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(57) ABSTRACT

The invention features methods for detecting lung cancer or
esophageal cancer, by detecting over-expression of ECT2
compared the normal organs. Also disclosed are methods of
identifying compounds for treating and preventing lung can-
cer or esophageal cancer, based on the over-expression of
ECT?2 in the lung cancer or esophageal cancer, the cell pro-
liferation function of ECT2. Also, provided are a method for
treating lung cancer or esophageal cancer by administering a
double-stranded molecule against the ECT2 gene or an anti-
body against ECT2 protein. The invention also provides prod-
ucts, including the double-stranded molecules and vectors
encoding them, as well as compositions comprising the mol-
ecules or vectors, useful in the provided methods.
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ECT2 ONCOGENE AS A THERAPEUTIC
TARGET AND PROGNOSTIC INDICATOR
FOR LUNG AND ESOPHAGEAL CANCER

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims the benefit of U.S.
Provisional Application No. 61/081,165, filed Jul. 16, 2008,
the entire disclosure of which is hereby incorporated herein
by reference.

TECHNICAL FIELD

[0002] The present invention relates to methods for detect-
ing, diagnosing, and prognosing cancer as well as methods
for treating and preventing cancer.

BACKGROUND ART

[0003] Primary lung cancer is the leading cause of cancer
deaths in most countries (Alberg A J. et al. J Clin Oncol 2005;
14:3175-85, Parkin D M. Lancet Oncol 2001; 2:533-43.).
Meanwhile esophageal squamous-cell carcinoma (ESCC) is
one of the most common fetal malignancies of the digestive
tract (Shimada H. et al. Surgery 2003; 133:486-94.). In spite
of improvements in surgical techniques and adjuvant chemo-
radiotherapy, patients with advanced lung or esophageal can-
cer often suffer fatal disease progression (Parkin D M. Lancet
Oncol 2001; 2:533-43, Shimada H. et al. Surgery 2003; 133:
486-94.). Therefore, it is extremely important to understand
the biology of these two major thoracic cancers, and to intro-
duce more effective treatments in order to improve the sur-
vival of patients (Daigo Y. and Nakamura Y. Gen Thorac
Cardiovasc Surg 2008; 56:43-53.). The concept of specific
molecular targeting has been applied to the development of
innovative cancer-treatment strategies, and two main
approaches are available at present in clinical practice: thera-
peutic monoclonal antibodies and small-molecule agents
(Thatcher N. Lung Cancer 2007; 57 Suppl 2:S18-23.). To
date, four targeted therapies (bevacizumab, cetuximab, erlo-
tinib and gefitinib) have been investigated in randomised
trials for the treatment of advanced non-small cell lung cancer
(NSCLC) (Thatcher N. Lung Cancer 2007; 57 Suppl 2:S18-
23, Sandler A. et al. N Engl J Med 2006; 355:2542-50, Shep-
herd F A. et al. N Engl J Med 2005; 353:123-32, Thatcher N.
etal. Lancet 2005;366:1527-37.). The addition of therapeutic
antibodies against pro-angiogenic protein vascular endothe-
lial growth factor (VEGF) (bevacizumab) or epidermal
growth factor receptor (EGFR) (cetuximab) to conventional
chemotherapy has a significant survival benefit in patients
with NSCLC (Thatcher N. Lung Cancer 2007; 57 Suppl
2:S18-23, Sandler A. et al. N Engl ] Med 2006; 355:2542-
50.). Two small-molecule EGFR tyrosine kinase inhibitors,
erlotinib and gefitinib, were shown to be effective for a subset
of advanced NSCLC patients (Shepherd F A. et al. N Engl J
Med 2005; 353:123-32, Thatcher N. et al. Lancet 2005; 366:
1527-37.). However, issues of toxicity limit these treatment
regimens to selected patients, and even if all available treat-
ments are applied, the proportion of patients showing good
response is still very limited (Thatcher N. Lung Cancer 2007;
57 Suppl 2:S18-23, Sandler A. et al. N Engl J Med 2006;
355:2542-50, Shepherd F A. et al. N Engl ] Med 2005; 353:
123-32, Thatcher N. et al. Lancet 2005; 366:1527-37.).

[0004] To isolate potential molecular targets for diagnosis,
treatment, and/or prevention of lung and esophageal carcino-
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mas, the present inventors previously performed a genome-
wide analysis of gene expression profiles of cancer cells from
101 lung-cancer and 19 ESCC patients by means of a cDNA
microarray consisting of 27,648 genes or ESTs (Daigo Y. and
Nakamura Y. Gen Thorac Cardiovasc Surg 2008; 56:43-53,
Kikuchi T. et al. Oncogene 2003;22:2192-205, Kakiuchi S. et
al. Mol Cancer Res 2003; 1:485-99, Kakiuchi S. et al. Hum
Mol Genet. 2004; 13:3029-43, Kikuchi T. et al. Int J Oncol
2006; 28:799-805, Taniwaki M. et al. Int J Oncol 2006;
29:567-75,Yamabuki T. et al. Int J Oncol 2006; 28:1375-84.).
To verify the biological and clinicopathological significance
of the respective gene products, the present inventors have
established a screening system by a combination of the
tumor-tissue microarray analysis of clinical lung- and esoph-
ageal-cancer materials with RNA interference (RNA1) tech-
nique (Suzuki C. et al. Cancer Res 2003; 63:7038-41, Ish-
ikawa N. et al. Clin Cancer Res 2004; 10:8363-70, Kato T. et
al. Cancer Res 2005; 65:5638-46, Furukawa C. et al. Cancer
Res 2005; 65:7102-10, Ishikawa N. et al. Cancer Res 2005;
65:9176-84, Suzuki C. et al. Cancer Res 2005; 65:11314-25,
Ishikawa N. et al. Cancer Sci 2006; 97:737-45, Takahashi K.
et al. Cancer Res 2006; 66:9408-19, Hayama S. et al. Cancer
Res 2006; 66:10339-48, Kato T. et al. Clin Cancer Res 2007,
13:434-42, Suzuki C. et al. Mol Cancer Ther 2007; 6:542-51,
Yamabuki T. Cancer Res 2007; 67:2517-25, Hayama S. et al.
Cancer Res 2007, 67:4113-22,Kato T. et al. Cancer Res 2007,
67:8544-53, Taniwaki M. et al. Clin Cancer Res 2007,
13:6624-31, Ishikawa N. et al. Cancer Res 2007; 67:11601-
11, Mano'Y. et al. Cancer Sci 2007; 98:1902-13,Suda T. et al.
Cancer Sci 2007; 98:1803-8, Kato T. et al. Clin Cancer Res
2008; 14:2363-70.). In this process, the present inventors
identified epithelial cell transforming sequence 2 (ECT2)
oncogene as a prognostic biomarker as well as a therapeutic
target for lung and esophageal cancers (WO 2004/031413,
W02007/013671).

[0005] ECT2 was isolated through an expression cloning
strategy from a mouse epithelial cell line BALB/MK, which
conferred in vitro transforming activity (Miki T. Methods
Enzymol 1995; 256:90-8.). ECT2 is a member of the Dbl
family that possesses a Dbl homology (DH)/pleckstrin
homology (PH) cassette in the C-terminal end of the protein
and mediates the guanine nucleotide exchange of Rho
GTPases (Tatsumoto T. et al. J Cell Biol 1999; 1475:921-8.).
The N-terminus of ECT2 contains tandem repeats of the
BRCT domain, which is conserved in many proteins involved
in cell cycle check pointand DNA damage response (Kim J E.
et al. J Biol Chem 2005; 280:5733-9.). ECT2 is localized at
the central spindle and equatorial cortex, and triggers cytoki-
nesis by activating RhoA (Petronczki M. et al. Dev Cell 2007;
12:713-25, Scoumanne A. and Chen X. Cancer Res 2006; 66:
6271-9, Eguchi T. et al. Oncogene 2007; 26:509-20, Hara T.
et al. Oncogene 2006; 25:566-78.). ECT2 was indicated to be
overexpressed in glioma cells (Sano M. et al. Oncol Rep
2006; 16:1093-8.). In spite of the evidence of ECT2 function
in cytokinesis, the significance of activation of ECT2 in
human cancer progression and its clinical potential as a thera-
peutic target have not been not fully described in the prior art.
[0006] The present inventors report here the identification
of ECT?2 as a predictive cancer biomarker in the clinic, and as
a useful therapeutic target for pulmonary and esophageal
cancer, and also describe the biological roles of ECT2 in
progression of cancer.

[0007] In recent years, a new approach of cancer therapy
using gene-specific siRNA has been used in clinical trials
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(Bumcrot D et al., Nat Chem Biol 2006 December, 2(12):
711-9). RNAi has earned a place among the major technology
platforms (Putral L N et al., Drug News Perspect 2006 July-
August, 19(6): 317-24; Frantz S, Nat Rev Drug Discov 2006
July, 5(7): 528-9; Dykxhoorn D M et al., Gene Ther 2006
March, 13(6): 541-52). Nevertheless, improved double-
stranded molecules useful for targeting cancer-specific genes
are needed for the development of anticancer drugs. The
present invention provides such improvements.

SUMMARY OF INVENTION

[0008] The present invention is based on the discovery of a
specific expression of the ECT2 gene in cancerous cells.
[0009] Through an analysis on genome-wide expression
profiles of genes in various types of lung cancer cells, esoph-
ageal carcinomas and bladder cancer cells, a set of genes
whose expression was commonly up-regulated was identi-
fied. From among the genes, the present inventors selected
gene ECT2 (epithelial cell transforming sequence 2) for fur-
ther study. The expression of the ECT2 gene was detected by
the present inventors to be enhanced in lung, esophageal and
bladder carcinomas. In the course of the present invention, the
ECT2 gene was further revealed to be frequently up-regulated
in non-small cell lung cancer (NSCLC), including adenocar-
cinomas (ADCs) and squamous-cell carcinomas (SCCs),
small-cell lung cancer (SCLC), and esophageal squamous-
cell carcinomas (ESCCs). Furthermore, as shown here for the
first time, the suppression of the ECT2 gene by small inter-
fering RNA (siRNA) results in growth inhibition and/or cell
death of lung cancer cells. Thus, this gene can now be used as
a novel therapeutic target for various types of human neo-
plasms.

[0010] The ECT2 gene identified herein, as well as its tran-
scription and translation products, finds diagnostic utility as a
marker for cancer and as an oncogene target, the expression
and/or activity of which may be altered to treat or alleviate a
symptom of cancer.

[0011] Herein, evidence is presented that ECT2 over-ex-
pression is associated with lung cancer and ESCC progres-
sion, resulting in a poor prognosis for patients with lung
cancer and ESCC. Thus, the ECT2 gene is a useful prognostic
indicator of lung cancer or ESCC. In particular, ECT2 over-
expression in resected specimens is a useful index for appli-
cation of adjuvant therapy to the patients who are likely to
have poor prognosis. Furthermore, in that up-regulation of
ECT?2 is a frequent and important feature of lung and esoph-
ageal carcinogenesis, targeting the ECT2 molecule is particu-
larly useful for development of new diagnostic and therapeu-
tic strategies for clinical management of lung cancers and
ESCC.

[0012] Accordingly, the present invention provides meth-
ods for assessing or determining the prognosis of a patient
with lung cancer or esophageal squamous-cell carcinomas by
comparing an ECT2 level in a patient-derived biological
sample with that of a control sample. An elevated expression
level is indicative of a poor prognosis for post-treatment
remission, recovery and/or survival and a higher likelihood of
poor clinical outcome. The present invention further provides
kits for assessing an NSCLC or ESCC prognosis, such kits
including ECT2-detection reagents.

[0013] Therapeutic methods of the present invention
include methods for treating or preventing cancer in a subject
including the step of administering an antisense composition
to the subject. In the context of the present invention, the

Dec. 29, 2011

antisense composition reduces the expressions of a specific
target gene (i.e., the ECT2 gene). For example, the antisense
compositions may contain a nucleotide which is complemen-
tary to the ECT2 gene sequence. Alternatively, the present
methods may include the step of administering an siRNA
composition to the subject. In the context of the present inven-
tion, the siRNA composition reduces the expression of the
ECT2 gene. In yet another method, the treatment or preven-
tion of cancer in a subject may be carried out by administering
a double-stranded molecule composition to the subject. In the
context of the present invention, the nucleic acid-specific
double-stranded molecule composition reduces the expres-
sion of the ECT2 gene. In fact, the present inventors have
demonstrated the inhibitory effects of siRNAs for the ECT2
gene. For example, the inhibitions of cell proliferation of
cancer cells by the siRNAs are demonstrated in the Examples
section, which demonstrates that the ECT2 gene serves as a
preferable therapeutic target for cancer.

[0014] One advantage of the methods described herein is
that the disease is identified prior to detection of overt clinical
symptoms of cancers. Other features and advantages of the
invention will be apparent from the following detailed
description, and from the claims. However, it is to be under-
stood that both the foregoing summary of the invention and
the following detailed description are of a preferred embodi-
ment, and not restrictive of the invention or other alternate
embodiments of the invention.

BRIEF DESCRIPTION OF DRAWINGS

[0015] FIG. 1 depicts the expression of ECT2 in lung and
esophageal cancers and normal tissues. A, Expression of
ECT2 gene in 15 clinical lung cancers (lung ADC, lung SCC,
and SCLC; top panels) and in 15 lung-cancer cell lines (bot-
tom panels), detected by semiquantitative RT-PCR analysis.
B, Expression of ECT2 gene in 10 clinical ESCCs and in 10
esophageal cancer cell lines, detected by semiquantitative
RT-PCR analysis. C, Expression of ECT2 protein in 6 lung-
cancer cell lines and in 4 ESCC cell lines, examined by
western-blot analysis. D, Expression of ECT2 gene in normal
tissues, detected by northern blotting of mRNAs from 23
normal human tissues (top panel), and ECT2 protein expres-
sion examined by immunohistochemical analysis of 5 normal
tissues (liver, heart, kidney, lung, and testis) and a lung SCC
tissue (bottom panels).

[0016] FIG. 2 depicts association of ECT2 overexpression
with poor prognosis for NSCLC and ESCC patients. A, the
top panels, Representative examples for strong, weak, and
absent ECT2 expression in lung SCC tissues and a normal
lung tissue (original magnification x100). The bottom panel,
Kaplan-Meier analysis of survival of patients with NSCLC
(P=0.0004 by log-rank test). B, the top panels, Representative
examples for strong, weak, and absent ECT2 expression in
ESCC tissues and a normal esophagus tissue (original mag-
nification x100). The bottom panel, Kaplan-Meier analysis of
survival of patients with ESCC (P=0.0088 by log-rank test).
[0017] FIG. 3 depicts inhibition of growth of NSCLC and
ESCC cells by siRNAs against ECT2. A, Expression of ECT2
in response to siRNA treatment for ECT2 (si-ECT2-#1 or #2)
or control siRNAs (LUC or SCR) in A549 and TE9 cells,
analyzed by semi-quantitative RT-PCR (top panels). MTT
and colony-formation assays of the tumor cells transfected
with si-ECT2s or control siRNAs (middle and bottom pan-
els). B, Flow cytometrical analysis of the A549 cells 48 hours
and 72 hours after transfection of the siRNAs for ECT2
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(si-ECT2-#1) and control siRNAs (SCR). Transfection of
si-ECT2-#1 resulted in G2/M arrest at 48 hours (left panels)
and subsequent increase of sub-G1 fraction at 72 hours (right
panels).

[0018] FIG. 4 depicts enhancement of cellular invasiveness
by ECT2 introduction into mammalian cells. The top panels,
Transient expression of ECT2 in NIH3T3 and COS-7 cells,
detected by western-blot analysis. The middle and bottom
panels, assays demonstrating the increased invasive nature of
NIH3T3 and COS-7 cells in Matrigel matrix after transfec-
tion of ECT2-expressing plasmids. Giemsa staining (magni-
fication, x100; middle panels) and the number of cells migrat-
ing through the Matrigel-coated filters (bottom panels) were
shown. Assays were done thrice and in triplicate wells.

DESCRIPTION OF EMBODIMENTS
Detailed Description of the Invention

[0019] The words “a”, “an”, and “the” as used herein mean
“at least one” unless otherwise specifically indicated.

[0020] The terms “isolated” and “purified” when used
herein in relation to a substance (e.g., polypeptide, antibody,
polynucleotide, etc.) indicate that the substance is substan-
tially free from at least one substance that may else be
included in the natural source. Thus, an isolated or purified
antibody refers to antibodies that is substantially free of cel-
lular material such as carbohydrate, lipid, or other contami-
nating proteins from the cell or tissue source from which the
protein (antibody) is derived, or substantially free of chemical
precursors or other chemicals when chemically synthesized.
The term “substantially free of cellular material” includes
preparations of a polypeptide in which the polypeptide is
separated from cellular components of the cells from which it
is isolated or recombinantly produced. Thus, a polypeptide
that is substantially free of cellular material includes prepa-
rations of polypeptide having less than about 30%, 20%,
10%, or 5% (by dry weight) of heterologous protein (also
referred to herein as a “contaminating protein”). When the
polypeptide is recombinantly produced, it is also preferably
substantially free of culture medium, which includes prepa-
rations of polypeptide with culture medium less than about
20%, 10%, or 5% of the volume of the protein preparation.
When the polypeptide is produced by chemical synthesis, it is
preferably substantially free of chemical precursors or other
chemicals, which includes preparations of polypeptide with
chemical precursors or other chemicals involved in the syn-
thesis of the protein less than about 30%, 20%, 10%, 5% (by
dry weight) of the volume of the protein preparation. That a
particular protein preparation contains an isolated or purified
polypeptide can be shown, for example, by the appearance of
a single band following sodium dodecyl sulfate (SDS)-poly-
acrylamide gel electrophoresis of the protein preparation and
Coomassie Brilliant Blue staining or the like of the gel. In a
preferred embodiment, antibodies of the present invention are
isolated or purified.

[0021] An “isolated” or “purified” nucleic acid molecule,
such as a cDNA molecule, can be substantially free of other
cellular material, or culture medium when produced by re-
combinant techniques, or substantially free of chemical pre-
cursors or other chemicals when chemically synthesized. Ina
preferred embodiment, nucleic acid molecules encoding anti-
bodies of the present invention are isolated or purified.
[0022] The terms “polypeptide”, “peptide”, and “protein”
are used interchangeably herein to refer to a polymer of amino
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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.

[0023] The term “amino acid” refers to naturally occurring
and synthetic amino acids, as well as amino acid analogs and
amino acid mimetics that similarly functions to the naturally
occurring amino acids. Naturally occurring amino acids are
those encoded by the genetic code, as well as those modified
after translation in cells (e.g., hydroxyproline, gamma-car-
boxyglutamate, and O-phosphoserine). The phrase “amino
acid analog” refers to compounds that have the same basic
chemical structure (an alpha carbon bound to a hydrogen, a
carboxy group, an amino group, and an R group) as a natu-
rally occurring amino acid but have a modified R group or
modified backbones (e.g., homoserine, norleucine, methion-
ine, sulfoxide, methionine methyl sulfonium). The phrase
“amino acid mimetic” refers to chemical compounds that
have different structures but similar functions to general
amino acids.

[0024] Amino acids may be referred to herein by their
commonly known three letter symbols or the one-letter sym-
bols recommended by the [IUPAC-IUB Biochemical Nomen-
clature Commission.

[0025] The terms “polynucleotides”, “oligonucleotide”,
“nucleotides”, “nucleic acids”, and “nucleic acid molecules™
are used interchangeably unless otherwise specifically indi-
cated and, similarly to the amino acids, are referred to by their
commonly accepted single-letter codes. Similar to the amino
acids, they encompass both naturally-occurring and non-
naturally occurring nucleic acid polymers. The polynucle-
otide, oligonucleotide, nucleotides, nucleic acids, or nucleic
acid molecules may be composed of DNA, RNA or a combi-
nation thereof.

[0026] The present invention is based in part on the discov-
ery of elevated expression of the ECT2 gene in cells from
patients of lung and esophageal cancers. The nucleotide
sequence of the human ECT2 gene is shown in SEQ ID NO:
11 and is also available as GenBank Accession No.
NM__018098. Herein, the ECT2 gene encompasses the
human ECT?2 gene as well as those of other animals, includ-
ing non-human primate, mouse, rat, dog, cat, horse, and cow.
However, the invention is not limited thereto and includes
allelic mutants and genes found in other animals as corre-
sponding to the ECT2 gene.

[0027] The amino acid sequence encoded by the human
ECT2 gene is shown in SEQ ID NO: 12 and is also available
as GenBank Accession No. NP__060568.3. In the present
invention, the polypeptide encoded by the ECT2 gene is
referred to as “ECT2”, and sometimes as “ECT2 polypep-
tide” or “ECT?2 protein”.

[0028] According to an aspect of the present invention,
functional equivalents are also considered to be “ECT2
polypeptides”. Herein, a “functional equivalent” of a protein
is a polypeptide that has a biological activity equivalent to the
protein. Namely, any polypeptide that retains the biological
ability of the ECT2 protein may be used as such a functional
equivalent in the present invention. Such functional equiva-
lents include those wherein one or more amino acids are
substituted, deleted, added, or inserted to the natural occur-
ring amino acid sequence of the ECT?2 protein. Alternatively,
the polypeptide may be composed an amino acid sequence
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having at least about 80% homology (also referred to as
sequence identity) to the sequence of the respective protein,
more preferably at least about 90% to 95% homology. In
other embodiments, the polypeptide can be encoded by a
polynucleotide that hybridizes under stringent conditions to
the natural occurring nucleotide sequence of the ECT2 gene.
[0029] A polypeptide of the present invention may have
variations in amino acid sequence, molecular weight, isoelec-
tric point, the presence or absence of sugar chains, or form,
depending on the cell or host used to produce it or the puri-
fication method utilized. Nevertheless, so long as it has a
function equivalent to that of the human ECT2 protein of the
present invention, it is within the scope of the present inven-
tion.

[0030] 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-
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.

[0031] Inthe contextofthe present invention, a condition of
hybridization for isolating a DNA encoding a polypeptide
functionally equivalent to the human ECT2 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° C. for 30 min or longer using “Rapid-hyb
buffer” (Amersham LIFE SCIENCE), adding a labeled
probe, and warming at 68° 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° C., 2xSSC, 0.1% SDS, preferably 50°
C., 2xSSC, 0.1% SDS. High stringency conditions 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° C. for 20 min, and washing twice in 1xSSC, 0.1%
SDS at 50° C. for 20 min. However, several factors, such as
temperature and salt concentration, can influence the strin-
gency of hybridization and one skilled in the art can suitably
select the factors to achieve the requisite stringency.

[0032] 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
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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.

[0033] So long as the activity the protein is maintained, the
number of amino acid mutations is not particularly limited.
However, it is generally preferred to alter 5% or less of the
amino acid sequence. Accordingly, in a preferred embodi-
ment, the number of amino acids to be mutated in such a
mutant is generally 30 amino acids or less, preferably 20
amino acids or less, more preferably 10 amino acids or less,
more preferably 6 amino acids or less, and even more prefer-
ably 3 amino acids or less.

[0034] 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, M, F, P, W,Y, V), hydrophilic amino acids (R, D, N,
C,E,Q, G, H,K, S, T), and side chains having the following
functional groups or characteristics in common: an aliphatic
side-chain (G, A, V, L, I, P); a hydroxyl group containing
side-chain (S, T, Y); a sulfur atom containing side-chain (C,
M); a carboxylic acid and amide containing side-chain (D, N,
E, Q); abase containing side-chain (R, K, H); and an aromatic
containing side-chain (H, F, Y, W). Conservative substitution
tables providing functionally similar amino acids are well
known in the art. For example, the following eight groups
each contain amino acids that are conservative substitutions
for one another:

1) Alanine (A), Glycine (G);
[0035] 2) Aspartic acid (D), Glutamic acid (E);

3) Aspargine (N), Glutamine (Q);

4) Arginine (R), Lysine (K);

5) Isoleucine (1), Leucine (L), Methionine (M), Valine (V);
6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W);

7) Serine (S), Threonine (T); and

[0036] 8) Cysteine (C), Methionine (M) (see, e.g., Creigh-
ton, Proteins 1984).

[0037] Such conservatively modified polypeptides are
included in the present ECT2 protein. However, the present
invention is not restricted thereto and the ECT2 protein
includes non-conservative modifications, so long as at least
one biological activity of the ECT?2 protein is retained. Fur-
thermore, the modified proteins do not exclude polymorphic
variants, interspecies homologues, and those encoded by alle-
les of these proteins.

[0038] Moreover, the ECT2 gene of the present invention
encompasses polynucleotides that encode such functional



US 2011/0319280 Al

equivalents of the ECT2 protein. In addition to hybridization,
a gene amplification method, for example, the polymerase
chain reaction (PCR) method, can be utilized to isolate a
polynucleotide encoding a polypeptide functionally equiva-
lent to the ECT2 protein, using a primer synthesized based on
the sequence information of the protein encoding DNA (SEQ
ID NO: 11). Polynucleotides and polypeptides that are func-
tionally equivalent to the human ECT2 gene and protein,
re-spectively, normally have a high homology to the originat-
ing nucleotide or amino acid sequence thereof. “High homol-
ogy” typically refers to a homology of 40% or higher, pref-
erably 60% or higher, more preferably 80% or higher, even
more preferably 90% to 95% or higher. The homology of a
particular polynucleotide or polypeptide can be determined
by following the algorithm in “Wilbur and Lipman, Proc Natl
Acad Sci USA 80: 726-30 (1983)”.

[0039] I. Double-Stranded Molecule:

[0040] As use herein, the term “double-stranded molecule”
refers to a nucleic acid molecule that inhibits expression of a
target gene including, for example, short interfering RNA
(siRNA; e.g., double-stranded ribonucleic acid (dsRNA) or
small hairpin RNA (shRNA)) and short interfering DNA/
RNA (siD/R-NA; e.g. double-stranded chimera of DNA and
RNA (dsD/R-NA) or small hairpin chimera of DNA and RNA
(shD/R-NA)).

[0041] As used herein, the term “dsRNA” refers to a con-
struct of two RNA molecules comprising complementary
sequences to one another and that have annealed together via
the complementary sequences to form a double-stranded
RNA molecule. The nu-cleotide sequence of two strands may
comprise 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.

[0042] The term “shRNA”, as used herein, refers to an
siRNA having a stem-loop structure, comprising a first and
second regions complementary to one another, i.e., sense and
antisense strands. The degree of complementarity and orien-
tation of the regions are sufficient such that base pairing
occurs between the regions, the first and second regions being
joined by aloop region, the loop resulting 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”.

[0043] As used herein, the term “siD/R-NA” refers to a
double-stranded polynucleotide molecule which is composed
ofboth 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 polynu-cleotide 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 sense
nucleic acid sequence (also referred to as “sense strand”), an
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.
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[0044] As used herein, the term “dsD/R-NA” refers to a
construct of two molecules comprising 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 comprise not only the “sense” or “antisense”
polynucleotides 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).

[0045] The term “shD/R-NA”, as used herein, refers to an
siD/R-NA having a stem-loop structure, comprising a first
and second regions complementary to one another, i.e., sense
and antisense strands. The degree of complementarity and
orientation of the regions are sufficient such that base pairing
occurs between the regions, the first and second regions being
joined by a loop region, the loop resulting 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”.

[0046] 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 (e.g., WO03/070744; W02005/045037). In one
embodiment, modifications can be used to provide improved
resistance to degradation or improved uptake. Examples of
such modifications include phosphorothioate 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 deoxyabasic residue incor-
poration (US20060122137).

[0047] In another embodiment, modifications can be used
to enhance the stability or to increase targeting efficiency of
the double-stranded molecule. Modifications include chemi-
cal cross linking between the two complementary strands of a
double-stranded molecule, chemical modification ofa 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 ribonucleotides (W02004/029212). In another
embodiment, modifications 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 (W02005/044976). For example, an
unmodified pyrimidine nucleotide can be substituted for a
2-thio, 5-alkynyl, 5-methyl, or S-propynyl pyrimidine. Addi-
tionally, an unmodified purine can be substituted with a
7-deaza, 7-alkyl, or 7-alkenyl purine. In another embodiment,
when the double-stranded molecule is a double-stranded mol-
ecule with a 3' overhang, the 3'-terminal nucleotide overhang-
ing nucleotides may be replaced by deoxyribonucleotides
(Elbashir S M et al., Genes Dev 2001 Jan. 15, 15(2): 188-
200). For further details, published documents such as
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US20060234970 are available. The present invention is not
limited to these examples and any known chemical modifi-
cations 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.

[0048] Furthermore, the double-stranded molecules of the
present invention may comprise both DNA and RNA, e.g.,
dsD/R-NA or shD/R-NA. Specifically, a hybrid polynucle-
otide of a DNA strand and an RNA strand or a DNA-RNA
chimera polynucleotide shows increased stability. Mixing of
DNA and RNA, i.e., a hybrid type double-stranded molecule
consisting of a DNA strand (polynucleotide) and an RNA
strand (polynucleotide), a chimera type double-stranded mol-
ecule comprising 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. The
hybrid of a DNA strand and an RNA strand may be the hybrid
in which either the sense strand is DNA and the antisense
strand is RNA, or the opposite so long as it has an activity to
inhibit expression of the target gene when introduced into a
cell expressing the gene. Preferably, the sense strand poly-
nucleotide 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.

[0049] 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 arange
to induce sufficient inhibition of the expression. As a pre-
ferred example of the chimera type double-stranded mol-
ecule, 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 mol-
ecule is RNA. Preferably, the upstream partial region indi-
cates the 5' side (5'-end) of the sense strand and the 3' side
(3'-end) of the antisense strand. That is, in preferable embodi-
ments, 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 consists of
RNA. For instance, the chimera or hybrid type double-
stranded molecule of the present invention comprise follow-
ing combinations.

[0050] sense strand: 5'-[DNA]-3'

[0051] 3'-(RNA)-[DNA]-5": antisense strand,

[0052] sense strand: 5'-(RNA)-[DNA]-3'

[0053] 3'-(RNA)-[DNA]-5" antisense strand, and

[0054] sense strand: 5'-(RNA)-[DNA]-3'

[0055] 3'-(RNA)-5" antisense strand.

[0056] The upstream partial region preferably is a domain

consisting of9 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-
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stranded molecule, the effect to inhibit expression of the
target gene is much higher when the entire antisense strand is
RNA (US20050004064).

[0057] In the present invention, the double-stranded mol-
ecule may form a hairpin, such as a short hairpin RNA
(shRNA) and short hairpin consisting of DNA and RNA
(shD/R-NA). The shRNA or shD/R-NA is a sequence of RNA
or mixture of RNA and DNA making a tight hairpin turn that
can be used to silence gene expression via RNA interference.
The shRNA or shD/R-NA comprises 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.

[0058] A double-stranded molecule against the ECT2 gene
(e.g. ‘ECT2 siRNA’) can be used to reduce the expression
level ofthe gene. Herein, the term “siRNA” refers to a double-
stranded RNA molecule which prevents translation of a target
mRNA. In the context of the present invention, the double-
stranded molecule is composed of a sense nucleic acid
sequence and an anti-sense nucleic acid sequence against the
up-regulated marker gene, ECT2. The double-stranded mol-
ecule is constructed so that it includes both a sense and
complementary antisense sequences of the target gene, i.e., a
nucleotide having a hairpin structure. The double-stranded
molecule may either be a dSsSRNA, shRNA, dsD/RNA or shD/
RNA.

[0059] A double-stranded molecule of the ECT2 gene
hybridizes to target mRNA, i.e., associates with the normally
single-stranded mRNA transcript and thereby interfering
with translation of the mRNA, which finally decreases or
inhibits production (expression) of the polypeptide encoded
by the gene. Thus, an siRNA molecule of the invention can be
defined by its ability to specifically hybridize to the mRNA of
the ECT2 gene under stringent conditions.

[0060] In the context of the present invention, a double-
stranded molecule is preferably less than 500, 200, 100, 50, or
25 nucleotides in length. More preferably a double-stranded
molecule is 19-25 nucleotides in length. Exemplary target
nucleic acid sequences of ECT2 double-stranded molecule
include the oligonucleotide sequences corresponding to SEQ
ID NO: 1 or 2. Therefore, preferable double-stranded mol-
ecule of the present invention comprises a sense strand and an
antisense strand complementary thereto, hybridized to each
other to form the double-stranded molecule and targets to a
nucleotide sequence selected from the group consisting of
SEQ ID NOs: 1 and 2, and wherein the double-stranded
molecule, when introduced into a cell expressing the ETC2
gene, inhibits expression of the gene. The sense strand com-
prises a nucleotide sequence corresponding to a target
sequence. Preferably, the target sequence comprises from
about 19 to about 25 contiguous nucleotides from the nucle-
otide sequences of SEQ ID NO: 11. More preferably, the
target sequence consists of from about 19 to about 25 con-
tiguous nucleotides from the nucleotide sequences of SEQ ID
NO: 11. The double-stranded molecule may be a single oli-
gonucleotide molecule comprising the sense strand and the
antisense strand linked via a single-stranded oligonucleotide
sequence.

[0061] The nucleotide “t” in the sequence should be
replaced with “v” in RNA or derivatives thereof. Accordingly,
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for example, the present invention provides double-stranded
RNA molecules having the oligonucleotide sequence

5'-gauaaaggaugaucuugaa-3' (SEQ ID NO: 1)

or

5'-cagaggagauuaagacuau-3' . (SEQ ID NO: 2)

[0062] In order to enhance the inhibition activity of the
double-stranded molecules, nucleotide “u” can be added to
the 3' end of the antisense strand. 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 a single strand at the 3' end of the antisense
strand of the double-stranded molecule.

[0063] 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 double-stranded
molecule having the general formula 5'-[A]-[B]-[A']-3',
wherein [A] is a oligonucleotide sequence corresponding to a
sequence that specifically hybridizes to an mRNA or a cDNA
of the ECT2 gene. In preferred embodiments, [A] is a nucle-
otide sequence corresponding to a sequence of the ECT2 gene
(e.g., SEQID NO: 1); [B] is a nucleotide sequence composed
of 3 to 23 nucleotides; and [A'] is a nucleotide sequence
composed of the complementary sequence of [A]. The region
[A]hybridizes to [ A'], and then a loop composed of region [B]
is formed. The loop sequence may be preferably 3 to 23
nucleotide in length. The loop sequence, for example, can be
selected from a group composed of following sequences (see,
Ambion website on the worldwide web at ambion.com/
techlib/tb/tb__506.html):

[0064] CCC, CCACC, or CCACACC: Jacque ] M et al.,
Nature 2002, 418: 435-8.

[0065] UUCG: Lee N S et al., Nature Biotechnology 2002,
20:500-5; Fruscoloni P et al., Proc Natl Acad Sci USA 2003,
100(4):1639-44.

[0066] UUCAAGAGA: Dykxhoorn D M et al., Nature
Reviews Molecular Cell Biology 2003, 4:457-67.
‘UUCAAGAGA (“ttcaagaga” in DNA)’ is a particularly suit-
able loop sequence. Furthermore, loop sequence consisting of
23 nucleotides also provides an active siRNA (Jacque J-M et
al., Nature 2002, 418:435-8).

[0067] Exemplary hairpin double-stranded molecule suit-
able for use in the context of the present invention include,

(for target sequence of SEQ ID NO: 1)
5'-gauaaaggaugaucuugaa- [b]-uucaagaucauccuuuauc-3"';
and

(for target sequence of SEQ ID NO: 2)
5'-cagaggagauuaagacua-[b]-uagucuuaaucuccucug-3"'.

[0068] The oligonucleotide sequence of suitable double-
stranded molecules can be designed using an siRNA design
computer program available from the Ambion website (am-
bion.com/techlib/misc/siRNA_finder.html). The computer
program selects nucleotide sequences for double-stranded
molecule synthesis based on the following protocol.

[0069] Selection of siRNA Target Sites:

[0070] 1.Beginning with the AUG start codon of the object
transcript, scan downstream for AA dinucleotide sequences.
Record the occurrence of each AA and the 3' adjacent 19
nucleotides as potential target sites. Tuschl et al. Genes Cev
1999, 13(24):3191-7 do not recommend designing target
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sequence to the 5' and 3' untranslated regions (UTRs) and
regions near the start codon (within 75 nucleotides) as these
may be richer in regulatory protein binding sites. UTR-bind-
ing proteins and/or translation initiation complexes may
interfere with binding of the endonuclease complex.

[0071] 2. Compare the potential target sites to the human
genome database and eliminate from consideration any target
sequences with significant homology to other coding
sequences. The homology search can be performed using
BLAST (Altschul S F et al., Nucleic Acids Res 1997,
25:3389-402; J Mol Biol 1990, 215:403-10.), which can be
found on the NCBI server on the worldwide web at: ncbi.nlm.
nih.gov/BLAST/.

[0072] 3. Select qualifying target sequences for synthesis.
At Ambion, preferably several target sequences can be
selected along the length of the gene to evaluate.

[0073] Standard techmiques for introducing a double-
stranded molecule into the cell may be used. For example, a
double-stranded molecule of ECT2 can be directly intro-
duced into the cells in a form that is capable of binding to the
mRNA transcripts. In these embodiments, the double-
stranded molecules of the present invention are typically
modified as described above for antisense molecules. Other
modifications are also possible, for example, cholesterol-
conjugated double-stranded molecules have shown improved
pharmacological properties (Song et al., Nature Med 2003,
9:347-51).

[0074] Alternatively, a DNA encoding the double-stranded
molecule may be carried in a vector (hereinafter, also referred
to as ‘siRNA vector’). Such vectors may be produced, for
example, by cloning the target ECT2 gene sequence into an
expression vector having operatively-linked regulatory
sequences (e.g., a RNA polymerase I1I transcription unit from
the small nuclear RNA (snRNA) U6 or the human H1 RNA
promoter) flanking the sequence in a manner that allows for
expression (by transcription of the DNA molecule) of both
strands (Lee N S et al., Nature Biotechnology 2002, 20:
500-5). For example, an RNA molecule that is antisense to
mRNA of the ECT2 gene is transcribed by a first promoter
(e.g., apromoter sequence 3' of the cloned DNA) and an RNA
molecule that is the sense strand for the mRNA of the ECT2
gene is transcribed by a second promoter (e.g., a promoter
sequence 5' of the cloned DNA). The sense and antisense
strands hybridize in vivo to generate double-stranded mol-
ecule constructs for silencing the expression of the ECT2
gene. Alternatively, the two constructs can be utilized to cre-
ate the sense and anti-sense strands of a single-stranded con-
struct. In this case, a construct having secondary structure,
e.g., hairpin, is produced as a single transcript that includes
both the sense and complementary antisense sequences of the
target gene.

[0075] For introducing the vector of double-stranded mol-
ecule into the cell, transfection-enhancing agent can be used.
FuGENES6 (Roche diagnostics), Lipofectamine 2000 (Invit-
rogen), Oligofectamine (Invitrogen), and Nucleofector
(Wako pure Chemical) are useful as the transfection-enhanc-
ing agent. Therefore, the present pharmaceutical composition
may further include such transfection-enhancing agents.
[0076] II. Antibody:

[0077] The present invention provides antibodies against
an ECT2 protein or fragments of the antibodies. In other
words, the antibodies of the present invention can be used for
detecting an ECT?2 specific expression. Therefore, the anti-
bodies of the present invention are useful for diagnosing
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ECT?2 related diseases, for example lung and esophageal can-
cer and treating those diseases. The antibody can be prepared
by using ECT2 protein or fragments thereof (e.g. COOH-
terminal portion of ECT2 corresponding to codons 703-883
(SEQ ID NO: 8)) (see the item of ‘D. Preparation of anti-
ECT2 polyclonal antibody’ in EXAMPLE). Therefore, the
preferred embodiment of the present invention is an antibody
recognizing ECT2 which binds the antigen comprising a pep-
tide having an amino acid sequence of SEQ ID NO: 8.
[0078] When the expression of ECT2 is observed by tissue
immunostaining, the survival rate is low in the patient with
lung and esophageal cancer, as shown in Table 1 and 2. This
finding suggests that the expression of ECT2 should be useful
in diagnosing malignant prognosis as an index. Therefore,
prognosis may be diagnosed more accurately using the ECT2
specific antibody.

[0079] Furthermore, the antibody of the present invention
must be an useful tool for functional analysis of ECT2. The
term “antibody” as used herein encompasses naturally occur-
ring antibodies as well as non-naturally occurring antibodies,
including, for example, single chain antibodies, chimeric,
bifunctional and humanized antibodies, as well as antigen-
binding fragments thereof, (e.g., Fab', F(ab'),, Fab, Fv and
rlgG). See also, Pierce Catalog and Handbook, 1994-1995
(Pierce Chemical Co., Rockford, I11.). See also, e.g. Kuby, J.,
Immunology, 3rd Ed., WH. Freeman & Co., New York
(1998). Such non-naturally occurring antibodies can be con-
structed using solid phase peptide synthesis, can be produced
recombinantly or can be obtained, for example, by screening
combinatorial libraries consisting of variable heavy chains
and variable light chains as described by Huse et al., Science
246:1275-81 (1989), which is incorporated herein by refer-
ence. These and other methods of making, for example, chi-
meric, humanized, CDR-grafted, single chain, and bifunc-
tional antibodies are well known to those skilled in the art
(Winter and Harris, Immunol. Today 14:243-6 (1993); Ward
et al., Nature 341:544-6 (1989); Harlow and Lane, Antibod-
ies, 511-52, Cold Spring Harbor Laboratory publications,
New York, 1988; Hilyard et al., Protein Engineering: A prac-
tical approach (IRL Press 1992); Borrebaeck, Antibody Engi-
neering, 2d ed. (Oxford University Press 1995); each of
which is incorporated herein by reference).

[0080] The term “antibody” includes both polyclonal and
monoclonal antibodies. The term also includes genetically
engineered forms such as chimeric antibodies (e.g., human-
ized murine antibodies) and heteroconjugate antibodies (e.g.,
bispecific antibodies). The term also refers to recombinant
single chain Fv fragments (scFv). The term antibody also
includes bivalent or bispecific molecules, diabodies, triabod-
ies, and tetrabodies. Bivalent and bispecific molecules are
described in, e.g., Kostelny et al. (1992) J Immunol 148:1547,
Pack and Pluckthun (1992) Biochemistry 31:1579, Holliger
etal. (1993) Proc Natl Acad Sci USA. 90:6444, Gruber et al.
(1994) J Immunol:5368, Zhu et al. (1997) Protein Sci 6:781,
Hu et al. (1997) Cancer Res. 56:3055, Adams et al. (1993)
Cancer Res. 53:4026, and McCartney, et al. (1995) Protein
Eng. 8:301.

[0081] Typically, an antibody has a heavy and light chain.
Each heavy and light chain contains a constant region and a
variable region, (the regions are also known as “domains™).
Light and heavy chain variable regions contain four “frame-
work” regions interrupted by three hyper-variable regions,
also called “complementarity-determining regions” or
“CDRs”. The extent of the framework regions and CDRs have
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been defined. The sequences of the framework regions of
different light or heavy chains are relatively conserved within
a species. The framework region of an antibody, that is the
combined framework regions of the constituent light and
heavy chains, serves to position and align the CDRs in three
dimensional spaces.

[0082] The CDRs are primarily responsible for binding to
an epitope of an antigen. The CDRs of each chain are typi-
cally referred to as CDR1, CDR2, and CDR3, numbered
sequentially starting from the N-terminus, and are also typi-
cally identified by the chain in which the particular CDR is
located. Thus, a VH CDR3 is located in the variable domain
of the heavy chain of the antibody in which it is found,
whereas a VL CDR1 is the CDR1 from the variable domain of
the light chain of the antibody in which it is found.

[0083] Referencesto“VH” referto the variable region ofan
immunoglobulin heavy chain of an antibody, including the
heavy chain of an Fv, scFv, or Fab. References to “VL” refer
to the variable region of an immunoglobulin light chain,
including the light chain of an Fv, scFv, dsFv or Fab.

[0084] The phrase “single chain Fv” or “scFv” refers to an
antibody in which the variable domains of the heavy chain
and of the light chain of a traditional two chain antibody have
been joined to form one chain. Typically, a linker peptide is
inserted between the two chains to allow for proper folding
and creation of an active binding site.

[0085] A “chimeric antibody” is an immunoglobulin mol-
ecule in which (a) the constant region, or a portion thereof, is
altered, replaced or exchanged so that the antigen binding site
(variable region) is linked to a constant region of a different or
altered class, effector function and/or species, or an entirely
different molecule which confers new properties to the chi-
meric antibody, e.g., an enzyme, toxin, hormone, growth
factor, drug, etc.; or (b) the variable region, or a portion
thereof, is altered, replaced or exchanged with a variable
region having a different or altered antigen specificity.
[0086] A “humanized antibody” is an immunoglobulin
molecule that contains minimal sequence derived from non-
human immunoglobulin. Humanized antibodies include
human immunoglobulins (recipient antibody) in which resi-
dues from a complementary determining region (CDR) of the
recipient are replaced by residues from a CDR of a non-
human species (donor antibody) such as mouse, rat or rabbit
having the desired specificity, affinity and capacity. In some
instances, Fv framework residues of the human immunoglo-
bulin are replaced by corresponding non-human residues.
Humanized antibodies may also comprise residues which are
found neither in the recipient antibody nor in the imported
CDR or framework sequences. In general, a humanized anti-
body will comprise substantially all of at least one, and typi-
cally two, variable domains, in which all or substantially all of
the CDR regions correspond to those of a non-human immu-
noglobulin and all or substantially all of the framework (FR)
regions are those of a human immunoglobulin consensus
sequence. The humanized antibody optimally also will com-
prise at least a portion of an immunoglobulin constant region
(Fc), typically that of a human immunoglobulin (Jones et al.,
Nature 321:522-5 (1986); Riechmann et al., Nature
332:323-7 (1988); and Presta, Curr. Op. Struct. Biol. 2:593-6
(1992)). Humanization can be essentially performed follow-
ing the method of Winter and co-workers (Jones et al., Nature
321:522-5 (1986); Riechmann et al., Nature 332:323-7
(1988); Verhoeyen et al., Science 239:1534-6 (1988)), by
substituting rodent CDRs or CDR sequences for the corre-
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sponding sequences of a human antibody. Accordingly, such
humanized 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.

[0087] Theterms “epitope”, “antigenic” and “determinant™
refer to a site on an antigen to which an antibody binds.
Epitopes can be formed both from contiguous amino acids or
noncontiguous amino acids juxtaposed by tertiary folding of
a protein. Epitopes formed from contiguous amino acids are
typically retained on exposure to denaturing solvents whereas
epitopes formed by tertiary folding are typically lost on treat-
ment with denaturing solvents. An epitope typically includes
at least 3, and more usually, at least 5 or 8-10 amino acids in
a unique spatial conformation. Methods of determining spa-
tial conformation of epitopes include, for example, X-ray
crystallography and 2-dimensional nuclear magnetic reso-
nance. See, e.g., Epitope Mapping Protocols in Methods in
Molecular Biology, Vol. 66, Glenn E. Morris, Ed (1996).
[0088] 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.

[0089] Other compounds have been developed that target
and bind to targets in a manner similar to antibodies. Certain
ofthese “antibody mimics” use non-immunoglobulin protein
scaffolds as alternative protein frameworks for the variable
regions of antibodies.

[0090] 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 peptide antibody.
The single-chain binding molecule displays several advan-
tages over conventional antibodies, including, smaller size,
greater stability and are more easily modified.

[0091] Kuetal. (Proc. Natl. Acad. Sci. USA 92(14):6552-
6556 (1995)) discloses 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.

[0092] Lipovseketal. (U.S. Pat. Nos. 6,818,418 and 7,115,
396) discloses 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.

[0093] 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
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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.

[0094] Besteetal. (Proc. Natl. Acad. Sci. USA 96(5):1898-
1903 (1999)) discloses an antibody mimic based on a lipoca-
lin 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-
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
suitable to be used as an alternative to antibodies.

[0095] 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.

[0096] Hamiltonetal. (U.S. Pat. No. 5,770,380) discloses 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.

[0097] Murali et al. (Cell. Mol. Biol. 49(2):209-216
(2003)) discusses a methodology for reducing antibodies into
smaller peptidomimetics, they term “antibody like binding
peptidomemetics” (ABiP) which can also be useful as an
alternative to antibodies.

[0098] Silverman et al. (Nat. Biotechnol. (2005), 23: 1556-
1561) discloses fusion proteins that are single-chain polypep-
tides comprising 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 comprise multiple inde-
pendent binding domains that can exhibit improved affinity
(insome 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 U.S. Patent App. Pub. Nos. 20040175756,

20050048512, 20050053973, 20050089932 and
20050221384.
[0099] In addition to non-immunoglobulin protein frame-

works, antibody properties have also been mimicked in com-
pounds comprising RNA molecules and unnatural oligomers
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(e.g., protease inhibitors, benzodiazepines, purine derivatives
and beta-turn mimics) all of which are suitable for use with
the present invention.

[0100] III. Diagnosing Lung Cancer and Esophageal Can-
cer
[0101] The expression of the ECT2 gene was found to be

specifically elevated in patients with lung cancer or esoph-
ageal cancer. Therefore, the gene identified herein, as well as
its transcription and translation products, find diagnostic util-
ity as a marker for cancer. More particularly, by measuring the
expression of the ECT2 gene in a cell sample, lung cancer or
esophageal cancer can be diagnosed. Thus, the present inven-
tion provides a method for diagnosing lung cancer or esoph-
ageal cancer or a predisposition for developing lung cancer or
esophageal cancer in a subject by determining the expression
level of the ECT2 gene in the subject.

[0102] According to the present invention, an intermediate
result for examining the condition of a subject may be pro-
vided. Such intermediate result may be combined with addi-
tional information to assist a doctor, nurse, or other practitio-
ner to determine that a subject suffers from lung cancer or
esophageal cancer. That is, the present invention provides a
diagnostic marker ECT?2 for examining cancer. Alternatively,
the present invention may be used to detect cancerous cells in
a subject-derived tissue, and provide a doctor with useful
information to determine that the subject suffers from lung
cancer or esophageal cancer.

[0103] The diagnostic method of the present invention
involves the step of determining (e.g., measuring) the expres-
sion of an ECT2 gene. Using sequence information provided
by the GenBank™ database entries for known sequences, the
ECT2 gene can be detected and measured using conventional
techniques well known to one of ordinary skill in the art. For
example, sequences within the sequence database entries cor-
responding to the ECT2 gene can be used to construct probes
for detecting RNA sequences corresponding to the ECT2
gene in, e.g., Northern blot hybridization analyses. Hybrid-
ization probes typically include at least 10, at least 20, at least
50, at least 100, or at least 200 consecutive nucleotides of an
ECT2 sequence. As another example, the sequences can be
used to construct primers for specifically amplifying the
ECT2 nucleic acid in, e.g., amplification-based detection
methods, for example, reverse-transcription based poly-
merase chain reaction. As another example, an antibody
against ECT2, e.g., an anti-ECT2 polyclonal antibody or
anti-ECT2 monoclonal antibody, can be used for immunoas-
say, for example, immunohisto-chemical analysis, western
blot analysis or ELISA, etc.

[0104] Thelevel ofthe ECT2 gene expression detected in a
test cell population, e.g., a tissue sample from a patient, can
then be compared to the expression level(s) of the gene in a
reference cell population. The reference cell population may
include one or more cells for which the compared parameter
is known, i.e., non-small lung cancer cells (e.g, LC cells),
esophageal squamous-cell carcinoma cells (e.g., EC cells),
normal lung epithelial cells (e.g., non-LC cells) or normal
esophageal epithelial cells (e.g., non-EC cells).

[0105] Whether or not a level of gene expression in a test
cell population as compared to a reference cell population
indicates the presence of LC, EC or a predisposition thereto
depends upon the composition of the reference cell popula-
tion. For example, if the reference cell population is com-
posed of non-L.C cells or non-EC cells, a similarity in gene
expression level between the test cell population and the
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reference cell population indicates the test cell population is
non-LC or non-EC. Conversely, if the reference cell popula-
tion is made up of LC cells or EC cells, a similarity in gene
expression between the test cell population and the reference
cell population indicates that the test cell population includes
LC cells or EC cells.

[0106] A level of expression of an ECT2 gene in a test cell
population is considered “altered” or deemed to “differ” if it
varies from the expression level of the ECT2 gene in a refer-
ence cell population by more than 1.1, more than 1.5, more
than 2.0, more than 5.0, more than 10.0 or more fold.

[0107] Differential gene expression between a test cell
population and a reference cell population can be normalized
to a control nucleic acid, e.g. a housekeeping gene. For
example, a control nucleic acid is one which is known not to
differ depending on the cancerous or non-cancerous state of
the cell. The expression level of a control nucleic acid can thus
beused to normalize signal levels in the test and reference cell
populations. Exemplary control genes include, but are not
limited to, e.g., beta actin, glyceraldehyde 3-phosphate dehy-
drogenase and ribosomal protein P1.

[0108] Thetestcell population canbe compared to multiple
reference cell populations. Each of the multiple reference cell
populations can differ in the known parameter. Thus, a test
cell population can be compared to a first reference cell popu-
lation known to contain, e.g., LC cells or EC cells, as well as
a second reference cell population known to contain, e.g.,
non-L.C cells or non-EC cells (normal cells). The test cell
population can be included in a tissue or cell sample from a
subjectknown to contain, or suspected of containing, LC cells
or EC cells.

[0109] The test cell population can be obtained from a
bodily tissue or a bodily fluid, e.g., biological fluid (for
example, blood, sputum, saliva). For example, the test cell
population can be purified from lung tissue or esophageal
tissue. Preferably, the test cell population comprises an epi-
thelial cell. The epithelial cell is preferably from a tissue
known to be or suspected to be a non-small cell carcinoma or
an esophageal squamous-cell carcinoma.

[0110] Cells in the reference cell population are preferably
from a tissue type similar to that of the test cell population.
Optionally, the reference cell population is a cell line, e.g. an
LC cell line or an EC cell line (i.e., a positive control) or a
normal non-L.C cell line or a non-EC cell line (i.e., a negative
control). Alternatively, the control cell population can be
from a database of molecular information obtained from cells
for which the assayed parameter or condition is known.
[0111] The subject is preferably a mammal. Exemplary
mammals include, but are not limited to, e.g., a human, non-
human primate, mouse, rat, dog, cat, horse, or cow.

[0112] Expression of the ECT2 gene disclosed herein can
be determined at the protein or nucleic acid level, using meth-
ods known in the art. For example, Northern hybridization
analysis, using probes which specifically recognize one or
more of these nucleic acid sequences, can be used to deter-
mine gene expression. Alternatively, gene expression can be
measured using reverse-transcription-based PCR assays,
using primers specific for the ECT2 gene sequence e.g., SEQ
ID NO: 3 and 4. Expression can also be determined at the
protein level, i.e., by measuring the level of a polypeptide
encoded by an ECT2 gene, or the biological activity thereof.
Such methods are well known in the art and include, but are
not limited to, e.g., immunoassays that utilize antibodies to
proteins encoded by the genes, e.g., anti-ECT2 polyclonal
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antibodies which recognized amino acid sequence compris-
ing SEQ ID NO: 8 or 12 described in Example 1, but not
limited. The biological activities of the proteins encoded by
the genes are generally well known and include, e.g., cell
proliferative activity. See, Sambrook and Russell, Molecular
Cloning: A Laboratory Manual, 3rd Edition, 2001, Cold
Spring Harbor Laboratory Press; Ausubel, Current Protocols
in Molecular Biology, 1987-2006, John Wiley and Sons; and
Harlow and Lane, Using Antibodies: A Laboratory Manual,
1998, Cold Spring Harbor Laboratory Press.

[0113] In the context of the present invention, EC or LC
may be diagnosed by measuring the expression level of ECT2
nucleic acids in a test population of cells, (i.e., a biological
sample from a patient). Preferably, the test cell population
contains an epithelial cell, e.g., a cell obtained from lung
tissue or esophageal tissue. Gene expression can also be mea-
sured from blood or other bodily fluids, for example, saliva or
sputum. Other biological samples can be used for measuring
protein levels. For example, the protein level in blood or
serum from a subject to be diagnosed can be measured by
immunoassay or other conventional biological assay.

[0114] Expression of the ECT2 gene is first determined in
the test cell population or biological sample and then com-
pared to the normal control expression level of the ECT2
gene. A normal control level corresponds to an expression of
the ECT2 gene typically found in a cell population from a
subject known not to be suffering from LC or EC. An alter-
ation or difference (e.g., anincrease) in the level of expression
of the ECT2 gene in a tissue sample from a patient in com-
parison to expression from a normal control sample indicates
that the subject is suffering from or is at risk of developing LC
or EC. For example, an increase in the expression of the ECT2
gene in the test cell population as compared to the expression
in a normal control cell population indicates that the subject is
suffering from or is at risk of developing LC or EC.

[0115] Anincreaseinexpressionlevelsofthe ECT2 genein
the test cell population as compared to normal control expres-
sion levels indicates that the subject suffers from or is at risk
of developing L.C or EC. For example, increase in expression
levels of at least 1%, at least 5%, at least 25%, at least 50%, at
least 60%, at least 70%, at least 80%, at least 90% or more of
the level of the ECT2 gene indicates that the subject suffers
from or is at risk of developing LC or EC.

[0116] IV.Screening Assays Identifying Agents that Inhibit
ECT2 Gene Expression:

[0117] An agent that inhibits the expression of the ECT2
gene or the activity of its gene product can be identified by
contacting a test cell population that expresses the ECT2 gene
with a test agent and then determining the subsequent level of
gene expression or activity of its gene product. A decrease in
the level of gene expression or of activity of its gene product
in the presence of the agent as compared to the expression or
activity level in the absence of the test agent indicates that the
agent is an inhibitor of the ECT2 gene and therefore useful in
inhibiting L.C and EC.

[0118] The test cell population can include any cells
expressing the ECT2 gene. For example, the test cell popu-
lation can contain epithelial cells, for example, cells from
lung tissue or esophageal tissue. Furthermore, the test cell
population can be an immortalized cell line from a non-small
lung cancer cell or an esophageal squamous-cell carcinoma
cell. Alternatively, the test cell population can be composed of
cells which have been transfected with the ECT2 gene or
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which have been transfected with a regulatory sequence (e.g.,
promoter sequence) from the ECT2 gene operably linked to a
reporter gene.

[0119] The agent can be, for example, an inhibitory oligo-
nucleotide (e.g., an antisense oligonucleotide, an siRNA or a
ribozyme), an antibody, a polypeptide or a small organic
molecule. Screening for suitable inhibitory agents can be
carried out using high throughput methods, by simulta-
neously screening a plurality of agents using multiwell plates
(e.g., 96-well, 192-well, 384-well, 768-well, 1536-well).
Automated systems for high throughput screening are com-
mercially available from, for example, Caliper Life Sciences,
Hopkinton, Mass. Small organic molecule libraries available
for screening can be purchased, for example, from Reaction
Biology Corp., Malvern, Pa.; TimTec, Newark, Del.

[0120] IV-1. Identifying Therapeutic Agents:

[0121] The differentially expressed ECT2 gene disclosed
herein can also be used to identify candidate therapeutic
agents for treating LC and EC. The methods of the present
invention therefore involve the screening a candidate thera-
peutic agent to determine if the test agent can convert an
expression level of the ECT2 gene that is characteristic of an
LC state or an EC state to a gene expression level character-
istic of a non-L.C state or a non-EC state.

[0122] Inthe context of the instant method, a test cell popu-
lation is exposed to a test agent or a plurality of test agents
(sequentially or in combination) and the expression of the
ECT2 gene in the cells is measured. The expression level of
the gene assayed in the test cell population is compared to the
expression level of the same gene in a reference cell popula-
tion that is not exposed to the test agent.

[0123] An agent capable of suppressing the expression of
the ECT2 gene has marked clinical benefit. Such agents can
be further tested for the ability to forestall or prevent lung or
esophageal carcinomal growth in animals or test subjects.
[0124] Ina further embodiment, the present invention pro-
vides methods for screening candidate agents which act on
the targets in the treatment of LC and/or EC. As discussed in
detail above, by controlling the expression level of the ECT2
gene or the activity level of its gene product, one can control
the onset and progression of LC and/or EC. Thus, candidate
agents, which act on the targets in the treatment of LC and/or
EC, canbe identified through screening methods that use such
expression and activity levels as indices of the cancerous or
non-cancerous state. In the context of the present invention,
such screening can include, for example, the following steps:
[0125] (a) contacting a candidate compound with a
polypeptide encoded by a ECT2 polynucleotide

[0126] (b) detecting the binding activity between the
polypeptide and the candidate compound; and

[0127] (c) selecting the candidate compound that binds to
the polypeptide.

[0128] Alternatively, the screening methods of the present
invention can include the following steps:

[0129] (a) contacting a candidate compound with a cell
expressing the ECT2 gene; and

[0130] (b) selecting the candidate compound that reduces
the expression level of the ECT2 gene, as compared to the
expression level detected in the absence of the candidate
compound.

[0131] Cells expressing the ECT2 gene include, but are not
limited to, for example, cell lines established from L.C or EC;
such cells can be used for the above screening of the present
invention.



US 2011/0319280 Al

[0132] According to the present invention, the therapeutic
effect of the candidate compound on inhibiting the cell
growth or a candidate compound for treating or preventing
ECT?2 associating disease may be evaluated. Therefore, the
present invention also provides a method for screening a
candidate compound that suppresses the proliferation of can-
cer cells, and a method for screening a candidate compound
for treating or preventing ECT2 associating disease.

[0133] Inthe context of the present invention, such screen-
ing may include, for example, the following steps:

[0134] a) contacting a candidate compound with a cell
expressing the ECT2 gene;

[0135] b) detecting the expression level of the ECT2 gene;
and

[0136] c) correlating the expression level of b) with the
therapeutic effect of the candidate compound.

[0137] Inthe present invention, the therapeutic effect may
be correlated with the expression level of the ECT2 gene. For
example, when the candidate compound reduces the expres-
sion level of the ECT2 gene as compared to a level detected in
the absence of the test agent or compound, the candidate
compound may identified or selected as the candidate agent
or compound having the therapeutic effect. Alternatively,
when the test agent or compound does not reduce the expres-
sion level of the ECT2 gene as compared to a level detected in
the absence of the candidate compound, the candidate com-
pound may identified as the compound having no significant
therapeutic effect.

[0138] Alternatively, the screening methods of the present
invention can include the following steps:

[0139] (a) contacting a candidate compound with a
polypeptide encoded by a ECT2 polynucleotide;

[0140] (b) detecting the biological activity of the polypep-
tide of step (a); and

[0141] (c) selecting a compound that suppresses the bio-
logical activity of the polypeptide encoded by the ECT2
polynucleotide, as compared to the biological activity
detected in the absence of the candidate compound.

[0142] According to the present invention, the therapeutic
effect of the candidate compound on inhibiting the cell
growth or a candidate compound for treating or preventing
ECT?2 associating disease may be evaluated. Therefore, the
present invention also provides a method of screening for a
candidate compound for inhibiting the cell growth or a can-
didate compound for treating or preventing ECT2 associating
disease, using the ECT2 polypeptide or fragments thereof
including the steps as follows:

[0143] a) contacting a candidate compound with the ECT2
polypeptide or a functional fragment thereof; and

[0144] b) detecting the biological activity of the polypep-
tide or fragment of step (a). and

[0145] c) correlating the biological activity of b) with the
therapeutic effect of the test agent or compound.

[0146] In the present invention, the therapeutic effect may
be correlated with the biological activity ECT2 polypeptide
or a functional fragment thereof. For example, when the
candidate compound suppresses or inhibits the biological
activity ECT2 polypeptide or a functional fragment thereofas
compared to a level detected in the absence of the candidate
compound, the candidate compound may identified or
selected as the candidate compound having the therapeutic
effect. Alternatively, when the candidate compound does not
suppress or inhibit the biological activity ECT2 polypeptide
or a functional fragment thereof as compared to a level
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detected in the absence of the candidate compound, the can-
didate compound may identified as the compound having no
significant therapeutic effect.

[0147] A protein for use in the screening methods of the
present invention can be obtained as a recombinant protein
using the known nucleotide sequence for the ECT2 gene.
Based on the information regarding the ECT2 gene and its
encoded protein, one skilled in the art can select any biologi-
cal activity of the protein as an index for screening and any
suitable measurement method to assay for the selected bio-
logical activity. Specifically, the ECT2 protein is known to
have a cell proliferating activity. Therefore, the biological
activity can be determined using such cell proliferating activ-
ity.

[0148] Alternatively, the screening methods of the present
invention can include the following steps:

[0149] (a)contacting a candidate compound with a cell into
which a vector, containing the transcriptional regulatory
region of ECT2 genes and a reporter gene that is expressed
under the control of the transcriptional regulatory region, has
been introduced;

[0150] (b) measuring the expression or activity of said
reporter gene; and

[0151] (c) selecting the candidate compound that reduces
the expression or activity level of said reporter gene, as com-
pared to the expression or activity level detected in the
absence of the candidate compound.

[0152] According to the present invention, the therapeutic
effect of the candidate compound on inhibiting the cell
growth or a candidate compound for treating or preventing
ECT?2 associating disease may be evaluated. Therefore, the
present invention also provides a method for screening a
candidate compound that suppresses the proliferation of can-
cer cells, and a method for screening a candidate compound
for treating or preventing ECT2 associating disease.

[0153] Inthe context of the present invention, such screen-
ing may include, for example, the following steps:

[0154] a)contacting a candidate compound with a cell into
which a vector, composed of the transcriptional regulatory
region of the ECT2 gene and a reporter gene that is expressed
under the control of the transcriptional regulatory region, has
been introduced;

[0155] b) detecting the expression or activity of said
reporter gene; and

[0156] c) correlating the expression level of b) with the
therapeutic effect of the candidate compound.

[0157] Inthe present invention, the therapeutic effect may
be correlated with the expression or activity of said reporter
gene. For example, when the candidate compound reduces
the expression or activity of said reporter gene as compared to
alevel detected in the absence of the candidate compound, the
candidate compound may identified or selected as the candi-
date compound having the therapeutic effect. Alternatively,
when the candidate compound does not reduce the expression
or activity of said reporter gene as compared to a level
detected in the absence of the candidate compound, the can-
didate compound may identified as the agent or compound
having no significant therapeutic effect.

[0158] Suitable reporter genes and host cells are well
known in the art. A reporter construct suitable for the screen-
ing methods of the present invention can be prepared by using
atranscriptional regulatory region of the ECT2 gene. A nucle-
otide segment containing the transcriptional regulatory
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region can be isolated from a genome library based on the
nucleotide sequence information for the ECT2 gene.

[0159] The reporter construct required for the screening
can be prepared by connecting reporter gene sequence to the
transcriptional regulatory region of ECT2 gene. The tran-
scriptional regulatory region of ECT2 gene herein is the
region from start codon to at least 500 bp upstream, prefer-
ably 1000 bp, more preferably 5000 or 10000 bp upstream. A
nucleotide segment containing the transcriptional regulatory
region can be isolated from a genome library or can be propa-
gated by PCR. Methods for identifying a transcriptional regu-
latory region, and also assay protocol are well known (Mo-
lecular Cloning third edition chapter 17, 2001, Cold Springs
Harbor Laboratory Press).

[0160] IV-2.Selecting a Therapeutic Agent for Treating LC
and/or EC:

[0161] Differences in the genetic makeup of individuals
can result in differences in their relative abilities to metabo-
lize various drugs. An agent that is metabolized in a subject to
act as an anti-LC and/or EC agent can manifest itself by
inducing a change in a gene expression pattern in the subject’s
cells from that is characteristic of a cancerous state to a gene
expression pattern that is characteristic of a non-cancerous
state. Accordingly, the differentially expressed ECT2 gene
allows for a putative therapeutic or prophylactic inhibitor of
LC and/or EC to be tested in a test cell population from a
selected subject in order to determine if the agent is a suitable
inhibitor of LC and/or EC in the subject.

[0162] To identify an inhibitor of LC and/or EC that is
appropriate for a specific subject, a test cell population from
the subject is exposed to a therapeutic agent, and the expres-
sion of the ECT2 gene is determined.

[0163] In the context of the methods of the present inven-
tion, the test cell population contains LC and/or EC cells
expressing the ECT2 gene. Preferably, the test cell population
includes epithelial cells. For example, a test cell population
can be incubated in the presence of a candidate agent and the
pattern of gene expression of the test cell population can be
measured and compared to one or more reference expression
profiles, e.g., an LC reference expression profile, an EC ref-
erence expression profile or normal reference expression pro-
file, e.g., a non-L.C and non-EC reference expression profile.
[0164] A decrease in the expression of the ECT2 gene in a
test cell population relative to a reference cell population
containing L.C and/or EC indicates that the agent has thera-
peutic utility. Alternatively, a similarity in the expression of
the ECT2 gene in the test cell population and the reference
cell population indicates that the agent has alternate therapeu-
tic utility.

[0165] Inthe context of the present invention, the test agent
can be any compound or composition. Exemplary test agents
include, but are not limited to, immunomodulatory agents
(e.g., antibodies), inhibitory oligonuceotides (e.g., antisense
oligonucleodies, short-inhibitory oligonucleotides and
ribozymes) and small organic compounds.

[0166] IV-3. Candidate Compounds:

[0167] A compound isolated by the screening assays of the
present invention may serve as a candidate for the develop-
ment of drugs that inhibit the expression of the ECT2 gene or
the activity of the protein encoded by the ECT2 gene and can
be applied to the treatment or prevention of lung cancer and/
or esophageal cancer.

[0168] Moreover, compounds in which a part of the struc-
ture of the compound inhibiting the activity of protein
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encoded by the ECT?2 gene is converted by addition, deletion
and/or replacement are also included as the compounds
obtainable by the screening methods of the present invention.
[0169] A compound isolated by the screening assays of the
present invention has the potential to treat or prevent cancers.
Potential of these candidate compounds to treat or prevent
cancers may be evaluated by second and/or further screening
to identify therapeutic agent for cancers.

[0170] V. Method for Assessing the Prognosis of Lung and
Esophageal Cancer:

[0171] According to the present invention, it was newly
discovered that ECT2 expression is significantly associated
with poorer prognosis of NSCLC or ESCC patients (see FIG.
2). Thus, the present invention provides a method for assess-
ing or determining the prognosis of a patient with lung or
esophageal cancer, in particular, NSCLC or ESCC, by detect-
ing the expression level of the ECT2 gene in a biological
sample of the patient; comparing the detected expression
level to a control level; and determining a increased expres-
sion level to the control level as indicative of poor prognosis
(poor survival).

[0172] Herein, the term “prognosis” refers to a forecast as
to the probable outcome of the disease as well as the prospect
of recovery from the disease as indicated by the nature and
symptoms of the case. Accordingly, a less favorable, negative,
poor prognosis is defined by a lower post-treatment survival
term or survival rate. Conversely, a positive, favorable, or
good prognosis is defined by an elevated post-treatment sur-
vival term or survival rate.

[0173] In the context of the present invention, the phrase
“assessing (or determining) the prognosis” is intended to
encompass predictions and likelihood analysis of lung or
esophageal cancer, progression, particularly NSCLC and
ESCC recurrence, metastatic spread and disease relapse. The
present method for assessing or determining prognosis is
intended to be used clinically in making decisions concerning
treatment modalities, including therapeutic intervention,
diagnostic criteria such as disease staging, and disease moni-
toring and surveillance for metastasis or recurrence of neo-
plastic disease.

[0174] The patient-derived biological sample used for the
method may be any sample derived from the subject to be
assessed so long as the ECT2 gene can be detected in the
sample. Preferably, the biological sample is a lung cell or an
esophageal cell (a cell obtained from the lung or esophagus,
respectively). Other suitable biological samples include, but
are not limited to, bodily fluids such as sputum, blood, serum,
or plasma. Alternatively, 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.

[0175] According to the present invention, it was shown
that the higher the expression level of the ECT2 gene mea-
sured in the patient-derived biological sample, the poorer the
prognosis for post-treatment remission, recovery, and/or sur-
vival and the higher the likelihood of poor clinical outcome.
Thus, according to the present method, the “control level”
used for comparison may be, for example, the expression
level of the ECT?2 gene detected before any kind of treatment
in an individual or a population of individuals who showed
good or positive prognosis of NSCLC or ESCC after the
treatment, which herein will be referred to as “good prognosis
control level”. Alternatively, the “control level” may be, for
example, the expression level of the ECT2 gene detected
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before any kind of treatment in an individual or a population
of individuals who showed poor or negative prognosis of
NSCLC or ESCC 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 reference population.
Thus, the control level may be determined based on the
expression level of the ECT2 gene detected before any kind of
treatment in a patient of NSCLC or ESCC, or a population of
the patients whose disease state (good or poor prognosis) is
known. It is preferred, to use the standard value of the expres-
sion levels of the ECT2 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.
[0176] 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 lung or esophageal cancer patient(s) (control or control
group) whose disease state (good prognosis or poor progno-
sis) are known.

[0177] Alternatively, the control level may be determined
by a statistical method based on the results obtained by ana-
lyzing the expression level of the ECT2 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. Moreover, according to an
aspect of the present invention, the expression level of the
ECT2 gene in a biological sample may be compared to mul-
tiple control levels, which control levels are determined from
multiple reference samples. It is preferred to use a control
level determined from a reference sample derived from a
tissue type similar to that of the patient-derived biological
sample.

[0178] According to the present invention, a similarity in
the expression level of the ECT2 gene to the 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 ECT2 gene to the poor prognosis control
level indicates a more favorable prognosis of the patient and
a similarity in the expression level to the poor prognosis
control level indicates less favorable, poorer prognosis for
post-treatment remission, recovery, survival, and/or clinical
outcome.

[0179] Alternatively, the present invention provides a
method for detecting cancer cells in a subject-derived lung or
esophageal tissue sample, said method comprising the step of
determining the expression level of the ECT2 gene in a sub-
ject-derived biological sample, wherein an increase in said
expression level as compared to a normal control level of said
gene indicates the presence or suspicion of cancer cells in the
tissue.

[0180] Such result may be combined with additional infor-
mation to assist a doctor, nurse, or other healthcare practitio-
ner in diagnosing a subject as afflicted with the disease. Alter-
natively, 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 ECT2
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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, CAS50, CA72-4, CA130, CEA, KMO-1, NSE,
SCC, SP1, Span-1, TPA, CSLEX, SLX, STN and CYFRA.
Alternatively, diagnostic esophageal tumor markers in blood
such as CEA, DUPAN-2, IAP, NSE, SCC, SLX and Span-1
are also well known. Namely, in this particular embodiment
of the present invention, the outcome of the gene expression
analysis serves as an intermediate result for further diagnosis
of'a subject’s disease state.

[0181] In another embodiment, the present invention pro-
vides a method for detecting a diagnostic marker of cancer,
said method comprising the step of detecting the expression
of'the ECT2 gene in a subject-derived biological sample as a
diagnostic marker of lung or esophageal cancer.

[0182] Anexpressionlevel ofthe ECT2 genein abiological
sample can be considered altered when the expression level
differs from the control level by more than 1.0, 1.5, 2.0, 5.0,
10.0, or more fold. Alternatively, an expression level of the
ECT2 gene in a biological sample can be considered altered,
when the expression level is increased or decreased to the
control level at least 10%, 20%, 30%, 40%, 50%, 60%, 80%,
90%, or more.

[0183] 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 ECT2 gene.

[0184] 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.

[0185] For instance, the transcription product of the ECT2
gene can be detected by hybridization, e.g., Northern blot
hybridization analyses, that use an ECT2 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 ECT2
gene. As another example, amplification-based detection
methods, such as reverse-transcription based polymerase
chain reaction (RT-PCR) which use primers specific to the
ECT2 gene may be employed for the detection (see
Example). The ECT2 gene-specific probe or primers may be
designed and prepared using conventional techniques by
referring to the whole sequence of the ECT2 gene (SEQ ID
NO: 11). For example, the primers (SEQ ID NOs: 3 and 4)
used in the Example may be employed for the detection by
RT-PCR, but the present invention is not restricted thereto.
[0186] Specifically, a probe or primer used for the present
method hybridizes under stringent, moderately stringent, or
low stringent conditions to the mRNA of the ECT2 gene. As
used herein, the phrase “stringent (hybridization) conditions™
refers to conditions under which a probe or primer will
hybridize to its target sequence, but to no other sequences.
Stringent conditions are sequence-dependent and will be dif-
ferent under different circumstances. Specific hybridization
of longer sequences is observed at higher temperatures than
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shorter sequences. Generally, the temperature of a stringent
condition is selected to be about 5 degrees C. lower than the
thermal melting point (T,,) for a specific sequence at a defined
ionic strength and pH. The Tm is the temperature (under
defined ionic strength, pH and nucleic acid concentration) 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% ofthe 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 C. for short probes
or primers (e.g., 10 to 50 nucleotides) and at least about 60
degrees C. for longer probes or primers. Stringent conditions
may also be achieved with the addition of destabilizing
agents, such as formamide.

[0187] Alternatively, the translation product may be
detected for the assessment of the present invention. For
example, the quantity of the ECT2 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 ECT2 pro-
tein. The antibody may be monoclonal or polyclonal. Further-
more, any fragment or modification (e.g., chimeric antibody,
scFv, Fab, F(ab'),, Fv, etc.) of the antibody may be used for
the detection, so long as the fragment retains the binding
ability to the ECT2 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.

[0188] Alternatively, the expression level of the ECT2 gene
may be determined from the intensity of staining observed via
immunohistochemical analysis using an antibody against
ECT2 protein. Namely, the observation of strong staining
indicates increased presence of the ECT2 protein and at the
same time high expression level of the ECT2 gene. NSCLC or
ESCC tissue can be preferably used as a test material for
immunohistochemical analysis.

[0189] Moreover, in addition to the expression level of the
ECT?2 gene, the expression level of other lung or esophageal
cell-associated genes, for example, genes known to be differ-
entially expressed in NSCLC or ESCC, may also be deter-
mined to improve the accuracy of the assessment. Such other
lung or esophageal cell-associated genes include those
described in WO 2004/031413 or WO2007/013671.

[0190] The patient to be assessed for the prognosis of
NSCLC or ESCC according to the method is preferably a
mammal and includes human, non-human primate, mouse,
rat, dog, cat, horse, and cow.

[0191] VI. Pharmaceutical Compositions for Treating or
Preventing Cancers:

[0192] VI-1. Pharmaceutical Compositions
Double-Stranded Molecule

[0193] The present invention provides compositions for
treating or preventing cancers including any of the double-
stranded molecules described above in item °‘I. Double-
stranded molecule’ or selected by the above-described
screening methods of the present invention.

[0194] A double-stranded molecule of the present inven-
tion can be adapted for use to prevent or treat cancers which
overexpressing ECT?2 gene, such as lung or esophageal can-
cers, e.g. NSCLC or ESCC. Therefore, the preferred embodi-
ment of the present invention is the pharmaceutical compo-
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sition for treating or preventing lung or esophageal cancer,
which comprises a pharmaceutically effective amount of a
double-stranded molecule inhibiting the expression of ECT2
gene in a cell, wherein said double-stranded molecule com-
prises a sense strand and an antisense strand complementary
thereto, hybridized to each other to form the double-stranded
molecule and targets to a nucleotide sequence selected from
the group consisting of SEQ ID NOs: 1 or 2, as an active
ingredient.

[0195] In one embodiment, a composition comprising one
or more double-stranded molecules of the invention can be
encapsulated in a delivery vehicle, e.g. liposomes, for admin-
istration to a subject, carriers and diluents and their salts,
and/or can be present in pharmaceutically acceptable formu-
lations. Methods for the delivery of nucleic acid molecules
are described in Akhtar S & Juliano R L. Trends Cell Biol.
1992 May; 2(5):139-44; Delivery Strategies for Antisense
Oligonucleotide Therapeutics, ed. Akhtar, 1995; Maurer N, et
al., Mol Membr Biol. 1999 January-March; 16(1):129-40;
Hofland & Huang. Handb Exp Pharmacol. 1999 137:165-
192. It further describes the general methods for delivery of
nucleic acid molecules (U.S. Pat. No. 6,395,713 and WO
199402595). These protocols can be utilized for the delivery
of virtually any double-stranded molecule. Double-stranded
molecules can be administered to cells by a variety of meth-
ods known to those of skill in the art, including but not
restricted to, encapsulation in liposomes, by iontophoresis, or
by incorporation into other vehicles, such as biodegradable
polymers, hydrogels, cyclodextrins (see for example Gonza-
lez H, et al., Bioconjug Chem. 1999 November-December;
10(6):1068-74; WO 03/47518 and WO 03/46185), poly (lac-
tic-co-glycolic) acid (PLGA) and PLCA microspheres (see
for example U.S. Pat. No. 6,447,796 and US 2002130430),
biodegradable nanocapsules, and bioadhesive microspheres,
or by proteinaceous vectors (WO 200053722). In another
embodiment, the nucleic acid molecules of the invention can
also be formulated or complexed with polyethyleneimine and
derivatives thereof, such as polyethyleneimine-polyethyl-
eneglycol-N-acetylgalactosamine (PEI-PEG-GAL) or poly-
ethyleneimine-polyethyleneglycol-tri-N-acetylgalac-
tosamine  (PEI-PEG-triGAL)  derivatives. In  one
embodiment, the nucleic acid molecules of the invention are
formulated as described in US 20030077829 (i.e. lipid-based
formulations), incorporated by reference herein in its entirety.

[0196] The double-stranded molecules of the present
invention can also be administered to a subject in combina-
tion with other therapeutic compounds to increase the overall
therapeutic effect. The use of multiple compounds to treat an
indication can increase the beneficial effects while reducing
the presence of side effects.

[0197] 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 use in treating a cancer expressing
the ECT?2 gene. For example, the present invention relates to
a use of double-stranded nucleic acid molecule inhibiting the
expression of a ECT2 gene in a cell, which molecule com-
prises 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
the group consisting of SEQ ID NOs: 1 and 2, for manufac-
turing a pharmaceutical composition for use in treating a
cancer expressing the ECT2 gene.
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[0198] Alternatively, the present invention further provides
a method or process for manufacturing a pharmaceutical
composition for treating a cancer expressing the ECT2 gene,
wherein the method or process comprises step for formulat-
ing a pharmaceutically or physiologically acceptable carrier
with a double-stranded nucleic acid molecule inhibiting the
expression of a ECT2 gene in a cell, which molecule com-
prises 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
the group consisting of SEQ ID NOs: 1 and 2 as active
ingredients.

[0199] In another embodiment, the present invention also
provides a method or process for manufacturing a pharma-
ceutical composition for treating a cancer expressing the
ECT2 gene, wherein the method or process comprises step for
admixing an active ingredient with a pharmaceutically or
physiologically acceptable carrier, wherein the active ingre-
dient is a double-stranded nucleic acid molecule inhibiting
the expression of a ECT2 gene in a cell, which molecule
comprises a sense strand and an antisense strand complemen-
tary thereto, hybridized to each other to form the double-
stranded nucleic acid molecule and targets to a sequence
selected from the group consisting of SEQ ID NOs: 1 and 2.
[0200] In another embodiment, the present invention also
provides double-stranded nucleic acid molecules for use in
treating a cancer expressing the ECT2 gene. For example,
double-stranded nucleic acid molecules of the present inven-
tion comprises a sense strand and an antisense strand comple-
mentary thereto, hybridized to each other to form the double-
stranded nucleic acid molecule and targets to a sequence
selected from the group consisting of SEQ ID NOs: 1 and 2.
[0201] VI-2. Pharmaceutical Compositions Including
Antibodies

[0202] The function of a gene product of the ECT2 gene
which is over-expressed in various cancers can be inhibited
by administering a compound that binds to or otherwise
inhibits the function of the gene products. An antibody
against the ECT2 polypeptide can be mentioned as such a
compound and can be used as the active ingredient of a
pharmaceutical composition for treating or preventing can-
cer.

[0203] Thepresent invention relates to the use of antibodies
against a protein encoded by the ECT2 gene, or fragments of
the antibodies. As used herein, the term “antibody” refers to
item of II. Antibody. Therefore, the preferred embodiment of
the present invention is a pharmaceutical composition for
treating or preventing lung cancer or esophageal cancer,
which composition comprises a pharmaceutically effective
amount of an antibody recognizing ECT2 binding the antigen
comprising a peptide having an amino acid sequence of SEQ
ID NO: 8.

[0204] An antibody may be modified by conjugation with a
variety of molecules, such as polyethylene glycol (PEG). The
present invention includes such modified antibodies. The
modified antibody can be obtained by chemically modifying
an antibody. Such modification methods are conventional in
the field.

[0205] Alternatively, the antibody used for the present
invention may be a chimeric antibody having a variable
region derived from a non-human antibody against the ECT2
polypeptide and a constant region derived from a human
antibody, or a humanized antibody, composed of a comple-
mentarity determining region (CDR) derived from a non-
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human antibody, a frame work region (FR) and a constant
region derived from a human antibody. Such antibodies can
be prepared by using known technologies. Humanization can
be performed by substituting rodent CDRs or CDR sequences
for the corresponding sequences of a human antibody (see
e.g., Verhoeyen et al., Science 1988, 239:1534-6). Accord-
ingly, such humanized antibodies are chimeric antibodies,
wherein substantially less than an intact human variable
domain has been substituted by the corresponding sequence
from a non-human species.

[0206] Complete human antibodies including human vari-
able regions in addition to human framework and constant
regions can also be used. Such antibodies can be produced
using various techniques known in the art. For example in
vitro methods involve use of recombinant libraries of human
antibody fragments displayed on bacteriophage (e.g., Hoo-
genboom et al., J] Mol Biol 1992, 227:381-8). Similarly,
human antibodies can be made by introducing human immu-
noglobulin loci into transgenic animals, e.g., mice in which
the endogenous immunoglobulin genes have been partially or
completely inactivated. This approach is described, e.g., in
U.S. Pat. Nos. 6,150,584, 5,545,807, 5,545,806; 5,569,825;
5,625,126; 5,633,425; and 5,661,016.

[0207] When the obtained antibody is to be administered to
the human body (antibody treatment), a human antibody or a
humanized antibody is preferable for reducing immunogenic-
ity.

[0208] Antibodies obtained as above may be purified to
homogeneity. For example, the separation and purification of
the antibody can be performed according to separation and
purification methods used for general proteins. For example,
the antibody may be separated and isolated by the appropri-
ately selected and combined use of column chromatogra-
phies, such as affinity chromatography, filter, ultrafiltration,
salting-out, dialysis, SDS polyacrylamide gel electrophore-
sis, isoelectric focusing, and others (Antibodies: A Labora-
tory Manual. Ed Harlow and David Lane, Cold Spring Harbor
Laboratory (1988)), but are not limited thereto. A protein A
column and protein G column can be used as the affinity
column. Exemplary protein A columns to be used include, for
example, Hyper D, POROS, and Sepharose F.F. (Pharmacia).
[0209] Exemplary chromatography, with the exception of
affinity includes, for example, ion-exchange chromatogra-
phy, hydrophobic chromatography, gel filtration, reverse-
phase chromatography, adsorption chromatography, and the
like (Strategies for Protein Purification and Characterization:
A Laboratory Course Manual. Ed Daniel R. Marshak et al.,
Cold Spring Harbor Laboratory Press (1996)). The chromato-
graphic procedures can be carried out by liquid-phase chro-
matography, such as HPL.C and FPLC.

[0210] In another embodiment, the present invention also
provides the use of the antibody of the present invention in
manufacturing a pharmaceutical composition for use in treat-
ing a cancer expressing the ECT2 gene.

[0211] Alternatively, the present invention further provides
a method or process for manufacturing a pharmaceutical
composition for treating a cancer expressing the ECT2 gene,
wherein the method or process comprises step for formulat-
ing a pharmaceutically or physiologically acceptable carrier
with an antibody.

[0212] In another embodiment, the present invention also
provides a method or process for manufacturing a pharma-
ceutical composition for treating a cancer expressing the
ECT?2 gene, wherein the method or process comprises step for
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admixing an active ingredient with a pharmaceutically or
physiologically acceptable carrier, wherein the active ingre-
dient is an antibody.

[0213] In another embodiment, the present invention also
provides an antibody for use in treating a cancer expressing
the ECT2 gene.

[0214] 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. In case of conflict, the present specifica-
tion, including definitions, will control.

[0215] Hereinafter, the present invention is described in
more detail with reference to the Examples. However, the
following materials, methods and examples only illustrate
aspects of the invention and in no way are intended to limit the
scope of the present invention. As such, methods and mate-
rials similar or equivalent to those described herein can be
used in the practice or testing of the present invention.

Examples
1. Materials and Methods

[0216] A. Cell Lines and Tissue Samples

[0217] Fifteen human lung-cancer cell lines used in this
study included five adenocarcinomas (ADCs; NCI-H1781,
NCI-H1373, LC319, A549, and PC-14), five squamous-cell
carcinomas (SCCs; SK-MES-1, NCI-H2170, NCI-H520,
NCI-H1703, and LU61), one large-cell carcinoma (LCC;
LX1), and four small-cell lung cancers (SCLCs; SBC-3,
SBC-5, DMS273, and DMS114). Ten human esophageal car-
cinoma cell lines used in this study were as follows; 9 SCC
cell lines (TE1, TE2, TE3, TE4, TES, TE6, TES, TE9, and
TE10) and one ADC cell line (TE7) (Nishihira T. et al. J
Cancer Res Clin Oncol 1993; 119: 441-49.). All cells were
grown in monolayer in appropriate media supplemented with
10% fetal calf serum (FCS) and were maintained at 37° C. in
humidified air with 5% CO2. Human small airway epithelial
cells (SAEC) used as a normal control were grown in opti-
mized medium (SAGM) from Cambrex Bio Science Inc.
[0218] Primary NSCLC and ESCC tissue samples from
patients having no anticancer treatment before tumor resec-
tion had been obtained earlier with informed consent (Kiku-
chi T. et al. Oncogene 2003; 22:2192-205, Taniwaki M. et al.
Int J Oncol 2006; 29:567-75, Yamabuki T. et al. Int J Oncol
2006; 28:1375-84, Kato T. et al. Cancer Res 2005; 65:5638-
46.). All tumors were staged on the basis of the pTNM patho-
logical classification of the UICC (International Union
Against Cancer; Table 1) (Sobin L. and Wittekind Ch., 6th
edition. New York: Wiley-Liss; 2002.). Formalin-fixed pri-
mary lung tumors and adjacent normal lung tissue samples
used for immunostaining on tissue microarrays had been
obtained from 242 patients (136 ADCs, 87 SCCs, 16 LCCs, 3
ASCs; 76 female and 166 male patients; median age of 63.3
with a range of 26-84 years) undergoing surgery. A total of
240 formalin-fixed primary ESCCs (21 female and 219 male
patients; median age of 61.9 with a range of 41-81 years) and
adjacent normal esophageal tissue samples had been obtained
from patients undergoing surgery. This study and the use of
all clinical materials mentioned were approved by individual
institutional Ethical Committees.

[0219] B Semiquantitative RT-PCR

[0220] A total of 3-mc (micro), aliquot of mMRNA from each
sample was reversely transcribed to single-stranded cDNAs
using random primer (Roche Diagnostics) and Superscript 11

Dec. 29, 2011

(Invitrogen). Semiquantitative RT-PCR experiments were
carried out with the following sets of synthesized primers
specific for human ECT?2 or with beta-actin (ACTB)-specific
primers as an internal control: ECT2,

5'-GCGTTTTCAAGATCTAGCATGTG-3"'
and

(SEQ ID NO.: 3)

5' -CAATTTTCCCATGGTCTTATCC-3",
ACTB,

(SEQ ID NO.: 4)

5' -GAGGTGATAGCATTGCTTTCG-3"
and

(SEQ ID NO.: 5)

5' -CAAGTCAGTGTACAGGTAAGC-3 "' .

[0221] PCR reactions were optimized for the number of
cycles to ensure product intensity to be within the linear phase
of amplification.

[0222] C Northern-Blot Analysis

[0223] Human multiple-tissue blots covering 23 tissues
(BD Bioscience) were hybridized with an [alpha-32P]-dCTP-
labeled, 719-bp PCR product of ECT?2 that was prepared as a
probe using primers

(SEQ ID NO.: 6)

5' -TGGTGAAAGCTGGAAGGAAG-3"'
and

(SEQ ID NO.: 7)

5'-CAATTTTCCCATGGTCTTATCC-3"' . (SEQ ID NO.: 4)

Prehybridization, hybridization, and washing were per-
formed following manufacturer’s recommendation. The blots
were autoradiographed with intensifying screens at —-80
degrees C. for 7 days.

[0224] D Anti-ECT2 Antibodies

[0225] Plasmids expressing COOH-terminal portion of
ECT2 (codons 703-883) (SEQ ID NO.:8) that contained His-
tagged epitopes at their NH2-terminals were prepared using
pET28 vector (Novagen). The recombinant proteins were
expressed in Escherichia coli, BL21 codon-plus strain (Strat-
agene), and purified using Ni-NTA Superflow (QIAGEN)
according to the supplier’s protocol. The protein was inocu-
lated into rabbits; the immune sera were purified on affinity
columns according to standard methodology. The affinity-
purified anti-ECT?2 polyclonal antibodies were used for west-
ern blotting and immunostaining. It was confirmed that the
antibody was specific to ECT2 on western blots using lysates
from cell lines that had been transfected with ECT2 expres-
sion vector and those from lung and esophageal cancer cell
lines, either of which expressed ECT2 endogenously or not.
[0226] E Western Blotting

[0227] Tumor cells were lysed in lysis buffer; 50 mM Tris-
HCI (pH 8.0), 150 mM NaCl, 0.5% NP40, 0.5% sodium
deoxycholate, and Protease Inhibitor Cocktail Set III (Cal-
biochem). The protein content of each lysate was determined
by a Bio-Rad protein assay (Bio-Rad) with bovine serum
albumin (BSA) as a standard. Ten micrograms of each lysate
were resolved on 10-12% denaturing polyacrylamide gels
(with 3% poly-acrylamide stacking gel) and transferred elec-
trophoretically to a nitrocellulose membrane (GE Healthcare
Bio-sciences). After blocking with 5% non-fat dry milk in
TBST, the membrane was incubated with a rabbit polyclonal
anti-human ECT2 antibody (generated to recombinant
ECT2; please see above) for 1 hour at room temperature.
Immunoreactive proteins were incubated with horseradish
peroxidase-conjugated secondary antibodies (GE Healthcare
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Bio-sciences) for 1 hour at room temperature. After washing
with TBST, the reactants were developed using the enhanced
chemiluminescence kit (GE Healthcare Bio-sciences).
[0228] F Immunohistochemistry and Tissue Microarray
[0229] To investigate clinicopathological significance of
the ECT?2 protein in clinical samples that had been formalin-
fixed and embedded in paraffin blocks, the sections was
stained using ENVISION+Kit/HRP (DakoCytomation) in
the following manner. For antigen retrieval, slides were
immersed in Target Retrieval Solution High pH (DakoCyto-
mation) and boiled at 108 degrees C. for 15 min in an auto-
clave. 3.3 mcg/ml of a rabbit polyclonal anti-human ECT2
antibody (generated to recombinant ECT2; please see above)
was added to each slide after blocking of endogenous peroxi-
dase and proteins, and the sections were incubated with
horseradish peroxidase-labeled anti-rabbit IgG (Histofine
Simple Stain MAX PO (G), Nichirei) as the secondary anti-
body. Substrate-chromogen was added, and the specimens
were counterstained with hematoxylin.

[0230] Tumor tissue microarrays were constructed with
242 formalin-fixed primary NSCLCs and 240 primary
ESCCs, each of which had been obtained by a single institu-
tional group (please see above) with an identical protocol to
collect, fix, and preserve the tissues after resection (Chin S. et
al. Mol Pathol 2003; 56:275-79, Callagy G. et al. Diagn Mol
Pathol 2003; 12:27-34, Callagy G. et al. J Pathol 2005; 205:
388-96.). Considering the histological heterogeneity of indi-
vidual tumors, tissue area for sampling was selected based on
visual alignment with the corresponding H&E-stained sec-
tion 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 microar-
rayer (Beecher Instruments). A core of normal tissue was
punched from each case, and 5-mcm sections of the resulting
microarray block were used for immunohistochemical analy-
sis. Three independent investigators semiquantitatively
assessed ECT2 positivity without prior knowledge of clini-
copathological data. Since the intensity of staining within
each tumor tissue core was mostly homogenous, the intensity
of ECT?2 staining was semiquantitatively evaluated using fol-
lowing criteria: strong positive (scored as 2+), dark brown
staining in more than 50% of tumor cells completely obscur-
ing nucleus and cytoplasm; weak positive (1+), any lesser
degree of brown staining appreciable in tumor cell nucleus
and cytoplasm; absent (scored as 0), no appreciable staining
in tumor cells. Cases were accepted as strongly positive only
if reviewers independently defined them as such.

[0231] G Statistical Analysis

[0232] Statistical analyses were performed using the Stat-
View statistical program (SaS). Strong ECT2 immunoreac-
tivity was assessed for association with clinicopathologic
variables such as age, gender, pathological TNM stage, and
histological type using the Fisher’s exact test. Tumor-specific
survival curves were calculated from the date of surgery to the
time of death related to NSCLC or ESCC, or to the last
follow-up observation. Kaplan-Meier curves were calculated
for each relevant variable and for ECT2 expression; differ-
ences in survival times among patient subgroups were ana-
lyzed using the log-rank test. Univariate and multivariate
analyses were performed with the Cox proportional-hazard
regression model to determine associations between clinico-
pathological variables and cancer-related mortality. First, the
present inventors analyzed associations between death and
possible prognostic factors including age, gender, histology,
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pT-classification, and pN-classification taking into consider-
ation one factor at a time. Second, multivariate Cox analysis
was applied on backward (stepwise) procedures that always
forced strong ECT2 expression into the model, along with
any and all variables that satisfied an entry level of a P-value
less than 0.05. As the model continued to add factors, inde-
pendent factors did not exceed an exit level of P<0.05.
[0233] H RNA Interference Assay

[0234] To evaluate the biological functions of ECT2 in lung
and esophageal cancer cells, small interfering RNA (siRNA)
duplexes were used against the target genes (Dharmacon).
The target sequences of the synthetic oligonucleotides for
RNAi wereas follows: control 1 (Luciferase (LUC): Photinus
pyralis luciferase gene),

5' -CGUACGCGGAAUACUUCGA-3"'

[0235] control 2 (Scramble (SCR): chloroplast Euglena
gracilis gene coding for 5S and 16S rRNAs),

(SEQ ID NO.: 9);

5' -GCGCGCUUUGUAGGAUUCG-3 ' ;
si-ECT2-#1,

(SEQ ID NO.: 10)

5' -GAUAAAGGAUGAUCUUGAA-3';
si-ECT2-#2,

(SEQ ID NO.: 1)

5' -CAGAGGAGAUUAAGACUAU-3"' . (SEQ ID NO.: 2)

[0236] A lung cancer cell line A549 and an esophageal
cancer cell line TE9 were plated onto 10-cm dishes (1.5x10°
cells per dish), and transfected with either of the siRNA
oligonucleotides (100 nM), using 24 mcl of Lipofectamine
2000 (Invitrogen), according to the manufacturers’ instruc-
tions. After 7 days of incubation, these cells were stained by
Giemsa solution to assess colony formation, and cell numbers
were assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide (MTT) assay.

[0237] 1Flow Cytometry

[0238] Cells transfected with siRNA oligonucleotides were
plated at densities of 5x10° cells/100 mm dish. Cells were
trypsinized two or three days after transfection, collected in
PBS, and fixed in 70% cold ethanol for 30 minutes. After
treatment with 100 mcg/ml RNase (Sigma-Aldrich), the cells
were stained with 50 mcg/ml propidium iodide (Sigma-Ald-
rich) in PBS. Flow cytometry was done on a Becton Dickin-
son FACScan and analyzed by ModFit software (Verity Soft-
ware House, Inc.). The cells selected from at least 20,000
ungated cells were analyzed for DNA content.

[0239] ] Matrigel Invasion Assay

[0240] NIH3T3 and COS-7 cells transfected either with
p3XFLAG-tagged (C-terminal) plasmid designed to express
ECT2 or with mock plasmid were grown to near confluence in
DMEM containing 10% FCS. The cells were harvested by
trypsinization, washed in DMEM without addition of serum
or proteinase inhibitor, and suspended in DMEM at concen-
tration of 1x10° cells/ml. Before preparing the cell suspen-
sion, the dried layer of Matrigel matrix (Becton Dickinson
Labware) was rehydrated with DMEM for 2 hours at room
temperature. DMEM (0.75 ml) containing 10% FCS was
added to each lower chamber in 24-well Matrigel invasion
chambers, and 0.5 ml (5x10” cells) of cell suspension was
added to each insert of the upper chamber. The plates of
inserts were incubated for 24 hours at 37 degrees C. Then the
chambers were processed; cells invading through the Matri-
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gel were fixed and stained by Giemsa as directed by the
supplier (Becton Dickinson Labware).

I1. Results

[0241] A.ECT?2 Expression in Lung and Esophageal Can-
cers and Normal Tissues

[0242] The present inventors previously performed the
genome-wide expression profile analysis of 101 lung carci-
nomas (86 NSCLCs or 15 SCLCs) and 19 ESCCs using
c¢DNA microarray consisting of 27,648 genes or ESTs (Kiku-
chi 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,
Yamabuki T. et al. Int J Oncol 2006; 28:1375-84. WO 2004/
031413, W0O2007/013671), and identified elevated expres-
sion (3-fold or higher) of ECT2 transcript in cancer cells in
the great majority of the lung and esophageal cancer samples
examined. The inventors confirmed its over-expression by
means of semiquantitative RT-PCR experiments in 12 of 15
lung cancer tissues, in 10 of 15 lung-cancer cell lines, in 8 of
10 ESCC tissues, and in 4 of 10 ESCC cell lines examined
(FIGS. 1A and 1B). The inventors subsequently generated
rabbit polyclonal antibodies specific for human ECT2 and
confirmed by western-blot analysis the overexpression of
ECT?2 protein in 5 of 6 lung cancer cell lines and 2 of 4 ESCC
cell lines (FIG. 1C). Northern blot analysis using an ECT2
c¢DNA as a probe identified a 4.3-kb transcript only in testis
among 23 normal human tissues examined (FIG. 1D, top
panel). The present inventors subsequently examined expres-
sion of ECT2 protein in five normal tissues (liver, heart,
kidney, lung, and testis) as well as lung cancers using anti-
ECT?2 antibody, and found that it was hardly detectable in the
former four tissues while positive ECT?2 staining appeared in
the nucleus and cytoplasm of testis and lung cancer cells
(FIG. 1D, bottom panels).

[0243] Northern blot analysis using an ECT2 ¢cDNA as a
probe identified a 4.3-kb transcript only in testis among 23
normal human tissues examined (FIG. 1D, top panel). The
present inventors subsequently examined expression of
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ECT?2 protein in five normal tissues (liver, heart, kidney, lung,
and testis) as well as lung cancers using anti-ECT2 antibody,
and found that it was hardly detectable in the former four
tissues while positive ECT2 staining appeared in the nucleus
and cytoplasm of testis and lung cancer cells (FIG. 1D, bot-
tom panels).

[0244] B Association of ECT2 Overexpression with Poor
Prognosis for NSCLC and ESCC Patients

[0245] To investigate the biological and clinicopathologi-
cal significance of ECT2 in pulmonary and esophageal car-
cinogenesis, the inventors carried out immunohisto-chemical
staining on tissue microarray containing tissue sections from
242 NSCLC and 240 ESCC cases who had undergone surgi-
cal resection. ECT2 staining with the anti-ECT?2 polyclonal
antibody was mainly observed at nucleus and cytoplasm of
lung tumor cells, but not detected in their surrounding normal
lung cells (FIG. 2A, top panels). The inventors classified
ECT2 expression levels on the tissue array ranging from
absent (scored as 0) to weak/strong positive (scored as
1+~2+). Of the 242 NSCLCs, ECT2 was strongly stained in
112 cases (46%; score 2+), weakly stained in 91 cases (38%;
score 1+), and not stained in 39 cases (16%: score 0) (details
are shown in Table 1A). The present inventors next examined
a correlation of ECT2 expression levels (strong positive ver-
sus weak positive/absent) with various clinicopathologic
variables, and found that strong expression of ECT2 in
NSCLCs was significantly associated with non-ADC histol-
ogy (P=0.0389, Fisher’s exact test; Table 1 A) and with tumor-
specific 5-year survival after the resection of primary tumors
(P=0.0004, log-rank test; FIG. 2A, bottom panel). The
present inventors also applied univariate analysis to evaluate
associations between patient prognosis and several factors
including age (>65 versus <65), gender (male versus female),
histology (non-ADC versus ADC), pT stage (tumor size;
T2-T3 versus T1), pN stage (lymph-node metastasis; N1-N2
versus NO), and ECT2 expression (score 2+ versus 0, 1+). All
those parameters were significantly associated with poor
prognosis (Table 1B). Multivariate analysis using the Cox
proportional-hazard model indicated that pT stage, pN stage,
age, and strong ECT2 staining were independent prognostic
factors for NSCLC (Table 1B).

TABLE 1A

Association between ECT2-positivity in NSCLC tissues
and patients’ characteristics (n = 242)

ECT?2 strong ECT2 weak ECT2 P-value
Total positive positive absent strong vs
n =242 n=112 n=91 n=39  weak/absent

Age (years)
<65 118 52 44 22 0.5006
>=65 124 60 47 17
Gender
Female 76 32 35 9 0.378
Male 166 80 56 30
Histology
*ADC 136 55 60 21 0.0389*
Non-ADC 106 57 31 18
pT factor
T1 100 48 41 11 0.6527
T2 + T3 142 64 50 28
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TABLE 1A-continued
Association between ECT2-positivity in NSCLC tissues
and patients’ characteristics (n = 242)
ECT2 strong ECT2 weak ECT2 P-value
Total positive positive absent strong vs
n=242 n=112 n=91 n=39 weak/absent
pN factor
NoO 183 87 67 29 0.4887
N1 +N2 59 25 24 10
*ADC: adenocarcinoma
*P < 0.05 (Fisher’s exact test)
TABLE 1B

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

Variables Hazards ratio 95% Cl Unfavorable/Favorable P-value
Univariate analysis
ECT2 2.477 1.470-4.175  Strong(+)/Weak(+) or () 0.0007*
Age (years ) 2318 1.386-3.876 >=65/65> 0.0013*
Gender 2.040 1.126-3.695 Male/Female 0.0186*
Histlogy 2.484 1.490-4.139 Non-ADC/ADC 0.0005*
pT factor 3.766 2.006-7.068 T2 +T3/T1 <0.0001*
pN factor 3.715 2.266-6.086 N1 +N2/NO <0.0001*
Multivariate analysis
ECT2 2.672 1.536-4.648  Strong(+)/Weak(+) or (=) 0.0005*
Age (years ) 1.852 1.087-3.154 >=65/65> 0.0234*
Gender 1.175 0.590-2.340 Male/Female 0.6471
Histology 1.265 0.678-2.360 Non-ADC/ADC 0.4603
pT factor 2.519 1.271-4.990 T2 +T3/T1 0.0081*
pN factor 3.339 2.004-5.562 N1 + N2/NO <0.0001*
*P<0.05
[0246] Of the 240 ESCC cases examined, ECT2 was ciations between ESCC prognosis and several factors includ-

strongly stained in 81 cases (34%; score 2+), weakly stained
in 135 cases (56%; score 1+) and not stained in 24 cases
(10%; score 0) (FIG. 2B, top panels) (details are shown in
Table 2A). The present inventors found a significant correla-
tion of strong ECT2 positivity (score 2+) with pT stage
(higher in deeper tumor invasion cases; P=0.0124) and pN
stage (higher in lymph node metastasis positive cases; P=0.
0442 by Fisher’s exact test; Table 2A). ESCC patients whose
tumors showed strong ECT2 expression revealed shorter
tumor-specific survival periods compared with those with
absent/weak ECT2 expression (P=0.0088 by log-rank test;
FIG. 2B, bottom panel). Univariate analysis evaluating asso-

ing age (65 versus <65), gender (male versus female), pT
stage (tumor depth; T2, T3 versus T1), pN stage (N1 versus
NO), and ECT2 expression (score 2+14 versus 0, 1+) revealed
that all of those parameters except the age were significantly
associated with poor prognosis (Table 2B). In multivariate
analysis, strong ECT2 expression did not reach the statisti-
cally significant level as an independent prognostic factor for
surgically-treated ESCC patients enrolled in this study (P=0.
1872), while pT and pN stages as well as gender did so,
suggesting the relevance of ECT2 expression to these clini-
copathological factors in esophageal cancer (Table 2B).

TABLE 2A

Association between ECT2-positivity in ESCC tissues and
patients’ characteristics (n = 240)

ECT2 strong ECT2 weak ECT2 P-value
Total positive positive absent strong vs
n =240 n =81 n=135 n=24  weak/absent
Age (years)
<65 144 51 80 13 0.5036
>=65 96 30 55 11
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TABLE 2A-continued
Association between ECT2-positivity in ESCC tissues and
apents’ characteristics n=240 )
ECT2 strong ECT2 weak ECT2 P-value
Total positive positive absent strong vs
n =240 n =281 n=135 n=24 weak/absent
Gender
Female 21 6 12 3 0.5993
Male 219 75 123 21
pT factor
T1 52 10 34 8 0.0124*
T2+ T3 188 71 101 16
pN factor
NO 67 16 44 7 0.0442*
N1 173 65 91 17
*P < 0.05 (Fisher’s exact test)
TABLE 2B

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

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

ECT2 1.514 1.108-2.070  Strong(+)/Weak(+) or (=) 0.0093*

Age (years ) 1.054 0.772-1.439 >=65/65> 0.7395

Gender 2.843 1.396-5.791 Male/Female 0.0040*

pT factor 2.446 1.585-3.775 T2 +T3/T1 <0.0001*

pN factor 3.119 2.073-4.694 N1/NO <0.0001*
Multivariate analysis

ECT2 1.237 0.902-1.698  Strong(+)/Weak(+) or (-) 0.1872

Gender 2.847 1.396-5.803 Male/Female 0.0040*

pT factor 1.799 1.145-2.828 T2 +T3/T1 0.0109*

pN factor 2.551 1.671-3.896 N1/NO <0.0001*

P <0.05

[0247] C. Inhibition of Growth of Cancer Cells by Small motility, and the immunohistochemical analysis on tissue

Interfering RNA for ECT2

To assess whether ECT2 is essential for growth or survival of
lung and esophageal cancer cells, the inventors transfected
synthetic oligonucleotide siRNAs against ECT2 into A549
and TE9 cells in which ECT2 was endogenously overex-
pressed. The levels of ECT2 in the cells transfected with
si-ECT2-#1 or -#2 were significantly decreased in compari-
son with those transfected with either control siRNAs (FIG.
3A, top panels). MTT and colony-formation assays revealed
a drastic reduction in the number of cells transfected with
si-ECT2-#1 or -#2 (FIG. 3A, middle and bottom panels). To
clarify the mechanism of tumor suppression by siRNAs
against ECT2, the inventors performed flow cytometric
analysis of the tumor cells transfected with these siRNAs, and
found a significant increase of the cells at the G2/M phase at
48 hours and a subsequent increase of the cells of sub-G1
fraction at 72 hours after the treatment (FIG. 3B).

[0248] D. Activation of Mammalian Cellular Invasion by
ECT2
[0249] Since ECT2 is a guanine nucleotide exchange factor

(GEF) for Rho GTPases which may be associated with cell

microarray had indicated that lung and esophageal cancer
patients with strong ECT2-positive tumors showed shorter
cancer-specific survival period than those with ECT2-weak
positive/negative tumors, the present inventors examined a
possible role of ECT2 in cellular invasion by Matrigel assays
using two mammalian cells (NIH3T3 and COS-7). Transfec-
tion of ECT2 cDNA into either of the cells significantly
enhanced their invasive activity through Matrigel (FIG. 4).
This result also suggested that ECT2 could contribute to the
highly malignant phenotype of cells.

I1I. Discussion of the Results

[0250] Aerodigestive tract cancer including carcinomas of
the lung, esophagus, oral cavity, pharynx, and larynx
accounts for one-third of all cancer deaths in the United States
and is the most common cancer in some areas of the world
(Daigo Y. and Nakamura Y. Gen Thorac Cardiovasc Surg
2008; 56:43-53.). Despite the use of modern surgical tech-
niques combined with various adjuvant treatment modalities
such as radiotherapy and chemotherapy, the overall 5-year
survival rate of ESCC patients remains at around 40%, and
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that of lung cancer patients is only 15% (Parkin D M. Lancet
Oncol 2001; 2:533-43, Shimada H. et al. Surgery 2003; 133:
486-94.). Therefore, further development of new cancer diag-
nostics and therapeutics by targeting specific oncogenic path-
ways is urgently awaited. The present inventors performed a
genome-wide expression profile analysis of 101 lung cancers
and 19 ESCCs after enrichment of cancer cells by laser micro-
dissection, using a ¢cDNA microarray containing 27,648
genes. The present inventors systematically analyzed the pro-
tein expression of candidate targets among hundreds of clini-
cal samples on tissue microarrays, investigated loss-of-func-
tion phenotypes using RNAi systems and further defined
biological functions of the proteins. Through these analyses,
the inventors have identified a number of onco-proteins that
were up-regulated in cancer cells, but not expressed in normal
organs, and could be potentially good candidates for the
development of novel diagnostic biomarkers, therapeutic
drugs, and/or immunotherapy (Daigo Y. and Nakamura Y.
Gen Thorac Cardiovasc Surg 2008; 56:43-53, Mizukami Y. et
al. Cancer Sci 2008; 99:1448-54.). In this study, it is disclosed
for the first time that ECT2 encoding a guanine nucleotide
exchange factor (GEF) for Rho GTPases, is frequently trans-
activated in the majority of lung and esophageal cancer
samples, and that its gene products play indispensable roles in
the growth/invasion of the cancer cells.

[0251] The small Rho GTPase is known to play important
roles in essential cellular processes such as the regulation of
actin cytoskeleton, gene transcription, cell motility, cell adhe-
sion, and cytokinesis (Etienne S. et al. ] Immunol 1998; 161:
5755-61, Kaibuchi K. Prog Mol Subcell Biol 1999; 22:
23-38.). ECT2 contains a Dbl homology (DH) domain in
tandem with a pleckstrin homology (PH) domain, and cata-
lyzes guanine nucleotide exchange on the small GTP-binding
protein, such as RhoA and Cdc42 (Miki T Methods Enzymol
1995, 256:90-8, Das B. et al. J Biol Chem 2000; 275:15074-
81.). ECT2 expression is directly regulated by E2Fs (Eguchi
T. et al. Oncogene 2007; 26: 509-20.), and ECT?2 protein is
phosphorylated at Thr341 by CDKI1 during G2/M phase,
resulting in increase of the GEF activity and regulation of
cytokinesis (Hara T. et al. Oncogene 2006; 25: 566-78.). It has
been proposed that late mitotic Plk1 activity promotes recruit-
ment of ECT2 to the central spindle, triggering the initiation
of cytokinesis and contributing to cleavage plane specifica-
tion in human cells (Petronczki M. et al. Dev Cell 2007; 12:
713-25.). In this study, it was demonstrated that the treatment
of cancer cells with specific siRNA for ECT2 results in inhi-
bition of cancer-cell growth through G2/M arrest at 48 hours
after the siRNA transfection and subsequent apoptosis at 72
hours. Additional evidence also shows the significance of
ECT2 in human carcinogenesis. The expression of ECT2
resulted in the significant promotion of the cellular invasion.
Moreover, clinicopathological evidence obtained through tis-
sue-microarray experiments indicates that NSCLC or ESCC
patients with ECT2-positive tumors have shorter cancer-spe-
cific survival periods than those with ECT2-negative tumors.
Although the exact molecular mechanisms underlying
increased ECT2 expression levels in lung and esophageal
cancer cells have not been elucidated, the results obtained by
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in vitro and in vivo assays demonstrate that ECT2 is likely to
be an important growth factor and might be associated with a
highly malignant phenotype of cancer cells. Based on the
evidence provided here, ECT2 can now be classified as a
typical cancer-testis antigen. Such antigens have been recog-
nized as a group of highly attractive targets for cancer therapy
(SudaT. et al. Cancer Sci 2007; 98: 1803-8, Mizukami Y. et al.
Cancer Sci 2008; 99: 1448-54.). Therefore, selective inhibi-
tion of ECT2 enzymatic activity by small molecule com-
pounds is a useful therapeutic strategy against cancer with a
minimal risk of adverse events. Moreover, ECT2 oncoantigen
is also useful for screening of HLA-restricted epitope pep-
tides for cancer vaccine that can induce specific immune
responses by cytotoxic T cells against cancer cells with ECT2
expression. Since the data presented here show that ECT2 has
fundamental functions that are responsible for cancer cell
survival, vaccination with the peptides from this protein will
reduce the risk of the emergence of immune escape variant
tumors that have lost their antigen expression.

[0252] In conclusion, these data provide the basis for
designing new anti-cancer drugs to specifically target the
oncogenic activity of ECT2 for the treatment of cancer
patients. ECT2 overexpression in resected specimens is also
a useful index for application of adjuvant therapy to the lung
and esophageal patients who are likely to have poor clinical
outcome.

INDUSTRIAL APPLICABILITY

[0253] The gene-expression analysis of cancers described
herein, using the combination of laser-capture dissection and
genome-wide cDNA microarray, has identified specific genes
as targets for cancer prevention and therapy. Based on the
expression of a subset of these differentially expressed genes,
the present invention provides molecular diagnostic markers
for identifying and detecting cancers as well as assessing the
prognosis.

[0254] The methods described herein are also useful for the
identification of additional molecular targets for prevention,
diagnosis, and treatment of cancers. The data provided herein
add to a comprehensive understanding of cancers, facilitate
development of novel diagnostic strategies, and provide
molecular targets for therapeutic drugs and preventative
agents. Such information contributes to a more profound
under-standing of tumorigenesis, and provide novel strate-
gies for diagnosis, treatment, and ultimately prevention of
cancers.

[0255] All patents, patent applications, and publications,
including GenBank accessions, cited herein are incorporated
by reference in their entirety.

[0256] Furthermore, while the invention has been
described in detail and with reference to specific embodi-
ments thereof, it is to be understood that the foregoing
description is exemplary and explanatory in nature and is
intended to illustrate the invention and its preferred embodi-
ments. Through routine experimentation, one skilled in the art
will readily recognize that various changes and modifications
can be made therein without departing from the spirit and
scope of the invention. Thus, the invention is intended to be
defined not by the above description, but by the following
claims and their equivalents.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 12

<210> SEQ ID NO 1

<211> LENGTH: 19

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: An artificially synthesized siRNA sequence

<400> SEQUENCE: 1

gauaaaggau gaucuugaa 19

<210> SEQ ID NO 2

<211> LENGTH: 19

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: An artificially synthesized siRNA sequense

<400> SEQUENCE: 2

cagaggagau uaagacuau 19

<210> SEQ ID NO 3

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: An artificially synthesyzed primer sequence

<400> SEQUENCE: 3

gcgttttcaa gatctagcat gtg 23

<210> SEQ ID NO 4

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: An artificially synthesyzed primer sequence

<400> SEQUENCE: 4

caattttcece atggtettat cc 22

<210> SEQ ID NO 5

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: An artificially synthesyzed primer sequence

<400> SEQUENCE: 5

gaggtgatag cattgctttc g 21
<210> SEQ ID NO 6

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: An artificially synthesyzed primer sequence

<400> SEQUENCE: 6

caagtcagtg tacaggtaag ¢ 21
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-continued

<210> SEQ ID NO 7

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: An artificially synthesyzed primer sequence

<400> SEQUENCE: 7

tggtgaaage tggaaggaag 20

<210> SEQ ID NO 8

<211> LENGTH: 181

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

Pro Leu Ser Gln Ile Lys Lys Val Leu Asp Ile Arg Glu Thr Glu Asp
1 5 10 15

Cys His Asn Ala Phe Ala Leu Leu Val Arg Pro Pro Thr Glu Gln Ala

Asn Val Leu Leu Ser Phe Gln Met Thr Ser Asp Glu Leu Pro Lys Glu
35 40 45

Asn Trp Leu Lys Met Leu Cys Arg His Val Ala Asn Thr Ile Cys Lys
50 55 60

Ala Asp Ala Glu Asn Leu Ile Tyr Thr Ala Asp Pro Glu Ser Phe Glu
65 70 75 80

Val Asn Thr Lys Asp Met Asp Ser Thr Leu Ser Arg Ala Ser Arg Ala

Ile Lys Lys Thr Ser Lys Lys Val Thr Arg Ala Phe Ser Phe Ser Lys
100 105 110

Thr Pro Lys Arg Ala Leu Arg Arg Ala Leu Met Thr Ser His Gly Ser
115 120 125

Val Glu Gly Arg Ser Pro Ser Ser Asn Asp Lys His Val Met Ser Arg
130 135 140

Leu Ser Ser Thr Ser Ser Leu Ala Gly Ile Pro Ser Pro Ser Leu Val
145 150 155 160

Ser Leu Pro Ser Phe Phe Glu Arg Arg Ser His Thr Leu Ser Arg Ser
165 170 175

Thr Thr His Leu Ile
180

<210> SEQ ID NO 9

<211> LENGTH: 19

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: An artificially synthesyzed siRNA sequence

<400> SEQUENCE: 9

cguacgcgga auacuucga 19

<210> SEQ ID NO 10

<211> LENGTH: 19

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: An artificially synthesyzed siRNA sequence
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<400> SEQUENCE:

10

gegegouuug uaggauucyg

<210> SEQ ID NO 11

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:
<220> FEATURE:

<221> NAME/KEY:
<222> LOCATION:

DNA

<400> SEQUENCE:

3916

Homo sapiens

CDs

(29) ..(2680)

11

agagtgctga tttagaagaa tacaaatc atg gct gaa aat agt gta tta aca
Met Ala Glu Asn Ser Val Leu Thr

tce act
Ser Thr

aaa gtt
Lys Val
25

tat gta
Tyr Val

caa gaa
Gln Glu

aaa gtg
Lys Val

gat tct
Asp Ser
90

tet gte
Ser Val
105

cca gtt
Pro Val

tgt cge
Cys Arg

act gga
Thr Gly

cat cac

His His
170

cat ttg

His Leu

185

agt cta

Ser Leu

gaa agg
Glu Arg

aat gaa

act
Thr

act
Thr

gaa
Glu

gct
Ala

gge
Gly
75

cey

Pro

ttt
Phe

gta
Val

cecg
Pro

ttt
Phe
155

atg
Met

gtg
Val

ggt
Gly

€99
Arg

ttt

999
Gly

gag
Glu

gaa
Glu

gga
Gly
60

ttt
Phe

gaa
Glu

aat
Asn

tta
Leu

ttyg
Leu
140

agg

ggt
Gly

gca
Ala

act
Thr

aat
Asn
220

aaa

agg
Arg

att
Ile

gag
Glu
45

aaa
Lys

gta
Val

ttt
Phe

gac
Asp

aat
Asn
125

tat

Tyr

aaa
Lys

gga
Gly

aat
Asn

cca
Pro
205

gaa
Glu

gtt

act
Thr

tec
Ser
30

atg
Met

caa
Gln

aag
Lys

gaa
Glu

cte
Leu
110

tgt

Cys

tgt
Cys

aaa
Lys

gtt
Val

tgt
Cys
190

att
Ile

cag
Gln

cct

agc
Ser

aag
Lys

cect
Pro

gaa
Glu

atg
Met

aat
Asn
95

tac

Tyr

tca
Ser

aca
Thr

gaa
Glu

att
Ile
175

aca
Thr

atg
Met

gat
Asp

cca

ttyg
Leu

gaa
Glu

cag
Gln

gaa
Glu

gag
Glu
80

gta
Val

aag
Lys

caa
Gln

agt
Ser

gaa
Glu
160

cga
Arg

caa
Gln

aag
Lys

tte
Phe

ttt

gca
Ala

aac
Asn

att
Ile

ctt
Leu
65

tca
Ser

ttt
Phe

get
Ala

aaa
Lys

atg
Met
145

cta

Leu

aaa
Lys

gga
Gly

cca
Pro

tat
Tyr
225

caa

gac
Asp

tta
Leu

gaa
Glu
50

ata
Ile

gtg
Val

gta
Val

gat
Asp

gga
Gly
130

atg
Met

gte
Val

gac
Asp

gaa
Glu

gaa
Glu
210

gca
Ala

gat

tect
Ser

ctt
Leu
35

aca
Thr

aaa
Lys

gaa
Glu

gte
Val

tgt
Cys
115

gag
Glu

aat
Asn

agg
Arg

ttt
Phe

aaa
Lys
195

tgg
Trp

gca
Ala

tgt

tece
Ser

att
Ile

aga
Arg

gece
Ala

gaa
Glu

acy
Thr
100

aga

Arg

cect
Pro

cta
Leu

ttyg
Leu

aat
Asn
180

tte
Phe

att
Ile

gtt
Val

att

att
Ile

gga
Gly

gtg
Val

tta
Leu

ttt
Phe
85

gac

Asp

gtt
Val

ttyg
Leu

gta
Val

gtg
Val
165

tca
Ser

agg
Arg

tat
Tyr

gat
Asp

tta

ttt
Phe

tct
Ser

ata
Ile

aag
Lys
70

gaa
Glu

ttt
Phe

att
Ile

cca
Pro

cta
Leu
150

aca

Thr

aaa
Lys

gtt
Val

aaa
Lys

gac
Asp
230

agt

gat
Asp

act
Thr

ttg
Leu
55

gac
Asp

ggt
Gly

cag
Gln

gga
Gly

ttt
Phe
135

tge
Cys

ttyg
Leu

gtt
Val

get
Ala

gct
Ala
215

ttt
Phe

ttc

tect
Ser

tca
Ser
40

gtt
Val

att
Ile

ttyg
Leu

gat
Asp

cca
Pro
120

tca
Ser

ttt
Phe

gte
Val

aca
Thr

gtg
val
200

tgg
Trp

aga
Arg

ctg

19

52

100

148

196

244

292

340

388

436

484

532

580

628

676

724

772
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Asn Glu Phe Lys Val Pro Pro Phe Gln Asp Cys Ile Leu Ser Phe Leu

235 240 245
gga ttt tca gat gaa gag aaa acc aat atg gaa gaa atg act gaa atg 820
Gly Phe Ser Asp Glu Glu Lys Thr Asn Met Glu Glu Met Thr Glu Met
250 255 260
caa gga ggt aaa tat tta ccg ctt gga gat gaa aga tgc act cac ctt 868
Gln Gly Gly Lys Tyr Leu Pro Leu Gly Asp Glu Arg Cys Thr His Leu
265 270 275 280
gta gtt gaa gag aat ata gta aaa gat ctt ccc ttt gaa cct tca aag 916
Val Val Glu Glu Asn Ile Val Lys Asp Leu Pro Phe Glu Pro Ser Lys
285 290 295
aaa ctt tat gtt gtc aag caa gag tgg ttc tgg gga agc att caa atg 964
Lys Leu Tyr Val Val Lys Gln Glu Trp Phe Trp Gly Ser Ile Gln Met
300 305 310
gat gcc cga gct gga gaa act atg tat tta tat gaa aag gca aat act 1012
Asp Ala Arg Ala Gly Glu Thr Met Tyr Leu Tyr Glu Lys Ala Asn Thr
315 320 325
cct gag ctc aag aaa tca gtg tca atg ctt tct cta aat acc cct aac 1060
Pro Glu Leu Lys Lys Ser Val Ser Met Leu Ser Leu Asn Thr Pro Asn
330 335 340
agc aat cgc aaa cga cgt cgt tta aaa gaa aca ctt gct cag ctt tca 1108
Ser Asn Arg Lys Arg Arg Arg Leu Lys Glu Thr Leu Ala Gln Leu Ser
345 350 355 360
aga gag aca gac gtg tca cca ttt cca ccc cgt aag cgc cca tca gct 1156
Arg Glu Thr Asp Val Ser Pro Phe Pro Pro Arg Lys Arg Pro Ser Ala
365 370 375
gag cat tcc ctt tecc ata ggg tca ctc cta gat atc tce aac aca cca 1204
Glu His Ser Leu Ser Ile Gly Ser Leu Leu Asp Ile Ser Asn Thr Pro
380 385 390
gag tct agc att aac tat gga gac acc cca aag tct tgt act aag tct 1252
Glu Ser Ser Ile Asn Tyr Gly Asp Thr Pro Lys Ser Cys Thr Lys Ser
395 400 405
tct aaa agc tcc act cca gtt cct tca aag cag tca gca agg tgg caa 1300
Ser Lys Ser Ser Thr Pro Val Pro Ser Lys Gln Ser Ala Arg Trp Gln
410 415 420
gtt gca aaa gag ctt tat caa act gaa agt aat tat gtt aat ata ttg 1348
Val Ala Lys Glu Leu Tyr Gln Thr Glu Ser Asn Tyr Val Asn Ile Leu
425 430 435 440
gca aca att att cag tta ttt caa gta cca ttg gaa gag gaa gga caa 1396
Ala Thr Ile Ile Gln Leu Phe Gln Val Pro Leu Glu Glu Glu Gly Gln
445 450 455
cgt ggt gga cct atc ctt gca cca gag gag att aag act att ttt ggt 1444
Arg Gly Gly Pro Ile Leu Ala Pro Glu Glu Ile Lys Thr Ile Phe Gly
460 465 470
agc atc cca gat atc ttt gat gta cac act aag ata aag gat gat ctt 1492
Ser Ile Pro Asp Ile Phe Asp Val His Thr Lys Ile Lys Asp Asp Leu
475 480 485
gaa gac ctt ata gtt aat tgg gat gag agc aaa agc att ggt gac att 1540
Glu Asp Leu Ile Val Asn Trp Asp Glu Ser Lys Ser Ile Gly Asp Ile
490 495 500
ttt ctg aaa tat tca aaa gat ttg gta aaa acc tac cct ccc ttt gta 1588
Phe Leu Lys Tyr Ser Lys Asp Leu Val Lys Thr Tyr Pro Pro Phe Val
505 510 515 520
aac ttc ttt gaa atg agc aag gaa aca att att aaa tgt gaa aaa cag 1636
Asn Phe Phe Glu Met Ser Lys Glu Thr Ile Ile Lys Cys Glu Lys Gln
525 530 535

aaa cca aga ttt cat gct ttt ctc aag ata aac caa gca aaa cca gaa 1684
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Lys Pro Arg Phe His Ala Phe Leu Lys Ile Asn Gln Ala Lys Pro Glu

540 545 550
tgt gga cgg cag agc ctt gtt gaa ctt ctt atc cga cca gta cag agg 1732
Cys Gly Arg Gln Ser Leu Val Glu Leu Leu Ile Arg Pro Val Gln Arg
555 560 565
tta ccc agt gtt gca tta ctt tta aat gat ctt aag aag cat aca gct 1780
Leu Pro Ser Val Ala Leu Leu Leu Asn Asp Leu Lys Lys His Thr Ala
570 575 580
gat gaa aat cca gac aaa agc act tta gaa aaa gct att gga tca ctg 1828
Asp Glu Asn Pro Asp Lys Ser Thr Leu Glu Lys Ala Ile Gly Ser Leu
585 590 595 600
aag gaa dgta atg acg cat att aat gag gat aag aga aaa aca gaa gct 1876
Lys Glu Val Met Thr His Ile Asn Glu Asp Lys Arg Lys Thr Glu Ala
605 610 615
caa aag caa att ttt gat gtt gtt tat gaa gta gat gga tgc cca gct 1924
Gln Lys Gln Ile Phe Asp Val Val Tyr Glu Val Asp Gly Cys Pro Ala
620 625 630
aat ctt tta tct tct cac cga agc tta gta cag cgg gtt gaa aca att 1972
Asn Leu Leu Ser Ser His Arg Ser Leu Val Gln Arg Val Glu Thr Ile
635 640 645
tct cta ggt gag cac ccc tgt gac aga gga gaa caa gta act ctc ttc 2020
Ser Leu Gly Glu His Pro Cys Asp Arg Gly Glu Gln Val Thr Leu Phe
650 655 660
ctc ttc aat gat tgc cta gag ata gca aga aaa cgg cac aag gtt att 2068
Leu Phe Asn Asp Cys Leu Glu Ile Ala Arg Lys Arg His Lys Val Ile
665 670 675 680
ggc act ttt agg agt cct cat ggc caa acc cga ccc cca gct tect ctt 2116
Gly Thr Phe Arg Ser Pro His Gly Gln Thr Arg Pro Pro Ala Ser Leu
685 690 695
aag cat att cac cta atg cct ctt tct cag att aag aag gta ttg gac 2164
Lys His Ile His Leu Met Pro Leu Ser Gln Ile Lys Lys Val Leu Asp
700 705 710
ata aga gag aca gaa gat tgc cat aat gct ttt gecc ttg ctt gtg agg 2212
Ile Arg Glu Thr Glu Asp Cys His Asn Ala Phe Ala Leu Leu Val Arg
715 720 725
cca cca aca gag cag gca aat gtg cta ctc agt ttc cag atg aca tca 2260
Pro Pro Thr Glu Gln Ala Asn Val Leu Leu Ser Phe Gln Met Thr Ser
730 735 740
gat gaa ctt cca aaa gaa aac tgg cta aag atg ctg tgt cga cat gta 2308
Asp Glu Leu Pro Lys Glu Asn Trp Leu Lys Met Leu Cys Arg His Val
745 750 755 760
gct aac acc att tgt aaa gca gat gct gag aat ctt att tat act gect 2356
Ala Asn Thr Ile Cys Lys Ala Asp Ala Glu Asn Leu Ile Tyr Thr Ala
765 770 775
gat cca gaa tcc ttt gaa gta aat aca aaa gat atg gac agt aca ttg 2404
Asp Pro Glu Ser Phe Glu Val Asn Thr Lys Asp Met Asp Ser Thr Leu
780 785 790
agt aga gca tca aga gca ata aaa aag act tca aaa aag gtt aca aga 2452
Ser Arg Ala Ser Arg Ala Ile Lys Lys Thr Ser Lys Lys Val Thr Arg
795 800 805
gca ttc tect tte tec aaa act cca aaa aga gct ctt cga agg get ctt 2500
Ala Phe Ser Phe Ser Lys Thr Pro Lys Arg Ala Leu Arg Arg Ala Leu
810 815 820
atg aca tcc cac ggc tca gtg gag gga aga agt cct tcc age aat gat 2548
Met Thr Ser His Gly Ser Val Glu Gly Arg Ser Pro Ser Ser Asn Asp
825 830 835 840

aag cat gta atg agt cgt ctt tct agc aca tca tca tta gca ggt atc 2596
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Lys His Val Met Ser Arg Leu Ser Ser Thr Ser Ser Leu Ala Gly Ile
845 850 855
cct tet cce tec ctt gte age ctt cct tee tte ttt gaa agg aga agt 2644
Pro Ser Pro Ser Leu Val Ser Leu Pro Ser Phe Phe Glu Arg Arg Ser
860 865 870
cat acg tta agt aga tct aca act cat ttg ata tga agcgttacca 2690
His Thr Leu Ser Arg Ser Thr Thr His Leu Ile
875 880
aaatcttaaa ttatagaaat gtatagacac ctcatactca aataagaaac tgacttaaat 2750
ggtacttgta attagcactt ggtgaaagct ggaaggaaga taaataacac taaactatgce 2810
tatttgattt ttcttcttga aagagtaagg tttacctgtt acattttcaa gttaattcat 2870
gtaaaaaatg atagtgattt tgatgtaatt tatctcttgt ttgaatctgt cattcaaagg 2930
ccaataattt aagttgctat cagctgatat tagtagcttt gcaaccctga tagagtaaat 2990
aaattttatg ggcgggtgcc aaatactgct gtgaatctat ttgtatagta tccatgaatg 3050
aatttatgga aatagatatt tgtgcagctc aatttatgca gagattaaat gacatcataa 3110
tactggatga aaacttgcat agaattctga ttaaatagtg ggtctgtttc acatgtgcag 3170
tttgaagtat ttaaataacc actcctttca cagtttattt tcttectcaag cgttttcaag 3230
atctagcatg tggattttaa aagatttgcc ctcattaaca agaataacat ttaaaggaga 3290
ttgtttcaaa atatttttgc aaattgagat aaggacagaa agattgagaa acattgtata 3350
ttttgcaaaa acaagatgtt tgtagctgtt tcagagagag tacggtatat ttatggtaat 3410
tttatccact agcaaatctt gatttagttt gatagtgtgt ggaattttat tttgaaggat 3470
aagaccatgg gaaaattgtg gtaaagactg tttgtaccct tcatgaaata attctgaagt 3530
tgccatcagt tttactaatc ttctgtgaaa tgcatagata tgcgcatgtt caacttttta 3590
ttgtggtctt ataattaaat gtaaaattga aaattcattt gctgtttcaa agtgtgatat 3650
ctttcacaat agccttttta tagtcagtaa ttcagaataa tcaagttcat atggataaat 3710
gcatttttat ttcctatttce tttagggagt gctacaaatg tttgtcactt aaatttcaag 3770
tttctgtttt aatagttaac tgactataga ttgttttcta tgccatgtat gtgccactte 3830
tgagagtagt aaatgactct ttgctacatt ttaaaagcaa ttgtattagt aagaactttg 3890
taaataaata cctaaaaccc aagtgt 3916
<210> SEQ ID NO 12
<211> LENGTH: 883
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 12
Met Ala Glu Asn Ser Val Leu Thr Ser Thr Thr Gly Arg Thr Ser Leu
1 5 10 15
Ala Asp Ser Ser Ile Phe Asp Ser Lys Val Thr Glu Ile Ser Lys Glu
20 25 30
Asn Leu Leu Ile Gly Ser Thr Ser Tyr Val Glu Glu Glu Met Pro Gln
35 40 45
Ile Glu Thr Arg Val Ile Leu Val Gln Glu Ala Gly Lys Gln Glu Glu
50 55 60
Leu Ile Lys Ala Leu Lys Asp Ile Lys Val Gly Phe Val Lys Met Glu
65 70 75 80
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Ser Val Glu Glu Phe Glu Gly Leu Asp Ser Pro Glu Phe Glu Asn Val
85 90 95

Phe Val Val Thr Asp Phe Gln Asp Ser Val Phe Asn Asp Leu Tyr Lys
100 105 110

Ala Asp Cys Arg Val Ile Gly Pro Pro Val Val Leu Asn Cys Ser Gln
115 120 125

Lys Gly Glu Pro Leu Pro Phe Ser Cys Arg Pro Leu Tyr Cys Thr Ser
130 135 140

Met Met Asn Leu Val Leu Cys Phe Thr Gly Phe Arg Lys Lys Glu Glu
145 150 155 160

Leu Val Arg Leu Val Thr Leu Val His His Met Gly Gly Val Ile Arg
165 170 175

Lys Asp Phe Asn Ser Lys Val Thr His Leu Val Ala Asn Cys Thr Gln
180 185 190

Gly Glu Lys Phe Arg Val Ala Val Ser Leu Gly Thr Pro Ile Met Lys
195 200 205

Pro Glu Trp Ile Tyr Lys Ala Trp Glu Arg Arg Asn Glu Gln Asp Phe
210 215 220

Tyr Ala Ala Val Asp Asp Phe Arg Asn Glu Phe Lys Val Pro Pro Phe
225 230 235 240

Gln Asp Cys Ile Leu Ser Phe Leu Gly Phe Ser Asp Glu Glu Lys Thr
245 250 255

Asn Met Glu Glu Met Thr Glu Met Gln Gly Gly Lys Tyr Leu Pro Leu
260 265 270

Gly Asp Glu Arg Cys Thr His Leu Val Val Glu Glu Asn Ile Val Lys
275 280 285

Asp Leu Pro Phe Glu Pro Ser Lys Lys Leu Tyr Val Val Lys Gln Glu
290 295 300

Trp Phe Trp Gly Ser Ile Gln Met Asp Ala Arg Ala Gly Glu Thr Met
305 310 315 320

Tyr Leu Tyr Glu Lys Ala Asn Thr Pro Glu Leu Lys Lys Ser Val Ser
325 330 335

Met Leu Ser Leu Asn Thr Pro Asn Ser Asn Arg Lys Arg Arg Arg Leu
340 345 350

Lys Glu Thr Leu Ala Gln Leu Ser Arg Glu Thr Asp Val Ser Pro Phe
355 360 365

Pro Pro Arg Lys Arg Pro Ser Ala Glu His Ser Leu Ser Ile Gly Ser
370 375 380

Leu Leu Asp Ile Ser Asn Thr Pro Glu Ser Ser Ile Asn Tyr Gly Asp
385 390 395 400

Thr Pro Lys Ser Cys Thr Lys Ser Ser Lys Ser Ser Thr Pro Val Pro
405 410 415

Ser Lys Gln Ser Ala Arg Trp Gln Val Ala Lys Glu Leu Tyr Gln Thr
420 425 430

Glu Ser Asn Tyr Val Asn Ile Leu Ala Thr Ile Ile Gln Leu Phe Gln
435 440 445

Val Pro Leu Glu Glu Glu Gly Gln Arg Gly Gly Pro Ile Leu Ala Pro
450 455 460

Glu Glu Ile Lys Thr Ile Phe Gly Ser Ile Pro Asp Ile Phe Asp Val
465 470 475 480

His Thr Lys Ile Lys Asp Asp Leu Glu Asp Leu Ile Val Asn Trp Asp
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Glu Ser

Val Lys

Thr Ile
530

Lys Ile
545

Leu Leu

Asn Asp

Leu Glu

Glu Asp
610

Tyr Glu
625

Leu Val

Arg Gly

Ala Arg

Gln Thr
690

Ser Gln
705

Asn Ala

Leu Leu

Leu Lys

Ala Glu
770

Thr Lys
785

Lys Thr

Lys Arg

Gly Arg

Ser Thr
850

Pro Ser
865

His Leu

Lys

Thr

515

Ile

Asn

Ile

Leu

Lys

595

Lys

Val

Gln

Glu

Lys

675

Arg

Ile

Phe

Ser

Met

755

Asn

Asp

Ser

Ala

Ser

835

Ser

Phe

Ile

Ser

500

Tyr

Lys

Gln

Arg

Lys

580

Ala

Arg

Asp

Arg

Gln

660

Arg

Pro

Lys

Ala

Phe

740

Leu

Leu

Met

Lys

Leu

820

Pro

Ser

Phe

485

Ile

Pro

Cys

Ala

Pro

565

Lys

Ile

Lys

Gly

Val

645

Val

His

Pro

Lys

Leu

725

Gln

Cys

Ile

Asp

Lys

805

Arg

Ser

Leu

Glu

Gly

Pro

Glu

Lys

550

Val

His

Gly

Thr

Cys

630

Glu

Thr

Lys

Ala

Val

710

Leu

Met

Arg

Tyr

Ser

790

Val

Arg

Ser

Ala

Arg
870

Asp

Phe

Lys

535

Pro

Gln

Thr

Ser

Glu

615

Pro

Thr

Leu

Val

Ser

695

Leu

Val

Thr

His

Thr

775

Thr

Thr

Ala

Asn

Gly

855

Arg

Ile

Val

520

Gln

Glu

Arg

Ala

Leu

600

Ala

Ala

Ile

Phe

Ile

680

Leu

Asp

Arg

Ser

Val

760

Ala

Leu

Arg

Leu

Asp

840

Ile

Ser

Phe

505

Asn

Lys

Cys

Leu

Asp

585

Lys

Gln

Asn

Ser

Leu

665

Gly

Lys

Ile

Pro

Asp

745

Ala

Asp

Ser

Ala

Met

825

Lys

Pro

His

490

Leu

Phe

Pro

Gly

Pro

570

Glu

Glu

Lys

Leu

Leu

650

Phe

Thr

His

Arg

Pro

730

Glu

Asn

Pro

Arg

Phe

810

Thr

His

Ser

Thr

Lys

Phe

Arg

Arg

555

Ser

Asn

Val

Gln

Leu

635

Gly

Asn

Phe

Ile

Glu

715

Thr

Leu

Thr

Glu

Ala

795

Ser

Ser

Val

Pro

Leu
875

Tyr

Glu

Phe

540

Gln

Val

Pro

Met

Ile

620

Ser

Glu

Asp

Arg

His

700

Thr

Glu

Pro

Ile

Ser

780

Ser

Phe

His

Met

Ser

860

Ser

Ser

Met

525

His

Ser

Ala

Asp

Thr

605

Phe

Ser

His

Cys

Ser

685

Leu

Glu

Gln

Lys

Cys

765

Phe

Arg

Ser

Gly

Ser

845

Leu

Arg

Lys

510

Ser

Ala

Leu

Leu

Lys

590

His

Asp

His

Pro

Leu

670

Pro

Met

Asp

Ala

Glu

750

Lys

Glu

Ala

Lys

Ser

830

Arg

Val

Ser

495

Asp

Lys

Phe

Val

Leu

575

Ser

Ile

Val

Arg

Cys

655

Glu

His

Pro

Cys

Asn

735

Asn

Ala

Val

Ile

Thr

815

Val

Leu

Ser

Thr

Leu

Glu

Leu

Glu

560

Leu

Thr

Asn

val

Ser

640

Asp

Ile

Gly

Leu

His

720

Val

Trp

Asp

Asn

Lys

800

Pro

Glu

Ser

Leu

Thr
880
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1. A method for assessing the prognosis of a patient with
lung or esophageal cancer, which method comprises the steps
of:

a) detecting the expression level of the ECT2 gene in a

patient-derived biological sample;

b) comparing the detected expression level to a control

level; and

¢) determining the prognosis of the patient based on the

comparison of (b).

2. The method of claim 1, wherein the lung cancer is
NSCLC.

3. The method of claim 1, wherein the esophageal cancer is
ESCC.

4. The method of claim 1, wherein the control level corre-
sponds to a good prognosis control level and an increase of the
expression level as compared to the control level is deter-
mined as poor prognosis.

5. The method of claim 4, wherein the ECT2 expression
level is at least 10% greater than said control level.

6. The method of claim 1, wherein said method further
comprises the step of determining the expression level of
other lung or esophageal cancer-associated genes.

7. The method of claim 1, wherein said expression level is
determined by a method selected from the group consis-
ting of:
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a) detecting mRNA of the ECT2 gene;

b) detecting the ECT2 protein; and

¢) detecting the biological activity of the ECT2 protein.

8. The method of claim 1, wherein said expression level is
determined by detecting hybridization of a probe to a gene
transcript of the ECT2 gene.

9. The method of claim 8, wherein the hybridization step is
carried out on a DNA array.

10. The method of claim 1, wherein said expression level is
determined by detecting the binding of an antibody against
the ECT?2 protein.

11. The method of claim 1, wherein said biological sample
comprises sputum or blood.

12-35. (canceled)

36. A method of treating or preventing lung or esophageal
cancer in a subject comprising administering to said subject a
pharmaceutically effective amount of a double-stranded mol-
ecule inhibiting the expression of ECT2 gene in a cell,
wherein said double-stranded molecule comprises a sense
strand and an antisense strand complementary thereto,
hybridized to each other to form the double-stranded mol-
ecule and targets to a nucleotide sequence selected from the
group consisting of SEQ ID NOs: 1 or 2.
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