccagetete ccacatccca ctggatctgg cttacagggg ggtcggaage ctgtcectcac 2280
cgtectegggg gttgtggeece ccgeccecte cctatatgeca cccectggaac cagcaagtcece 2340
cagacaagga gagcggagga ggaagtcatg ggaacgcagc ctccagttgt agcaggtttce 2400
actattccta tgctggggta cacagtgaga gtactcactt ttcacttgtce ttgctcttag 2460
attgggccat ggctttcatc ctgtgtccce tgacctgtecce aggtgagtgt gagggcagca 2520
ctgggaagct ggagtgctge ttgtgcctce ctteccagtg ggctgtgttg actgetgetce 2580
cccaccecta ccgatggtece caggaagcag ggagagttgg ggaaggcaag attggaaaga 2640
caggaagacc aaggcctcgg cagaactctc tgtcttetet ccacttcetgg tccectgtgg 2700
tgatgtgcect gtaatctttt tctccaccca aaccccttec cacgacaaaa acaagactgce 2760
ctcectetet tecgggaget ggtgacagece ttgggecttt cagtcccaaa gecggccgatg 2820
ggagtctcee tccgactceca gatatgaaca gggcccaggce ctggagegtt tgctgtgceca 2880
ggaggcggca gctcttetgg gcagagectg tceccecgectt cectcactet tectecatcect 2940
gcttetettt tectcecgcaga tgataaaagg aatctggcat tctacacctg gaccatttga 3000
ttgttttatt ttggaattgg tgtatatcat gaagccttge tgaactaagt tttgtgtgta 3060
tatatttaaa aaaaaaatca gtgtttaaat aaagacctat gtacttaatc ctttaactct 3120
gcggatageca tttggtaggt agtgattaac tgtgaataat aaatacacaa tgaattcttce 3180
a 3181
<210> SEQ ID NO 25

<211> LENGTH: 176

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 25
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Met Glu Ala Ile Ala Lys Tyr Asp Phe Lys Ala Thr Ala Asp Asp Glu
1 5 10 15

Leu Ser Phe Lys Arg Gly Asp Ile Leu Lys Val Leu Asn Glu Glu Cys
20 25 30

Asp Gln Asn Trp Tyr Lys Ala Glu Leu Asn Gly Lys Asp Gly Phe Ile
35 40 45

Pro Lys Asn Tyr Ile Glu Met Lys Pro His Pro Phe Gly Asn Asp Val
50 55 60

Gln His Phe Lys Val Leu Arg Asp Gly Ala Gly Lys Tyr Phe Leu Trp
65 70 75 80

Val Val Lys Phe Asn Ser Leu Asn Glu Leu Val Asp Tyr His Arg Ser
85 90 95

Thr Ser Val Ser Arg Asn Gln Gln Ile Phe Leu Arg Asp Ile Glu Gln
100 105 110

Val Pro Gln Gln Pro Thr Tyr Val Gln Ala Leu Phe Asp Phe Asp Pro
115 120 125

Gln Glu Asp Gly Glu Leu Gly Phe Arg Arg Gly Asp Phe Ile His Val
130 135 140

Met Asp Asn Ser Asp Pro Asn Trp Trp Lys Gly Ala Cys His Gly Gln
145 150 155 160

Thr Gly Met Phe Pro Arg Asn Tyr Val Thr Pro Val Asn Arg Asn Val
165 170 175

<210> SEQ ID NO 26

<211> LENGTH: 3484

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 26

tgcccteceg cggctgcage cggagccgaa ggtggtggct gcacagtaga cgccccectca 60
cggcttecce cacacgctece cgeccccteg ctegeccate gegetteect cacaggetcet 120
gecagtcctee cccacagacg ccttcccect tggactctca tteccctttte cacggagecce 180
cgegettteg tgagecccecet cgaggaacct ggtcectecgeca teccagttacce acctectgec 240
tcagaggcca tctgagcccet tegcaccteg cccctecagte ceecctteece cccecgeccg 300
cgtcgecteg ctecccteceg ceccccccate atcecttceee tegcagttec cctgtectga 360

ggggagceee gecacgggea gegeggegge ggceggcagga gggagaaagt gaageggtag 420
ctegegeaca ctegegecct cactecegge taggeggcac ccaccgeedg gaggaggagyg 480

aggagcegag aggagetgag cgagegegga agtagetget getggtggtg acaatgtcaa 540

ataacggcct agacattcaa gacaaacccc cagcccctcc gatgagaaat accagcacta 600
tgattggagc cggcagcaaa gatgctggaa ccctaaacca tggttctaaa cctctgecte 660
caaacccaga ggagaagaaa aagaaggacc gattttaccg atccatttta cctggagata 720
aaacaaataa aaagaaagag aaagagcggc cagagatttc tctceccttca gattttgaac 780
acacaattca tgtcggtttt gatgctgtca caggggagtt tacgggaatg ccagagcagt 840
gggeccgett gcttcagaca tcaaatatca ctaagtcgga gcagaagaaa aacccgcagg 900
ctgttctgga tgtgttggag ttttacaact cgaagaagac atccaacagc cagaaataca 960

tgagctttac agataagtca gctgaggatt acaattcttc taatgccttg aatgtgaagg 1020
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ctgtgtctga gactcctgca gtgccaccag tttcagaaga tgaggatgat gatgatgatg 1080
atgctacccc accaccagtg attgctccac gcccagagca cacaaaatct gtatacacac 1140
ggtctgtgat tgaaccactt cctgtcactc caactcggga cgtggctaca tctcccattt 1200
cacctactga aaataacacc actccaccag atgctttgac ccggaatact gagaagcaga 1260
agaagaagcc taaaatgtcect gatgaggaga tcttggagaa attacgaagce atagtgagtg 1320
tgggcgatcce taagaagaaa tatacacggt ttgagaagat tggacaaggt gcttcaggca 1380
ccgtgtacac agcaatggat gtggccacag gacaggaggt ggccattaag cagatgaatc 1440
ttcagcagca gcccaagaaa gagctgatta ttaatgagat cctggtcatg agggaaaaca 1500
agaacccaaa cattgtgaat tacttggaca gttacctcgt gggagatgag ctgtgggttg 1560
ttatggaata cttggctgga ggctccttga cagatgtggt gacagaaact tgcatggatg 1620
aaggccaaat tgcagctgtg tgccgtgagt gtctgcagge tctggagttce ttgcattcga 1680
accaggtcat tcacagagac atcaagagtg acaatattct gttgggaatg gatggctctg 1740
tcaagctaac tgactttgga ttctgtgcac agataacccc agagcagagc aaacggagca 1800
ccatggtagg aaccccatac tggatggcac cagaggttgt gacacgaaag gcctatggge 1860
ccaaggttga catctggtcecce ctgggcatca tggccatcga aatgattgaa ggggagectce 1920
catacctcaa tgaaaaccct ctgagagcct tgtacctcat tgccaccaat gggaccccag 1980
aacttcagaa cccagagaag ctgtcagcta tcttccggga ctttctgaac cgctgtcteg 2040
agatggatgt ggagaagaga ggttcagcta aagagctgct acaggtgaga aaactgaggt 2100
ttcaagtgtt tagtaacttt tccatgatag ctgcatcaat tcctgaagat tgccaagccce 2160
ctctecagece tcactccact gattgctgca gctaaggagg caacaaagaa caatcactaa 2220
aaccacactc accccagcct cattgtgcca agccttcectgt gagataaatg cacatttcag 2280
aaattccaac tcctgatgecc ctcecttctecct tgecttgett ctcecccattte ctgatctage 2340
actcctcaag actttgatcc ttggaaaccg tgtgtccage attgaagaga actgcaactg 2400
aatgactaat cagatgatgg ccatttctaa ataaggaatt tcctcecccaat tcatggatat 2460
gagggtggtt tatgattaag ggtttatata aataaatgtt tctagtcttc cgtgtgtcaa 2520
aatcctcacc tccttcataa ccatctccca caattaattc ttgactatat aaatttatgg 2580
tttgataata ttatcaattt gtaatcaatt gagatttctt tagtgcttgc ttttctgtga 2640
ctcaactgcce cagacacctc attgtacttg aaaactggaa cagcttggga atgccatggg 2700
gtttgataat ctgccaggga catgaagagg ctcagcttcce tggaccatga ctttggctca 2760
gctgatcctg acatgggaga acaaccacat ttttectttgt gtgtgcttet agcagetgtt 2820
cgggaggacc ttgacccaat agtgttccca tgctgtttcect tgtgaaatgce tctecggctat 2880
gtagcagctt ttgattccct gcatacccta ggctgcectgec cctatcctgt cecttgttta 2940
taacattgag aggttttcta gggcacatac tgagtgagag cagtgttgag aagtcgggga 3000
aaatggtgac tacttttaga gcaaggctgg gcatcagcac ctgtccaget ctacttgtgt 3060
gatgtttcag gaactcagce cctttttetg cctaggataa ggagctgaaa gattaacttg 3120
gatcttctaa tggtccaaat cttttggtca caataaagag tctccaaatt agagactgca 3180
tgttagttct ggatggattt ggtggcctga catgataccc tgccagetgt gaggggaccce 3240

cgtttttaag atgcatggcc aagctctctg caaatggaaa tgcttacact gggtgttggg 3300
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gatgtttgct acctcctget atttttgtgg ttttggttcet cccactatgg taggacccct 3360
ggccagcatt gtggettgte atgtcagccc cattgactac cttctcatge tctgaggtac 3420
tactgcctect gcagcacaaa tttctattte tgtcaataaa aggagatgaa aatattctaa 3480
aaaa 3484
<210> SEQ ID NO 27

<211> LENGTH: 553

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 27

Met Ser Asn Asn Gly Leu Asp Ile Gln Asp Lys Pro Pro Ala Pro Pro
1 5 10 15

Met Arg Asn Thr Ser Thr Met Ile Gly Ala Gly Ser Lys Asp Ala Gly
20 25 30

Thr Leu Asn His Gly Ser Lys Pro Leu Pro Pro Asn Pro Glu Glu Lys
35 40 45

Lys Lys Lys Asp Arg Phe Tyr Arg Ser Ile Leu Pro Gly Asp Lys Thr
50 55 60

Asn Lys Lys Lys Glu Lys Glu Arg Pro Glu Ile Ser Leu Pro Ser Asp
65 70 75 80

Phe Glu His Thr Ile His Val Gly Phe Asp Ala Val Thr Gly Glu Phe
Thr Gly Met Pro Glu Gln Trp Ala Arg Leu Leu Gln Thr Ser Asn Ile
100 105 110

Thr Lys Ser Glu Gln Lys Lys Asn Pro Gln Ala Val Leu Asp Val Leu
115 120 125

Glu Phe Tyr Asn Ser Lys Lys Thr Ser Asn Ser Gln Lys Tyr Met Ser
130 135 140

Phe Thr Asp Lys Ser Ala Glu Asp Tyr Asn Ser Ser Asn Ala Leu Asn
145 150 155 160

Val Lys Ala Val Ser Glu Thr Pro Ala Val Pro Pro Val Ser Glu Asp
165 170 175

Glu Asp Asp Asp Asp Asp Asp Ala Thr Pro Pro Pro Val Ile Ala Pro
180 185 190

Arg Pro Glu His Thr Lys Ser Val Tyr Thr Arg Ser Val Ile Glu Pro
195 200 205

Leu Pro Val Thr Pro Thr Arg Asp Val Ala Thr Ser Pro Ile Ser Pro
210 215 220

Thr Glu Asn Asn Thr Thr Pro Pro Asp Ala Leu Thr Arg Asn Thr Glu
225 230 235 240

Lys Gln Lys Lys Lys Pro Lys Met Ser Asp Glu Glu Ile Leu Glu Lys
245 250 255

Leu Arg Ser Ile Val Ser Val Gly Asp Pro Lys Lys Lys Tyr Thr Arg
260 265 270

Phe Glu Lys Ile Gly Gln Gly Ala Ser Gly Thr Val Tyr Thr Ala Met
275 280 285

Asp Val Ala Thr Gly Gln Glu Val Ala Ile Lys Gln Met Asn Leu Gln
290 295 300

Gln Gln Pro Lys Lys Glu Leu Ile Ile Asn Glu Ile Leu Val Met Arg
305 310 315 320
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Glu Asn Lys Asn Pro Asn Ile Val Asn Tyr Leu Asp Ser Tyr Leu Val
325 330 335

Gly Asp Glu Leu Trp Val Val Met Glu Tyr Leu Ala Gly Gly Ser Leu
340 345 350

Thr Asp Val Val Thr Glu Thr Cys Met Asp Glu Gly Gln Ile Ala Ala
355 360 365

Val Cys Arg Glu Cys Leu Gln Ala Leu Glu Phe Leu His Ser Asn Gln
370 375 380

Val Ile His Arg Asp Ile Lys Ser Asp Asn Ile Leu Leu Gly Met Asp
385 390 395 400

Gly Ser Val Lys Leu Thr Asp Phe Gly Phe Cys Ala Gln Ile Thr Pro
405 410 415

Glu Gln Ser Lys Arg Ser Thr Met Val Gly Thr Pro Tyr Trp Met Ala
420 425 430

Pro Glu Val Val Thr Arg Lys Ala Tyr Gly Pro Lys Val Asp Ile Trp
435 440 445

Ser Leu Gly Ile Met Ala Ile Glu Met Ile Glu Gly Glu Pro Pro Tyr
450 455 460

Leu Asn Glu Asn Pro Leu Arg Ala Leu Tyr Leu Ile Ala Thr Asn Gly
465 470 475 480

Thr Pro Glu Leu Gln Asn Pro Glu Lys Leu Ser Ala Ile Phe Arg Asp
485 490 495

Phe Leu Asn Arg Cys Leu Glu Met Asp Val Glu Lys Arg Gly Ser Ala
500 505 510

Lys Glu Leu Leu Gln Val Arg Lys Leu Arg Phe Gln Val Phe Ser Asn
515 520 525

Phe Ser Met Ile Ala Ala Ser Ile Pro Glu Asp Cys Gln Ala Pro Leu
530 535 540

Gln Pro His Ser Thr Asp Cys Cys Ser
545 550

<210> SEQ ID NO 28

<211> LENGTH: 3435

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 28

tgcccteceyg cggctgeage cggagecgaa ggtggtgget gcacagtaga cgecccctcea 60
cggcttecee cacacgetee cgeccecteg ctegeccate gegetteeet cacaggetcet 120
gcagtcctee cecacagacg ccttececct tggactctca ttecetttte cacggagece 180
cgegettteg tgageccect cgaggaacct ggtctcecgea tcecagttace acctectgee 240
tcagaggcca tctgagecct tegcaccteg ccectcagte cececttece ceccegecey 300
cgtegecteg cteccteceg cccccccate atcecttece tegecagttee cctgtectga 360

ggggagcccee gccacgggea gegeggegge ggceggcagga gggagaaagt gaageggtag 420
ctegegeaca ctegegecct cactccegge taggeggeac ccaccgecgg gaggaggagyg 480
aggagcegag aggagctgag cgagegegga agtagetget getggtggtg acaatgtcaa 540
ataacggect agacattcaa gacaaacccce cagceccctece gatgagaaat accagcacta 600
tgattggage cggcagcaaa gatgctggaa ccctaaacca tggttctaaa cctcetgecte 660

caaacccaga ggagaagaaa aagaaggacc gattttaccg atccatttta cctggagata 720
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aaacaaataa aaagaaagag aaagagcggc cagagatttc tctcecttca gattttgaac 780
acacaattca tgtcggtttt gatgctgtca caggggagtt tacgggaatg ccagagcagt 840
gggcecgett gcttcagaca tcaaatatca ctaagtcgga gcagaagaaa aacccgcagg 900
ctgttctgga tgtgttggag ttttacaact cgaagaagac atccaacagc cagaaataca 960

tgagctttac agataagtca gctgaggatt acaattcttc taatgccttg aatgtgaagg 1020
ctgtgtctga gactcctgca gtgccaccag tttcagaaga tgaggatgat gatgatgatg 1080
atgctacccce accaccagtg attgctccac gcccagagca cacaaaatct gtatacacac 1140
ggtctgtgat tgaaccactt cctgtcactc caactcggga cgtggctaca tctcccattt 1200
cacctactga aaataacacc actccaccag atgctttgac ccggaatact gagaagcaga 1260
agaagaagcc taaaatgtct gatgaggaga tcttggagaa attacgaagc atagtgagtg 1320
tgggcgatcc taagaagaaa tatacacggt ttgagaagat tggacaaggt gcttcaggca 1380
ccgtgtacac agcaatggat gtggccacag gacaggaggt ggccattaag cagatgaatc 1440
ttcagcagca gcccaagaaa gagctgatta ttaatgagat cctggtcatg agggaaaaca 1500
agaacccaaa cattgtgaat tacttggaca gttacctcegt gggagatgag ctgtgggttg 1560
ttatggaata cttggctgga ggctccttga cagatgtggt gacagaaact tgcatggatg 1620
aaggccaaat tgcagctgtg tgccgtgagt gtctgcagge tctggagttce ttgcattcga 1680
accaggtcat tcacagagac atcaagagtg acaatattct gttgggaatg gatggctctg 1740
tcaagctaac tgactttgga ttctgtgcac agataacccc agagcagagc aaacggagca 1800
ccatggtagg aaccccatac tggatggcac cagaggttgt gacacgaaag gcctatgggce 1860
ccaaggttga catctggtcc ctgggcatca tggccatcga aatgattgaa ggggagcctce 1920
catacctcaa tgaaaaccct ctgagagcct tgtacctcat tgccaccaat gggaccccag 1980
aacttcagaa cccagagaag ctgtcagcta tcttccggga ctttetgaac cgctgteteg 2040
agatggatgt ggagaagaga ggttcagcta aagagctgct acagcatcaa ttcctgaaga 2100
ttgccaagece cctcecteccage ctcacteccac tgattgetge agctaaggag gcaacaaaga 2160
acaatcacta aaaccacact caccccagcc tcattgtgcec aagccttcectg tgagataaat 2220
gcacatttca gaaattccaa ctcctgatgce cctcttectece ttgecttget tcectcecccattt 2280
cctgatctag cactcctcaa gactttgatce cttggaaacc gtgtgtccag cattgaagag 2340
aactgcaact gaatgactaa tcagatgatg gccatttcta aataaggaat ttcctceccaa 2400
ttcatggata tgagggtggt ttatgattaa gggtttatat aaataaatgt ttctagtctt 2460
ccgtgtgtca aaatcctcac ctceccttcata accatctccce acaattaatt cttgactata 2520
taaatttatg gtttgataat attatcaatt tgtaatcaat tgagatttct ttagtgcttg 2580
cttttctgtg actcaactgc ccagacacct cattgtactt gaaaactgga acagcttggg 2640
aatgccatgg ggtttgataa tctgccaggg acatgaagag gctcagette ctggaccatg 2700
actttggctc agctgatccect gacatgggag aacaaccaca tttttetttg tgtgtgette 2760
tagcagctgt tcgggaggac cttgacccaa tagtgttccc atgetgttte ttgtgaaatg 2820
ctctecggeta tgtagcaget tttgattcec tgcataccct aggctgctge cecctatccetg 2880
tcecttgttt ataacattga gaggttttcect agggcacata ctgagtgaga gcagtgttga 2940

gaagtcgggg aaaatggtga ctacttttag agcaaggctg ggcatcagca cctgtccage 3000
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tctacttgtg tgatgtttca ggaactcagc ccctttttet gectaggata aggagctgaa 3060
agattaactt ggatcttcta atggtccaaa tcttttggtc acaataaaga gtctccaaat 3120
tagagactgc atgttagttc tggatggatt tggtggcctg acatgatacc ctgccagcetg 3180
tgaggggacc ccgtttttaa gatgcatggce caagctctcect gcaaatggaa atgcttacac 3240
tgggtgttgg ggatgtttgce tacctcctge tatttttgtg gttttggtte tcccactatg 3300
gtaggacccc tggccagcat tgtggcttgt catgtcagec ccattgacta ccttcetcatg 3360
ctctgaggta ctactgcectce tgcagcacaa atttctattt ctgtcaataa aaggagatga 3420
aaatattcta aaaaa 3435
<210> SEQ ID NO 29

<211> LENGTH: 545

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 29

Met Ser Asn Asn Gly Leu Asp Ile Gln Asp Lys Pro Pro Ala Pro Pro
1 5 10 15

Met Arg Asn Thr Ser Thr Met Ile Gly Ala Gly Ser Lys Asp Ala Gly
20 25 30

Thr Leu Asn His Gly Ser Lys Pro Leu Pro Pro Asn Pro Glu Glu Lys
Lys Lys Lys Asp Arg Phe Tyr Arg Ser Ile Leu Pro Gly Asp Lys Thr
50 55 60

Asn Lys Lys Lys Glu Lys Glu Arg Pro Glu Ile Ser Leu Pro Ser Asp
65 70 75 80

Phe Glu His Thr Ile His Val Gly Phe Asp Ala Val Thr Gly Glu Phe
85 90 95

Thr Gly Met Pro Glu Gln Trp Ala Arg Leu Leu Gln Thr Ser Asn Ile
100 105 110

Thr Lys Ser Glu Gln Lys Lys Asn Pro Gln Ala Val Leu Asp Val Leu
115 120 125

Glu Phe Tyr Asn Ser Lys Lys Thr Ser Asn Ser Gln Lys Tyr Met Ser
130 135 140

Phe Thr Asp Lys Ser Ala Glu Asp Tyr Asn Ser Ser Asn Ala Leu Asn
145 150 155 160

Val Lys Ala Val Ser Glu Thr Pro Ala Val Pro Pro Val Ser Glu Asp
165 170 175

Glu Asp Asp Asp Asp Asp Asp Ala Thr Pro Pro Pro Val Ile Ala Pro
180 185 190

Arg Pro Glu His Thr Lys Ser Val Tyr Thr Arg Ser Val Ile Glu Pro
195 200 205

Leu Pro Val Thr Pro Thr Arg Asp Val Ala Thr Ser Pro Ile Ser Pro
210 215 220

Thr Glu Asn Asn Thr Thr Pro Pro Asp Ala Leu Thr Arg Asn Thr Glu
225 230 235 240

Lys Gln Lys Lys Lys Pro Lys Met Ser Asp Glu Glu Ile Leu Glu Lys
245 250 255

Leu Arg Ser Ile Val Ser Val Gly Asp Pro Lys Lys Lys Tyr Thr Arg
260 265 270
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Phe Glu Lys Ile Gly Gln Gly Ala Ser Gly Thr Val Tyr Thr Ala Met
275 280 285

Asp Val Ala Thr Gly Gln Glu Val Ala Ile Lys Gln Met Asn Leu Gln
290 295 300

Gln Gln Pro Lys Lys Glu Leu Ile Ile Asn Glu Ile Leu Val Met Arg
305 310 315 320

Glu Asn Lys Asn Pro Asn Ile Val Asn Tyr Leu Asp Ser Tyr Leu Val
325 330 335

Gly Asp Glu Leu Trp Val Val Met Glu Tyr Leu Ala Gly Gly Ser Leu
340 345 350

Thr Asp Val Val Thr Glu Thr Cys Met Asp Glu Gly Gln Ile Ala Ala
355 360 365

Val Cys Arg Glu Cys Leu Gln Ala Leu Glu Phe Leu His Ser Asn Gln
370 375 380

Val Ile His Arg Asp Ile Lys Ser Asp Asn Ile Leu Leu Gly Met Asp
385 390 395 400

Gly Ser Val Lys Leu Thr Asp Phe Gly Phe Cys Ala Gln Ile Thr Pro
405 410 415

Glu Gln Ser Lys Arg Ser Thr Met Val Gly Thr Pro Tyr Trp Met Ala
420 425 430

Pro Glu Val Val Thr Arg Lys Ala Tyr Gly Pro Lys Val Asp Ile Trp
435 440 445

Ser Leu Gly Ile Met Ala Ile Glu Met Ile Glu Gly Glu Pro Pro Tyr
450 455 460

Leu Asn Glu Asn Pro Leu Arg Ala Leu Tyr Leu Ile Ala Thr Asn Gly
465 470 475 480

Thr Pro Glu Leu Gln Asn Pro Glu Lys Leu Ser Ala Ile Phe Arg Asp
485 490 495

Phe Leu Asn Arg Cys Leu Glu Met Asp Val Glu Lys Arg Gly Ser Ala
500 505 510

Lys Glu Leu Leu Gln His Gln Phe Leu Lys Ile Ala Lys Pro Leu Ser
515 520 525

Ser Leu Thr Pro Leu Ile Ala Ala Ala Lys Glu Ala Thr Lys Asn Asn
530 535 540

His
545

<210> SEQ ID NO 30

<211> LENGTH: 3291

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 30

agaatcggag agceggtgge gtcgcaggte gggaggacga gcaccgagtce gagggctcege 60
tegtetggge cgeccgagag tcettaatcge gggegettgg gecgecatcet tagatggegy 120
gagtaagagg aaaacgattg tgaggcggga acggctttet getgectttt ttgggecceg 180

aaaagggtca gctggcceggg ctttggggceg cgtgeccecctga ggcgeggage gcegtttgeta 240
cgatgegggg gctgeteggyg gcteegtceee ctgggetggg gacgcegecga atgtgaccge 300
ctccegetee ctcaccegece geggggagga ggagegggceg agaagctgec gccgaacgac 360

aggacgttgg ggcggectgg ctecctcagg tttaagaatt gtttaagetg catcaatgga 420
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gcacatacag ggagcttgga agacgatcag caatggtttt ggattcaaag atgccgtgtt 480
tgatggctce agctgcatct ctectacaat agttcagcag tttggctatc agcgeccgggce 540
atcagatgat ggcaaactca cagatccttc taagacaagc aacactatcc gtgttttett 600
gccgaacaag caaagaacag tggtcaatgt gcgaaatgga atgagcttge atgactgect 660
tatgaaagca ctcaaggtga ggggcctgca accagagtgce tgtgcagtgt tcagacttcet 720
ccacgaacac aaaggtaaaa aagcacgctt agattggaat actgatgctg cgtctttgat 780
tggagaagaa cttcaagtag atttcctgga tcatgttccc ctcacaacac acaactttgce 840
tcggaagacg ttcctgaage ttgecttctg tgacatctgt cagaaattcc tgctcaatgg 900
atttcgatgt cagacttgtg gctacaaatt tcatgagcac tgtagcacca aagtacctac 960

tatgtgtgtg gactggagta acatcagaca actcttattg tttccaaatt ccactattgg 1020
tgatagtgga gtcccagcac taccttcecttt gactatgcgt cgtatgcgag agtctgttte 1080
caggatgcct gttagttctc agcacagata ttctacacct cacgccttca cctttaacac 1140
ctccagtcece tcatctgaag gttccctcte ccagaggcag aggtcgacat ccacacctaa 1200
tgtccacatg gtcagcacca ccctgectgt ggacagcagg atgattgagg atgcaattceg 1260
aagtcacagc gaatcagcct caccttcage cctgtceccagt agccccaaca atctgagecce 1320
aacaggctgg tcacagccga aaacccccgt gccagcacaa agagagceggg caccagtatce 1380
tgggacccag gagaaaaaca aaattaggcc tcgtggacag agagattcaa gctattattg 1440
ggaaatagaa gccagtgaag tgatgctgtc cactcggatt gggtcaggcet cttttggaac 1500
tgtttataag ggtaaatggc acggagatgt tgcagtaaag atcctaaagg ttgtcgaccce 1560
aaccccagag caattccagg ccttcaggaa tgaggtgget gttctgcgca aaacacggca 1620
tgtgaacatt ctgcttttca tggggtacat gacaaaggac aacctggcaa ttgtgaccca 1680
gtggtgcgag ggcagcagcce tctacaaaca cctgcatgtce caggagacca agtttcagat 1740
gttccagcta attgacattg cccggcagac ggctcaggga atggactatt tgcatgcaaa 1800
gaacatcatc catagagaca tgaaatccaa caatatattt ctccatgaag gcttaacagt 1860
gaaaattgga gattttggtt tggcaacagt aaagtcacgc tggagtggtt ctcagcaggt 1920
tgaacaacct actggctctyg tcctectggat ggccccagag gtgatccgaa tgcaggataa 1980
caacccattc agtttccagt cggatgtcta ctcectatgge atcgtattgt atgaactgat 2040
gacgggggag cttccttatt ctcacatcaa caaccgagat cagatcatct tcatggtggg 2100
ccgaggatat gecctcecccag atcttagtaa gctatataag aactgcccca aagcaatgaa 2160
gaggctggta gctgactgtg tgaagaaagt aaaggaagag aggcctcttt ttccccagat 2220
cctgtcttece attgagctge tccaacactce tctaccgaag atcaaccgga gcgcecttecga 2280
gccatccttg catcgggcag cccacactga ggatatcaat gcttgcacge tgaccacgtce 2340
ccecgaggcectg cctgtecttet agttgacttt gcacctgtet tcaggctgece aggggaggag 2400
gagaagccag caggcaccac ttttcectgectce cctttecteca gaggcagaac acatgtttte 2460
agagaagctg ctgctaagga ccttctagac tgctcacagg gccttaactt catgttgect 2520
tcttttectat ccctttggge cctgggagaa ggaagecatt tgcagtgetg gtgtgtectg 2580
ctcectecee acattccecca tgctcaagge ccagecttet gtagatgege aagtggatgt 2640

tgatggtagt acaaaaagca ggggcccagce cccagctgtt ggctacatga gtatttagag 2700
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gaagtaaggt agcaggcagt ccagccctga tgtggagaca catgggattt tggaaatcag 2760
cttctggagg aatgcatgtc acaggcggga ctttcttcag agagtggtgc agcgccagac 2820
attttgcaca taaggcacca aacagcccag gactgccgag actctggceccg cccgaaggag 2880
cctgetttgg tactatggaa cttttcecttag gggacacgtce ctcecctttcac agcttctaag 2940
gtgtccagtg cattgggatg gttttccagg caaggcactc ggccaatceg catctcagece 3000
ctctcaggga gcagtcttcece atcatgctga attttgtcett ccaggagetg cccctatggg 3060
gcggggcecge agggccagcec ttgtttectcet aacaaacaaa caaacaaaca gecttgttte 3120
tctagtcaca tcatgtgtat acaaggaagc caggaataca ggttttcttg atgatttggg 3180
ttttaatttt gtttttattg cacctgacaa aatacagtta tctgatggtc cctcaattat 3240
gttattttaa taaaataaat taaatttagg tgtaaaaaaa aaaaaaaaaa a 3291
<210> SEQ ID NO 31

<211> LENGTH: 648

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 31

Met Glu His Ile Gln Gly Ala Trp Lys Thr Ile Ser Asn Gly Phe Gly
1 5 10 15

Phe Lys Asp Ala Val Phe Asp Gly Ser Ser Cys Ile Ser Pro Thr Ile
Val Gln Gln Phe Gly Tyr Gln Arg Arg Ala Ser Asp Asp Gly Lys Leu
35 40 45

Thr Asp Pro Ser Lys Thr Ser Asn Thr Ile Arg Val Phe Leu Pro Asn
50 55 60

Lys Gln Arg Thr Val Val Asn Val Arg Asn Gly Met Ser Leu His Asp
65 70 75 80

Cys Leu Met Lys Ala Leu Lys Val Arg Gly Leu Gln Pro Glu Cys Cys
85 90 95

Ala Val Phe Arg Leu Leu His Glu His Lys Gly Lys Lys Ala Arg Leu
100 105 110

Asp Trp Asn Thr Asp Ala Ala Ser Leu Ile Gly Glu Glu Leu Gln Val
115 120 125

Asp Phe Leu Asp His Val Pro Leu Thr Thr His Asn Phe Ala Arg Lys
130 135 140

Thr Phe Leu Lys Leu Ala Phe Cys Asp Ile Cys Gln Lys Phe Leu Leu
145 150 155 160

Asn Gly Phe Arg Cys Gln Thr Cys Gly Tyr Lys Phe His Glu His Cys
165 170 175

Ser Thr Lys Val Pro Thr Met Cys Val Asp Trp Ser Asn Ile Arg Gln
180 185 190

Leu Leu Leu Phe Pro Asn Ser Thr Ile Gly Asp Ser Gly Val Pro Ala
195 200 205

Leu Pro Ser Leu Thr Met Arg Arg Met Arg Glu Ser Val Ser Arg Met
210 215 220

Pro Val Ser Ser Gln His Arg Tyr Ser Thr Pro His Ala Phe Thr Phe
225 230 235 240

Asn Thr Ser Ser Pro Ser Ser Glu Gly Ser Leu Ser Gln Arg Gln Arg
245 250 255
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Ser Thr Ser Thr Pro Asn Val His Met Val Ser Thr Thr Leu Pro Val
260 265 270

Asp Ser Arg Met Ile Glu Asp Ala Ile Arg Ser His Ser Glu Ser Ala
275 280 285

Ser Pro Ser Ala Leu Ser Ser Ser Pro Asn Asn Leu Ser Pro Thr Gly
290 295 300

Trp Ser Gln Pro Lys Thr Pro Val Pro Ala Gln Arg Glu Arg Ala Pro
305 310 315 320

Val Ser Gly Thr Gln Glu Lys Asn Lys Ile Arg Pro Arg Gly Gln Arg
325 330 335

Asp Ser Ser Tyr Tyr Trp Glu Ile Glu Ala Ser Glu Val Met Leu Ser
340 345 350

Thr Arg Ile Gly Ser Gly Ser Phe Gly Thr Val Tyr Lys Gly Lys Trp
355 360 365

His Gly Asp Val Ala Val Lys Ile Leu Lys Val Val Asp Pro Thr Pro
370 375 380

Glu Gln Phe Gln Ala Phe Arg Asn Glu Val Ala Val Leu Arg Lys Thr
385 390 395 400

Arg His Val Asn Ile Leu Leu Phe Met Gly Tyr Met Thr Lys Asp Asn
405 410 415

Leu Ala Ile Val Thr Gln Trp Cys Glu Gly Ser Ser Leu Tyr Lys His
420 425 430

Leu His Val Gln Glu Thr Lys Phe Gln Met Phe Gln Leu Ile Asp Ile
435 440 445

Ala Arg Gln Thr Ala Gln Gly Met Asp Tyr Leu His Ala Lys Asn Ile
450 455 460

Ile His Arg Asp Met Lys Ser Asn Asn Ile Phe Leu His Glu Gly Leu
465 470 475 480

Thr Val Lys Ile Gly Asp Phe Gly Leu Ala Thr Val Lys Ser Arg Trp
485 490 495

Ser Gly Ser Gln Gln Val Glu Gln Pro Thr Gly Ser Val Leu Trp Met
500 505 510

Ala Pro Glu Val Ile Arg Met Gln Asp Asn Asn Pro Phe Ser Phe Gln
515 520 525

Ser Asp Val Tyr Ser Tyr Gly Ile Val Leu Tyr Glu Leu Met Thr Gly
530 535 540

Glu Leu Pro Tyr Ser His Ile Asn Asn Arg Asp Gln Ile Ile Phe Met
545 550 555 560

Val Gly Arg Gly Tyr Ala Ser Pro Asp Leu Ser Lys Leu Tyr Lys Asn
565 570 575

Cys Pro Lys Ala Met Lys Arg Leu Val Ala Asp Cys Val Lys Lys Val
580 585 590

Lys Glu Glu Arg Pro Leu Phe Pro Gln Ile Leu Ser Ser Ile Glu Leu
595 600 605

Leu Gln His Ser Leu Pro Lys Ile Asn Arg Ser Ala Ser Glu Pro Ser
610 615 620

Leu His Arg Ala Ala His Thr Glu Asp Ile Asn Ala Cys Thr Leu Thr
625 630 635 640

Thr Ser Pro Arg Leu Pro Val Phe
645
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<210> SEQ ID NO 32

<211> LENGTH: 2603

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 32

aggcgaggcet tecceccttcecec cgcccectecec ceggcectceca gtcecctecca gggccgette
geagagcgge taggagcacg geggeggegg cactttccce ggcaggaget ggagetggge
tctggtgege gegeggetgt gecgeccgag ccggagggac tggttggttg agagagagag
aggaagggaa tccegggetg ccgaaccgca cgtteageee getcegetee tgcagggeay
cctttegget ctetgegege gaagecgagt ccegggeggg tggggegggg gtccactgag
accgctaceg gecectegge getgacggga cegegegggg cgcacceget gaaggcagec
cecggggeccg cggcccggac ttggtectge gcagegggeg cgggdgcageg cagcegggagg
aagcgagagg tgctgccecte cccccggagt tggaagegeg ttaccegggt ccaaaatgec
caagaagaag ccgacgccca tccagctgaa cccggcccee gacggctctg cagttaacgg
gaccagctcect gcggagacca acttggaggc cttgcagaag aagctggagg agctagaget
tgatgagcag cagcgaaagc gccttgagge ctttcttacce cagaagcaga aggtgggaga
actgaaggat gacgactttg agaagatcag tgagetgggg getggcaatg geggtgtggt
gttcaaggte tcccacaage cttetggect ggtcatggee agaaagetaa ttcatctgga
gatcaaacce gcaatcegga accagatcat aagggagctyg caggttetge atgagtgcaa
ctcteegtac ategtggget tctatggtge gttcectacage gatggegaga tcagtatcetg
catggagecac atggatggag gttctctgga tcaagtectg aagaaagetg gaagaattce
tgaacaaatt ttaggaaaag ttagcattgc tgtaataaaa ggcctgacat atctgaggga
gaagcacaag atcatgcaca gagatgtcaa gccctccaac atcctagtea actccegtgg
ggagatcaag ctctgtgact ttggggtcag cgggcagctc atcgactcca tggccaacte
cttegtggge acaaggtccet acatgtcecgec agaaagactc caggggactc attactctgt
gcagtcagac atctggagca tgggactgtc tctggtagag atggeggttg ggaggtatcce
catccctect ccagatgcca aggagctgga getgatgttt gggtgecagg tggaaggaga
tgcggetgag accccaccca ggccaaggac ccccgggagg cccecttaget catacggaat
ggacagccga cctceccatgg caatttttga gttgttggat tacatagteca acgagectcece
tccaaaactyg cccagtggag tgttcagtct ggaatttcaa gattttgtga ataaatgett
aataaaaaac cccgcagaga gagcagattt gaagcaactce atggttcatg cttttatcaa
gagatctgat gctgaggaag tggattttge aggttggcte tgctecacca teggecttaa
ccagcecage acaccaaccee atgcetgetgg cgtctaagtg tttgggaage aacaaagage
gagtccecctg cceggtggtt tgccatgteg cttttgggece tecttceccat gectgtetet
gttcagatgt gcatttcacc tgtgacaaag gatgaagaac acagcatgtg ccaagattct
actcttgtca tttttaatat tactgtcttt attcttatta ctattattgt tcccectaagt
ggattggctt tgtgettggg getatttgtg tgtatgctga tgatcaaaac ctgtgecagg
ctgaattaca gtgaaatttt ggtgaatgtyg ggtagtcatt cttacaattg cactgctgtt
cctgetecat gactggetgt ctgectgtat tttegggatt ctttgacatt tggtggtact

ttattcttge tgggcatact ttctetctag gagggagect tgtgagatcece ttcacaggcea

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100
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gtgcatgtga agcatgcttt gctgctatga aaatgagcat cagagagtgt acatcatgtt 2160
attttattat tattatttgc ttttcatgta gaactcagca gttgacatcc aaatctagcce 2220
agagcccectte actgccatga tagctgggge ttcaccagtce tgtctactgt ggtgatctgt 2280
agacttctgg ttgtatttcect atatttattt tcagtatact gtgtgggata cttagtggta 2340
tgtctcttta agttttgatt aatgtttctt aaatggaatt attttgaatg tcacaaattg 2400
atcaagatat taaaatgtcg gatttatctt tccccatatc caagtaccaa tgctgttgta 2460
aacaacgtgt atagtgccta aaattgtatg aaaatccttt taaccatttt aacctagatg 2520
tttaacaaat ctaatctctt attctaataa atatactatg aaataaaaaa aaaaggatga 2580
aagctaaaaa aaaaaaaaaa aaa 2603
<210> SEQ ID NO 33

<211> LENGTH: 393

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 33

Met Pro Lys Lys Lys Pro Thr Pro Ile Gln Leu Asn Pro Ala Pro Asp
1 5 10 15

Gly Ser Ala Val Asn Gly Thr Ser Ser Ala Glu Thr Asn Leu Glu Ala
20 25 30

Leu Gln Lys Lys Leu Glu Glu Leu Glu Leu Asp Glu Gln Gln Arg Lys
35 40 45

Arg Leu Glu Ala Phe Leu Thr Gln Lys Gln Lys Val Gly Glu Leu Lys
50 55 60

Asp Asp Asp Phe Glu Lys Ile Ser Glu Leu Gly Ala Gly Asn Gly Gly
Val Val Phe Lys Val Ser His Lys Pro Ser Gly Leu Val Met Ala Arg
Lys Leu Ile His Leu Glu Ile Lys Pro Ala Ile Arg Asn Gln Ile Ile

100 105 110

Arg Glu Leu Gln Val Leu His Glu Cys Asn Ser Pro Tyr Ile Val Gly
115 120 125

Phe Tyr Gly Ala Phe Tyr Ser Asp Gly Glu Ile Ser Ile Cys Met Glu
130 135 140

His Met Asp Gly Gly Ser Leu Asp Gln Val Leu Lys Lys Ala Gly Arg
145 150 155 160

Ile Pro Glu Gln Ile Leu Gly Lys Val Ser Ile Ala Val Ile Lys Gly
165 170 175

Leu Thr Tyr Leu Arg Glu Lys His Lys Ile Met His Arg Asp Val Lys
180 185 190

Pro Ser Asn Ile Leu Val Asn Ser Arg Gly Glu Ile Lys Leu Cys Asp
195 200 205

Phe Gly Val Ser Gly Gln Leu Ile Asp Ser Met Ala Asn Ser Phe Val
210 215 220

Gly Thr Arg Ser Tyr Met Ser Pro Glu Arg Leu Gln Gly Thr His Tyr
225 230 235 240

Ser Val Gln Ser Asp Ile Trp Ser Met Gly Leu Ser Leu Val Glu Met
245 250 255

Ala Val Gly Arg Tyr Pro Ile Pro Pro Pro Asp Ala Lys Glu Leu Glu
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260 265 270

Leu Met Phe Gly Cys Gln Val Glu Gly Asp Ala Ala Glu Thr Pro Pro
275 280 285

Arg Pro Arg Thr Pro Gly Arg Pro Leu Ser Ser Tyr Gly Met Asp Ser
290 295 300

Arg Pro Pro Met Ala Ile Phe Glu Leu Leu Asp Tyr Ile Val Asn Glu
305 310 315 320

Pro Pro Pro Lys Leu Pro Ser Gly Val Phe Ser Leu Glu Phe Gln Asp
325 330 335

Phe Val Asn Lys Cys Leu Ile Lys Asn Pro Ala Glu Arg Ala Asp Leu
340 345 350

Lys Gln Leu Met Val His Ala Phe Ile Lys Arg Ser Asp Ala Glu Glu
355 360 365

Val Asp Phe Ala Gly Trp Leu Cys Ser Thr Ile Gly Leu Asn Gln Pro
370 375 380

Ser Thr Pro Thr His Ala Ala Gly Val
385 390

<210> SEQ ID NO 34

<211> LENGTH: 1759

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 34

cccctgecte tcggactegg gectgeggegt cagecttcett cgggecctegg cageggtage 60
ggctcgceteg cctcageccce agegcecccte ggctacccte ggcccaggcce cgcagcegecyg 120
ccegeecteg geccgecccga cgecggectg ggccgeggee gcagcceccegg gctcegegtag 180
gecgecgacceg ctcceggece geccccctatg ggecccgget agaggcgecg ccgecgecgyg 240
ccecgeggage cccgatgetg gecccggagga agccggtgct gecggegetce accatcaacc 300
ctaccatcge cgagggccca tcccctacca gcgagggcege ctecgaggca aacctggtgg 360
acctgcagaa gaagctggag gagctggaac ttgacgagca gcagaagaag cggctggaag 420
cctttectcac ccagaaagec aaggtcggceg aactcaaaga cgatgacttce gaaaggatct 480
cagagctggg cgcgggcaac ggeggggtgg tcaccaaagt ccagcacaga ccctegggec 540
tcatcatggc caggaagctyg atccaccttg agatcaagcc ggccatccgg aaccagatca 600
tcecgegaget gcaggtcctyg cacgaatgca actcgecgta catcgtggge ttctacgggg 660
ccttctacag tgacggggag atcagcattt gcatggaaca catggacggc ggctccctgg 720
accaggtgct gaaagaggcc aagaggattc ccgaggagat cctggggaaa gtcagcatcg 780
cggttctceg gggcttggeg tacctccgag agaagcacca gatcatgcac cgagatgtga 840
agccctccaa catcctegtg aactctagag gggagatcaa gectgtgtgac ttcecggggtga 900
geggecaget catcgactce atggccaact ccttegtggg cacgegetcc tacatggetce 960

cggagcggtt gcagggcaca cattactcgg tgcagtcgga catctggage atgggectgt 1020
ccetggtgga getggecgte ggaaggtacce ccatccccece geccgacgece aaagagetgg 1080
aggccatctt tggccggecce gtggtcgacg gggaagaagg agagcctcac agcatctcge 1140
ctcggecgag gccccceggyg cgecccgtca gcggtcacgg gatggatage cggectgeca 1200

tggccatctt tgaactcctg gactatattg tgaacgagcc acctcctaag ctgcccaacg 1260
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gtgtgttcac ccccgactte caggagtttg tcaataaatg cctcatcaag aacccagcgg 1320
agcgggcgga cctgaagatg ctcacaaacc acaccttcat caagcggtec gaggtggaag 1380
aagtggattt tgccggctgg ttgtgtaaaa ccctgcggect gaaccagccce ggcacaccca 1440
cgcegecaccge cgtgtgacag tggeceggget ccctgegtec cgetggtgac ctgeccaccg 1500
tcectgteca tgccecgecee ttecagetga ggacaggctg gegectecac ccaccctect 1560
gectcaccee tgcggagage accgtggegyg ggcgacageg catgcaggaa cgggggtcetce 1620
ctctectgee cgtectggece ggggtgecte tggggacggg cgacgctget gtgtgtggte 1680
tcagaggctc tgcttcctta ggttacaaaa caaaacaggg agagaaaaag caaaaaaaaa 1740
aaaaaaaaaa aaaaaaaaa 1759
<210> SEQ ID NO 35

<211> LENGTH: 400

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 35

Met Leu Ala Arg Arg Lys Pro Val Leu Pro Ala Leu Thr Ile Asn Pro
1 5 10 15

Thr Ile Ala Glu Gly Pro Ser Pro Thr Ser Glu Gly Ala Ser Glu Ala
20 25 30

Asn Leu Val Asp Leu Gln Lys Lys Leu Glu Glu Leu Glu Leu Asp Glu
35 40 45

Gln Gln Lys Lys Arg Leu Glu Ala Phe Leu Thr Gln Lys Ala Lys Val
50 55 60

Gly Glu Leu Lys Asp Asp Asp Phe Glu Arg Ile Ser Glu Leu Gly Ala
65 70 75 80

Gly Asn Gly Gly Val Val Thr Lys Val Gln His Arg Pro Ser Gly Leu
85 90 95

Ile Met Ala Arg Lys Leu Ile His Leu Glu Ile Lys Pro Ala Ile Arg
100 105 110

Asn Gln Ile Ile Arg Glu Leu Gln Val Leu His Glu Cys Asn Ser Pro
115 120 125

Tyr Ile Val Gly Phe Tyr Gly Ala Phe Tyr Ser Asp Gly Glu Ile Ser
130 135 140

Ile Cys Met Glu His Met Asp Gly Gly Ser Leu Asp Gln Val Leu Lys
145 150 155 160

Glu Ala Lys Arg Ile Pro Glu Glu Ile Leu Gly Lys Val Ser Ile Ala
165 170 175

Val Leu Arg Gly Leu Ala Tyr Leu Arg Glu Lys His Gln Ile Met His
180 185 190

Arg Asp Val Lys Pro Ser Asn Ile Leu Val Asn Ser Arg Gly Glu Ile
195 200 205

Lys Leu Cys Asp Phe Gly Val Ser Gly Gln Leu Ile Asp Ser Met Ala
210 215 220

Asn Ser Phe Val Gly Thr Arg Ser Tyr Met Ala Pro Glu Arg Leu Gln
225 230 235 240

Gly Thr His Tyr Ser Val Gln Ser Asp Ile Trp Ser Met Gly Leu Ser
245 250 255

Leu Val Glu Leu Ala Val Gly Arg Tyr Pro Ile Pro Pro Pro Asp Ala
260 265 270
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Lys Glu Leu Glu Ala Ile Phe Gly Arg Pro Val Val Asp Gly Glu Glu
275 280 285

Gly Glu Pro His Ser Ile Ser Pro Arg Pro Arg Pro Pro Gly Arg Pro
290 295 300

Val Ser Gly His Gly Met Asp Ser Arg Pro Ala Met Ala Ile Phe Glu
305 310 315 320

Leu Leu Asp Tyr Ile Val Asn Glu Pro Pro Pro Lys Leu Pro Asn Gly
325 330 335

Val Phe Thr Pro Asp Phe Gln Glu Phe Val Asn Lys Cys Leu Ile Lys
340 345 350

Asn Pro Ala Glu Arg Ala Asp Leu Lys Met Leu Thr Asn His Thr Phe
355 360 365

Ile Lys Arg Ser Glu Val Glu Glu Val Asp Phe Ala Gly Trp Leu Cys
370 375 380

Lys Thr Leu Arg Leu Asn Gln Pro Gly Thr Pro Thr Arg Thr Ala Val
385 390 395 400

<210> SEQ ID NO 36

<211> LENGTH: 1902

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 36

ctggegegeg cggecctgeg ggtgacagge aggcgggaag gggcggggec tcgggegggy 60
ccgeegtggg gaggagggcyg gtgggagggg aggagtggag atggcggegg cggeggctca 120
999999¢999 ggcggggage ccecgtagaac cgagggggtc ggcccggggg tcccggggga 180

ggtggagatyg gtgaagggge ageegttcega cgtgggcceg cgctacacge agttgcagta 240

catcggegag ggcgegtacg gcatggtcag cteggectat gaccacgtge gcaagactceg 300
cgtggecate aagaagatca gccccttcga acatcagace tactgccage gcacgceteceg 360
ggagatccag atcctgetge getteegeca tgagaatgte ateggeatece gagacattcet 420
gegggegtee accctggaag ccatgagaga tgtctacatt gtgcaggace tgatggagac 480
tgacctgtac aagttgctga aaagccagca gctgagcaat gaccatatct gctacttect 540
ctaccagatc ctgeggggcece tcaagtacat ccactcegec aacgtgctcece accgagatcet 600
aaagccctec aacctgctca tcaacaccac ctgcgacctt aagatttgtg atttcggect 660
ggcceggatt gecgatectg agcatgacca caccggette ctgacggagt atgtggctac 720
gegetggtac cgggecccag agatcatgcet gaactccaag ggctatacca agtccatcga 780
catctggtet gtgggetgca ttctggetga gatgetetet aaccggecca tcettceectygg 840
caagcactac ctggatcagc tcaaccacat tctgggcatc ctgggctccce catcccagga 900
ggacctgaat tgtatcatca acatgaaggc ccgaaactac ctacagtcte tgccctccaa 960

gaccaaggtg gcttgggcca agettttcecce caagtcagac tccaaagccce ttgacctget 1020
ggaccggatg ttaaccttta accccaataa acggatcaca gtggaggaag cgctggctca 1080
cccctacctg gagcagtact atgacccgac ggatgagcca gtggccgagg agcccttcac 1140
cttecgecatg gagctggatg acctacctaa ggagcggcetg aaggagctca tcecttccagga 1200
gacagcacgc ttccagcccg gagtgctgga ggccccctag cccagacaga catctctgea 1260

cecetggggece tggacctgece tectgectge cectcetececg ccagactgtt agaaaatgga 1320
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cactgtgcce agcccggacce ttggcagccce aggccggggt ggagcatggg cctggcecacce 1380
tctcteettt gectgaggect ccagecttcag gcaggccaag geccttcectcect ccccaccege 1440
cctececcacg gggecteggg acctcaggtg geccccagtte aatctcecccecge tgectgetget 1500
gcgeecttac cttecccage gteccagtet ctggecagtte tggaatggaa gggttcetgge 1560
tgccccaace tgctgaaggg cagaggtgga gggtgggggg cgctgagtag ggactcaggg 1620
ccatgecctge ccccctecatce tcattcaaac cccaccctag tttccctgaa ggaacattcece 1680
ttagtctcaa gggctagcat ccctgaggag ccaggccggg ccgaatcccce tccectgtcaa 1740
agctgtcact tcgegtgececce tegcetgette tgtgtgtggt gagcagaagt ggagctgggg 1800
ggcgtggaga gcccggegece cctgccacct cectgacceg tctaatatat aaatatagag 1860
atgtgtctat ggctgaaaaa aaaaaaaaaa aaaaaaaaaa aa 1902
<210> SEQ ID NO 37

<211> LENGTH: 379

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 37

Met Ala Ala Ala Ala Ala Gln Gly Gly Gly Gly Gly Glu Pro Arg Arg
1 5 10 15

Thr Glu Gly Val Gly Pro Gly Val Pro Gly Glu Val Glu Met Val Lys
20 25 30

Gly Gln Pro Phe Asp Val Gly Pro Arg Tyr Thr Gln Leu Gln Tyr Ile
35 40 45

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

Lys Thr Arg Val Ala Ile Lys Lys Ile Ser Pro Phe Glu His Gln Thr
65 70 75 80

Tyr Cys Gln Arg Thr Leu Arg Glu Ile Gln Ile Leu Leu Arg Phe Arg
85 90 95

His Glu Asn Val Ile Gly Ile Arg Asp Ile Leu Arg Ala Ser Thr Leu
100 105 110

Glu Ala Met Arg Asp Val Tyr Ile Val Gln Asp Leu Met Glu Thr Asp
115 120 125

Leu Tyr Lys Leu Leu Lys Ser Gln Gln Leu Ser Asn Asp His Ile Cys
130 135 140

Tyr Phe Leu Tyr Gln Ile Leu Arg Gly Leu Lys Tyr Ile His Ser Ala
145 150 155 160

Asn Val Leu His Arg Asp Leu Lys Pro Ser Asn Leu Leu Ile Asn Thr
165 170 175

Thr Cys Asp Leu Lys Ile Cys Asp Phe Gly Leu Ala Arg Ile Ala Asp
180 185 190

Pro Glu His Asp His Thr Gly Phe Leu Thr Glu Tyr Val Ala Thr Arg
195 200 205

Trp Tyr Arg Ala Pro Glu Ile Met Leu Asn Ser Lys Gly Tyr Thr Lys
210 215 220

Ser Ile Asp Ile Trp Ser Val Gly Cys Ile Leu Ala Glu Met Leu Ser
225 230 235 240

Asn Arg Pro Ile Phe Pro Gly Lys His Tyr Leu Asp Gln Leu Asn His
245 250 255
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Ile Leu Gly Ile Leu Gly Ser Pro Ser Gln Glu Asp Leu Asn Cys Ile
260 265 270

Ile Asn Met Lys Ala Arg Asn Tyr Leu Gln Ser Leu Pro Ser Lys Thr
275 280 285

Lys Val Ala Trp Ala Lys Leu Phe Pro Lys Ser Asp Ser Lys Ala Leu
290 295 300

Asp Leu Leu Asp Arg Met Leu Thr Phe Asn Pro Asn Lys Arg Ile Thr
305 310 315 320

Val Glu Glu Ala Leu Ala His Pro Tyr Leu Glu Gln Tyr Tyr Asp Pro
325 330 335

Thr Asp Glu Pro Val Ala Glu Glu Pro Phe Thr Phe Ala Met Glu Leu
340 345 350

Asp Asp Leu Pro Lys Glu Arg Leu Lys Glu Leu Ile Phe Gln Glu Thr
355 360 365

Ala Arg Phe Gln Pro Gly Val Leu Glu Ala Pro
370 375

<210> SEQ ID NO 38

<211> LENGTH: 2005

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 38

ctggegegeg cggecctgeg ggtgacagge aggcgggaag gggcggggec tcgggegggy 60
ccgeegtggg gaggagggcyg gtgggagggg aggagtggag atggcggegg cggeggctca 120
999999¢999 ggcggggage ccecgtagaac cgagggggtc ggcccggggg tcccggggga 180

ggtggagatyg gtgaagggge ageegttcega cgtgggcceg cgctacacge agttgcagta 240

catcggegag ggcgegtacg gcatggtcag cteggectat gaccacgtge gcaagactceg 300
cgtggecate aagaagatca gccccttcga acatcagace tactgccage gcacgceteceg 360
ggagatccag atcctgetge getteegeca tgagaatgte ateggeatece gagacattcet 420
gegggegtee accctggaag ccatgagaga tgtctacatt gtgcaggace tgatggagac 480
tgacctgtac aagttgctga aaagccagca gctgagcaat gaccatatct gctacttect 540
ctaccagatc ctgeggggcece tcaagtacat ccactcegec aacgtgctcece accgagatcet 600
aaagccctec aacctgctca tcaacaccac ctgcgacctt aagatttgtg atttcggect 660
ggcceggatt gecgatectg agcatgacca caccggette ctgacggagt atgtggctac 720
gegetggtac cgggecccag agatcatgcet gaactccaag ggctatacca agtccatcga 780
catctggtet gtgggetgca ttctggetga gatgetetet aaccggecca tcettceectygg 840
caagcactac ctggatcagc tcaaccacat tctgggcatc ctgggctccce catcccagga 900
ggacctgaat tgtatcatca acatgaaggc ccgaaactac ctacagtcte tgccctccaa 960

gaccaaggtg gcttgggcca agettttcecce caagtcagac tccaaagccce ttgacctget 1020
ggaccggatg ttaaccttta accccaataa acggatcaca gtggaggaag cgctggctca 1080
cccctacctg gagcagtact atgacccgac ggatgaggtg ggccagtcec cagcagcagt 1140
ggggcetgggg gcaggggagce aggggggcac gtaggcatcc cccatgecag gectgagect 1200
tgctgtctet accaccccag ccagtggecg aggagccctt caccttcecgec atggagctgg 1260

atgacctacc taaggagcgg ctgaaggagce tcatcttcca ggagacagca cgcttccage 1320
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ccggagtgcet ggaggcccce tagcccagac agacatctct gcacccetggg gectggacct 1380
gcctectgece tgcccctete ccgeccagact gttagaaaat ggacactgtg cccagcecccgg 1440
accttggcag cccaggccgg ggtggagcat gggcctggece acctectcetece tttgctgagg 1500
cctceccagett caggcaggec aaggcecttcet cctecccacce cgeccteccee acggggecte 1560
gggacctcag gtggccccag ttcaatctece cgetgetget getgegecct tacctteccce 1620
agcgtcccag tcectcectggcag ttcectggaatg gaagggttet ggctgcccca acctgctgaa 1680
gggcagaggt ggagggtggg gggcgctgag tagggactca gggccatgcc tgccccccte 1740
atctcattca aaccccaccce tagtttccct gaaggaacat tceccttagtcect caagggctag 1800
catccctgag gagccaggcece gggccgaatce ccctceectgt caaagetgte acttcegegtg 1860
ccetegetge ttetgtgtgt ggtgagcaga agtggagcetg gggggcgtgg agagcccggce 1920
gccectgeca cctecectgac ccgtctaata tataaatata gagatgtgtc tatggctgaa 1980
aaaaaaaaaa aaaaaaaaaa aaaaa 2005
<210> SEQ ID NO 39

<211> LENGTH: 357

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 39

Met Ala Ala Ala Ala Ala Gln Gly Gly Gly Gly Gly Glu Pro Arg Arg
1 5 10 15

Thr Glu Gly Val Gly Pro Gly Val Pro Gly Glu Val Glu Met Val Lys
20 25 30

Gly Gln Pro Phe Asp Val Gly Pro Arg Tyr Thr Gln Leu Gln Tyr Ile
35 40 45

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

Lys Thr Arg Val Ala Ile Lys Lys Ile Ser Pro Phe Glu His Gln Thr
65 70 75 80

Tyr Cys Gln Arg Thr Leu Arg Glu Ile Gln Ile Leu Leu Arg Phe Arg
85 90 95

His Glu Asn Val Ile Gly Ile Arg Asp Ile Leu Arg Ala Ser Thr Leu
100 105 110

Glu Ala Met Arg Asp Val Tyr Ile Val Gln Asp Leu Met Glu Thr Asp
115 120 125

Leu Tyr Lys Leu Leu Lys Ser Gln Gln Leu Ser Asn Asp His Ile Cys
130 135 140

Tyr Phe Leu Tyr Gln Ile Leu Arg Gly Leu Lys Tyr Ile His Ser Ala
145 150 155 160

Asn Val Leu His Arg Asp Leu Lys Pro Ser Asn Leu Leu Ile Asn Thr
165 170 175

Thr Cys Asp Leu Lys Ile Cys Asp Phe Gly Leu Ala Arg Ile Ala Asp
180 185 190

Pro Glu His Asp His Thr Gly Phe Leu Thr Glu Tyr Val Ala Thr Arg
195 200 205

Trp Tyr Arg Ala Pro Glu Ile Met Leu Asn Ser Lys Gly Tyr Thr Lys
210 215 220

Ser Ile Asp Ile Trp Ser Val Gly Cys Ile Leu Ala Glu Met Leu Ser
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225 230 235 240

Asn Arg Pro Ile Phe Pro Gly Lys His Tyr Leu Asp Gln Leu Asn His
245 250 255

Ile Leu Gly Ile Leu Gly Ser Pro Ser Gln Glu Asp Leu Asn Cys Ile
260 265 270

Ile Asn Met Lys Ala Arg Asn Tyr Leu Gln Ser Leu Pro Ser Lys Thr
275 280 285

Lys Val Ala Trp Ala Lys Leu Phe Pro Lys Ser Asp Ser Lys Ala Leu
290 295 300

Asp Leu Leu Asp Arg Met Leu Thr Phe Asn Pro Asn Lys Arg Ile Thr
305 310 315 320

Val Glu Glu Ala Leu Ala His Pro Tyr Leu Glu Gln Tyr Tyr Asp Pro
325 330 335

Thr Asp Glu Val Gly Gln Ser Pro Ala Ala Val Gly Leu Gly Ala Gly
340 345 350

Glu Gln Gly Gly Thr
355

<210> SEQ ID NO 40

<211> LENGTH: 1770

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 40

ctggegegeg cggecctgeg ggtgacagge aggcgggaag gggcggggec tcgggegggy 60
ccgeegtggg gaggagggcyg gtgggagggg aggagtggag atggceggegg cggcggctca 120
999999¢999 ggcggggage cccgtagaac cgagggggtc ggcccggggg tcccggggga 180

ggtggagatyg gtgaagggge ageegttcega cgtgggcceg cgctacacge agttgcagta 240

catcggcgag ggcgcegtacg gcatggtcag ctcggectat gaccacgtgce gcaagactcg 300
cgtggecatce aagaagatca gccccttcga acatcagacc tactgccage gcacgctccg 360
ggagatccag atcctgetge gecttcecgeca tgagaatgtce atcggcatcc gagacattcet 420
gcgggcegtee accctggaag ccatgagaga tgtctacatt gtgcaggacce tgatggagac 480
tgacctgtac aagttgctga aaagccagca gctgagcaat gaccatatct gctacttcect 540
ctaccagatc ctgcggggcece tcaagtacat ccactccgec aacgtgctec accgagatct 600
aaagccctcce aacctgctca tcaacaccac ctgcgacctt aagatttgtg atttcggect 660
ggcccggatt gccgatcctg agcatgacca caccggcttce ctgacggagt atgtggctac 720
gcgetggtac cgggccccag agatcatgcet gaactccaag ggctatacca agtccatcga 780
catctggtct gtgggctgca ttctggctga gatgctectct aaccggcecca tcecttecectgg 840
caagcactac ctggatcagc tcaaccacat tctggcecctt gacctgetgg accggatgtt 900
aacctttaac cccaataaac ggatcacagt ggaggaagcg ctggctcacc cctacctgga 960

gcagtactat gacccgacgg atgagccagt ggccgaggag cccttcacct tcecgccatgga 1020
gctggatgac ctacctaagg agceggctgaa ggagcetcate ttccaggaga cagcacgcett 1080
ccagcecgga gtgctggagyg cccectagec cagacagaca tctctgcacce ctggggectg 1140
gacctgecte ctgectgece cteteccegece agactgttag aaaatggaca ctgtgcccag 1200

cceggaccett ggcagecccag gecggggtgg agcatgggec tggccacctce tcectectttge 1260
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tgaggcctcee agcttcagge aggccaaggce cttctectcc ccaccegecce tcecccacggg 1320
gcctegggac ctcaggtgge cccagttcaa tcectcececgetg ctgectgetge geccttacct 1380
tcececcagegt cccagtctet ggcagttcectg gaatggaagg gttctggetg ccccaacctg 1440
ctgaagggca gaggtggagg gtggggggceg ctgagtaggg actcagggec atgectgecce 1500
ccetecatete attcaaacce caccctagtt tceectgaagg aacattectt agtctcaagg 1560
gctagcatce ctgaggagcce aggccgggec gaatcccctce cctgtcaaag ctgtcacttce 1620
gcgtgeecte getgettetg tgtgtggtga gcagaagtgg agcetgggggg cgtggagagce 1680
cecggegeccee tgccacctee ctgacccgte taatatataa atatagagat gtgtctatgg 1740
ctgaaaaaaa aaaaaaaaaa aaaaaaaaaa 1770
<210> SEQ ID NO 41

<211> LENGTH: 335

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 41

Met Ala Ala Ala Ala Ala Gln Gly Gly Gly Gly Gly Glu Pro Arg Arg
1 5 10 15

Thr Glu Gly Val Gly Pro Gly Val Pro Gly Glu Val Glu Met Val Lys
20 25 30

Gly Gln Pro Phe Asp Val Gly Pro Arg Tyr Thr Gln Leu Gln Tyr Ile
35 40 45

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

Lys Thr Arg Val Ala Ile Lys Lys Ile Ser Pro Phe Glu His Gln Thr
65 70 75 80

Tyr Cys Gln Arg Thr Leu Arg Glu Ile Gln Ile Leu Leu Arg Phe Arg
85 90 95

His Glu Asn Val Ile Gly Ile Arg Asp Ile Leu Arg Ala Ser Thr Leu
100 105 110

Glu Ala Met Arg Asp Val Tyr Ile Val Gln Asp Leu Met Glu Thr Asp
115 120 125

Leu Tyr Lys Leu Leu Lys Ser Gln Gln Leu Ser Asn Asp His Ile Cys
130 135 140

Tyr Phe Leu Tyr Gln Ile Leu Arg Gly Leu Lys Tyr Ile His Ser Ala
145 150 155 160

Asn Val Leu His Arg Asp Leu Lys Pro Ser Asn Leu Leu Ile Asn Thr
165 170 175

Thr Cys Asp Leu Lys Ile Cys Asp Phe Gly Leu Ala Arg Ile Ala Asp
180 185 190

Pro Glu His Asp His Thr Gly Phe Leu Thr Glu Tyr Val Ala Thr Arg
195 200 205

Trp Tyr Arg Ala Pro Glu Ile Met Leu Asn Ser Lys Gly Tyr Thr Lys
210 215 220

Ser Ile Asp Ile Trp Ser Val Gly Cys Ile Leu Ala Glu Met Leu Ser
225 230 235 240

Asn Arg Pro Ile Phe Pro Gly Lys His Tyr Leu Asp Gln Leu Asn His
245 250 255

Ile Leu Ala Leu Asp Leu Leu Asp Arg Met Leu Thr Phe Asn Pro Asn
260 265 270
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Lys Arg Ile Thr Val Glu Glu Ala Leu Ala His Pro Tyr Leu Glu Gln
275 280 285

Tyr Tyr Asp Pro Thr Asp Glu Pro Val Ala Glu Glu Pro Phe Thr Phe
290 295 300

Ala Met Glu Leu Asp Asp Leu Pro Lys Glu Arg Leu Lys Glu Leu Ile
305 310 315 320

Phe Gln Glu Thr Ala Arg Phe Gln Pro Gly Val Leu Glu Ala Pro

325 330 335

<210> SEQ ID NO 42

<211> LENGTH: 5916

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 42

geceecteect cegeccgece gecggeccge cegtcagtet ggcaggcagg caggcaateg 60
gteccgagtygg ctgteggcte ttcagetcte ccegecteggeg tettecttee tecteceggt 120
cagcgtegge ggctgcaceg geggcggege agtccctgeg ggaggggcga caagagctga 180
gcggeggeceg ccgagcegteg agetcagcge ggceggaggeg gcggeggecoe ggcagcecaac 240

atggceggegg cggeggegge gggegeggge ccggagatgg tecgegggea ggtgttegac 300

gtggggccge gctacaccaa cctctegtac atcggcgagg gegectacgg catggtgtge 360
tctgettatg ataatgtcaa caaagttcga gtagctatca agaaaatcag cccctttgag 420
caccagacct actgccagag aaccctgagg gagataaaaa tcttactgeg cttcagacat 480
gagaacatca ttggaatcaa tgacattatt cgagcaccaa ccatcgagca aatgaaagat 540
gtatatatag tacaggacct catggaaaca gatctttaca agctcttgaa gacacaacac 600
ctcagcaatg accatatctg ctattttcte taccagatcce tcagagggtt aaaatatatc 660
cattcageta acgttctgea cegtgaccte aagectteca acctgetget caacaccace 720
tgtgatcteca agatctgtga ctttggectg gecegtgttg cagatccaga ccatgatcac 780
acagggttee tgacagaata tgtggccaca cgttggtaca gggctccaga aattatgttg 840
aattccaagg gctacaccaa gtccattgat atttggtetg taggetgcat tctggcagaa 900
atgcttteta acaggcccat ctttccaggg aagcattate ttgaccaget gaaccacatt 960

ttgggtattc ttggatcccc atcacaagaa gacctgaatt gtataataaa tttaaaagct 1020
aggaactatt tgctttctect tccacacaaa aataaggtgc catggaacag gctgttccca 1080
aatgctgact ccaaagctct ggacttattg gacaaaatgt tgacattcaa cccacacaag 1140
aggattgaag tagaacaggc tctggcccac ccatatctgg agcagtatta cgacccgagt 1200
gacgagccca tcgccgaage accattcaag ttcgacatgg aattggatga cttgcctaag 1260
gaaaagctca aagaactaat ttttgaagag actgctagat tccagccagg atacagatct 1320
taaatttgtc aggacaaggg ctcagaggac tggacgtgct cagacatcgg tgttcttett 1380
cccagttett gaccecctggt cctgtcteca gececgtettg gettatecac tttgactect 1440
ttgagcecgtt tggaggggeyg gtttectggta gttgtggett ttatgcetttc aaagaattte 1500
ttcagtccag agaattcctce ctggcagcece tgtgtgtgte acccattggt gacctgcgge 1560
agtatgtact tcagtgcacc tactgcttac tgttgcttta gtcactaatt gctttetggt 1620

ttgaaagatg cagtggttcc tccctcectect gaatcctttt ctacatgatg ccctgctgac 1680
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catgcagccg caccagagag agattcttce ccaattggct ctagtcactg gcatctcact 1740
ttatgatagg gaaggctact acctagggca ctttaagtca gtgacagccc cttatttgca 1800
cttcaccttt tgaccataac tgtttcccca gagcaggagce ttgtggaaat accttggetg 1860
atgttgcagc ctgcagcaag tgcttcecgte tceccggaatcce ttggggagca cttgtccacyg 1920
tcttttctca tatcatggta gtcactaaca tatataaggt atgtgctatt ggcccagett 1980
ttagaaaatg cagtcatttt tctaaataaa aaggaagtac tgcacccagc agtgtcactc 2040
tgtagttact gtggtcactt gtaccatata gaggtgtaac acttgtcaag aagcgttatg 2100
tgcagtactt aatgtttgta agacttacaa aaaaagattt aaagtggcag cttcactcga 2160
catttggtga gagaagtaca aaggttgcag tgctgagctg tgggcggttt ctggggatgt 2220
cccagggtgg aactccacat gctggtgcat atacgccctt gagctacttce aaatgtgggt 2280
gtttcagtaa ccacgttcca tgcctgagga tttagcagag aggaacactg cgtctttaaa 2340
tgagaaagta tacaattctt tttccttcta cagcatgtca gcatctcaag ttcatttttce 2400
aacctacagt ataacaattt gtaataaagc ctccaggagc tcatgacgtg aagcactgtt 2460
ctgtcctcaa gtactcaaat atttctgata ctgctgagtc agactgtcag aaaaagctag 2520
cactaactcg tgtttggagce tctatccata ttttactgat ctctttaagt atttgttcct 2580
gccactgtgt actgtggagt tgactcggtg ttctgtccca gtgeggtgee tcectettgac 2640
ttcecccactg ctetetgtgg tgagaaattt gecttgttca ataattactg taccctcgeca 2700
tgactgttac agctttctgt gcagagatga ctgtccaagt gccacatgcc tacgattgaa 2760
atgaaaactc tattgttacc tctgagttgt gttccacgga aaatgctatc cagcagatca 2820
tttaggaaaa ataattctat ttttagcttt tcatttctca gctgtccttt tttettgttt 2880
gatttttgac agcaatggag aatgggttat ataaagactg cctgctaata tgaacagaaa 2940
tgcatttgta attcatgaaa ataaatgtac atcttctatc ttcacattca tgttaagatt 3000
cagtgttget ttcctctgga tcagegtgtce tgaatggaca gtcaggttca ggttgtgetg 3060
aacacagaaa tgctcacagg cctcactttg ccgcccaggce actggcccag cacttggatt 3120
tacataagat gagttagaaa ggtacttctg tagggtecctt tttacctctg ctcggcagag 3180
aatcgatgct gtcatgttec tttattcaca atcttaggtc tcaaatattc tgtcaaaccc 3240
taacaaagaa gccccgacat ctcaggttgg attccctggt tcectctctaaa gagggectge 3300
ccttgtgcce cagaggtgct gctgggcaca gccaagagtt gggaagggec gccccacagt 3360
acgcagtcct caccacccag cccagggtgce tcacgctcac cactcctgtg gctgaggaag 3420
gatagctggce tcatcctcgg aaaacagacc cacatctcta ttcecttgcecct gaaatacgcg 3480
cttttcactt gcgtgctcag agctgccgte tgaaggtcca cacagcattg acgggacaca 3540
gaaatgtgac tgttaccgga taacactgat tagtcagttt tcatttataa aaaagcattg 3600
acagttttat tactcttgtt tctttttaaa tggaaagtta ctattataag gttaatttgg 3660
agtcctette taaatagaaa accatatcct tggctactaa catctggaga ctgtgagcetce 3720
cttceccatte cccttectgyg tactgtggag tcagattgge atgaaaccac taacttcatt 3780
ctagaatcat tgtagccata agttgtgtge tttttattaa tcatgccaaa cataatgtaa 3840
ctgggcagag aatggtccta accaaggtac ctatgaaaag cgctagctat catgtgtagt 3900

agatgcatca ttttggctct tcttacattt gtaaaaatgt acagattagg tcatcttaat 3960
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tcatattagt gacacggaac agcacctcca ctatttgtat gttcaaataa gctttcagac 4020
taatagcttt tttggtgtct aaaatgtaag caaaaaattc ctgctgaaac attccagtcc 4080
tttcatttag tataaaagaa atactgaaca agccagtggg atggaattga aagaactaat 4140
catgaggact ctgtcctgac acaggtcctce aaagctagca gagatacgca gacattgtgg 4200
catctgggta gaagaatact gtattgtgtg tgcagtgcac agtgtgtggt gtgtgcacac 4260
tcattcctte tgctcttggg cacaggcagt gggtgtagag gtaaccagta gctttgagaa 4320
gctacatgta gctcaccagt ggttttctet aaggaatcac aaaagtaaac tacccaacca 4380
catgccacgt aatatttcag ccattcagag gaaactgttt tctctttatt tgcttatatg 4440
ttaatatggt ttttaaattg gtaactttta tatagtatgg taacagtatg ttaatacaca 4500
catacatacg cacacatgct ttgggtcctt ccataatact tttatatttg taaatcaatg 4560
ttttggagca atcccaagtt taagggaaat atttttgtaa atgtaatggt tttgaaaatc 4620
tgagcaatcc ttttgcttat acatttttaa agcatttgtg ctttaaaatt gttatgctgg 4680
tgtttgaaac atgatactcc tgtggtgcag atgagaagct ataacagtga atatgtggtt 4740
tctecttacgt catccacctt gacatgatgg gtcagaaaca aatggaaatc cagagcaagt 4800
cctccagggt tgcaccaggt ttacctaaag cttgttgect tttettgtge tgtttatgeg 4860
tgtagagcac tcaagaaagt tctgaaactg ctttgtatct gectttgtact gttggtgect 4920
tcttggtatt gtaccccaaa attctgcata gattatttag tataatggta agttaaaaaa 4980
tgttaaagga agattttatt aagaatctga atgtttattc attatattgt tacaatttaa 5040
cattaacatt tatttgtggt atttgtgatt tggttaatct gtataaaaat tgtaagtaga 5100
aaggtttata tttcatctta attcttttga tgttgtaaac gtacttttta aaagatggat 5160
tatttgaatg tttatggcac ctgacttgta aaaaaaaaaa actacaaaaa aatccttaga 5220
atcattaaat tgtgtccctg tattaccaaa ataacacagc accgtgcatg tatagtttaa 5280
ttgcagtttc atctgtgaaa acgtgaaatt gtctagtcct tecgttatgtt ccccagatgt 5340
cttccagatt tgctcectgcat gtggtaactt gtgttagggce tgtgagetgt tcectcecgagtt 5400
gaatggggat gtcagtgctc ctagggttct ccaggtggtt cttcagacct tcacctgtgg 5460
gggggggggt aggcggtgcc cacgcccatce tcctcatcect cctgaactte tgcaacccca 5520
ctgctgggca gacatcctgg gcaacccctt ttttcagage aagaagtcat aaagatagga 5580
tttcttggac atttggttct tatcaatatt gggcattatg taatgactta tttacaaaac 5640
aaagatactg gaaaatgttt tggatgtggt gttatggaaa gagcacaggc cttggaccca 5700
tccagetggg ttcagaacta ccccctgett ataactgcegg ctggetgtgg gceccagtcatt 5760
ctgcgtetet getttecttece tetgecttcag actgtcaget gtaaagtgga agcaatatta 5820
cttgccttgt atatggtaaa gattataaaa atacatttca actgttcagc atagtacttc 5880
aaagcaagta ctcagtaaat agcaagtctt tttaaa 5916
<210> SEQ ID NO 43

<211> LENGTH: 360

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 43

Met Ala Ala Ala Ala Ala Ala Gly Ala Gly Pro Glu Met Val Arg Gly
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1 5 10 15

Gln Val Phe Asp Val Gly Pro Arg Tyr Thr Asn Leu Ser Tyr Ile Gly
20 25 30

Glu Gly Ala Tyr Gly Met Val Cys Ser Ala Tyr Asp Asn Val Asn Lys
35 40 45

Val Arg Val Ala Ile Lys Lys Ile Ser Pro Phe Glu His Gln Thr Tyr
Cys Gln Arg Thr Leu Arg Glu Ile Lys Ile Leu Leu Arg Phe Arg His
65 70 75 80

Glu Asn Ile Ile Gly Ile Asn Asp Ile Ile Arg Ala Pro Thr Ile Glu
85 90 95

Gln Met Lys Asp Val Tyr Ile Val Gln Asp Leu Met Glu Thr Asp Leu
100 105 110

Tyr Lys Leu Leu Lys Thr Gln His Leu Ser Asn Asp His Ile Cys Tyr
115 120 125

Phe Leu Tyr Gln Ile Leu Arg Gly Leu Lys Tyr Ile His Ser Ala Asn
130 135 140

Val Leu His Arg Asp Leu Lys Pro Ser Asn Leu Leu Leu Asn Thr Thr
145 150 155 160

Cys Asp Leu Lys Ile Cys Asp Phe Gly Leu Ala Arg Val Ala Asp Pro
165 170 175

Asp His Asp His Thr Gly Phe Leu Thr Glu Tyr Val Ala Thr Arg Trp
180 185 190

Tyr Arg Ala Pro Glu Ile Met Leu Asn Ser Lys Gly Tyr Thr Lys Ser
195 200 205

Ile Asp Ile Trp Ser Val Gly Cys Ile Leu Ala Glu Met Leu Ser Asn
210 215 220

Arg Pro Ile Phe Pro Gly Lys His Tyr Leu Asp Gln Leu Asn His Ile
225 230 235 240

Leu Gly Ile Leu Gly Ser Pro Ser Gln Glu Asp Leu Asn Cys Ile Ile
245 250 255

Asn Leu Lys Ala Arg Asn Tyr Leu Leu Ser Leu Pro His Lys Asn Lys
260 265 270

Val Pro Trp Asn Arg Leu Phe Pro Asn Ala Asp Ser Lys Ala Leu Asp
275 280 285

Leu Leu Asp Lys Met Leu Thr Phe Asn Pro His Lys Arg Ile Glu Val
290 295 300

Glu Gln Ala Leu Ala His Pro Tyr Leu Glu Gln Tyr Tyr Asp Pro Ser
305 310 315 320

Asp Glu Pro Ile Ala Glu Ala Pro Phe Lys Phe Asp Met Glu Leu Asp
325 330 335

Asp Leu Pro Lys Glu Lys Leu Lys Glu Leu Ile Phe Glu Glu Thr Ala
340 345 350

Arg Phe Gln Pro Gly Tyr Arg Ser
355 360

<210> SEQ ID NO 44

<211> LENGTH: 1499

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 44
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-continued
gccecteect cegeccgecee gecggeccge ccegtcagtet ggcaggcagg caggcaatcg 60
gtccgagtgg ctgteggete ttcagetcte cegeteggeg tettecttee tecteceggt 120

cagcgtegge ggctgcaceg geggeggcege agtccctgeg ggaggggcga caagagctga 180
geggeggeeg ccgagegteg agetcagege ggeggaggeg geggeggecoc ggcagccaac 240

atggceggegg cggeggegge gggegeggge ccggagatgg tcecgegggea ggtgttegac 300

gtggggccege gctacaccaa cctctegtac atcggcgagg gcgcctacgg catggtgtge 360
tctgcttatg ataatgtcaa caaagttcga gtagctatca agaaaatcag cccctttgag 420
caccagacct actgccagag aaccctgagg gagataaaaa tcttactgeg cttcagacat 480
gagaacatca ttggaatcaa tgacattatt cgagcaccaa ccatcgagca aatgaaagat 540
gtatatatag tacaggacct catggaaaca gatctttaca agctcttgaa gacacaacac 600
ctcagcaatg accatatctg ctattttctc taccagatcc tcagagggtt aaaatatatc 660
cattcagcta acgttctgca ccgtgacctce aagccttcca acctgcetget caacaccacc 720
tgtgatctca agatctgtga ctttggcctg gccegtgttg cagatccaga ccatgatcac 780
acagggttcc tgacagaata tgtggccaca cgttggtaca gggctccaga aattatgttg 840
aattccaagg gctacaccaa gtccattgat atttggtcetg taggetgcat tctggcagaa 900
atgctttcta acaggcccat ctttccaggg aagcattatc ttgaccaget gaaccacatt 960

ttgggtattc ttggatccecc atcacaagaa gacctgaatt gtataataaa tttaaaagct 1020
aggaactatt tgctttctct tccacacaaa aataaggtgc catggaacag gctgttcceca 1080
aatgctgact ccaaagctct ggacttattg gacaaaatgt tgacattcaa cccacacaag 1140
aggattgaag tagaacaggc tctggcccac ccatatctgg agcagtatta cgacccgagt 1200
gacgagccca tcgeccgaage accattcaag ttcgacatgg aattggatga cttgcctaag 1260
gaaaagctca aagaactaat ttttgaagag actgctagat tccagccagg atacagatct 1320
taaatttgtc aggtacctgg agtttaatac agtgagctct agcaagggag gcgctgectt 1380
ttgtttctag aatattatgt tcctcaaggt ccattatttt gtattctttt ccaagctcect 1440
tattggaagg tattttttta aatttagaat taaaaattat ttagaaagtt acatataaa 1499
<210> SEQ ID NO 45

<211> LENGTH: 360

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 45

Met Ala Ala Ala Ala Ala Ala Gly Ala Gly Pro Glu Met Val Arg Gly
1 5 10 15

Gln Val Phe Asp Val Gly Pro Arg Tyr Thr Asn Leu Ser Tyr Ile Gly
20 25 30

Glu Gly Ala Tyr Gly Met Val Cys Ser Ala Tyr Asp Asn Val Asn Lys
35 40 45

Val Arg Val Ala Ile Lys Lys Ile Ser Pro Phe Glu His Gln Thr Tyr
50 55 60

Cys Gln Arg Thr Leu Arg Glu Ile Lys Ile Leu Leu Arg Phe Arg His
65 70 75 80

Glu Asn Ile Ile Gly Ile Asn Asp Ile Ile Arg Ala Pro Thr Ile Glu
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-continued

Gln Met Val Ile Val Gln

105

Lys Asp Leu Met Glu

100

Tyr Asp

Thr Gln His

125

His Leu Ser Asn

120

Leu Leu

115

Tyr Lys Lys Asp

Phe Gln Ile Ile

140

Leu Leu Leu His

130

Tyr Arg

135

Gly Lys Tyr

Val
145

Leu Leu Leu

155

Leu Pro Ser Asn

150

Leu His Arg Asp Lys

Ile
165

Phe Leu Ala Val

170

Cys Asp Leu Lys Cys Gly Arg

Thr Phe Thr

185

His Leu Glu Val Ala

180

Asp His Asp Gly Tyr

Ala
195

Glu Ile Met Leu Asn Ser

200

Tyr Arg Pro Lys Gly Tyr

205

Ile Ile Val Ile Ala Glu

220

Asp Ser Leu Met

210

Trp Gly

215

Cys

Arg Pro Ile Phe Pro His Leu Gln Leu

225

Gly
230

Lys Tyr Asp

235
Ile

Gln Glu

250

Leu Gly Leu Gly Ser Pro Ser Leu Asn

245

Asp

Ala
260

Leu Ser Leu Pro His

265

Asn Leu Lys Arg Asn Tyr Leu

Val Phe Pro Asn Ala Ser

280

Pro Trp Asn Leu

275

Arg Asp Lys

285
Met Thr
295

Leu Leu Phe Asn Pro His

290

Leu Asp Lys Lys

300

Arg

Glu
305

Gln Ala Ala Glu Gln

315

His Pro Leu

310

Leu Tyr Tyr Tyr

Glu Ile Ala

325

Asp Pro Glu Ala Pro Phe Lys Phe Met

330

Asp

Glu Glu

345

Asp Leu Pro Lys Leu Leu Ile Phe Glu

340

Lys Lys

Phe Gln

355

Ser
360

Arg Pro Gly Tyr Arg

Thr

110

Ile

Ser

Asn

Ala

Thr

190

Thr

Leu

Asn

Lys
270

Ala

Asp

Glu

Glu
350

Asp Leu

Cys Tyr

Ala Asn

Thr Thr

160
Asp Pro
175

Arg Trp

Lys Ser

Ser Asn

His Ile

240

Ile
255

Ile

Asn Lys

Leu Asp

Glu Val

Pro Ser

320

Leu
335

Asp

Thr Ala

1. A method for diagnosing lung cancer, said method com-
prising the steps of:

(a) determining the expression level of the gene in a sub-
ject-derived biological sample by any one of the method
methods selected from the group consisting of:

(i) detecting the mRNA of SYNGR4,

(i1) detecting the SYNGR4 protein;

(iii) detecting the biological activity of the SYNGR4
protein; 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 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 SYNGR4 protein.

4. The method of claim 1, wherein the subject-derived
biological sample comprises biopsy, sputum, blood, pleural
effusion or urine.

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

(a) detecting the expression level of a 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) and wherein the gene is SYNGR4.
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 5, wherein the increase is at least
10% greater than the control level.
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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 SYNGR4;

(b) detecting the SYNGR4 protein; and

(c) detecting the biological activity of the SYNGR4 pro-

tein.

9. The method of claim 5, wherein the patient derived
biological sample comprises biopsy, sputum or blood, pleural
effusion or urine.

10. A kit for diagnosing lung cancer or assessing or deter-
mining the prognosis of a patient with lung cancer, which
comprises a reagent selected from the group consisting of:

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

(b) a reagent for detecting the protein encoded by the gene;

and

(c) a reagent for detecting the biological activity of the

protein, wherein the gene is SYNGR4.

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 SYNGR4 as
well as cell proliferation, wherein said molecule comprises a
sense strand and an antisense strand complementary thereto,
and wherein said strands hybridize to each other to form the
double-stranded molecule.

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:
11,12, 19 and 20.

15. The double-stranded molecule of claim 14, wherein the
sense strand hybridizes with the antisense strand at the target
sequence to form the double-stranded molecule having
between 19 and 25 nucleotide pair 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, 12, 19 and 20, [B] is the intervening single-strand con-
sisting of 3 to 23 nucleotides, and [A'] is the antisense strand
comprising a sequence complementary to [A].

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

19. Vectors comprising each of a combination of poly-
nucleotide comprising a sense strand nucleic acid and an
antisense strand nucleic acid, wherein said sense strand
nucleic acid comprises the nucleotide sequence of SEQ ID
NO: 11, 12, 19 or 20, and said antisense strand nucleic acid
consists of a sequence complementary to the sense strand,
wherein the transcripts of said sense strand and said antisense
strand hybridize to each other to form a double-stranded
molecule, and wherein said vectors, when introduced into a
cell expressing the SYNGR4 gene, inhibit expression of said
gene.

20. A method for treating a cancer expressing at least one
gene selected from the group consisting of SYNGR4 gene,
wherein the method comprises the step of administering the
double-stranded molecule of claim 13, a vector encoding the
double-stranded molecule of claim 13, or vectors comprising
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each of a combination of polynucleotide comprising a sense
strand nucleic acid and an antisense strand nucleic acid,
wherein said sense strand nucleic acid comprises the nucle-
otide sequence of SEQ ID NO: 11, 12, 19 or 20, and said
antisense strand nucleic acid consists of a sequence comple-
mentary to the sense strand, wherein the transcripts of said
sense strand and said antisense strand hybridize to each other
to form a double-stranded molecule, and wherein said vec-
tors, when introduced into a cell expressing the SYNGR4
gene, inhibit expression of said gene.

21. The method of claim 20, wherein the cancer to be
treated is lung cancer.

22. A composition for treating a cancer expressing
SYNGR4 gene, wherein said composition comprises the iso-
lated double-stranded molecule of claim 13, a vector encod-
ing the double-stranded molecule of claim 13, or vectors
comprising each of a combination of polynucleotide compris-
ing a sense strand nucleic acid and an antisense strand nucleic
acid, wherein said sense strand nucleic acid comprises the
nucleotide sequence of SEQID NO: 11,12, 19 or 20, and said
antisense strand nucleic acid consists of a sequence comple-
mentary to the sense strand, wherein the transcripts of said
sense strand and said antisense strand hybridize to each other
to form a double-stranded molecule, and wherein said vec-
tors, when introduced into a cell expressing the SYNGR4
gene, inhibit expression of said gene.

23. The composition of claim 22, wherein the cancer to be
treated is lung cancer.

24. A method of screening for a candidate compound for
treating or preventing lung cancer, or inhibiting lung cancer
cell growth, said method comprising the steps of:

(a) contacting a test compound with a polypeptide encoded

by a polynucleotide of SYNGR4;

(b) detecting the binding activity between the polypeptide

and the test compound; and

(c) selecting a compound that binds to the polypeptide.

25. A method of screening for a candidate compound for
treating or preventing lung cancer, or inhibiting lung cancer
cell growth, said method comprising the steps of

(a) contacting a test compound with a polypeptide encoded

by a polynucleotide of SYNGR4;

(b) detecting the 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 SYNGR4 as compared to the biological activity
of said polypeptide detected in the absence of the test
compound.
26. The method of claim 25, wherein the biological activity
is selected from the group consisting of the facilitation of the
cell proliferation and cell invasion.
27. A method of screening for a candidate compound for
treating or preventing lung cancer or inhibiting lung cancer
cell growth, said method comprising the steps of:
(a) contacting a candidate compound with a cell expressing
SYNGR4; and

(b) selecting the candidate compound that reduces the
expression level of SYNGR4 in comparison with the
expression level detected in the absence of the test com-
pound.

28. A method of screening for a candidate compound for
treating or preventing lung cancer or inhibiting lung cancer
cell growth, said method comprising the steps of:
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(a) contacting a candidate compound with a cell into which
a vector, comprising the transcriptional regulatory
region of SYNGR4 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 a candidate compound that reduces the
expression or activity level of said reporter gene as com-
pared to a control.

29. A composition for treating or preventing lung cancer,
said composition comprising a pharmaceutically effective
amount of an anti SYNGR4 antibody or fragment thereof.

30. A method for treating or preventing lung cancer in a
subject, comprising administering to said subject an anti
SYNGR4 antibody or fragment thereof.

31. A method of screening for a candidate compound for
inhibiting a binding between a SYNGR4 polypeptide and a
GRB2 polypeptide, or treating or preventing a cancer, said
method comprising the steps of:

(a) contacting an SYNGR4 polypeptide or functional
equivalent thereof with a GRB2 polypeptide or func-
tional equivalent thereof in presence of a test compound;

(b) detecting a binding between the polypeptides;

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

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

32. The method of claim 31, wherein the functional equiva-

lent of SYNGR4 comprises Tyrosine-46.

33. A method of screening for a candidate compound for
inhibiting the phosphorylation of SYNGR4, or treating or
preventing a cancer, comprising the steps of:

(a) contacting an SYNGR4 polypeptide or functional
equivalent thereof with a test compound under a condi-
tion that allows phosphorylation of the polypeptide;

(b) detecting the phosphorylation level at tyrosine-46 resi-
due of the polypeptide described in (a);
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(c) comparing the phosphorylation level of tyrosine-46
residue in the polypeptide with the phosphorylation
level of tyrosine-46 residue in the protein detected in the
absence of the compound; and

(d) selecting the compound that reduced reduces the phos-
phorylation level of tyrosine-46 residue of the polypep-
tide as the candidate compound.

34. A method of screening for a candidate compound for
inhibiting the activity of SYNGR4 for phosphorylating
down-stream effectors, or treating or preventing cancer com-
prising the steps of:

(a) contacting a test compound with a polypeptide encoded
by a polynucleotide of SYNGR4 in the presence of a
polypeptide encoded by a polynucleotide of GRB2 and/
or PAK1, under the condition for phosphorylation of at
least one of down-stream effectors of SYNGR4 selected
from the group consisting of PAKI1, c-Raf, MEKI,
MEK1/2 and ERK1/2;

(b) detecting the phosphorylation level of the down-stream
effector of SYNGR4; and

(c) selecting the test compound that suppresses the phos-
phorylation level of the down-stream effector of
SYNGR4 as compared to the phosphorylation level of
the down-stream effector of SYNGR4 detected in the
absence of the test compound.

35. The method of claim 34, wherein the phosphorylation
level of the down-stream effector of SYNGR4 to be detected
is that of Thr423 of PAK 1, Ser338 of c-Raf, Ser 298 of MEK1,
Ser217/221 of MEK1/2, and Thr202/204 of ERK1/2, respec-
tively.

36. The method of claim 31, wherein the cancer is lung
cancer.

37. The method of claim 33, wherein the cancer is lung
cancer.

38. The method of claim 34, wherein the cancer is lung
cancer.
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