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polypeptide Further provided 1s an antibody that specifically
recognizes and binds the ECAI1 polypeptide or an epitope
thereol. The polynucleotides, antibodies and/or polypeptides
of this mvention may be components of compositions, host
cells and/or gene delivery vehicles, where appropriate. Inone
aspect, the host cell will produce recombinant ECA1, which
1s Turther defined herein. In another aspect, the host cell 1s an
antigen presenting cell such as a dendritic cell, and 1t will
display an antigenic portion of the ECAI1 polypeptide on 1ts
surface. The polypeptides, proteins and compositions of this
invention are useful to aid in the diagnosis of a neoplastic
condition of a cell of endometrioid origin. In one aspect, the
method comprises detecting the presence of an overexpressed
ECAI1 proto-oncogene in a sample suspected of containing
said cell, wherein said overexpression 1s ndicative of the
neoplastic condition of said cell. These neoplastic cells
include, but are not limited to ovarian and colon carcinoma
cells.
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Figure 3

1 MDSFMAQVKSLAQSLYPCSAQQLNEDLRLHLLLNTSVICNDGSPAGY YLKESRGSRRWLL
61 FLEAVWYCFNRENCDSRYDTMRRLMSSRDWPRTRTGTGILSSQPEENPYWWNANMVFIPY
121 CSSDVWSGASSKSEKNEYAFMGALIIQEVVRELLGRGLSGAKVLLLAGSSAGGTGVLLNV
181 DRVAEQLEKLGYPAIQVRGLADSGWFLDNKQYRHTDCVDTITCAPTEAIRRGIRYRNGVV]
241 [PERCRRIQFQEGEEWNCFFGYKVYPTLRCPVFVVQWLFDEAQLTVDNVHLTGQPVQEGLRL

301 YIQNLGRELRHTLKDVPASFAPACLSHEIIIRSHWTDVQLKGTSLPRALHCWDRSLHDSH
361 KASKTPLKGCPVHLVDSCPWPHCNPSCPTVRDQFTGQEMNVAQFLMHMGFDMQTVAQPQG
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Figure 4A
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Figure 4B
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Figure 4C

ECA1 39 CNDGSPAGYYLKESRGS—-RRWLLFLEAVWYCFNRENCDSRYDTMRRLMSSRDWPRTRTG
C-DGS--GY+-~+--6S --WL+-LE-~-4+C-N~-+C-SR--T RL-SS-~-——+4----

PAE 32 CLDGSLPGYHFHKGSGSGANNRLIQLEGGGWCNNIRSCVSRKGT--RLGSSNFMEKELAF
ECAl 97 TGILSSQPEENP YWWNANMVEIPYCSSDVWSGASSKSEKNEYAFMGALITQEVVRELLGR

+GILS++—--ENP-H4HN-N-V-+-¥YC----HHG-5-~—-———~- F-6~~I---V+-ELL-+
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G4+ -AK--LL -—=+L+~D~==-==1~ - = =Y4+-L+D+G4+FL+~---

PAE 149 GMRNAKQALLS LAAILHCDYEFRNLLP==~~RTTTVKCLSDAGYFLNVLD= =~~~
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++--P- 4R +4++GVV P4~C-~=rgpm==  CFF~==V---+4+

PAF 200 ----VSGGPR--LR---SFFSGVVTLOGSAKNLPQSCTSHLKPTL---CFFPQNVVSQIK

ECAl 268 CPVFVVQWLFDEAQL
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PAE 248 TPLFLVNAAYDSWOQI
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Figure 9
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ISOLATION AND CHARACTERIZATION OF
ECAl, A GENE OVEREXPRESSED IN
ENDOMETROID CARCINOMAS OF OVARY
AND ENDOMETRIUM

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

STATEMENT OF GOVERNMENT SUPPORT

This application 1s supported 1n part by a grant from the

U.S. Army Medical Research and Material Command (Grant
No. DAMD17-94-J-4234). Accordingly, the United States
government may have certain rights 1n this invention.

BACKGROUND

The following terms are abbreviated as follows within this
specification: Endometrioid Carcinoma 1 (ECA1), T Cell
Factor (TCF), Lymphocyte Enhancing Factor (LEF), Ditfer-
ential Display Reverse Transcriptase (DDRT), Heparan-Sul-
fate Proteoglycans (HSPG).

Ovarian cancer 1s the fifth leading cause of cancer death
among women 1n the United States and has the highest mor-
tality rate of all gynecologic cancers. Greenlee, R. T. et al.,
Cancer Statistics, 2001. CA: A Cancer Journal for Clinicians
51(1):15-36. The prognosis for survival from ovarian cancer
1s largely dependent upon the extent of disease at diagnosis.
Women diagnosed with local disease are over 3 times more
likely to survive 5 years than women with distant disease.

However, only one fourth of women present with localized
disease at diagnosis. Ries, L. A. et al., (1998), SEER Cancer

Statistics Review 1973-1993, Bethesda Md.: National Can-
cer Institute.

Ovarian and other gynecological malignancies can be the
result of acquired or inherited genetic alterations. Mainte-
nance ol a malignant phenotype requires sustained expres-
sion of important transforming genetic alterations. Alter-
ations 1n several genes are described for endometrial and
ovarian carcinomas. These alterations include mutations 1n
ras (Enomoto, T. et al. (1990) Cancer Res. 50:6139-6145),
B-catenin (Ignar-Trowbridge, D. et al. (1992) Am. J. Obstet.
Gynecol. 167:227-232), PIEN (Cadutf, R. F. et al. (1995)
Am. J. Pathol. 146:182-188), p 33 (Ito, K. et al. (1996)
Gynecol. Oncol. 63:238-246), DNA-repair defects mani-
fested as mircosatellite instability (Risinger, et al. (1993)
Cancer Res. 53:5100-5103) as well as gene amplification 1n

c-myc (Jasano et al. (1990) Cancer Res. 65:1545-1551) and
HER-2/neu (Saffani et al. (1995) Cancer Res. 535:5693-
5698.). Some of these genetic alterations are strongly associ-
ated with specific histologic types of carcinoma found 1n

either endometrium or ovary (Saegusa et al. (2001) J. Pathol.
194:59-6"7; Sasano, H. et al. (1990) Cancer Res. 53:5100-

5103; and Enomoto, T. et al. (1991) Am. J. Pathol. 139:777-
785).

Despite the numerous examples of biomarkers shown to be
assoclated with various cancers, the usefulness of such tools
for therapeutic diagnostic, prognostic and other detection
applications are limited in that they have been shown to be
ineffective, unreliable, lacking 1n sensitivity and/or predic-
tiveness. Thus, there exists a continuing need to identify
antigens, antigenic epitopes and other biomarkers associated
with cancer and to develop new materials and kits to aid 1in the
carly detection, therapy and monitoring of related cancers.
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The present mvention satisfies this need for endometrioid
carcinomas such as ovarian cancer and provides related

advantages as well.

DETAILED DESCRIPTION OF THE INVENTION

A novel gene, ECAl, which 1s overexpressed 1n
endometrioid carcinomas of ovary and endometrium was 1s0-
lated. It was found to be a tumor antigen 1n colon carcinoma.
ECAI 1s evolutionarly conserved among eukaryotic organ-
1sms, expressed 1n fetal tissues and has a high degree of
homology to Drosophila wingful/Notum the putative 1nhibi-
tor of wingless activity (Giraldez et al. (2002) Dev. Cell
5:667-676 and Gerlitz et al. (2002) Genes and Develop.
16:1055-10359). Based on the reported observation that
ectopic expression of constitutively active armadillo (3-cate-
nin counterpart in Drosophila), could induce the expression
of wingiul/Notum (Giraldez et al. (2002) supra) and the pres-
ence ol putative TCF/LEF DNA binding consensus
sequences 1n the promoter region of ECA1, ECAI 1s a 3-cate-
nin/ TCEF/LEF transcription complex target gene with signifi-
cant roles in regulation of the Wnt/3catenin pathway and 1n
development of some human carcinomas.

Thus, this mvention provides 1solated polynucleotides
encoding an ECA1 polypeptide, modifications thereof and
active fragments of each. In one aspect, the polynucleotides
encode the polypeptide has the sequence shown in SEQ 1D
NO. 1. In one aspect, the polynucleotide has the sequence
shown 1n FIG. 2. In a further aspect, this polynucleotide has
the sequence shown 1n SEQ ID NO. 2. Further provided are
fragments that specifically hybridize to the ECA1 polynucle-
otide under moderate or stringent hybridization conditions,
¢.g., for use as probes or primers.

Further provided 1s the 1solated ECA1 polypeptide which
has the sequence shown 1n SEQ ID NO: 1, active fragments
thereol and modifications of all. An antibody that specifically
recognizes and binds the ECA1 polypeptide or an epitope
thereof 1s also provided. In one aspect, the antibody 1s a
monoclonal antibody. The imnvention further provides hybri-
doma cell lines that produce the anti-ECA1 monoclonal anti-
bodies.

The polynucleotides, antibodies and/or polypeptides of
this 1invention are components of compositions, host cells
and/or gene delivery vehicles, where appropriate. The poly-
nucleotides, antibodies and/or polypeptides and host cells
may be combined with a carrier such as a solid support or with
a pharmaceutically acceptable carrier. In one aspect, a host
cell produces recombinant ECATL.

In one aspect, the host cell 1s an antigen presenting cell such
as a dendritic cell, and 1t displays an antigenic portion of the
ECAT1 polypeptide on its surface.

The polypeptides, proteins and compositions of this imnven-
tion are useful to aid 1n the diagnosis or treatment of a neo-
plastic condition of a cell of endometrioid origin. In one
aspect, the diagnostic method comprises detecting the pres-
ence of ECA1 proto-oncogene 1n a sample suspected ol con-
taining said ECA1 polynucleotide or polypeptide, wherein
said overexpression 1s indicative of the neoplastic condition
of said cell. In another aspect, the 1s useful to diagnose the
predisposition to development of a condition related to ECA1
overexpression or 1t 1s useful to monitor the progress of
therapy.

This invention also provides a screen for a potential thera-
peutic agent for the reversal of the neoplastic condition of a
cell of endometrioid origin and wherein said cell overex-
presses ECA1 proto-oncogene, comprising a contacting a
sample with an effective amount of a potential agent and
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assaying for reversal of the neoplastic condition or determin-
ing 11 the amount of ECA1 expression has been altered by the
treatment. Examples of such agents include, but are not lim-
ited to agents that inhibit expression of the ECA1 gene such as
ribozymes, antisense or small molecules, agents that inhibit
the mnteraction of the ECA1 protein in the 3-catemn/TCF
pathway and agents that induce or promote an immune
response against neoplastic cells expressing the ECA1 pro-
tein, e.g., antibodies, peptide vaccines, antigen presenting,
cells that express the ECA1 protein on their cell surface and
immune elfector cells raised in the presence and at the
expense of this APC.

Akat for use in the diagnostic or therapeutic methods of this
invention 1s further provided. It provides one or more com-
positions of this invention that are useful in the diagnostic or
therapeutic methods, e.g., a polynucleotide that specifically
hybridizes with ECA1 mRNA or cDNA, and anti-ECA1 anti-

body such as a monoclonal antibody.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1. Differential display of mRNA from human prolit-

erative endometrium (N) and endometrial carcinoma (CA).

The radiolabeled cDNA species amplified with the primer
pair (d1)12VG and decamer OP-DDRT1 were resolved by

polyacrylamide gel electrophoresis. ECA1 partial cDNA 1s
solely displayed 1n endometrial carcinoma (enclosed 1n a
box).

FIG. 2. ECA1 cDNA sequence and genomic structure.
FIG. 2A shows ECA1 ¢cDNA sequence (SEQ ID NO. 1). The
5" and 3' untranslated sequences are shown 1n small letters.

The putative mitiation and termination codons are shown 1n
bold. The mmitiation codon predicted by OK/SW-CL.30 1s

underlined. ECA1 cDNA sequence ditfers from LOC147111
at codon 340. ECA1l encodes a valine (GTG) whereas
LOC147111 encodes a leucine (1TTG). The G for T substitu-
tion 1s 1 bold and underlined. (FIG. 2B) 1s a schematic
diagram 1illustrating the genomic organization of ECA1. The
St and 3" untranslated regions are shown as checkered boxes.
The exons are shown as black boxes and the introns as square
hatched boxes. ECA1 contains 11 exons and 10 introns. *“*”
Denotes the location of single nucleotide polymorphism 1n
introns 6 and 9.

FI1G. 3. The predicted amino acid sequence of ECA1 (SEQ
ID NO. 1). ECA1 protein 1s predicted to contain 434 amino
acids with nine CK-2, nine PKC phosphorylation, and a
tyrosine kinase phosphorylation sites. The potential phospho-
rylation sites are shown in bold. The serine or threonine
residues harboring both PKC and CK-2 phosphorylation site
consensus are also underlined. A 17 amino acids long bipar-
tite nuclear targeting sequence 1s boxed. There are nine
N-myristoylation sites however only the glycine residue at
position 42 with the most likely potential for N-myristoyla-
tion 1s underlined. The potential N-glycosylation site on Asn
34 15 also boxed.

FIG. 4. ECAI1 encodes a protein highly homologous to
Notum/wingful protein of fruit fly with structural similarity to

pectin acetylesterase. Alignments of ECA1 with wingful/
Notum protemn (A) (SEQ ID NOs. 8 and 9), hypothetical

protein agCP6173 (B) (SEQ ID NOs. 10 and 11) and pectin
acetylesterase (C) (SEQ ID NOs. 12 and 13). “+” Indicates
sequence similarity; sequence 1dentity 1s highlighted 1n bold.
The conserved/identical amino acid sequences possibly rep-
resenting conserved domains between ECA1 and PAE are

shown 1n bold. The G-X-5-X-G (SEQ ID NO.: 7) consensus
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active site motif of o/p hydrolase enzymes 1s boxed 1n A and
C. ‘X’ may represent any amino acids and G represent glycine
or any small amino acid.

FIG. 5. Expression of ECA1 1n endometrial carcinomas.
Total RNA (10 ug per lane) from endometrial carcinomas and
normal endometria were examined for expression of ECALl
by Northern blot analysis using a DDRT-dertved partial
ECA1 cDNA as a probe under stringent hybridization condi-
tions. An approximately 2 kb ECA1 mRNA was 1dentified in

S endometrial carcinomas. Three cases show low levels (lanes
4, 5, and 7), one case shows moderate level (lane 2) and one

case shows high levels (lane 1) of ECA1 expression. ECAl

mRNA was not detected in atrophic postmenopausal
endometrium (A), normal proliferative phase endometrium

(P), and normal secretory phase endometrium (5). Ethidium
bromide-stamned 28S and 18S ribosomal RNAs are also

shown (bottom panel).

FIG. 6. Expression of ECA1 in ovarian tumors. Total RNA
(10 ug per lane) from ovarian tumors and normal ovary were
examined for expression of ECA1 by Northern blot analysis
using a partial ECA1l ¢cDNA as a probe under stringent
hybridization conditions. A strong hybridization signal cor-
responding to the 2 kb ECA1 transcript 1s identified in two of
four endometrioid carcinomas of the ovary (E) (top panel).
No expression was detected 1n serous carcinomas (SC), Bren-
ner’s ovarian tumor (B), clear cell carcinoma of the ovary
(CC), a sarcoma cell line (S) or normal ovary (O). Ethidium
bromide-stained 28S and 18S ribosomal RNAs are also
shown (bottom panel).

FIG. 7. Expression of ECAl in normal human tissues.
Poly-A selected RNA (2 ug per lane) from multiple human
tissues including placenta, ovary and peripheral blood leuko-
cytes were examined for expression of ECA1l by Northern
blot analysis using a partial ECA1 ¢cDNA as a probe (top
panel, exposed to radiographic film for 13 days). For com-
parison the expression of 3-actin was also examined 1n these
samples (lower panel, 16 hrs exposure). A strong hybridiza-
tion signal corresponding to approximately 2.4 kb transcript
1s 1dentified 1n placenta whereas liver, skeletal muscle and
testis show a barely detectable signal even after 13 days of
exposure (top panel). No expression was detected 1n ovary,
heart, brain, lung, kidney, pancreas, spleen, thymus, prostate,
small intestine, colon and peripheral blood leukocytes. On the
other hand, (3-actin 1s moderately to highly expressed 1n all
samples (lower panel).

FIG. 8. Detection of ECA1 gene in DNA of simple and
complex eukaryotic organisms. A premade zoo-blot contain-
ing 4 ug of EcoR I-digested genomic DNA from human,
Rhesus monkey, Sprague-Dawley rat, BALB/c mouse, dog,
bovine, rabbit, chicken and yeast Saccharomyces cerevisiae
was hybridized with radiolabeled ECA1 ¢cDNA under strin-
gent conditions. Strong hybridization signals are detected 1n
all organisms. One major band approximately 20 kb 1n size
are 1dentified in human and monkey DNA. A similar sized
band (18 kb) 1s 1dentified 1n dog and rabbit. The major hybrid-
1zation signals detected 1n rat, mouse, cow and chicken are 4.4
kb, 6.5 kb, 5 kb, and 2.2 kb in size, respectively. A strong
hybridization signal 1s detected 1n yeast Saccharomyces cer-
evisiac measuring 4 kb 1n size.

FIG. 9. Chromosomal localization of ECA1 by fluorescent
in situ hybridization. Biotin-labeled ECA1 genomic clone
was hybridized to the metaphase chromosome spread of male
human lymphocyte. ECA1 1s localized to the distal end of the
long arm (q25) of chromosome 17, shown as green tluores-
cent signals. The arrows indicate the location of chromosome
1'7-specific alpha satellite centromere probe, shown as light
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grey fluorescent signals. The schematic diagram of chromo-
some 17 1s shown for reference next to a tfluorescent labeled

chromosome 17.
FIG. 10. Proposed model of ECA1 1n the Wnt signaling
pathway. d

MODES FOR CARRYING OUT THE INVENTION

Throughout this disclosure, various publications, patents
and published patent specifications are referenced by aniden- 10
tifying citation. The disclosures of these publications, patents
and published patent specifications are hereby incorporated
by reference 1nto the present disclosure to more fully describe
the state of the art to which this invention pertains.

The practice of the present invention employs, unless oth- 15
erwise 1ndicated, conventional techmiques of molecular biol-
ogy (including recombinant techniques), microbiology, cell
biology, biochemistry and immunology, which are within the
skill of the art. Such techniques are explained fully 1n the
literature. These methods are described 1n the following pub- 20
lications. See, e.g., Sambrook et al. MOLECULAR CLONING: A LABO-
RATORY MANUAL, 2% edition (1989); CURRENT PROTOCOLS IN
MOLECULAR BIOLOGY (F. M. Ausubel et al. eds. (1987)); the
Series METHODS IN ENZYMOLOGY (Academic Press, Inc.); Pcr: A
PRACTICAL APPROACH (M. MacPherson et al. IRL Press at Oxford 25
University Press (1991)); pcr 2: A PRACTICAL APPROACH (M. .
MacPherson, B. D. Hames and G. R. Taylor eds. (1995));
ANTIBODIES, A LABORATORY MANUAL (Harlow and Lane eds.
(1988)); and aNmmaL cELL cULTURE (R. I. Freshney ed. (1987)).

30
DEFINITIONS

As used herein, certain terms may have the following
defined meanings.

As used 1n the specification and claims, the singular form 35
“a,” “an” and “the” include plural references unless the con-
text clearly dictates otherwise. For example, the term *““a cell”
includes a plurality of cells, including mixtures thereof.

As used herein, the term “comprising” 1s intended to mean
that the compositions and methods include the recited ele- 40
ments, but not excluding others. “Consisting essentially of™
when used to define compositions and methods, shall mean
excluding other elements of any essential significance to the
combination. Thus, a composition consisting essentially of
the elements as defined herein would not exclude trace con- 45
taminants from the 1solation and punfication method and
pharmaceutically acceptable carriers, such as phosphate buil-
ered saline, preservatives, and the like. “Consisting of” shall
mean excluding more than trace elements of other ingredients
and substantial method steps for administering the composi- 50
tions of this invention. Embodiments defined by each of these
transition terms are within the scope of this invention.

The terms ““cancer,” “neoplasm,” and “tumor,” used inter-
changeably and 1n either the singular or plural form, refer to
cells that have undergone a malignant transformation that 55
makes them pathological to the host organism. Primary can-
cer cells (that1s, cells obtained from near the site of malignant
transformation) can be readily distinguished from non-can-
cerous cells by well-established techniques, particularly his-
tological examination. The definition of a cancer cell, as used 60
herein, includes not only a primary cancer cell, but also any
cell dertved from a cancer cell ancestor. This includes metas-
tasized cancer cells, and 1n vitro cultures and cell lines derived
from cancer cells. When referring to a type of cancer that
normally manifests as a solid tumor, a “clinically detectable” 65
tumor 1s one that 1s detectable on the basis of tumor mass; e.g.,

by such procedures as CAT scan, magnetic resonance imag-

6

ing (MRI), X-ray, ultrasound or palpation. Biochemical or
immunologic findings alone may be 1nsuificient to meet this
definition.

A neoplasm 1s an abnormal mass or colony of cells pro-
duced by arelatively autonomous new growth of tissue. Most
neoplasms arise from the clonal expansion of a single cell that
has undergone neoplastic transformation. The transformation
of a normal to a neoplastic cell can be caused by a chemucal,
physical, or biological agent (or event) that directly and 1rre-
versibly alters the cell genome. Neoplastic cells are charac-
terized by the loss of some specialized functions and the
acquisition of new biological properties, foremost, the prop-
erty of relatively autonomous (uncontrolled) growth. Neo-
plastic cells pass on their heritable biological characteristics
to progeny cells.

The past, present, and future predicted biological behavior,
or clinical course, of a neoplasm 1s further classified as benign
or malignant, a distinction of great importance in diagnosis,
treatment, and prognosis. A malignant neoplasm manifests a
greater degree of autonomy, 1s capable of invasion and meta-
static spread, may be resistant to treatment, and may cause
death. A benign neoplasm has a lesser degree of autonomy, 1s
usually not invasive, does not metastasize, and generally pro-
duces no great harm 11 treated adequately. Cancer 1s a generic
term for malignant neoplasms. Anaplasia 1s a characteristic
property ol cancer cells and denotes a lack of normal struc-
tural and functional characteristics (undifferentiation).

A tumor 1s literally a swelling of any type, such as an
inflammatory or other swelling, but modern usage generally
denotes a neoplasm. The suffix “-oma” means tumor and
usually denotes a benign neoplasm, as 1in fibroma, lipoma, and
so forth, but sometimes implies a malignant neoplasm, as
with so-called melanoma, hepatoma, and seminoma, or even
a non-neoplastic lesion, such as a hematoma, granuloma, or
hamartoma. The suilix “-blastoma” denotes a neoplasm of
embryonic cells, such as neuroblastoma of the adrenal or
retinoblastoma of the eye.

One system to classily neoplasia utilizes biological (clini-
cal) behavior, whether benmign or malignant, and the histoge-
nesis, the tissue or cell of origin of the neoplasm as deter-
mined by histologic and cytologic examination. Neoplasms
may originate i almost any tissue containing cells capable of
mitotic division. The histogenetic classification of neoplasms
1s based upon the tissue (or cell) of origin as determined by
histologic and cytologic examination. Adenomas are benign
neoplasms of glandular epithelium. Carcinomas are malig-
nant tumors of epithelium. Sarcomas are malignant tumors of
mesenchymal tissues.

“Suppressing” tumor growth indicates a growth state that1s
curtailed compared to growth without therapeutic interven-
tion. Tumor cell growth can be assessed by any means known
in the art, including, but not limited to, measuring tumor size,
determining whether tumor cells are proliferating using a
*H-thymidine incorporation assay, or counting tumor cells.
“Suppressing” tumor cell growth means any or all of the
following states: slowing, delaying, and “suppressing” tumor
growth indicates a growth state that 1s curtailed when stop-
ping tumor growth, as well as tumor shrinkage.

A “native” or “natural” or “wild-type” antigen 1s a
polypeptide, protein or a fragment which contains an epitope,
which has been 1solated from a natural biological source, and
which can specifically bind to an antigen receptor, 1n particu-
lar a T cell antigen receptor (TCR), 1n a subject.

The term “‘antigen™ 1s well understood in the art and
includes substances which are immunogenic, 1.., Immuno-
gens, as well as substances which induce immunological
unresponsiveness, or anergy, 1.e., anergens.
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A “self-antigen” also referred to herein as a native or wild-
type antigen 1s an antigenic peptide that induces little or no
immune response in the subject due to seli-tolerance to the
antigen. An example of a self-antigen 1s the melanoma spe-
cific antigen gp100.

The term “tumor associated antigen™ or “TAA” refers to an
antigen that 1s associated with or specific to a tumor.

Examples of known TAAs include gpl00, MART and
MAGE.

The terms “polynucleotide” and “nucleic acid molecule”™
are used interchangeably to refer to polymeric forms of nucle-
otides of any length. The polynucleotides may contain deox-
yribonucleotides, ribonucleotides, and/or their analogs.
Nucleotides may have any three-dimensional structure, and
may perform any function, known or unknown. The term
“polynucleotide” includes, for example, single-stranded,
double-stranded and triple helical molecules, a gene or gene
fragment, exons, introns, mRNA, tRNA, rRNA, ribozymes,
cDNA, recombinant polynucleotides, branched polynucle-
otides, plasmids, vectors, 1solated DNA of any sequence,
1solated RNA of any sequence, nucleic acid probes, and prim-
ers. In addition to a native nucleic acid molecule, a nucleic
acid molecule of the present invention may also comprise
modified nucleic acid molecules.

The term “peptide” 1s used 1n 1ts broadest sense to refer to
a compound of two or more subunit amino acids, amino acid
analogs, or peptidomimetics. The subunits may be linked by
peptide bonds. In another embodiment, the subunit may be
linked by other bonds, e.g. ester, ether, etc. As used herein the
term “amino acid” refers to either natural and/or unnatural or
synthetic amino acids, including glycine and both the D or L
optical 1somers, and amino acid analogs and peptidomimet-
ics. A peptide of three or more amino acids 1s commonly
called an oligopeptide 1f the peptide chain 1s short. If the
peptide chain 1s long, the peptide 1s commonly called a
polypeptide or a protein.

The term “genetically modified” means containing and/or
expressing a foreign gene or nucleic acid sequence which 1n
turn, modifies the genotype or phenotype of the cell or its
progeny. In other words, 1t refers to any addition, deletion or
disruption to a cell’s endogenous nucleotides.

As used herein an “active fragment™ of a gene or polypep-
tide includes smaller portion(s) (subsequences) of the gene or
nucleic acid derived therefrom (e.g., cDNA) that retain the
ability to encode proteins having tumor suppressing activity.
Similarly, an active fragment of a polypeptide refers to a
subsequence of a polypeptide that has tumor suppressing
protein.

A “conservative substitution”, when describing a protein
refers to a change in the amino acid composition of the protein
that does not substantially alter the protein’s activity. Thus,
“conservatively modified variations™ of a particular amino
acid sequence refers to amino acid substitutions of those
amino acids that are not critical for protein activity or substi-
tution of amino acids with other amino acids having similar
properties (e.g., acidic, basic, positively or negatively
charged, polar or non-polar, etc.) such that the substitutions of
even critical amino acids do not substantially alter activity.
Conservative substitution tables providing functionally simi-
lar amino acids are well known 1n the art. For example, the
following six groups each contain amino acids that are con-
servative substitutions for one another: 1) Alanine (A), Serine
(S), Threonine (1); 2) Aspartic acid (D), Glutamic acid (E); 3)
Asparagine (N), Glutamine (Q); 4) Arginine (R), Lysine (K);
5) Isoleucine (1), Leucine (L), Methiomine (M), Valine (V);
and 6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W). See
also, Creighton (1984) Proteins W. H. Freeman and Com-
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pany. In addition, individual substitutions, deletions or addi-
tions which alter, add or delete a single amino acid or a small
percentage of amino acids 1n an encoded sequence are also
“conservatively modified varnations™.

As used herein, “expression’ refers to the process by which
polynucleotides are transcribed into mRINA and translated
into peptides, polypeptides, or proteins. If the polynucleotide
1s dertved from genomic DNA, expression may include splic-
ing of the mRNA, 1f an appropriate eukaryotic host is
selected. Regulatory elements required for expression
include promoter sequences to bind RNA polymerase and
transcription initiation sequences for ribosome binding. For
example, a bacterial expression vector includes a promoter
such as the lac promoter and for transcription initiation the
Shine-Dalgarno sequence and the start codon AUG (Sam-
brooketal. (1989) supra). Similarly, an eukaryotic expression
vector mcludes a heterologous or homologous promoter for
RNA polymerase 11, a downstream polyadenylation signal,
the start codon AUG, and a termination codon for detachment
of the ritbosome. Such vectors can be obtained commercially
or assembled by the sequences described 1n methods well
known 1n the art, for example, the methods described below
for constructing vectors 1n general.

“Under transcriptional control” 1s a term well understood
in the art and indicates that transcription of a polynucleotide
sequence, usually a DNA sequence, depends on its being
operatively linked to an element which contributes to the
initiation of, or promotes, transcription. “Operatively linked”
refers to a juxtaposition wherein the elements are in an
arrangement allowing them to function.

The term “contacting a cell” when referring to contacting
with an agent and/or polynucleotide 1s used herein to refer to
contacting 1n a manner such that the agent and/or polynucle-
otide 1s internalized into the cell. In this context, contacting a
cell with a nucleic 1s equivalent to transfecting a cell with a
nucleic acid. Where the agent 1s lipophilic or the nucleic acid
1s complexed with a lipid (e.g., a cationic lipid) simple con-
tacting will result 1n transport (active, passive and/or diffu-
stve) 1nto the cell. Alternatively the agent and/or polynucle-
otide, or 1n combination with a carrier composition be
actively transported into the cell. Thus, for example, where
the nucleic acid 1s present 1n an infective vector (e.g., an
adenovirus) the vector may mediate uptake of the nucleic acid
into the cell. The polynucleotide may be complexed to agents
which interact specifically with extracellular receptors to
facilitate delivery of the nucleic acid into the cell, examples
include ligand/polycation/DNA complexes as described 1n
U.S. Pat. Nos. 5,166,320 and 3,635,383, Additionally, viral
delivery may be enhanced by recombinant modification of the
knob or fiber domains of the viral genome to imncorporate cell
targeting moieties.

A ““gene delivery vehicle” 1s defined as any molecule that
can carry inserted polynucleotides into a host cell. Examples
of gene delivery vehicles are liposomes, biocompatible poly-
mers, including natural polymers and synthetic polymers;
lipoproteins; polypeptides; polysaccharides; lipopolysaccha-
rides; artificial viral envelopes; metal particles; and bacteria,
or viruses, such as baculovirus, adenovirus and retrovirus,
bacteriophage, cosmid, plasmid, fungal vectors and other
recombination vehicles typically used 1n the art which have
been described for expression 1n a variety of eukaryotic and
prokaryotic hosts, and may be used for gene therapy as well as
for simple protein expression.

“Gene delivery,” “gene transier,” and the like as used
herein, are terms referring to the introduction of an exogenous
polynucleotide (sometimes referred to as a “transgene”) mnto
a host cell, irrespective of the method used for the introduc-
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tion. Such methods include a variety of well-known tech-
niques such as vector-mediated gene transter (by, e.g., viral
infection/transtection, or various other protein-based or lipid-
based gene delivery complexes) as well as techniques facili-
tating the delivery of “naked” polynucleotides (such as elec-
troporation, “gene gun” delivery and various other techniques
used for the introduction of polynucleotides). The introduced
polynucleotide may be stably or transiently maintained in the
host cell. Stable maintenance typically requires that the intro-
duced polynucleotide either contains an origin of replication
compatible with the host cell or integrates 1nto a replicon of
the host cell such as an extrachromosomal replicon (e.g., a
plasmid) or a nuclear or mitochondrial chromosome. A num-
ber of vectors are known to be capable of mediating transier
of genes to mammalian cells, as 1s known in the art and
described herein.

A “viral vector” 1s defined as a recombinantly produced
virus or viral particle that comprises a polynucleotide to be
delivered 1nto a host cell, either in vivo, ex vivo or 1n vitro.
Examples of viral vectors include retroviral vectors, adenovi-
rus vectors, adeno-associated virus vectors, alphavirus vec-
tors and the like. Alphavirus vectors, such as Semliki Forest
virus-based vectors and Sindbis virus-based vectors, have
also been developed for use 1n gene therapy and immuno-
therapy. See, Schlesinger and Dubensky (1999) Curr. Opin.
Biotechnol. 5:434-439 and Zaks et al. (1999) Nat. Med.
7:823-827/. In aspects where gene transier 1s mediated by a
retroviral vector, a vector construct refers to the polynucle-
otide comprising the retroviral genome or part thereot, and a
therapeutic gene. As used herein, “retroviral mediated gene
transfer” or “retroviral transduction” carries the same mean-
ing and refers to the process by which a gene or nucleic acid
sequences are stably transierred into the host cell by virtue of
the virus entering the cell and integrating 1ts genome 1nto the
host cell genome. The virus can enter the host cell via its
normal mechanism of infection or be modified such that it
binds to a different host cell surface receptor or ligand to enter
the cell. As used herein, retroviral vector refers to a viral
particle capable of introducing exogenous nucleic acid into a
cell through a viral or viral-like entry mechanism.

Retroviruses carry their genetic information in the form of
RNA; however, once the virus infects a cell, the RNA 1s
reverse-transcribed into the DNA form which integrates into
the genomic DNA of the infected cell. The integrated DNA
form 1s called a provirus.

In aspects where gene transfer 1s mediated by a DNA viral
vector, such as an adenovirus (Ad), pseudo adenoviral or
adeno-associated virus (AAV), vector construct refers to the
polynucleotide comprising the viral genome or part thereof,
and a transgene. Adenoviruses (Ads) are a relatively well
characterized, homogenous group of viruses, including over
50 serotypes. See, e.g., WO 95/27071. Ads are easy to grow
and do not require integration into the host cell genome.
Recombinant Ad-derived vectors, particularly those that
reduce the potential for recombination and generation of
wild-type virus, have also been constructed. See, WO
95/00655 and WO 95/11984. Wild-type AAV has high infec-
tivity and specificity integrating into the host cell’s genome.
See, Hermonat and Muzyczka (1984) Proc. Natl. Acad. Sci.
USA 81:6466-6470 and Lebkowska et al. (1988) Mol. Cell.
Biol. 8:3988-3996.

Vectors that contain both a promoter and a cloming site into
which a polynucleotide can be operatively linked are well
known 1n the art. Such vectors are capable of transcribing,
RINA 1n vitro or 1n vivo, and are commercially available from
sources such as Stratagene (La Jolla, Calif.) and Promega
Biotech (Madison, Wis.). In order to optimize expression
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and/or 1n vitro transcription, 1t may be necessary to remove,
add or alter 5" and/or 3' untranslated portions of the clones to
climinate extra, potential inappropriate alternative translation
initiation codons or other sequences that may interfere with or
reduce expression, either at the level of transcription or trans-
lation. Alternatively, consensus ribosome binding sites can be
inserted immediately 5' of the start codon to enhance expres-
S1011.

Gene delivery vehicles also include several non-viral vec-
tors, including DNA/liposome complexes, and targeted viral
protein-DNA complexes. Liposomes that also comprise a
targeting antibody or fragment thereof can be used in the
methods of this invention. To enhance delivery to a cell,
nucleic acids or proteins of this invention can be conjugated to
antibodies or binding fragments thereof which bind cell sur-
face antigens, e.g., TCR, CD3 or CD4.

“Hybridization™ refers to a reaction in which one or more
polynucleotides react to form a complex that 1s stabilized via
hydrogen bonding between the bases of the nucleotide resi-
dues. The hydrogen bonding may occur by Watson-Crick
base pairing, Hoogstein binding, or in any other sequence-
specific manner. The complex may comprise two strands
forming a duplex structure, three or more strands forming a
multi-stranded complex, a single self-hybridizing strand, or
any combination of these. A hybridization reaction may con-
stitute a step 1n a more extensive process, such as the initiation
of a PCR reaction, or the enzymatic cleavage of a polynucle-
otide by a nbozyme.

Examples of stringent hybridization conditions include:
incubation temperatures of about 23° C. to about 37° C.;
hybridization buffer concentrations of about 6x SSC to about
10x SSC; formamide concentrations of about 0% to about
25%; and wash solutions of about 6x SSC. Examples of
moderate hybridization conditions include: incubation tem-
peratures ol about 40° C. to about 50° C.; builer concentra-
tions of about 9x SSC to about 2x SSC; formamide concen-
trations of about 30% to about 50%:; and wash solutions of
about 5x SSC to about 2x SSC. Examples of high stringency
conditions include: incubation temperatures of about 55° C.
to about 68° C.; buller concentrations of about 1x SSC to
about 0.1x SSC; formamide concentrations of about 55% to
about 75%: and wash solutions of about 1x SSC, 0.1x SSC, or
deionized water. In general, hybridization incubation times
are from 5 minutes to 24 hours, with 1, 2, or more washing
steps, and wash incubation times are about 1, 2, or 1 5 minutes.
SSC1s0.15 M NaCl and 15 mM citrate buffer. It 1s understood
that equivalents of SSC using other bulfer systems can be
employed.

A polynucleotide or polynucleotide region (or a polypep-
tide or polypeptide region) has a certain percentage (for
example, 80%, 85%, 90%, or 95%) of “sequence 1dentity” to
another sequence means that, when aligned, that percentage
of bases (or amino acids) are the same 1n comparing the two
sequences. This alignment and the percent homology or
sequence 1dentity can be determined using soitware programs
known 1n the art, for example those described 1n CURRENT
PROTOCOLS IN MOLECULAR BIOLOGY (F. M. Ausubel et al., eds.,
1987) Supplement 30, section 7.7.18, Table 7.7.1. Preferably,
default parameters are used for alignment. One alignment
program 1s BLAST, using default parameters. Alternative
programs are BLASTN and BLASTP, using the following
default parameters: Genetic code=standard; {filter=none;
strand=both; cutoll=60; expect=10; Matrix=BLOSUMO62;
Descriptions=50 sequences; sort by=HIGH SCORE;
Databases=non-redundant, GenBank+EMBL+DDBJ+
PDB+GenBank CDS translations+SwissProtein+SPupdate+

PIR. Details of these programs can be found at the website



US RE44,024 E

11

maintained by the Nation Center for Biotechnology Informa-
tion at the National [Libray of Medicne] Library of Medicine
using the Basic Local Alignment Search Tool (BLAST).
Comparable programs are available for determining amino
acid sequence 1dentity.

“In vivo” gene delivery, gene transier, gene therapy and the
like as used herein, are terms referring to the introduction of
a vector comprising an exogenous polynucleotide directly
into the body of an organism, such as a human or non-human
mammal, whereby the exogenous polynucleotide 1s intro-
duced to a cell of such organism 1n vivo.

The term “1solated” means separated from constituents,
cellular and otherwise, 1n which the polynucleotide, peptide,
polypeptide, protein, antibody, or fragments thereot, are nor-
mally associated with 1in nature. For example, with respect to
a polynucleotide, an 1solated polynucleotide 1s one that 1s
separated from the 5' and 3' sequences with which 1t 1s nor-
mally associated in the chromosome. As 1s apparent to those
of skill in the art, a non-naturally occurring polynucleotide,
peptide, polypeptide, protein, antibody, or fragments thereot,
does not require “1solation” to distinguish 1t from its naturally
occurring counterpart. In addition, a “concentrated”, “sepa-
rated” or “diluted” polynucleotide, peptide, polypeptide, pro-
tein, antibody, or fragments thereof, 1s distinguishable from
its naturally occurring counterpart in that the concentration or
number of molecules per volume 1s greater than “concen-
trated” or less than “separated” than that of its naturally
occurring counterpart. A polynucleotide, peptide, polypep-
tide, protein, antibody, or fragments thereof, which differs
from the naturally occurring counterpart in its primary
sequence or for example, by 1ts glycosylation pattern, need
not be present 1n 1ts 1solated form since it 1s distinguishable
from 1ts naturally occurring counterpart by its primary
sequence, or alternatively, by another characteristic such as
glycosylation pattern. Although not explicitly stated for each
of the inventions disclosed herein, it 1s to be understood that
all of the above embodiments for each of the compositions
disclosed below and under the appropriate conditions, are
provided by this mvention. Thus, a non-naturally occurring,
polynucleotide 1s provided as a separate embodiment from
the i1solated naturally occurring polynucleotide. A protein
produced 1n a bacterial cell 1s provided as a separate embodi-
ment from the naturally occurring protein isolated from a
cukaryotic cell 1n which 1t 1s produced 1n nature.

“Host cell,” “target cell” or “recipient cell” are intended to
include any individual cell or cell culture which can be or
have been recipients for vectors or the incorporation of exog-
enous nucleic acid molecules, polynucleotides and/or pro-
teins. It also 1s intended to include progeny of a single cell,
and the progeny may not necessarily be completely 1dentical
(in morphology or in genomic or total DNA complement) to
the original parent cell due to natural, accidental, or deliberate
mutation. The cells may be prokaryotic or eukaryotic, and
include but are not limited to bacterial cells, yeast cells,
amimal cells, and mammalian cells, e.g., murine, rat, stmian or
human.

A “subject” 1s a vertebrate, preferably a mammal, more
preferably a human. Mammals include, but are not limited to,
murines, simians, humans, farm animals, sport animals, and
pets.

A “control” 1s an alternative subject or sample used 1n an
experiment for comparison purpose. A control can be “posi-
tive” or “negative”. For example, where the purpose of the
experiment 1s to determine a correlation of an altered expres-
sion level of a gene with a particular type of cancer, it 1s
generally preferable to use a positive control (a subject or a
sample from a subject, carrying such alteration and exhibiting
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syndromes characteristic of that disease), and a negative con-
trol (a subject or a sample from a subject lacking the altered
expression and clinical syndrome of that disease).

As used herein, “solid phase support™ or “solid support”,
used 1nterchangeably, 1s not limited to a specific type of
support. Rather a large number of supports are available and
are known to one of ordinary skill in the art. Solid phase
supports imclude silica gels, resins, derivatized plastic films,
glass beads, cotton, plastic beads, alumina gels. A suitable
solid phase support may be selected on the basis of desired
end use and suitability for various protocols. For example, for
peptide synthesis, solid phase support may refer to resins such
as polystyrene (e.g., PAM-resin obtained from Bachem Inc.,
Peninsula Laboratories, etc.), POLYHIPE® resin (obtained
from Aminotech, Canada), polyamide resin (obtained from
Peninsula Laboratories), polystyrene resin grafted with poly-
cthylene glycol (TentaGel®, Rapp Polymere, Tubingen, Ger-
many) or polydimethylacrylamide resin (obtained from Mil-
ligen/Biosearch, Calif.). Solid supports also 1include
microchips and grids, on which ¢cDNAs, polynucleotides,
peptides, antibodies or other molecules are fixed 1n arrays.
The surface of the grids may be composed of a wide variety of
material including glass, plastic, silicon, gold, gelatin or
nylon. For example, the use of the so-called SELDI-MS
method (surface-enhanced laser desorption-ionization &
mass spectroscopy) exposes samples to chips with biochemi-
cally characterized surfaces (containing molecules such as
antibodies or receptors) followed by mass spectroscopy to
visualize and identity the bound proteins. For a review of
recently available technology see Srivinas, P. et al. (2001)

Clin. Chem. 47(10):1901-1911, and references cited therein
such as De Wildt, R. M. T. et al. (2000) Nat. Biotech 18:989-
94, Arenkov, P. et al. (2000) Anal. Biochem. 278:123-31,
Haab, B. B. et al. (2001) Genome Biol. 2:1-13, and Cahill, D.
I. (2001) J Immunol. Methods 250:81-91. Also included
within a solid support are tissue microarrays in which small
cylinders of tissue are punched out of thousands of individual
tumor specimens (from ditferent tissues of hundreds of 1ndi-
viduals 1n a study) and then probed with antibodies, RNA, etc.
Hoos, A. et al. (2001) Am. J. Pathol. 158:1245-51.

The term “immunomodulatory agent™, as used herein, 1s a
molecule, a macromolecular complex, or a cell that modu-
lates an immune response and encompasses an antigenic pep-
tide of the invention alone or 1n any of a vaniety of formula-
tions described herein; a polypeptide comprising an antigenic
peptide of the imnvention; a polynucleotide encoding a peptide
or polypeptide of the mvention; an antigenic peptide of the
invention bound to a Class I or a Class II MHC molecule on an
antigen-presenting matrix, including an APC and a synthetic
antigen-presenting matrix (1n the presence or absence of co-
stimulatory molecule(s)); an antigenic peptide of the inven-
tion covalently or non-covalently complexed to another mol-
ecule(s) or macromolecular structure; and an educated,
antigen-specific immune etlfector cell which 1s specific for a
peptide of the mvention.

The term “modulate an immune response” includes induc-
ing (increasing, eliciting) an immune response; and reducing
(suppressing) an immune response. An immunomodulatory
method (or protocol) 1s one that modulates an 1immune
response in a subject.

As used herein, the term “cytokine™ refers to any one of the
numerous factors that exert a variety of effects on cells, for
example, inducing growth or proliferation. Non-limiting
examples of cytokines which may be used alone or 1n com-

bination in the practice of the present invention include, inter-
leukin-2 (IL-2), stem cell factor (SCF), interleukin 3 (IL-3),

interleukin 6 (IL-6), mnterleukin 12 (IL-12), G-CSF, granulo-
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cyte macrophage-colony stimulating factor (GM-CSF), inter-
leukin-1 alpha (IL-1a.), interleukin-11 (IL-11), MIP-11, leu-
kemia inhibitory factor (LIF), c-kit ligand, [thrombopoictin]
thrombopoietin (TPO) and {lt3 ligand. The present invention
also includes culture conditions 1n which one or more cytok-
ine 1s specifically excluded from the medium. Cytokines are
commercially available from several vendors such as, for
example, Genzyme (Framingham, Mass.), Genentech (South

San Francisco, Calif.), Amgen (Thousand Oaks, Calif.), R&D

Systems (Minneapolis, Minn.) and Immunex (Seattle,
Wash.). It 1s intended, although not always explicitly stated,
that molecules having similar biological activity as wild-type
or purified cytokines (e.g., recombinantly produced or
muteins thereol) are intended to be used within the spirit and
scope of the invention.

The term “culturing” refers to the in vitro propagation of
cells or organisms on or in media of various kinds. It 1s
understood that the descendants of a cell grown 1n culture
may not be completely 1dentical (morphologically, geneti-
cally, or phenotypically) to the parent cell. By “expanded” 1s
meant any proliferation or division of cells.

A “composition” 1s mtended to mean a combination of
active agent and another compound or composition, inert (for
example, a detectable agent or label or a solid support) or
active, such as an adjuvant.

A “pharmaceutical composition™ 1s intended to include the
combination of an active agent with a carrier, inert or active,
making the composition suitable for diagnostic or therapeutic
use 1n vitro, 11 Vivo Or €X VIVO.

Asused herein, the term “pharmaceutically acceptable car-
rier” encompasses any of the standard pharmaceutical carri-
ers, such as a phosphate butlered saline solution, water, and
emulsions, such as an oil/water or water/oi1l emulsion, and
various types of wetting agents. The compositions also can
include stabilizers and preservatives. For examples of carri-
ers, stabilizers and adjuvants, see Martin REMINGTON’S PHARM.,
scr, 15th Ed. (Mack Publ. Co., Easton (1975)).

An “effective amount” 1s an amount suificient to effect
beneficial or desired results. An effective amount can be
administered 1n one or more administrations, applications or

dosages.

ECA1 Polynucleotides

This 1nvention provides polynucleotide sequences that
encode ECA1 polypeptides. Polynucleotides include, for
example, genomic DNA, mRNA, antisense RNA, cDNA and
modifications thereof. In one aspect the polynucleotides
sequences are modified 1n a variety of ways, such as mixed
backbone polynucleotides which comprise both deoxy and
ribo nucleotides. Also provided are polynucleotides that are
truncated fragments of these polynucleotides, e.g., genomic
DNA, mRNA, antisense RNA, cDNA and modifications
thereof.

Also intended to be included are the functional equivalents
of ECAI1 polynucleotides. In one aspect, functional equiva-
lents are 1dentified by hybridization to a polynucleotide that
encodes SEQ ID NO.:1 under moderate and/or stringent con-
ditions. Alternatively, functional equivalents are 1dentified by
having more that 80%, or alternatively, more that 85%, or
alternatively, more than 90%, or alternatively, more than
95%, or alternatively more than 97%, or alternatively, more
than 98 or 99% sequence homology to a sequence that
encodes SEQ ID NO.: 1 (e.g., SEQ ID NO.: 2) as determined
by sequence comparison programs such as BLAST run under
appropriate conditions. In one aspect, the program 1s run
under default parameters.
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In one aspect, the polynucleotides are detectably labeled by
known techniques. Examples of labels include, but are not
limited to radioactive labels, fluorescent labels and enzymes.

Polynucleotides of this invention can be prepared by the art
recognized methods such as phosphoramidite or H-phospho-
nate chemistry which can be carried out manually or by an
automated synthesizer as described 1n Uhlmann et al. (Chem.
Rev. (1990) 90:534-583). The polynucleotides may be com-
posed of ribonucleotides, deoxyribonucleotides, or a combi-
nation of both.

Alternatively, the polynucleotides can be replicated using
PCR or gene cloning techniques. Thus, this invention also
provides a polynucleotide of this invention operatively linked
to elements necessary for the transcription and/or translation
of these polynucleotides 1n host cells. In one aspect, the
polynucleotide 1s a component of a gene delivery vehicle for
insertion into the host cells. Host cells include eukaryotic and
prokaryotic cells, such as bacterial cells, yeast cells, stmian
cells, murine cells and human cells. The cells can be cultured
or recently 1solated from a subject. The host cells are cultured
under conditions necessary for the recombinant production of
the polypeptide or recombinant replication of the polynucle-
otides. Recombinantly produced polynucleotides and/or
polynucleotides are further provided herein.

In one embodiment the polynucleotides of the mvention
are modified to be composed of ribonucleotides and deoxyri-
bonucleotides with the 5' end of one nucleotide and the 3' end
of another nucleotide being covalently linked to produce
mixed backbone polynucleotides (e.g., U.S Pat. Nos.: 5,652,
355; 35,264,423, 5,652,356; and 5,591,721). The mixed back-
bone polynucleotides may be of varying length preferably
being at least about 14 nucleotides 1n length, most preferably
15 to 28 nucleotides long, with 15- to 25-mers being the most
common. The mixed backbone polynucleotide may be any
combination of ribonucleotides and deoxyribonucleotides.
By way of example, the mixed backbone polynucleotide may
comprise a [contigous] contiguous stretch of deoxynucle-
otides (e.g., about 14 to about 8) flanked on either side by
ribonucleotides (e.g., about 2 to about 4). The phosphodiester
bond may be replaced with any number of chemical groups
such as, for example, phosphothioate.

Antisense nucleic acid sequences of the invention can
impair the activity of the ECA1 gene 1n a variety of ways and
via mnteraction with a number of cellular products. Examples
include, but are not limited to, the hydrolysis action catalyzed
by [RNAse] RNase H, the formation of triple helix structures
with the duplex DNA encoding ECA1, interaction with the
intron-exon junctions of pre-messenger RNA, hybridization
with messenger RNA 1n the cytoplasm resulting in an RNA -
DNA complex which is degraded by the [RNAase] RNase H
enzyme, or by blocking the formation of the ribosome-
mRINA complex and thus blocking the translation of ECAL.

In one aspect, the polynucleotides are modified 1n that they
contain a detectable label, for example, a radionucleotide or
an enzymatic label. Labels are commercially available. Meth-
ods for conjugating a label to a polynucleotide are known 1n
the art.

ECAI1 Polypeptides

This invention also provides 1solated ECA1 polypeptides.
In one aspect, the polypeptide has the amino acid sequence
shown in SEQ ID NO.:1. In another aspect, the polypeptide 1s
modified by substitution with conservative amino acids. In
yet a further aspect, the polypeptide has the same function as
the polypeptide of SEQ ID NO: 1 as determined using the
examples set forth below and are 1dentified by having more
than 80%, or alternatively, more than 85%, or alternatively,
more than 90%, or alternatively, more than 95%, or alterna-
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tively more than 97%., or alternatively, more than 98 or 99%
sequence homology to SEQ ID NO.: 1 as determined by
sequence comparison programs such as BLAST run under
appropriate conditions. In one aspect, the program 1s run
under default parameters. Further provided are active frag-
ments of these embodiments.

The peptides used in accordance with the method of the
present invention can be obtained 1n any one of a number of
conventional ways. For example, they can be prepared by
chemical synthesis using standard techniques. Particularly
convenient are the solid phase peptide synthesis techniques.
Automated peptide synthesizers are commercially available,
as are the reagents required for their use.

In one embodiment, 1solated peptides of the present inven-
tion can be synthesized using an appropriate solid state syn-
thetic procedure. Steward and Young, eds. (1968 ) SoLID PHASE
PepTIDE SyNTHESIS, Freemantle, San Francisco, Calif. One
method 1s the Merrifield process. Merrifield (1967) Recent
progress 1n Hormone Res. 23:451. Once an 1solated peptide
of the invention 1s obtained, it may be puntfied by standard
methods including chromatography (e.g., 1on exchange,
ailinity, and s1zing column chromatography), centrifugation,
differential solubility, or by any other standard technique for
protein purification. For immunoaifinity chromatography, an
epitope may be 1solated by binding 1t to an affinity column
comprising antibodies that were raised against that peptide, or
a related peptide of the mvention, and were affixed to a sta-
tionary support.

Alternatively, affinity tags such as hexa-His (Invitrogen),
Maltose binding domain (New England Biolabs), influenza
coat sequence (Kolodziey et al. (1991) Methods Enzymol.
194:508-509), and glutathione-S-transierase can be attached
to the peptides of the mvention to allow easy purification by
passage over an appropriate aifinity column. Isolated pep-
tides can also be physically characterized using such tech-
niques as proteolysis, nuclear magnetic resonance, and x-ray
crystallography.

Alternatively, the polynucleotides can be replicated using
PCR or gene cloning techmques. Thus, this invention also
provides a polynucleotide of this invention operatively linked
to elements necessary for the transcription and/or translation
of these polynucleotides 1n host cells. In one aspect, the
polynucleotide 1s a component of a gene delivery vehicle for
insertion into the host cells. The means by which the cells may
be transformed with the expression construct includes, but 1s
not limited to, microinjection, electroporation, transduction,
transiection, lipofection, calctum phosphate particle bom-
bardment mediated gene transier or direct injection ol nucleic
acid sequences or other procedures known to one skilled 1n
the art (Sambrook et al. (1989) supra). For various techniques
for transforming mammalian cells, see, e.g., Keown et al.
(1990) Methods in Enzymology 185:527-337).

Host cells include eukaryotic and prokaryotic cells, such as
bacterial cells, yeast cells, stmian cells, murine cells and
human cells. The cells can be cultured or recently 1solated
from a subject. The host cells are cultured under conditions
necessary for the recombinant production of the polypeptide
or recombinant replication of the polynucleotides. Recombi-
nantly produced polynucleotides and/or polynucleotides are
turther provided herein.

Also included within the scope of the invention are
polypeptides that are differentially modified during or after
translation, e.g., by phosphorylation, glycosylation,
crosslinking, acetylation, proteolytic cleavage, linkage to an
antibody molecule, membrane molecule or other ligand. Fer-
guson et al. (1988) Ann. Rev. Biochem. 57:285-320. This 1s

achieved using various chemical methods or by expressing
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the polynucleotides 1n different host cells, e.g., bactenal,
mammalian, yeast, or insect cells.

Also provided by this invention are peptide fragments, e.g.,
[immunogeneic] immunogenic or antigenic portions, alone or
in combination with a carrier. An antigenic peptide epitope of
the 1nvention can be used 1n a variety of formulations, which
may vary depending on the intended use.

An antigenic peptide epitope of the invention can be
covalently or non-covalently linked (complexed) to various
other molecules, the nature of which may vary depending on
the particular purpose. For example, a peptide of the invention
can be covalently or non-covalently complexed to a macro-
molecular carrier, including, but not limited to, natural and
synthetic polymers, proteins, polysaccharides, poly(amino
acid), polyvinyl alcohol, polyvinyl pyrrolidone, and lipids. A
peptide can be conjugated to a fatty acid, for introduction into
a liposome. U.S. Pat. No. 5,837,249, A synthetic peptide of
the invention can be complexed covalently or non-covalently
with a solid support, a variety of which are known in the art.
An antigenic peptide epitope of the invention can be associ-
ated with an antigen-presenting matrix with or without co-
stimulatory molecules, as described 1n more detail below.

Examples of protein carriers include, but are not limited to,
superantigens, serum albumin, tetanus toxoid, ovalbumin,
thyroglobulin, myoglobulin, and immunoglobulin.

Peptide-protein carrier polymers may be formed using
conventional crosslinking agents such as carbodimides.
Examples of carbodiimides are 1-cyclohexyl-3-(2-morpholi-
nyl-(4-ethyl) carbodiimide (CMC), 1-ethyl-3-(3-dim-
cthyaminopropyl) carbodiimide (EDC) and 1-ethyl-3-(4-
azonia-44-dimethylpentyl) carbodiimide.

Examples of other suitable crosslinking agents are cyano-
gen bromide, glutaraldehyde and succinic anhydride. In gen-
eral, any of a number of homobifunctional agents including a
homobifunctional aldehyde, a homobitfunctional epoxide, a
homobifunctional imidoester, a homobifunctional N-hydrox-
ysuccinimide ester, a homobifunctional maleimide, a homo-
bitunctional alkyl halide, a homobifunctional pyridyl disul-
fide, a homobifunctional aryl halide, a homobifunctional
hydrazide, a homobifunctional diazontum derivative and a
homobifunctional photoreactive compound may be used.
Also included are heterobifunctional compounds, ifor
example, compounds having an amine-reactive and a sulthy-
dryl-reactive group, compounds with an amine-reactive and a
photoreactive group and compounds with a carbonyl-reactive
and a sulthydryl-reactive group.

Specific examples of such homobifunctional crosslinking
agents mnclude the bifunctional N-hydroxysuccinimide esters
dithiobis(succinimidylpropionate), disuccinimidyl suberate,
and disuccinimidyl tartarate; the bifunctional imidoesters
dimethyl adipimidate, dimethyl pimelimidate, and dimethyl
suberimidate; the bifunctional sulthydryl-reactive crosslink-
ers 1,4-di-[3'-(2'-pyridyldithio) propion-amido]butane, bis-
maleimidohexane, and bis-N-maleimido-1,8-octane; the
bifunctional aryl halides 1,5-difluoro-2,4-dinitrobenzene and
4.4'-difluoro-3,3'-dinitrophenylsulfone; bitunctional photo-
reactive agents such as bis-[b-(4-azidosalicylamido)ethyl]
disulfide; the bifunctional aldehydes formaldehyde, malon-
dialdehyde, succinaldehyde, glutaraldehyde, and
adipaldehyde; a bifunctional epoxide such as 1,4-butaneodiol
diglycidyl ether, the bifunctional hydrazides adipic acid dihy-
drazide, carbohydrazide, and succinic acid dihydrazide; the
bitunctional diazoniums o-tolidine, diazotized and bis-diazo-
tized benzidine; the bifunctional alkylhalides N1N'-ethylene-
bis(iodoacetarnide),  N1N'-hexamethylene-bis(1odoaceta-
mide), N1N'-undecamethylene-bis(iodoacetamide), as well
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as benzylhalides and halomustards, such as ala'-diiodo-p-
xylene sulfonic acid and tri(2-chloroethyl)amine, respec-
tively.

Examples of other common heterobifunctional cross-link-
ing agents that may be used to effect the conjugation of
proteins to peptides include, but are not limited to, SMCC
succinimidyl-4-(N-maleimidomethyl )cyclohexane-1-car-
boxylate), MBS (m-maleimidobenzoyl-N-hydroxysuccinim-
ide ester), SLAB (N-succinimidyl(4-1odoacteyl)aminoben-
zoate), SMPB (succinimidyl-4-(p-maleimidophenyl)
butyrate), GMBS (N-(y-maleimidobutyryloxy)succinimide
ester), MPBH (4-(4-N-maleimidopohenyl) butyric acid
hydrazide), M2C2H (4-(N-maleimidomethyl) cyclohexane-
1-carboxyl-hydrazide), SMPT (succinimidyloxycarbonyl-a-
methyl-a-(2-pyridyldithio)toluene), and SPDP (N-succinim-
1dy] 3-(2-pynidyldithio)propionate).

Crosslinking may be accomplished by coupling a carbonyl
group to an amine group or to a hydrazide group by reductive
amination.

Peptides of the invention also may be formulated as non-
covalent attachment of monomers through 1onic, adsorptive,
or biospecific interactions. Complexes of peptides with
highly positively or negatively charged molecules may be
done through salt bridge formation under low 1onic strength
environments, such as 1n deionized water. Large complexes
can be created using charged polymers such as poly-(L-
glutamic acid) or poly-(L-lysine) which contain numerous
negative and positive charges, respectively. Adsorption of
peptides may be done to surfaces such as microparticle latex
beads or to other hydrophobic polymers, forming non-co-
valently associated peptide-superantigen complexes effec-
tively mimicking crosslinked or chemically polymerized pro-
tein. Finally, peptides may be non-covalently linked through
the use of biospecific interactions between other molecules.
For instance, utilization of the strong aifinity of biotin for
proteins such as avidin or streptavidin or their derivatives
could be used to form peptide complexes. These biotin-bind-
ing proteins contain four binding sites that can interact with
biotin 1n solution or be covalently attached to another mol-
ecule. Wilchek (1988) Anal Biochem. 171:1-32. Peptides can
be modified to possess biotin groups using common biotiny-
lation reagents such as the N-hydroxysuccinimidyl ester of
D-biotin (NHS-biotin) which reacts with available amine
groups on the protein. Biotinylated peptides then can be 1incu-
bated with avidin or streptavidin to create large complexes.
The molecular mass of such polymers can be regulated
through careful control of the molar ratio of biotinylated
peptide to avidin or streptavidin.

Also provided by this application are the peptides and
polypeptides described herein conjugated to a detectable
agent for use 1n the diagnostic methods. For example, detect-
ably labeled peptides and polypeptides can be bound to a
column and used for the detection and purification of anti-
bodies. They also are usetul as immunogens for the produc-
tion of antibodies, as described below.

The peptides of this invention also can be combined with
various liquid phase carriers, such as sterile or aqueous solu-
tions, pharmaceutically acceptable carriers, suspensions and
emulsions. Examples of non-aqueous solvents include propyl
cthylene glycol, polyethylene glycol and vegetable oils.
When used to prepare antibodies, the carriers also can include
an adjuvant that 1s usetful to non-specifically augment a spe-
cific immune response. A skilled artisan can easily determine
whether an adjuvant 1s required and select one. However, for
the purpose of illustration only, suitable adjuvants include,
but are not limited to, Freund’s Complete and Incomplete,
mineral salts and polynucleotides.
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Expression Levels of ECA1

The level of ECAI1 expression may be measured by con-
ventional methodology. By way of example, the level of
expression of ECA1 RNA may be measured by Northern Blot
Analysis, Polymerase Chain Analysis and the like (See e.g.
Sambrook et al. (eds.) (1989) supra; Ausubel et al. (eds.)
(1987) “Current Protocols 1n Molecular Biology™ John Wiley
and Sons, New York, N.Y.). Likewise the level of ECAI
protein may be measured by conventional methodology,
including, but not limited to, Western Blot Analysis or ELISA
(seee.g. Sambrooketal. (eds.) (1989) supra and Ausubel et al.
(eds.) (1987) supra).

ECA1 RNA levels, or ECA1 protein levels, or other indicia
of ECAI expression may also be measured at different times
(1.e., sequentially) so as to momitor the progression of a dis-
ease, €.g., ovarian cancer in a subject. Such sequential mea-
surements may also be used to monitor the disease status of a
subject who 1s atrisk for a disease, e.g., an ovarian cancer cell,
a colon carcinoma, a small cell lung carcinoma and a meta-
static chondrosarcoma cell. The status of a disease state 1n a
subject may also be determined by reference to previous
measurements made in a comparable subject.

Screening Assay

A screening assay for assessing the therapeutic potential of
a candidate agent, such as ECA1 antisense polynucleotides,
may be performed using cells exhibiting overexpression of
ECAIL. A vanety of parameters may be used to assess the
therapeutic potential of a candidate agent, as described
herein.

The method of assessing the therapeutic potential of an
agent to 1nhibit cancer cell proliferation may comprise: (1)
contacting cells exhibiting overexpression of ECA1 growth
activity with at least one candidate, and (11) measuring the
level of ECA1 expression or activity or cell growth, wherein
an 1inhibition 1n ECA1 expression or cell growth 1s indicative
of the candidate agent’s therapeutic potential. The term 1nhi-
bition includes a reduction, decrease, [dimunition] diminu-
tion or abolition of ECA1 expression, activity or cellular
proliferation. An inhibition 1n either ECA1 expression or cell
growth also provides information relevant to determining the
dosage range of the agent that may be used 1n vivo therapy. To
determine 1f the level of ECAI1 1s altered by the candidate
agent, comparison may be made to cells not exposed to the
candidate agent or any other suitable control. A suitable cells
that constitutively overexpress ECA1 include, for example,
an ovarian cancer cell, a colon carcinoma, a small cell lung
carcinoma and a metastatic chondrosarcoma cell.

Any cell overexpressing ECA1 may be used in the screen-
ing assay. Preferably the cell lines are mammalian cancer
cells, most preferably human cancer cells. Non-limiting
examples of cancer cell lines that may be used include, but are
not limited to, cells of endometrioid origin, e.g., ovarian
cancer cells, colon carcinoma, cells, small cell lung carci-
noma cells, and metastatic chondrosarcoma cells. Alterna-
tively, the cells used 1n the methods may be primary cultures
(e.g., developed from biopsy or necropsy specimens) or cells
engineered to overexpress ECAl in culture. Methods of
maintaining primary cell cultures or cultured cell lines are
well known to those of skill in the art.

To enhance the sensitivity of the screening assay, the cells
may be transformed with a construct comprising nucleic acid
sequences encoding ECAl to produce cells expressing a
higher level of ECA1. The nucleic acid sequences encoding
ECA1 may be cDNA or genomic DNA or a fragment thereof,
preferably the coding sequence used 1s sullicient to effect
ECA1 expression. Vectors suitable for use 1n expressing the
ECAI1 gene are constructed using conventional methodology
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(See e.g. Sambrook et al. (eds.) (1989) supra and Ausubel et
al. (eds.) (1987) supra) or are commercially available.

The means by which the cells may be transformed with the
expression construct includes, but 1s not limited to, microin-
jection, electroporation, transduction, transiection, lipofec-
tion calctum phosphate particle bombardment mediated gene
transier or direct injection of nucleic acid sequences or other
procedures known to one skilled in the art (Sambrook et al.
(1989) supra). For various techniques for transforming mam-
malian cells, see, e.g., Keown et al. (1990) Methods 1n Enzy-
mology 185:5277-3377). One of skill 1n the art will appreciate
that vectors may not be necessary for the antisense polynucle-
otides applications of the subject invention. Antisense poly-
nucleotides may be introduced into a cell, preferably a cancer
cell, by a varniety of methods, including, but not limited to,
liposomes or lipofection (Thierry, A. R. etal (1993) Biochem
Biophys Res Commun 190:952-960; Steward, A. I. et al
(1996) Biochem Pharm 51:461-469) and calcium phosphate.

Other Candidate Agents

Other candidate agents suitable for assaying according to
the methods of the subject application may be any type of
molecule from, for example, chemical, nutritional or biologi-
cal sources. The candidate agent may be a naturally occurring
or synthetically produced. For example, the candidate agent
may encompass numerous chemical classes, though typically
they are organic molecule, preferably small organic com-
pounds having a molecular weight of more than 50 and less
than about 2,500 Daltons. Such molecules may comprise
functional groups necessary for structural interaction with
proteins or nucleic acids. By way of example, chemical
agents may be novel, untested chemicals, agonists, antago-
nists, or modifications of known therapeutic agents.

The agents may also be found among biomolecules includ-
ing, but not limited to, peptides, saccharides, fatty acids,
antibodies, steroids, purines, pryimidines, toxins conjugated
cytokines, derivatives or structural analogs thereof or a mol-
ecule manufactured to mimic the eiffect of a biological
response modifier. Examples of agents from nutritional
sources 1nclude, but 1s not limited to, extracts from plant or
amimal sources or extracts thereof. Examples include anti-
sense polynucleotides or antibodies.

The agents may be obtained from a wide variety of sources
including libraries of synthetic or natural compounds. Alter-
natively, libraries of natural compounds 1n the form of bacte-
rial, fungal, plant, and animal extracts are available or readily
produced, natural or synthetically produced libraries or com-
pounds are readily modified through conventional chemical,
physical and biochemical means, and may be used to produce
combinatorial libraries. Known pharmacological agents may
be subjected to random or directed chemical modifications,
such as acetylation, alkylation, esterification, amidification,
etc. to produce structural analogs.

The candidate agents which are antagonists of ECA1 may
inhibit abnormal cellular proliferation 1n a variety of ways.
For example, the antagonist may be capable of inhibiting the
production of ECA1, or intertere with the binding of ECA1 to
its cognate receptors or interfere with the biological effects of
ECAI1. Examples include, but are not limited to, antibodies
against ECA1 or its receptors, soluble forms of ECAI1 that
bind ECA1 away from the cells, or agents that inhibit trans-
mission of ECA1 binding into the cell can also be used.

ECA1 1s highly homologous to wingful/Notum protein of
fruit tly; the recently i1dentified secreted putative feedback
inhibitor of Wingless. Phylogenetic analysis has revealed that
Notum/wingf ECAL1 are Jothologs] orthologs and per-

ul and
form similar function. Notum/wingtul 1s reported to inhibit
Wingless activity by enzymatically modifying the heparan
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sulfate proteoglycans (HSPGs). Similar to Notum/wingtul,
ECAT1 harbors a signal peptide and belongs to o/ hydrolase
family of enzymes. ECA1 harbors the o/p hydrolase consen-
sus active site motif G-X-S-X-G (SEQ ID NO.: 7; G 1s gly-
cine, X could be any amino acid and S 1s the nucleophile
serine) also known as “nucleophile elbow”. The conserved
Ser 170 of the nucleophile elbow, 1n addition to Asp 278 and
His 327 are predicted to form the catalytic active site. It 1s
conceivable that ECA1 putative enzymatic activity may be
inhibited using molecules that have structural similarity to
ECA]1 substrate that may or may not {it in the catalytic active
site and act as competitive inhibitors, “mixed” agonist/an-
tagonists or complete antagonists.

Identification, Analysis, and Manipulation of Genetic
Polymorphisms With SNP Technology

An 1solated ECA1 polynucleotide can be used to search for
and identify single nucleotide polymorphisms ([SNP’s}
SNPs), (see, e.g., the polymorphisms described in FIG. 2.)
which are mutant variants of the gene 1n the human popula-
tion. Identification of such polymorphisms 1s useful to define
human diseases to which mutations in the genes contribute
and to perfect therapies for disease processes 1n which the
protein encoded by the genes participates. Mutant variants of
the gene 1dentified 1n this manner can then be employed 1n the
development, screening, and analysis of pharmaceutical
agents to treat these diseases. Methods to detect such [SNP’s]
SNPs can be formatted to create diagnostic tests. Further-
more, various mutations in the gene which effect the response
of different individuals to therapeutic agents can be identified
and then diagnosed through analysis of [SNP’s] SNPs, to
guide the prescription of appropriate treatments. Also,
[SNP’s] SNPs identified in the genes can provide useful
sequence markers for genetic tests to analyze other genes and
mutations in the region of the genome where the gene(s) 1s
located. Thus it is useful to incorporate these [SNP’s] SNPs
into polymorphism databases.

Skilled practitioners of the art are familiar with an array of
methods for identifying and analyzing [SNP’s] SNPs. High
throughput DNA sequencing procedures such as sequencing
by hybridization (Drmanac et al. (1993) Science 260:1649-
52), minisequencing primer extension (Syvanen, (1999)
Hum. Mutat. 13(1):1-10), or other sequencing methods can
be used to detect SNP’s 1n defined regions of the gene. Alter-
natively, hybridization to oligonucleotides on DNA microar-
rays (Lipshutz et al. (1999) Nat. Genet. 21(1 Suppl.):20-4)
analysis of single strand conformational polymorphisms 1n
DNA or RNA molecules by various analytical methods (INat-
ara] (1999 Wiley & Sons, Umted Kingdom) pp: 277-297;
Dorin et al. (1992) Nature 359:211-215) and Electrophoresis
20(6):1177-85), PCR-based mutational analyses such as PCR
with primers spanning the polymorphic sequence, or protec-
tion of SNP-containing oligonucleotides from nuclease pro-
tection such as by use of the bacterial mutS protein can be
employed. Many sophisticated high-throughput technologies
based on methods such as automated capillary electrophore-
s1s (Larsen et al. (1999) Hum. Mutat. 13(4):318-27), time-o1-
flight mass spectroscopy, high density micro-arrays (Sapol-
sky et al. (1999) Genet. Anal. 14(5-6):187-92),
semiconductor microchips (Gilles et al. (1999) Nature Bio-
technol. 17(4):365-70), and others have been demonstrated
that can be employed with the gene(s) to perform the uses
described above.

Immunotherapeutic Compositions and Methods

The present invention also provides polyclonal and/or
monoclonal antibodies, including fragments and immuno-
logic binding equivalents thereof, which are capable of spe-
cifically binding to the polynucleotide sequences of the speci-
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fied gene and fragments thereot, as well as the corresponding
gene products and fragments thereof. The therapeutic poten-
t1al of the antibodies may be evaluated 1n the screening meth-
ods described herein. In general, techniques for preparing
polyclonal and monoclonal antibodies as well as hybridomas
capable of producing the desired antibody are well known 1n
the art. These include, e.g., the trioma technique and the
human B-cell hybridoma technique.

Antibodies may be generated using standard techmiques
described herein or using conventional techniques, such as
described 1n U.S. Pat. Nos. 5,837,492; 5,800,998 and 5,891,
628, against the proteins themselves or against peptides cor-
responding to the binding domains of the proteins. Such
antibodies include but are not limited to polyclonal, mono-
clonal, Fab fragments, F(ab').sub.2 fragments, single chain
antibodies, chimeric antibodies, humanized antibodies etc.

Any animal (mouse, rabbit, etc.) that 1s known to produce
antibodies can be immumzed with the immunogenic compo-
sition. Methods for immunization are well known in the art
and 1nclude subcutaneous or intraperitoneal injection of the
immunogen. One skilled in the art will recognize that the
amount of the protein encoded by the nucleic acids of the
present ivention used for immunization will vary based on
the animal which 1s immunized, the antigenicity of the immu-
nogen, and the site of injection. The protein which 1s used as
an immunogen may be modified or administered 1n an adju-
vant to increase 1ts antigenicity. Methods of increasing anti-
genicity are well known in the art and include, but are not
limited to, coupling the antigen with a heterologous protein
(such as globulin, [3-galactosidase, KILH, etc.) or through the
inclusion of an adjuvant during immunization.

For monoclonal antibodies, spleen cells from the immu-
nized animals are removed, fused with myeloma cells, such as
SP2/0-Agl4 myeloma cells, and allowed to become mono-
clonal antibody producing hybridoma cells. Any one of a
number ol methods well known 1n the art can be used to
identify hybridoma cells that produce an antibody with the
desired characteristics. These include screeming the hybrido-
mas with an enzyme-linked immunosorbent assay (ELISA),
western blot analysis, or radioimmunoassay (RIA). Hybrido-
mas secreting the desired antibodies are cloned and the
immunoglobulin class and subclass may be determined using
procedures known 1n the art. Hybridoma cell lines are also
provided by this invention.

Techniques described for the production of single chain
antibodies (U.S. Pat. No. 4,946,778) can be adapted to pro-
duce single chain antibodies to the proteins of the present
invention. For polyclonal antibodies, antibody-containing
antisera 1s 1solated from an immunized animal and 1s screened
for the presence of antibodies with the desired specificity
using one of the above described procedures.

Antibodies may be used in a labeled form to permit detec-
tion. Antibodies can be labeled, e.g., through the use of radio-
1sotopes, allinity labels (such as biotin, avidin, etc.), enzy-
matic labels (such as horseradish peroxidase, alkaline
phosphatase, etc.) fluorescent labels (such as tluorescein or
rhodamine, etc.), paramagnetic atoms, etc. Procedures for
accomplishing such labeling are known 1n the art. The labeled
antibodies of the present invention can then be used for 1n
vitro, 1n vivo, and 1n situ assays to identify the cells or tissues
in which a fragment of the polypeptide of interest is
expressed. Examples ol immunoassays are the various types
of ELISAs and RIAs known 1n the art. The antibodies them-
selves also may be used directly in therapies or as diagnostic
reagents.

Compositions containing the antibodies, fragments thereof
or cell lines which produce the antibodies, are encompassed
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by this invention. When these compositions are to be used
pharmaceutically, they are combined with a pharmaceutically
acceptable carrier.

The methods of the mvention are useful to detect and
1solate specific antigenic polypeptides, antibody-reactive
peptide epitopes and therapeutic antibody molecules. These
compositions have a variety of uses for diagnosing and inhib-
iting pathological cells. For example, antigen-reactive anti-
bodies can be generated by immunmizing an animal with the
antigenic polypeptide using methods well known 1n the art. It
1s also desirable to prepare a monoclonal antibody for admin-
istration to a subject. For use with human subjects, methods
have now been established to produce “humanized antibod-
1es” where species specific portions of the antibody molecule
have been converted to sequences characteristic of human
antibodies. Such molecules function more effectively when
administered to a human subject.

Diagnostic antibodies are useful for detecting a pathologi-
cal cell and a variety of alternative techniques for labeling and
detecting these antibodies have been established. For
example, the antibody can be conjugated to a radioactive
1sotope that can be localized 1n the subject following admin-
istration of the antibody.

Therapeutic antibodies can also be administered to a sub-
ject to mhibit the progression of disease. In a human subject
it 1s desirable to administer a humanized monoclonal anti-
body for this purpose. The antibody can confer a passive
immunity wherein 1t inhibits disease by binding to antigens 1n
the target pathological tissue and inducing complement medi-
ated cytotoxicity, antibody-directed cytotoxicity, or interfer-
ence with receptor-ligand interactions. Alternatively, admin-
istration of an antibody to a subject can vaccinate against
disease by mducing an anti-idiotype immune response. For
use 1n a human subject a monoclonal antibody such as a
mouse monoclonal antibody 1s effective for this purpose.

The antigenic polypeptides 1dentified by practicing the
methods of the invention are also usetul as therapeutic agents
when administered to a subject or useful to educate naive
immune effector cells. Such polypeptides can be formulated
with an adjuvant and administered as a vaccine to induce an
immune response against the pathological target tissue. Such
antigenic polypeptides can also be administered ex vivo, for
example to dendritic cells 1solated from the subject. The
antigen pulsed dendritic cells can then be expanded 1n culture
and returned to the subject to perform adoptive immuno-
therapy.

In another embodiment the present mvention provides a
method of inducing an immune response comprising deliver-
ing the compounds and compositions of the invention 1n the
context of an MHC molecule. Thus, the polypeptides of this
invention can be pulsed into antigen presenting cells using the
methods described herein. Antigen-presenting cells, include,
but are not limited to dendritic cells (DCs), monocytes/mac-
rophages, B lymphocytes or other cell type(s) expressing the
necessary MHC/co-stimulatory molecules. The methods
described below focus primarily on DCs which are the most
potent, preferred APCs. These host cells containing the
polypeptides or proteins are further provided.

Isolated host cells which present the polypeptides of this
invention 1n the context of MHC molecules are further usetul
to expand and 1solate a population of educated, antigen-spe-
cific immune eifector cells. The immune effector cells, e.g.,
cytotoxic T lymphocytes, are produced by culturing naive
immune effector cells with antigen-presenting cells which
present the polypeptides 1in the context of MHC molecules on
the surface of the APCs. The population can be purified using
methods known in the art, e.g., FACS analysis or [ficoll]
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Ficoll gradient. The methods to generate and culture the
immune effector cells as well as the populations produced
thereby also are the inventor’s contribution and mvention.
Pharmaceutical compositions comprising the cells and phar-
maceutically acceptable carriers are useful 1n adoptive immu-
notherapy. Prior to administration 1n vivo, the immune effec-
tor cells are screened 1n vitro for their ability to lyse cells
expressing ECAT1 epitope.

In one embodiment, the immune effector cells and/or the
APCs are genetically modified. Using standard gene transfer,
genes coding for co-stimulatory molecules and/or stimula-
tory cytokines can be inserted prior to, concurrent to or sub-
sequent to expansion of the immune etifector cells.

This invention also provides methods of inducing an
Immune response 1n a subject, comprising administering to
the subject an effective amount of a polypeptide described
above under the conditions that induce an 1Immune response
to the polypeptide. The polypeptide can be administered 1n a
formulation or as a polynucleotide encoding the polypeptide.
The polynucleotide can be administered 1n a gene delivery
vehicle or by mserting 1nto a host cell which 1n turn recom-
binantly transcribes, translates and processed the encoded
polypeptide. Isolated host cells containing the polynucle-
otides of this invention 1n a pharmaceutically acceptable car-
rier can therefore be combined with appropriate and effective
amount of an adjuvant, cytokine or co-stimulatory molecule
for an effective vaccine regimen. In one embodiment, the host
cell 1s an APC such as a dendritic cell. The host cell can be
turther modified by 1nserting of a polynucleotide coding for
an effective amount of either or both a cytokine and/or a
co-stimulatory molecule.

The methods of this invention can be further modified by
co-administering an effective amount of a cytokine or co-

stimulatory molecule to the subject.
Animal Model System

The anti-ECA1 agents may be evaluated first in animal
models. The safety of the compositions and methods of treat-
ment 1s determined by looking for the effect of treatment on
the general health of the treated animal (weight change, fever,
appetite behavior etc.) monitoring of generalized toxicity,
clectrolyte renal and hepatic function, hematological param-
cters and functional measurements. Pathological changes
may be detected on autopsies.

Any animal based (e.g., recombinant and non-recombi-
nant) model systems may be used to assess the in vivo efficacy
of the ECA1 therapeutic agents, ¢.g., antisense polynucle-
otides or anti-ECA1 antibodies, and to provide effective dos-
age ranges. For example, the relevance of the cell culture
findings to the ability of an anti-ECA1 monoclonal antibody
to be used for the treatment of ovarian cancer can be con-
firmed by performing experiments 1n vivo 1n a mouse model.

Diseases

The therapeutic agents such as antisense polynucleotide or
monoclonal antibodies, or the equivalents thereof, may be
used to inhibit abnormal cellular proliferation. The agents
have numerous therapeutic applications 1n a variety of dis-
cases including, but not limited to, neoplastic conditions
derived from the abnormal proliferation of cells of
endometrioid origin, eg. ovarian cancer.

Admimstration of the antisense polynucleotides, or anti-
bodies, serve to ameliorate, attenuate or abolish the abnormal
proliferation of cells 1n the subject. Thus, for example, 1n a
subject aftlicted with cancer, the therapeutic administration of
one or more of the antisense polynucleotides serves to attenu-
ate or alleviate the cancer or facilitate regression of cancer 1n
the subject. Also contemplated 1s administration of the anti-
sense polynucleotides to a subject prior to any clinical signs
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of disease. Examples of such individuals includes, but 1s not
limited to, subjects with a family history of ovarian cancer.

Effective Amounts

An effective or therapeutically etfective amount of the
therapeutic agents of the mmvention to be administered to a
subject, or functional equivalents of the antagonists, may be
determined 1n a variety of ways. By way of example, the
antisense polynucleotides to be administered may be chosen
based on their effectiveness in inhibiting the growth of cul-
tured cancer cells that overexpress ECA1. Examples of such
cell lines 1nclude, but are not necessarily limited to, ovarian
cancer cells.

Effective concentrations of antisense polynucleotides can
be determined by a variety of techniques other than inhibition
of cultured cells. For example, another suitable assay that can
be used 1s the determination of the effect of the antisense
polynucleotide on mRNA levels 1n a cell. In one embodiment,
antisense polynucleotides are capable of reducing mRNA
levels for ECA1 by a factor of about 1.5 or more. In another
embodiment, the antisense polynucleotide 1s capable of
reducing the mRNA levels of 2 or more forms of ECA1 by a
factor of about 2 or more.

Therapeutic agents may be administered in a single dose or
in portions at various hours of the day. Imitially, a higher
dosage may be required and may be reduced over time when
the optimal 1nitial response 1s obtained. By way of example,
treatment may be continuous for days, weeks, or years, or
may be at intervals with intervening rest periods. The dosage
may be modified in accordance with other treatments the
individual may be recerving. However, the method of treat-
ment 1s 1n no way limited to a particular concentration or
range of the antisense polynucleotides or antibodies or func-
tional equivalents thereof and may be varied for each 1ndi-
vidual being treated and for each derivative used.

For therapeutic purposes, one of skill in the art will appre-
ciate that individualization of dosage may be required to
achieve the maximum effect for a given individual. One
skilled 1n the art will know the clinical parameters to evaluate
to determine proper dosage for the individual being treated by
the methods described herein. It 1s further understood by one
skilled 1n the art that the dosage administered to a individual
being treated may vary depending on the individuals age,
severity or stage of the disease and response to the course of
treatment. The formulation of therapeutic compositions and
their subsequent administration 1s believed to be within the
skill of those 1n the art. Dosing 1s dependent on severity and
responsiveness of the disease state to be treated, with the
course of treatment lasting from several days to several
months, or until a cure 1s effected or a diminution of the
disease state 1s achieved. Optimal dosing schedules can be
calculated from measurements of drug accumulation 1n the
body of the patient. Persons of ordinary skill can easily deter-
mine optimum dosages, dosing methodologies and repetition
rates. Optimum dosages may vary depending on the relative
potency of individual polynucleotides, and can generally be
estimated based on EC,s found to be etfective 1n 1n vitro and
in vivo animal models. In general, dosage 1s from 0.01 ug to
100 g per kg of body weight, and may be given once or more
daily, weekly, monthly or yearly, or even once every 2 to 20
years. Persons of ordinary skill in the art can easily estimate
repetition rates for dosing based on measured residence times
and concentrations of the drug 1n bodily fluids or tissues.

Following successiul treatment, 1t may be desirable to have
the patient undergo maintenance therapy to prevent the recur-
rence of the disease state, wherein the therapeutic agent 1s
administered 1n maintenance doses, ranging from 0.01 ug to
100 g per kg of body weight, once or more daily, to once every

[l
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20 years. Clinical parameters that may be assessed for deter-
mimng dosage include, but are not limited to, tumor size,
alteration in the level of tumor markers used 1n clinical testing
for particular malignancies. Based on such parameters the
treating physician will determine the therapeutically effective
amount to be used for a given individual. Such therapies may
be administered as often as necessary and for the period of
time judged necessary by the treating physician.

While it 1s possible for a therapeutic agent of the invention
(or functional equivalents thereol) to be administered 1n a
pure or substantially pure form, it 1s preferable to present it as
a pharmaceutical composition, formulation or preparation.

Pharmaceutical Compositions

The present invention also includes pharmaceutical com-
positions and formulations which include the polynucleotide,
polypeptide, antibody, APC or immune effector cell of the
ivention. The pharmaceutical compositions of the present
invention may be administered mn a number of ways,
described herein, depending upon whether local or systemic
treatment 1s desired and upon the area to be treated.

The formulations of the present invention, for both veteri-
nary and human use, comprise one or more of the therapeutic
agents together with one or more pharmaceutically accept-
able carriers and, optionally, other active agents or therapeu-
tic ingredients. The carrier(s) must be “acceptable” in the
sense of being compatible with the other ingredients of the
formulation and not deleterious to the recipient thereof. The
characteristics of the carrier will depend on the route of
administration. Such a composition may contain, 1n addition
to the one or more polynucleotides and carrier, diluents, fill-
ers, salts, butfers, stabilizers, solubilizers, and other materials
well known 1n the art. The formulations may be prepared by
any method well-known 1n the pharmaceutical art.

The therapeutic agents of the present invention can be
tformulated for parenteral administration, e.g., for injection
via the intravenous, intramuscular, sub-cutaneous, intratu-
moral or intraperitoneal routes. The preparation of an aque-
ous composition that contains a therapeutic agent alone or 1n
combination with another agent as active ingredients will be
known to those of skill in the art in light of the present
disclosure. Typically, such compositions can be prepared as
injectables, such as liquid solutions or suspensions. Solid
forms, that can be formulated into solutions or suspensions
upon the addition of a liquid prior to injection, as well as
emulsions, can also be prepared.

When oral preparations are desired, the component may be
combined with typical carniers, such as lactose, sucrose,
starch, talc magnesium stearate, crystalline cellulose, methyl
cellulose, carboxymethyl cellulose, glycerin, sodium alginate
or gum arabic among others.

In certain cases, the formulations of the invention could
also be prepared in forms suitable for topical administration,
such as 1n creams and lotions. These forms may be used for
treating skin-associated diseases.

Additional pharmaceutical methods may be employed to
control the duration of action. Controlled release preparations
may be achieved through the use of polymer to complex or
absorb the proteins or their derivatives. The controlled deliv-
ery may be exercised by, for example, selecting appropriate
macromolecules known 1n the art, incorporating the one or
more therapeutic agents either alone or in combination with
other active agents into particles of a polymeric matenal (e.g.,
polyesters, polyamino acids etc) or entrapping these materi-
als 1n microcapsules prepared, for example, by coacervation
techniques or by interfacial polymerization.

The term “‘pharmaceutically acceptable salts” refers to
physiologically and pharmaceutically acceptable salts of the
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compounds of the ivention: 1.e., salts that retain the desired
biological activity of the parent compound and do not impart
undesired toxicological effects thereto.

Pharmaceutically acceptable base addition salts are formed
with metals or amines, such as alkali and alkaline earth metals
or organic amines. Examples of metals used as cations are
sodium, potassium, magnesium, calcium, and the like.
Examples of suitable amines are N,N'-dibenzylethylenedi-
amine, chloroprocaine, choline, diethanolamine, dicyclo-
hexylamine, ethylenediamine, N-methylglucamine, and
procaine (see, for example, Berge et al., “Pharmaceutical
Salts,” J. of Pharma Sci1., 1977, 66, 1-19). The base addition
salts of said acidic compounds are prepared by contacting the
free acid form with a sufficient amount of the desired base to
produce the salt 1n the conventional manner. The free acid
form may be regenerated by contacting the salt form with an
acid and 1solating the free acid 1n the conventional manner.
The free acid forms differ from their respective salt forms
somewhat in certain physical properties such as solubility 1n
polar solvents, but otherwise the salts are equivalent to their
respective Iree acid for purposes of the present invention. As
used herein, a “pharmaceutical addition salt” includes a phar-
maceutically acceptable salt of an acid form of one of the
components ol the compositions of the mvention. These
include organic or inorganic acid salts of the amines. Addition
salts are acid salts such as the hydrochlorides, acetates, sali-
cylates, nitrates and phosphates. Other suitable pharmaceuti-
cally acceptable salts are well known to those skilled in the art
and 1nclude basic salts of a variety of inorganic and organic
acids, such as, for example, with 1norganic acids, such as for
example hydrochloric acid, hydrobromic acid, sulfuric acid
or phosphoric acid; with organic carboxylic, sulfonic, sulfo or
phospho acids or N-substituted sulfamic acids, for example
acetic acid, propionic acid, glycolic acid, succinic acid,
maleic acid, hydroxymaleic acid, methylmaleic acid, fumaric
acid, malic acid, tartaric acid, lactic acid, oxalic acid, glu-
conic acid, glucaric acid, glucuronic acid, citric acid, benzoic
acid, cinnamic acid, mandelic acid, salicylic acid, 4-ami-
nosalicylic acid, 2-phenoxybenzoic acid, 2-acetoxybenzoic
acid, embolic acid, nicotinic acid or 1sonicotinic acid; and
with amino acids, such as the 20 alpha-amino acids involved
in the synthesis of proteins in nature, for example glutamic
acid or aspartic acid, and also with phenylacetic acid, meth-
anesulfonic acid, ethanesulfonic acid, 2-hydroxyethane-
sulfonic acid, ethane-1,2-disulfonic acid, benzenesulfonic
acid, 4-methylbenzenesulioic acid, naphthalene-2-sulfonic
acid, naphthalene-1,5-disulfonic acid, 2- or 3-phosphoglyc-
erate, glucose-6-phosphate, N-cyclohexylsulfamic acid (with
the formation of cyclamates), or with other acid organic com-
pounds, such as ascorbic acid. Pharmaceutically acceptable
salts of compounds may also be prepared with a pharmaceu-
tically acceptable cation. Suitable pharmaceutically accept-
able cations are well known to those skilled 1n the art and
include alkaline, alkaline earth, ammonium and quaternary
ammonium cations. Carbonates or hydrogen carbonates are
also possible.

For polynucleotides, examples of pharmaceutically
acceptable salts include but are not limited to (a) salts formed
with cations such as sodium, potassium, ammonium, magne-
sium, calcium, polyamines such as spermine and spermidine,
etc.; (b) acid addition salts formed with 1norganic acids, for
example hydrochloric acid, hydrobromic acid, sulfuric acid,
phosphoric acid, nitric acid and the like; (¢) salts formed with
organic acids such as, for example, acetic acid, oxalic acid,
tartaric acid, succinic acid, maleic acid, fumaric acid, glu-
conic acid, citric acid, malic acid, ascorbic acid, benzoic acid,
tannic acid, palmitic acid, alginic acid, polyglutamic acid,
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naphthalenesulfonic acid, methanesulfonic acid, p-toluene-
sulfonic acid, naphthalenedisulionic acid, polygalacturonic
acid, and the like; and (d) salts formed from elemental anions
such as chlorine, bromine, and 10dine.

Regardless of the method by which the therapeutic agentof >

the mvention are mtroduced 1nto a patient, colloidal disper-
s1on systems may be used as delivery vehicles to enhance the
in vivo stability of the compounds and/or to target the com-
pounds to a particular organ, tissue or cell type. Colloidal
dispersion systems include, but are not limited to, macromol-
ecule complexes, nanocapsules, microspheres, beads and
lipid-based systems including oil-in-water emulsions,
micelles, mixed micelles, liposomes and lipid:polynucleotide
complexes of uncharacterized structure.

In one aspect, the pharmaceutical composition of the
invention may be in the form of liposomes in which the
synthetic polynucleotides of the mvention 1s combined, 1n
addition to other pharmaceutically acceptable carriers, with
amphipathic agents such as lipids which exist 1n aggregated
form as micelles, insoluble monolayers, liquid crystals, or
lamellar layers which are 1n aqueous solution. Suitable lipids
for liposomal formulation include, without limitation,
monoglycerides, diglycerides, sulfatides, lysolecithin, phos-
pholipids, saponin, bile acids, and the like. One particularly
usetul lipid carrner 1s lipofectin. Preparation of such liposo-

mal formulations 1s within the level of skill in the art, as
disclosed, for example, 1n Szoka et al. (1980) Ann. Rev.

Biophys. Bioeng. 9:467; U.S. Pat. Nos. 4,235,871,4,501,728,
and 4,8377,028; the text Liposomes, Marc J. Ostro, ed., Chap-
ter 1, Marcel Dekker, Inc., New York (1983), and Hope et al.
(1986) Chem. Phys. Lip. 40:89.

Kits

All the essential materials for detecting, monitoring or
treating ECA1 overexpression and for identitying anti-ECA1
therapeutic agents may be assembled 1n a kit or drug delivery
system. One or more of the therapeutic or diagnostic agents,
optionally 1n combination with other agents may be formu-
lated 1nto a single formulation or separate formulations. The
kits may turther comprise, or be packaged with, an instrument
for assisting with the administration or placement of the for-
mulation to a subject. Such an instrument may be an inhalant,
syringe, pipette, forceps, measured spoon, eye dropper or any
such medically approved delivery vehicle. Alternatively, the
container means for the formulation may 1tself be an inhalant,
syringe, pipette, eye dropper, or other like apparatus, from
which the formulation may be administered or applied to the
subject or mixed with the other components of the kit.

The components of the kit may be formulated 1n a variety
of ways. For example, the components of the kit may be
provided 1n one or more liquid solutions, the liquid solution
preferably 1s an aqueous solution. The components of these
kits may also be provided in dried or lyophilized forms. When
reagents or components are provided as a dried form, recon-
stitution generally 1s by the addition of a suitable solvent,
which may also be provided 1n another container means. In
one aspect the polynucleotides of the invention may be for-
mulated as liposomes by methods known in the art, as
described herein.

The kits of the mvention may also include an instruction
sheet defimng administration of the agents or methods for
detecting neoplastic cells. The kits of the present invention
also will typically include a means for containing the vials 1n
close confinement for commercial sale such as, e.g., injection
or blow-molded plastic containers into which the desired
vials are retained. Other instrumentation includes devices that
permit the reading or monitoring of reactions.
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The following examples 1llustrate various aspects of the
invention, but 1n no way are intended to limit the scope
thereof.

Materials and Methods

Differential Display Reverse Transcriptase (DDRT).
Paired tumor-normal samples of endometrial tissues to be
analyzed by DDRT were prepared by examining the gross
uterine specimen containing the tumor and carefully selecting
uninvolved normal endometrial tissue and foc1 of endometrial
carcinoma which were dissected, rapidly frozen liquid nitro-
gen, and examined histologically to confirm tissue homoge-
neity. DDRT was performed as described by Saffari (1998)
(Pathobiology, Umiv. Southern California, L. A., USA) (FIG.
1).

Northern Blot Analysis. In order to confirm the differential

expression of cDNAs 1solated by DDRT, 10 ug of total RNA
isolated from {fresh frozen specimens of normal ovary,
endometrium at various phases of menstrual cycle, endome-
trial carcinomas, and ovarian tumors were subjected to North-
ern blot analysis as described 1n Saffar1 (1998) supra. Expres-
sion of ECA1 1in normal human tissues (heart, brain, placenta,
lung, liver, skeletal muscle, kidney, pancreas, spleen, thymus,
prostate, testis, ovary, small intestine, colon) and peripheral
blood leukocytes (CLONTECH, Palo Alto, Calif.) was evalu-
ated with Northern blots containing 2 ug of Poly-A selected
RNA and p-actin was used as an internal control gene as
previously described 1n Sattari (1998) supra.

Isolation of ECA1 cDNA. Two approaches were utilized in
clonming ECA1 ¢cDNA. Rapid Amplification of ¢cDNA Ends
(RACE) utilizing the Marathon™ adapter-ligated human pla-
centa cDNA library (CLONTECH, Alameda Calif.) was used
(see Frohman, (1993) Methods Enz. 218:340-356) as
described 1n Marathon™ c¢DNA amplification kit protocol
and as described previously in Saffar1 (1998) supra. Since the
ECA1 RACE product was smaller 1n size than the predicted
ECA1l mRNA based on Northern blot analysis, a human
placenta ¢cDNA library in the AgtlO vector obtained from
American Type Culture Collection (ATCC, Rockville, Md.)
was screened with radiolabeled 5' RACE ECAI clone for
isolation of larger size cDNA clones. Approximately 2x10°
clones were screened under stringent conditions and the
hybridization positive clones were 1solated, rescreened to
ensure purity, and sequenced.

Isolation of ECA1 Genomic Clone. ECA1 genomic clones
were 1solated by screening a human bacterial artificial chro-
mosome (BAC) genomic DNA library (Research Genetics,
Huntsville Ala.) with an ECA1l probe (5' RACE-dertved
cDNA). BAC clones with strong hybridization signals were
subjected to sequence analysis using ECA1-specific primers
to confirm the 1dentity of the genomic clones.

DNA Sequence Analysis. Both manual and ABI PRISM
3’73 automated DNA sequencing system (Applied Biosys-
tems, Foster City, Calif.) were utilized for determination of
ECA1 sequence. Both sense and antisense strands were
sequenced. For manual sequencing, USB sequencing kit
(Amersham, Arlington Heights, I11.) was used. Sequence data
were analyzed using the MacDNASIS sequence analysis
software system (Hitachi, San Bruno, Calif.). To identity the
putative ECA1 open reading frame, MacDNASIS and NCBI
open reading frame (ORF) analysis programs were utilized.
ECA1 ¢cDNA and the deduced ECA1 amino acid sequence
were compared to GenBank™ (the NIH genetic sequence
database, an annotated collection of all publicly available
DNA sequences), and EMBL DNA and protein databases for
homology determinations using the Blast search programs as

described 1n Altschul et al. (1997) Nucl. Acids Res. 25:3389-




US RE44,024 E

29

3402. Prosite was used for determination ol consensus
sequences and pfam was used for the identification of con-
served protein domains.

Fluorescence 1n situ Hybrnidization (FISH). FISH was used
to 1dentily the chromosomal localization of ECAI1l as
described previously 1n Satfari, (1998) supra.

Southern Blot Analysis. A Southern blot filter containing 4
ug of EcoR I-digested genomic DNA from different eukary-
otic species {human, monkey (Rhesus), rat (Sprague-Daw-
ley), mouse (BALB/c), dog, bovine, rabbait, chicken and yeast
(Saccharomyces cerevisiae)} (CLONTECH, Alameda Calif.)
was probed with radiolabled ECA1 probe (RACE-derived
cDNA). The source of genomic DNA 1n human was placenta;
in chicken, the liver; and in the remaining mammals, the
kidney.

Detection and Isolation of ECAI1 partial cDNA Among,
Differentially Expressed mRNAs in Endometrial Carcinoma.
To detect and isolate genes differentially expressed 1n
endometrial carcinoma, the expression pattern of genes 1n
human proliferative endometrium was compared with the
pattern 1n endometrial carcinoma by DDRT. Among the PCR
amplified cDNA fragments, a partial cDNA amplified by
using the primer parr (d1)12VG (TTTTTTTTTTITTIVG)
(SEQ ID NO.: 3) and OP-DDRT1 (TACAACGAGG) (SEQ
ID NO.: 4) was expressed 1n endometrial carcinoma but not
identified 1n normal proliferative endometrial mRNA (FIG.
1). The partial cDNA recovered from the DDRT gel was
reamplified using the same primer pair as above and cloned
into a TA cloning vector. The partial cDNA was 2135 base pairs
in length.

Isolation and Characterization of ECA1 cDNA. An ECAI
cDNA (988 nucleotides long) was obtained using an adaptor-
ligated placenta cDNA library and RACE as described 1n
Saffari (1998) supra. Since this cDNA was significantly
shorter than the expected size of ECA1 mRNA as revealed by
Northern blot analysis, another approach was used to 1solate
tull-length ECA1 ¢cDNA. The RACE-derived ECA1 cDNA
was used as a probe to screen a human placental cDNA
library. This strategy yielded a cDNA 1830 nucleotides-long
(including a 28 nucleotides poly-A tail) which contained the
entire open reading frame of ECAL.

Identification of Sequences with Significant Homology to
ECAIL. The nucleotide sequence homology search of Gen-
Bank™ (the NIH genetic sequence database, an annotated
collection of all publicly available DNA sequences) database
identified two essentially identical genes, “LLOC147111” and
“OK/SW-CL.30”. LOC147111 1s a predicted gene located on
chromosome 17923.3. Its mRNA sequence was predicted
from NCBI contig NT 010845 by automated computational
analysis using gene prediction method (NCBI Annotation
Project) and the predicted sequence was further supported by
EST data. “OK/SW-CL.30” 1s a tumor antigen recognized by
tumor infiltrating cytotoxic T lymphocytes of colon cancer
patients. Its cDNA was 1solated from SW620 colon carci-
noma cell line. (Accession no. ABO62438). DNA sequence
homology search of GenBank EST database with ECAI
cDNA vielded nearly i1dentical matching cDNAs found 1n
placenta, pregnant uterus, pooled fetal liver/spleen, fetal lung
cDNA libraries as well as cDNA clones generated from small
cell carcinoma of the lung, metastatic chondrosarcoma, colon
carcinoma and seven pooled well differentiated adenocarci-
nomas.

Deduced Genomic Structure of ECA1 and Identification of
Single Nucleotide Polymorphisms. By comparing the ECA1
cDNA sequence to the genomic DNA sequence obtained
from GenBank™ (the NIH genetic sequence database, an
annotated collection of all publicly available DNA
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sequences ) database and employing the ‘AG-GT” rule to pre-
dict the exon/intron splice sites, the possible genomic orga-
nization of ECA1 (*LOC147111”) was elucidated which 1s

confirmed by the human genome annotation project (as of
May 13, 2002). E

ECA1 was found to contain 11 exons and 10
introns (FIG. 1B). ECA1 gene locus harbors two intronic
single nucleotide polymorphisms (T/A substitution) on con-
t1ig N'T 0108435 at positions 175821 in intron IX, and position
1’78556 1n intron VI. Furthermore, this cDNA sequence dii-
ters from LOCI147111. There 1s a G for T substitution at
position 174298 1n exon X on contig N'T 010845 resulting in
a change 1n amino acid from valine to leucine (see FIG. 2A).

Deduced Amino [AcidSequence] Acid Sequence of ECA1
and Putative Consensus Sequences. The deduced amino acid
sequence of ECAI 1s shown 1n FIG. 3. ECA1 encodes a 434
amino acid-long protein with a predicted molecular weight of
approximately 49 kDa. The ECAl deduced amino acid
sequence differs from LOC147111 predicted protein
sequence at amino acid 340. ECA1 encodes a valine and
LLOC14°7111 encodes a leucine. This difference 1n sequence
ol a conserved amino acid 1s predicted to represent a poly-
morphism. OK/SW-CL.30 predicted amino acid sequence 1s
identical to ECA1 and LOCI147111 but 1t 1s eighty amino
acids shorter at the N-terminus and it uses the methionine at
position 81 for mitiation of translation. Similar to ECAI1, 1t
encodes a leucine at amino acid position 340. ECA1 encoded
protein 1s rich in serine/threonine amino acid residues with
nine consensus protein kinase C (PKC) phosphorylation
sites, nine casein kinase II (CK-2) phosphorylation sites, and
a tyrosine kinase phosphorylation site (see FIG. 3). ECAl
also harbors bipartite nuclear targeting sequence 17 amino
acids long from amino acid 230 to 246 (see FIG. 3). ECAI
also contains nine N-myristoylation consensus sites but none
are located at the N-terminus. A glycine residue at position 42
may potentially become myristoylated 11 additional N-termi-
nus posttranslational processing occurs. ECA1l also has a
putative N-glycosylation site, Asn 34 (see FIG. 3).

ECA1 Encodes a Protein Highly Homologous to a Protein
Involved 1n Drosophila melanogaster Wing Development
with Structural Similarity to Pectin Acetylesterase. ECAI
deduced amino acid sequence 1s significantly homologous to
wingful also known as Notum protein of Drosophila [melo-
nogaster] melanogaster (F1G. 4A) and agCP6173 predicted
protein ol Anopheles gambiae. In the region with a high
degree of alignment, as shown in FIG. 4A, ECA1 has a 46%
sequence 1dentity and a 63% sequence homology with wing-
ful/Notum protein. Similarly, ECA1 has a 43% sequence
identity and a 63% sequence homology with an Anopheles
gambiae hypothetical protein. The conserved domain homol-
ogy search using [pfam] Pfam revealed 63.5% alignment to
pectm acetylesterase (PAE) 1n the 244 amino acids long
region, see FIG. 4C. Similar to wingful/Notum and PAE,
ECAT1 harbors the ¢/ hydrolase consensus active site motif
G-X-S-X-G (see FIG. 3) also known as “nucleophile elbow”™
(Nardine et al. (1999) Curr. Opin. Struct. Biol. 9:732-737).
The conserved Ser 170 of the nucleophile elbow, 1n addition
to Asp 278 and His 327 equivalents 1n wingful/Notum are
predicted to form the catalytic active sites (see Giraldez, et al.
(2002) Dev. Cell. 5:667-676).

Overexpression of ECA1 1n Endometrioid-type Carcino-
mas of Endometrium and Ovary. Northern blot analysis was
performed to examine the expression of ECA1 1n sporadic
endometrial carcinomas as well as proliferative, secretory
and atrophic-endometrium (see FIG. 4). ECA1 mRNA was
not detected 1n normal endometrium however, 5 019 sporadic
endometrial carcinomas showed ECA1l expression. ECAl
was not uniformly expressed among the five tumors showing
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ECA1 expression. Three endometrnial carcinomas showed
low levels, one showed moderate levels and one showed high
levels of ECA1 mRNA expression as assessed by Northern
blot. Similarly, both normal ovary and a series of ovarian
tumors of different histologic-type were examined for expres-

sion of ECA1 by Northern blot analysis. ECA1 was highly

expressed 1in 2 of 4 endometrioid-type ovarian carcinomas.
ECA1 mRNA was not detected 1n a normal ovary, a benign
Brenner type ovarian tumor, a sarcoma, a clear-cell carci-

noma or i1n 9 serous-cell ovarian carcinomas.
High-levels of ECA1 mRNA 1n Placenta and the Lack of

Expression in the Majority of Normal Human Adult Tissues.
Poly-A selected RNA from multiple human adult tissues and
placenta were examined for expression of ECA1 mRNA.

Only placenta expressed significant levels of ECA1 mRNA
and this expression was very high (see FIG. 7). In contrast,

among adult tissues only skeletal muscle, liver, and testis
showed detectable, low levels of ECA1 mRNA as demon-
strated by weak signals on poly-A selected Northern blot
exposed for a period of 13 days. No expression was detected
in heart, brain, lung, kidney, pancreas, spleen, thymus, pros-
tate, ovary, small intestine, colon and peripheral blood leuko-
cytes. (see FIG. 7).

Possible Conservation of ECA1 Gene Among Simple and
Complex Eukaryotic Organisms. Southern blot analysis of
DNA derived from human, monkey, rat, mouse, rabbit, cow,
dog, chicken, and yeast was performed using 5' RACE ECA1
cDNA fragment under stringent hybridization conditions to
determine whether ECAT 1s evolutionarily conserved among
cukaryotic organisms (see FIG. 8). Strong hybridization sig-
nals were detected 1n all orgamisms. The assertion that ECA1
1s evolutionarily conserved 1s further supported by identifica-
tion of a highly homologous cDNA clone found 1n an 8-day-
old mouse embryo cDNA library, a highly homologous cow
cDNA and ECA1 significant amino acid sequence homology
to wingtul/Notum.

Localization of ECA1 to the Distal End of the Long Arm of
Chromosome 17 (17923.3). Fluorescent labeled ECAI
genomic clone was used to identify the location of ECAI
gene on twenty metaphase chromosome spreads of human
lymphocytes. The gene was localized to the telomeric region
of the long arm of chromosome 17g25.3, shown as two fluo-
rescent signals (FIG. 9) on the telomeric region of the long
arm of chromosome 17. In a dual fluorescent labeling experi-
ment, the location of ECA1 to chromosome 17 was confirmed
by colocalization of a chromosome 17-specific alpha satellite
centromere probe, and ECA1 genomic cosmid probe (FIG.
9). The localization of ECA1 1s confirmed by sequence analy-
s1s of the human genome database.

Identification Of Putative TCF/Lymphocyte Enhancing
Factor (LEF) DNA Binding Sites In ECA1 Promoter Region.
The putative promoter region of ECA1 (3' flanking region of
LOC147111, GI: 22064811) was examined for the presence
of putative TCE/LEF DNA binding sites. Three putative TCFE/
LEF consensus DNA binding sites (53'-[T/A][T/A]JCAAAG-
3" (SEQ ID. NO.: 5) were 1dentified. ECA1 also harbors a
pair of 1dentical 15  base-pair long (5'-TCC
CAAAGTGCTG-3Y) (SEQ ID NO.: 6) elements in the pro-
moter region, which contain a portion of putative TCF/LEF
DNA binding sequence (underlined).

DISCUSSION

Comparative gene expression strategies are powertul tools
to 1dentity and isolate genes associated with gynecologic
malignancies. DDRT was used to 1dentily genes selectively
up regulated in endometrial cancer relative to proliferative
endometrium.

ECA1l showed an expression pattern limited to
endometrioid carcinomas and normal placenta. ECA1 was
overexpressed 1n about 50% of endometrioid-type carcino-
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mas of ovary and endometrium. Furthermore, benign ovarian
tumors, clear-cell carcinoma, serous-cell carcinoma and
mucinous ovarian carcinomas lacked ECA1 expression.
Similar to many proto-oncogenes, ECAl was highly
expressed 1n malignant tissues but was not expressed 1n the
normal tissue counterpart. ECA1 expression was not detected
in normal proliferative endometrium by Northern blot analy-

sis and RT-PCR, however EST database does indicate that
ECA1 ¢cDNA is detected 1in pregnant uterus. Likewise ECAl

mRNA was not detected 1n normal ovary by Northern blot
analysis of total and poly-A selected RNA. The only normal
adult tissue with substantial expression of ECAl was pla-
centa. Two essential characteristics of malignancy, tissue
invasion and induction of de novo angiogenesis, are features
shared with placenta. Moreover, ECA1 also may be expressed
in other types of malignancies including colon carcinoma,
small cell lung carcinoma and metastatic chondrosarcoma
based on GenBank™ EST database (the NIH genetic
sequence database, an annotated collection of all publicly
available DNA sequences). This notion 1s further supported
by the fact that ECA1 1s essentially identical to a colon car-
cinoma tumor antigen (OK/SW-CL.30) recognized by infil-
trating cytotoxic T lymphocytes suggesting a possible role in
other malignancies.

The OK/SW-CL.30 ¢cDNA 15 124 base pairs shorter than
ECA1 cDNA and it appears to lack a portion of exon I har-
boring the initiation codon and the predicted amino acid
sequence 1s 1dentical to ECAI1 but 1t 1s eighty amino acids
shorter at the N-terminus and it 1s predicted to use codon 81
for initiation of translation. Since OK/SW-CL.30 cDNA 1s
obtained from colon adenocarcinoma one may speculate that
OK/SW-CL.30 may represent a “truncated” ECA1 with pos-
sible altered function.

The predicted ECAl-encoded protein contains multiple
PKC phosphorylation sites, CK-2 phosphorylation sites and a
tyrosine kinase phosphorylation site suggesting participation
in signal transduction. Protein kinase C appears to mediate
the mitogenic activity of epidermal growth factor in endome-
trial cancer (Connor (1997) Gynecol. Oncol. 67:46-50) and
the mitogenic activity of endothelin 1 1n ovarian cancer (Bag-
nato et al. (1997) Cancer Res. 57:1306-1311). There are mul-
tiple myristoylation consensus sequences 11 ECA1 but none
are located at the N-terminus. A glycine residue at position 42
may potentially become myristoylated 11 additional N-termi-
nus posttranslational processing occurs. ECA1 also harbors a
nuclear targeting sequence suggesting possible function
within the nucleus; however, similar to wingiul/Notum,
ECA1 may harbor a putative signal sequence in the N-termi-
nus. ECAI1 also has a putative N-glycosylation site at Asn 34.

(Given the conservation of canonical Wingless/Wnt signal
transduction pathway between Drosophila and vertebrates
and ECA1 high degree of homology with wingiul/Notum, 1n
one aspect, this invention provides methods to mediate com-
parable functions to Wingless/Wnt activity. The Wnt/Wing-
less pathway 1s evolutionarily conserved among Drosophila
and vertebrates (Cadigan et al. (1997) Genes Dev. 11:3286-
3305 and Morin (1999) Bio Essays 21:1021-1030). This path-
way plays a key role 1n embryogenesis, morphogenesis and
organ development (Cadigan et al. (1990) supra) including
temale reproductive tract (Heikkila et al. (2001) J. Exp. Zool-
ogy 290:616-623). Multiple Wnt signaling pathways have
been 1dentified (Peifer et al. (2002) Cell 109:2°71-2774). In the
canonical Wnt signaling pathway, Wnt/Wingless interacts
with 1ts transmembrane receptor Frizzled which 1n turn acti-
vates Disheveled. Disheveled down-regulates the activity of
Shagey/GSK3pB (glycogen synthase kinase 3) ultimately
resulting in stabilization of cytoplasmic p-catenin/ Armadillo.
3-catenin forms a complex with the TCF and LEF family of
transcription factors (Clevers et al. (1997) TIG 13:485-489)

to 1induce expression of target genes including cyclin D1
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(Shtutman et al. (1999) PNAS 96:5522-5527), c-MYC (He et
al. (1998) Science 281:1509-1512), and MMP-7 (Crawiord et
al. (1999) Oncogenes 18:2883-2891). In malignancy, [3-cate-
nin may become stabilized and activated as a result of muta-
tions 1 adenomatous polyposis coli (APC) (Fujita, M. et al.

(1993) Int. J. Cancer 64:361-366), AXIN I (King, B. L. et al.
(1993) Br. 1. Cancer 72:376-382), or AXIN II (Risinger, J. 1.,

et al. (1993) Cancer Res. 53:5100-5103), which normally
form a complex with [3-catenin and target 1t for phosphoryla-

tion and destruction. 3-catenin becomes stable as a result of 10

mutations in B-catenin [scrine] serine/threonine phosphory-
lation sites preventing 1ts phosphorylation by GSK3f3
(Cheng, J. Q. etal. (1992) PNAS 89:9267-9271 and Fujita, M.
et al. (1993) supra) and degradation by proteasome. Mem-

brane-bound HSPGs have also been found to mediate the
activity of Wnt/Wingless signaling cascade (Palacios, J. &

Gamallo, C. (1998) 58:1344-1347; and Fukuchi, T. et al.
(1998) 38:3526-3528) and these molecules play a significant
role 1in malignant phenotype (Saegusa, M. & Okayasu, I.

(2001) 1. Pathol. 194:59-67).
A proposed model of the ECA1 role 1n the Wnt pathway 1s

shown in FIG. 10. ECA1 can function as a target of [3-catenin/
TCF transcription complex. ECA1 promoter region which
contains three putative TCE/LEF consensus DNA binding
sites. Furthermore, wingful/Notum expression was induced

by ectopic expression of constitutively active armadillo, the
3-catenin homolog in Drosophila (Link, C. et al. (1996)

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 13
<210> SEQ ID NO 1

<211> LENGTH: 434

«212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

15

20

25

34

Gynecol. Oncol. 60:347-354). In carcinomas with [-catenin
deregulation including the endometrioid-type uterine and
ovarian carcinomas, a substantial proportion are expected to
show ECAI1 overexpression. Interestingly, approximately
40% of ovarian endometrioid carcinomas show [3-catenin

deregulation (Wu, R. et al. (2001) Cancer Res. 61:8247-
8255), which 1s similar to the percentage of cases with ECA1
overexpression reported 1n this study. Based on the structural
similarity of wingfiul/Notum to o/ hydrolase family of
enzymes and the ability of wildtype and not the mutant wing-
ful/Notum to modity the Drosophila glypicans Dally and
Dally-like based on immunoblots, 1t has been suggested that
wingful/Notum may act as an hydrolase by removing the
acetyl groups from N-acetylglucosamine of glycosoami-
noglycans (Link, C. I. et al. (1996) supra). Moreover, the
phylogenetic analysis of the predicted mouse and human
proteins homologous to wingful/Notum by Giraldez et al. has
revealed that these genes are orthologs with likely similar
functions (Link, C. J. et al. (1996) supra). Thus, ECA1 also
modulates the Wnt activity and contribute to malignant phe-
notype by enzymatically modifying the HSPGs. Interest-
ingly, the expression of GPC3, a member of glypican family,
1s lost 1n a large number of ovarian cancer cell lines possibly
as a result of hypermethylation of promoter elements and
ectopic expression of GPC3 reduces the colony-forming

activity 1n these cell lines (Moreno-Bueno, G. et al. (2001)
Diag. Mol. Path. 10:116-122).

Met Asp Ser Phe

1

Pro

Leu

Leu

Val

65

Met

Thr

Ala

Ala

Tle

145

Ala

Leu

Cvys

Asn

Lys

50

Trp

Arg

Gly

Asn

Ser

130

Tle

Leu

Ser
Thr
35

Glu

ATYg

Tle

Met

115

Ser

Gln

Val

AsSn

Ala
20

Ser

Ser

Leu

Leu

100

Val

Glu

Leu

Val

Met

Gln

Val

Arg

Phe

Met

85

Ser

Phe

Ser

Val

Leu
165

ASp

Ala

Gln

Thr

Gly

Agn

70

Ser

Ser

Ile

Glu

Val

150

Leu

ATrg

Gln

Leu

Ser

55

Arg

Ser

Gln

Pro

Lys

135

Arg

Ala

Val

Val

ASn

Asn

40

Glu

Arg

Pro

Tyr

120

Asn

Glu

Gly

Ala

Glu

25

ASpP

Arg

ASn

ASpP

Glu

105

Glu

Leu

Ser

Glu

Ser
10

ASp

Gly

Trp

Trp
S50

Glu

Ser

Leu

Ser
170

Gln

Leu

Leu

Ser

Leu

ASDP

75

Pro

Agn

Ser

Ala

Gly

155

2la

Leu

Ala

Pro

Leu

60

Ser

ATg

Pro

ASP

Phe

140

ATrg

Gly

Glu

Gln

Leu

2la

45

Phe

Arg

Thr

Val
125

Met

Gly

Gly

Ser
His
30

Gly

Leu

ATg

Trp

110

Trp

Gly

Leu

Thr

Leu

Leu
15

Leu

Glu

ASp

Thr
o5

Trp

Ser

Ala

Ser

Gly
175

Gly

Leu

Ala

Thr
80

Gly

Asn

Gly

Leu

Gly

160

Val



Pro

ASh

Pro

225

Pro

Phe

Val

Leu

Leu

305

Ala

ASp

ASpP

Gly

Pro

385

Val

Gln

Gly

ala

Lys

210

Thr

Glu

Phe

Gln

Thr

290

Gly

Pro

Val

Arg

Cys

370

Ser

2la

Pro

Ser

Ile

195

Gln

Glu

Arg

Gly

Trp

275

Gly

ATrg

Ala

Gln

Ser

355

Pro

Gln

Gln

180

Gln

Ala

Tyr
260

Leu

Gln

Glu

Leu
340

Leu

Val

Pro

Phe

Gly
420

Val

Tle

Arg

245

Phe

Pro

Leu

Leu

325

His

Hig

Thr

Leu

405

Leu

ATg

His

ATrg

230

ATrg

Vval

ASpP

Val

ATrg

310

Ser

Gly

ASpP

Leu

Val

390

Met

Glu

35

Gly
Thr
215

Arg

Gln

Glu
Gln
295
Hisg
Hig
Thr
Ser
Val
375
Arg

His

Pro

Leu

200

ASpP

Gly

Phe

Pro

2la

280

Glu

Thr

Glu

Ser

His

360

ASP

ASP

Met

Ser

185

Ala

Tle

Gln

Thr

265

Gln

Gly

Leu

Ile

Leu

345

Ser

Gln

Gly

Glu
425

ASpP

Val

Glu
250

Leu

Leu

Leu

Ile
330

Pro

2la

Phe

Phe
410

Leu

Ser

ASpP

Tyr

235

Gly

Arg

Thr

ATy

ASpP

315

Ile

ATrg

Ser

Pro

Thr
395

ASDP

Leu
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Gly
Thr
220

Trp

Glu

Val

Leu

300

Val

ATYJ

Ala

Trp
380
Gly

Met

Gly

Trp

205

ITle

ASn

Glu

Pro

Asp

285

Pro

Ser

Leu

Thr

365

Pro

Gln

Gln

Met

190

Phe

Thr

Gly

Trp

Val

270

Agn

Tle

Ala

Hig

His

350

Pro

Hig

Glu

Thr

Leu
430

Leu

Val

AgSh

255

Phe

Val

Gln

Ser

Trp

335

Leu

Met

Val
415

Ser

ASpP

Ala

Val

240

Val

His

Agh

Phe
320
Thr

Trp

Agn
Agn
400

2la

Agh

<210>
<21l>
<212>
<213>
<400>
cggccggaca
acagcttcat
agctcaacga
gcagccccgce
tggaagccgt
ggcgcctcat
cacagccgga
ccagtgatgt
gcgccctcecat
aggtgctgcet
gtgtggctga

actccggcetyg

SEQ ID NO 2
LENGTH :
TYPE :
ORGANISM: Homo saplens

1829
DNA

SEQUENCE: 2

gcecegtggag

ggcgcaagtc

ggacctgcgc

cggctactac

ctggtactgc

gagctccoccgyg

ggagaacccc

ttggagcggyg

catccaggag

gctggeceggy

gcagctggag

gttcctggac

agcttcoccgc

aagagcctygy

ctgcacctcce

ctgaaggagt

ttcaaccygcy

gactggccgc

tactggtgga

gcttcatcca

gtggtgcggyg

agcagcygceygy

aagctgggcet

aacaagcagt

tggacttcac

cgcagtccect

tactcaacac

ccagygyygcady

agaactgcga

gcactcgcac

acgcaaacat

agtctgagaa

agcttcotggy

ggggcaccyy

acccagccat

atcgccacac

ggccgtggag

gtacccctygce

ctcggtgacce

ccggeggtgyg

ctccagatac

aggcacadydyy

ggtcttcatc

gaacgagtac

cagagggctg

ggtgctcctyg

ccaggtgcga

agactgcgtc

ggtaacatgyg

tcecgegecage

tgcaacgacy

ctcctcecttcece

gacaccatgc

atcctgtcect

ccctactgct

gccttcatgyg

Agcydygyygcca

aatgtggacc

ggcctggctg

gacacgatca

60

120

180

240

300

360

420

480

540

600

660

720

36



cgtgcgcegcec
agcgctgcecy
tctacccgac
tgacggtgga
tccagaacct
ccgectgect
ggacgtcgct
ccagcaagac
actgcaaccc
cccagttcect
agcccagtga
agccggcact
ggccctoccy
gccctactge
gctgtcatcce
gaagcactgg
cCcCcttttata

aataagaata

cdaaaadadadaa

cacggagygcc

acgccagttc

cctgecgetgc

caacgtgcac

cggocgcgadg

ctcccatgayg

gcccoccgagcea

ccececctecaag

ctcatgcccc

catgcacatyg

gctgetgggyg

gagdgygygccca

tctectteggy

cceggetttc

ccatctgtgy

attcctcagt

CCattttata

tatgatgaat

dddadaadadaddadaa

<210> SEQ ID NO 3
<211> LENGTH: 14

<212> TYPERE:

DNA

37

atccgcecegtyg
caggagdgcy
cctgtgtteg
ctgacggggc
ctgcgccaca
atcatcatcc
ctgcactgct
ggctgccecoccy
accgtccgag
ggcttcgaca
atgctgagca
gacacccgct
acagggcacc
cctgeccectce
cctgggggtc
ccaccagctc
aagtgacttt
gatattgttt

ddaaaaddadd

<213> ORGANISM: Homo sapilens

<400> SEQUENCE: 3

CCCCCCLELLE

ttvg

<210> SEQ ID NO 4
<211> LENGTH: 10

«212> TYPE:

DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

tacaacgagy

<210> SEQ ID NO b5
<211> LENGTH: 7

<212> TYPERE:

DNA

<213> ORGANISM: Homo sapilens
<220> FEATURE:
<221> NAME/KEY: misc_binding
222> LOCATION: (1)..
«<223> OTHER INFORMATION: TCF/LEF consengus DNA binding sites

<400> SEQUENCE: 5

wwcaaad

<210> SEQ ID NO o
<211> LENGTH: 13

«212> TYPE:

DNA

- (7)

<213> ORGANISM: Homo sapiens
<220> FEATURE:
«221> NAME/KEY: misc_binding

gcatcaggta

aggagtggaa

tggtgcagtg

agccggtgcea

cactcaagga

ggagccactyg

gggacaggay

tccacctggt

accagttcac

tgcagacggt

acggaagcta

gcaccagtgc

agccgtcececc

tcccacagcc

cttcctgaca

agacagcacc

Cttattactt

tgtaactttt

US RE44,024 E

-continued

ctggaacggg

ctgcttettt

gctgtttgac

ggagggcectg

cgtgcaeggec

gacggatgtc

cctceccatgac

ggacagctgc

Jgggdgcaagag

ggcccagcecy

ggcagactgt

cacctcaccc

cctgtetggy

cagccagaga

acgaggggdt

caccggceccce

Caatttttta

taaaaatgat

gtggtcccegg
ggctacaagg
gaggcacagc
cggctgtaca
agctttgccc
caggtgaagg
agccacaagyg
ccetggeccc
atgaacgtgyg
cagggactgg
ctggaggadyg
cacaccagca
tatgctcact
caagggacct
agccagaaga
acccatcaag
aaaaaaggaa

tttaaagaga

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

18295

14

10

38
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-contilnued
222> LOCATION: (1) ...(13)
<223> OTHER INFORMATION: ECAl also harbors a pair of identifical 15 base
pair line elements in the promoter region, which
containsg a portion of the putative TCF/LEF binding
sequence.
<220> FEATURE:
<221> NAME/KEY: misc_binding
<222> LOCATION: (4)...(8)
«223> OTHER INFORMATION: TCF/LEF DNA binding sequence

<400> SEQUENCE:

tcccaaagtg ctg

<210>
<211>
«212>
<213>
«220>
<221>
<222>
<223 >

PRT

<400> SEQUENCE:

6

SEQ ID NO 7
LENGTH: 5
TYPE :
ORGANISM: Homo saplens
FEATURE:
NAME /KEY: VARIANT
LOCATION:
OTHER INFORMATION: Xaa

2,

v

Gly Xaa Ser Xaa Gly

1

<210>
<211>
«212>
<213>

<400>

PRT

SEQUENCE :

Leu Leu Asn Thr

1

Tyr

Ala

Thr

Gly

65

Asn

Gly

Leu

Gly

Val

145

ASP

Ala

Val

Leu

Val

Met

50

Thr

2la

Ala

Tle

ala

130

Leu

Pro

Agn

Pro

Pro
210

Phe

Lys

Trp

35

Gly

Agn

Ser

Tle

115

Leu

Ala

Thr
195

Glu

Phe

Glu

20

ATy

Tle

Met

Ser

100

Gln

Val

Agn

Tle

Gln

180

Glu

ATg

Gly

5

SEQ ID NO 8
LENGTH :
TYPE :
ORGANISM:

407

Homo

Ser

Ser

Leu

Leu

Val

85

Glu

Leu

Vval

Gln

165

Ala

= Any Amino Acid

sapilens

Val

ATrg

Phe

Met

Ser

70

Phe

Ser

Val

Leu

ASpP

150

Val

ATg

Tle

ATg

Thr

Gly

Asn

Ser

55

Ser

Ile

Glu

Val

Leu

135

Arg

Arg

Hig

Arg

Arg

215

Val

Ser

ATrg

40

Ser

Gln

Pro

ATrg

120

Ala

Val

Gly

Thr

ATrg

200

Gln

Agn
Arg
25

Glu

Pro

AgSh

105

Glu

Gly

Ala

Leu

ASP

185

Gly

Phe

Pro

ASpP

10

Arg

Agn

ASp

Glu

Cys

50

Glu

Leu

Ser

Glu

2la

170

Tle

Gln

Thr

Gly

Trp

Trp
Glu

75

Ser

Leu

Ser

Gln

155

ASpP

Val

ATrg

Glu

Leu

Ser

Leu

ASpP

Pro

60

ASn

Ser

Ala

Gly

Ala

140

Leu

Ser

ASP

Gly
220

AYg

Pro

Leu

Ser

45

Arg

Pro

Asp

Phe

Arg

125

Gly

Glu

Gly

Thr

Trp

205

Glu

Ala

Phe
30

ATrg

Thr

Val
Met
110

Gly

Gly

Trp
Ile
190

Agn

Glu

Pro

Gly
15

Leu

Arg

Trp

Trp

55

Gly

Leu

Thr

Leu

Phe

175

Thr

Gly

Trp

Val

Glu

ASp

Thr

Trp

80

Ser

Ala

Ser

Gly

Gly

160

Leu

Val

Agn

Phe



225

Val

His

Agn

Phe

Thr

305

Trp

Ser

Gln

Gly
385

Glu

Val

Leu

Leu

2la
290

ASp

ASpP

Ala

Phe
370

Phe

Leu

Gln

Thr

Gly

275

Pro

Val

ATrg

Ser

Pro

355

Thr

ASP

Leu

Trp

Gly

260

ATrg

Ala

Gln

Ser

Lys

340

Trp

Gly

Met

Gly

Leu
245
Gln

Glu

Leu

Leu

325

Thr

Pro

Gln

Gln

Met
405

<210> SEQ ID NO 9

<211> LENGTH:

«212> TYPERE:

<213>

PRT

<400> SEQUENCE:

Leu Ala Asn Thr

1

Tyr

Gly

ATrg

Val

65

Agn

Gly

Phe

Val

Ser

145

Phe

ASP

Ala

Leu

Gly

Leu

50

Gly

2la

Thr

Met

Gly

130

ala

Leu

Ser

Ser

Arg

Trp

35

ATrg

Gly

Agn

ATg

Gly

115

Leu

Gly

Val

Gly

Agn

Lys

20

His

His

Tle

His

Thr

100

Ala

Gly

Gly

Agn

Trp

180

Glu

414

ORGANISM: Homo

5

Ser
5

His

Leu

Leu

Vval

85

Glu

Leu

Met

Glu
165

Phe

Ala

230

Phe

Pro

Leu

Leu

Lys

310

His

Pro

Hisg

Glu

Thr

390

Leu

41

Asp
Val
Arg
Ser
295
Gly

Asp

Leu

Met
375

Val

Ser

Glu

Gln

His

280

His

Thr

Ser

Agn
360

Agn

Ala

saplens

Tle

Pro

Phe

Met

Ser

70

Leu

Pro

Tle

Val

Gly

150

Leu

Val

Thr

Ser

AsSp

Thr

55

Pro

Tle

Asp

Leu

Pro

135

Val

Asp

Arg

Ser

Val

40

Ser

His

Pro

Thr

Arg

120

Gly

Met

Leu

ATy

Gln

Ala

Glu

265

Thr

Glu

Ser

His

Gly

345

Pro

Val

Gln

Agn

Lys

25

Ser

Pro

Ser
105

Gln

Gly

Leu

Gln

Glu
185

Gly

Gln

250

Gly

Leu

Tle

Leu

Lys

330

Ser

ala

Pro

ASp

10

Ser

Gln

Glu

Cys

90

ASpP

Val

Glu

Agn

Tle

170

Pro

Trp

235

Leu

Leu

Tle
Pro
315

Ala

Pro

Gln

Gln
395

Gly

Trp

Trp

Glu
75

Ser

AYg

Tle

Leu

Leu

155

Thr
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Thr

ATrg

ASp

Tle

300

ATYg

Ser

Val

Pro

Phe

380

Gly

Ser

Tle

AYg

Pro

60

Agnh

Ser

Glu

Ala

Met

140

ASP

Val

Thr

Leu

Val

Leu

Val

285

Arg

Ala

His
Thr
365

Leu

Leu

His

Val

Ser

45

Glu

Pro

Asp

Asn

Glu

125

Leu

Arg

Arg

Pro

Trp

ASP

Tyr

270

Pro

Ser

Leu

Thr

Leu

350

Val

Met

Glu

Ala
Leu
30

ATrg

Thr

Ser

Ser

110

Leu

Val

Ile

Gly

Ala
190

Gln

Agn

255

Tle

2la

His

His

Pro

335

Val

Arg

Hig

Pro

Gly

15

Leu

Trp

Arg

Trp

Trp

o5

Trp

Tle

Gly

ATrg

Val

175

2la

Gly

240

Val

Gln

Ser

Trp

Cys

320

His

ASp

ASp

Met

Ser
400

Phe

Glu

Met

ASpP

His

80

Ser

ATrg

Pro

Ser

ASpP

160

Ser

Val

Leu

42



Leu

Tyr

225

Phe

Ala

Ala

Tle
305

Thr

ATg

Met

Leu
385

Leu

Pro
210

Tyr

Gln

Pro

Leu

Ile

290

ASp

Arg

Val

Ser

Thr
370

ASpP

Agn

195

Glu

Gly

Trp

Val

Arg

275

Gly

ASP

Ser

Pro

Trp

355

Gly

Ile

Agn

Glu

Leu

Thr

260

Ser

His

Tle

ATg

ATJg

340

Pro

Glu

Glu

Met

Phe

245

Pro

Ser

Gly

Ser

Arg

325

Val

Gln

Glu

Ala

Glu
405

<210> SEQ ID NO 10

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Leu Arg Leu His

1

Ser

Leu

ASp

Pro

65

Agn

Ser

Ala

Gly

Ala
145

Leu

Pro

Leu

Ser

50

ATy

Pro

ASpP

Phe

ATrg

130

Gly

Glu

Ala
Phe
35

ATrg

Thr

Val
Met
115

Gly

Gly

Gly
20

Leu

ATJg

Trp

Trp

100

Gly

Leu

Thr

Leu

410

Homo

10

Glu

AsSp

Thr

Trp

85

Ser

Ala

Ser

Gly

Gly

Thr

Leu
230

ASpP

Gln

Leu

Val

Leu

310

Hisg

Pro

Met

Val
290

ATrg

43

Lys
215
Glu
Gln
Asp
Leu
295
Pro
AsSp
Glu
AgSn
Arg
375

Ala

Thr

200

Ser

Pro

2la

Trp

Agn

280

Phe

Ser

His
260
Phe

Ala

Glu

saplens

Leu

Ala

Thr

Gly

70

Agn

Gly

Leu

Gly

Val
150

Leu

Leu

Val

Met

55

Thr

bAla

Ala

ITle

Ala

135

Leu

Pro

Agn

Trp

40

ATrg

Gly

Agn

Ser

Ile

120

Leu

2la

Thr

Gln

AgSh

265

Val

Ala

Leu

Cys

345

Ser

Leu

Ala

Leu

Thr

Glu

25

ATrg

Ile

Met

Ser

105

Gln

Val

Agn

Tle

Pro

Leu

Met

250

Ser

Arg

Leu

Lys

330

Gly

Glu

Leu

Val
410

Ser
10

Ser

Leu

Leu

Val

90

Glu

Leu

Val

Gln

Thr

Lys

235

Arg

Tle

Ala

ASDP

ATy

315

ATrg

Leu

Pro

Leu

Gly

395

Agnh

Val

ATYg

Phe

Met

Ser

75

Phe

Ser

Val

Leu

ASDP

155

Val
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Glu

220

Thr

Val

His

Val

Trp

300

Ser

ATYJ

Thr

Leu

380

Val

Met

Thr

Gly

Agnh

Ser

60

Ser

Tle

Glu

Val

Leu

140

AYg

AYg

205

Pro

Pro

Asp

Glu

Phe

285

Val

Trp

Thr

Leu

Leu

365

Thr

Asp

Leu

ser
Arg
45

Ser

Gln

Pro

Arg
125
Ala

Val

Gly

Trp

Leu

Agn

Met

270

Ala

Agn

Glu

Glu

Leu

350

Thr

Ala

Met

Thr

Agn

ATg

30

Glu

ATrg

Pro

Agn

110

Glu

Gly

Ala

Leu

ATy

Phe

Val

255

Gly

Pro

Ile

His

Pro

335

Glu

Agn

Phe

Hig

ASP

15

Arg

AgSh

ASP

Glu

Cys

o5

Glu

Leu

Ser

Glu

2la

Val
240
Gly

Gly

Ser

Ser

320

His

ATrg

Pro

Gly

Thr
400

Gly

Trp

Trp

Glu
80

Ser

Leu

Ser

Gln
160

ASDP

44



Ser

ASpP

Gly

225

Arg

Thr

ATy

ASpP

ITle
205

Arg

Ser

Val

Pro

Phe

385

Gly

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

<400>

Gly

Thr

Trp

210

Glu

Val

Leu

Val
290

ATy

2la

Hig

Thr
370

Leu

Leu

Trp
Ile

195

Agn

Glu

Pro

ASP

Tyzr

275

Pro

Ser

Leu

Thr

Leu

355

Val

Met

Glu

Phe

180

Thr

Gly

Trp

Val

Agn

260

Tle

Ala

Hig

His

Pro

340

Val

ATrg

His

Pro

PRT

SEQUENCE :

Leu Lys Arg Val

1

Ser

Val

Arg

Pro

65

AsSn

Ser

Leu

Val

Gln

Val

2la

50

Glu

Pro

ASpP

Arg

Pro

Ala

Phe

35

Thr

Ser

Phe
115

Leu

Gly

20

Phe

Trp

ATg

Trp

Trp

100

Met

Gly

165

Leu

Val

Agh

Phe

245

Val

Gln

Ser

Trp

Cvys

325

Leu

Asp

AsSp

Met

Ser
405

SEQ ID NO 11
LENGTH :
TYPE:
ORGANISM:

402

Homo

11

Phe

5

Phe

Glu

Leu

AsSp

Tyr

85

Ser

Gly

Leu

ASP

Ala

Val

Cvs

230

Vval

His

Agnh

Phe

Thr

310

Trp

Ser

Gln

Gly
390

Glu

45

Asn
Pro
Pro
215
Phe
Val

Leu

Leu

Ala
295

Asp

Asp

Gly

Phe
375

Phe

Leu

Thr

200

Glu

Phe

Gln

Thr

Gly

280

Pro

Val

Arg

Pro
360
Thr

ASP

Leu

sapilens

Leu

Val
70
AsSn

Gly

Ser

Gly

Ser

Leu

Gly

Gln

55

Gly

Ala

Thr

Leu

Hig

Agh

ATrg

Trp

40

Arg

Gly

Agn

Ile
120

Ser

Gln

185

Glu

ATrg

Gly

Trp

Gly

265

ATy

Ala

Gln

Ser

Pro

345

Trp

Gly

Met

Gly

Arg

Lys

25

Hig

His

Leu

Hig

Val

105

Val

Gln

170

Ala

Leu
250
Gln

Glu

Leu

Leu

330

Val

Pro

Gln

Gln

Met
4710

Thr
10

Ser

Leu

Leu

Val

50

Arg

Arg

Gly

AYg

Ile

Arg

Liys

235

Phe

Pro

Leu

Leu

Lys

315

His

His

His

Glu

Thr
395

Val

Pro

Met
Ser
75

Phe

Pro

Gln

Ala
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-continued

Higs

ATrg

AYg

220

Val

ASD

Val

AT

Ser

300

Gly

ASD

Leu

Met
280

Val

Thr

Gly

ASP

Thr

60

Ala

Val

ASpP

Val

ASpP

Thr
Arg
205

Gln

Glu

Gln

His

285

His

Thr

Ser

Asn
365

ASn

Ala

Ser

Hig

45

Ser

Leu

Pro

Thr

Met
125

Leu

ASP

120

Gly

Phe

Pro

Ala

Glu

270

Thr

Glu

Ser

His

Gly

350

Pro

Val

Gln

AgSh

ATrg
30

Val

Pro

ATrg
110

Ser

Leu

175

Cys

Tle

Gln

Thr

Gln

255

Gly

Leu

Tle

Leu

Lys

335

Ser

2la

Pro

ASpP

15

Arg

Ser

Gln

Ser

Cys

55

ASP

ASP

Met

Val

Glu
Leu
240

Leu

Leu

Tle
Pro
320

Ala

Pro

Gln

Gln
400

Gly

Trp

Trp

Glu

80

Ser

Gly

Leu

Ala

46



Gly

145

ATrg

Val

Ala

Gly

ATrg

225

Phe

Val

Gly

Ser

ATrg

305

Ser

Pro

Trp

Gly

Met

385

AsSn

130

Ser

Thr

Ser

Val

2la

210

Val

Gly

Gly

Cys

290

Tle

Agn

Gln

Pro

Glu

370

ASpP

Met

Ser

Phe

ASP

2la

195

Leu

Phe

Ala

Leu

275

Tle

ASP

Ala

Gln
355

Glu

Ala

Ala

Leu

Ser

180

Ala

Pro

Phe

Gln

Pro

260

ATJg

Gly

ASP

ASP

Leu

340

Met

Val

Gly

Gln

165

Gly

Ser

Glu

Gly

Trp

245

Val

Glu

His

Tle

Glu

325

Asn

Ala

<210> SEQ ID NO 12

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Cys Asn Asp Gly

1

Ser

ATrg

Ser

Gln

65

Pro

Arg

Glu

Arg

50

Pro

Agn

ATrg
Asn
35

ASP

Glu

Glu

Trp

20

Trp

Glu

Ser

Tyr
100

243

Homo

12

Ser

5

Leu

AsSp

Pro

Asn

Ser
85

2la

Gly
150

ASh

Trp

Glu

Ala

His

230

Leu

Thr

Ser

Ser

Thr

310

ATg

His

Phe

Thr
390

47

135

Leu
Glu
Phe
Ala
Cys
215
Arg
Phe
Pro
Leu
Val
295

Leu

Gln

Ser

Leu
375

Ala

Gly

Arg

Leu

Val

200

Val

Leu

ASpP

Gln

Agn

280

Leu

Ala

Ser

2la

Cys

360

Glu

Leu

saplens

Pro

Leu

Ser

ATrg

Pro

70

ASpP

Phe

Ala

Phe

Arg

Thr
55

Val

Met

Gly

Leu

Tyr

40

ATrg

Trp

Trp

Gly

Val

Gly

ASDP

185

Arg

Ala

Glu

Gln

265

Agn

Thr

ASP

Gln

Leu

345

Pro

Leu

Gly

Glu
25

ASP

Thr

Trp

Ser

Ala
105

Met

Leu

170

Gln

Glu

Agn

Ala

250

Trp

Val

2la

Trp

330

Arg

Thr

Leu

Val

Tyr
10

2la

Thr

Gly

Agn

Gly

90

Leu

Leu

155

Glu

Gly

His

Thr

235

Gln

ASpP

Ser

ATrg

Leu

315

AYg

Leu

Leu

Ala

ASpP
395

Leu

Val

Met

Thr

Ala

75

Ala

Tle
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-continued

140

AsSn

Val

Pro

Trp

Ser

220

Leu

Met

Ala

ASD

300

ATYg

Ser

Leu

Thr

Ser

380

Met

Trp

ATrg

Gly

60

AsSn

Ser

Tle

Leu

Ser

Arg
205

Arg

Tle

Val

285

Trp

Ile

Glu

Asn

365

Phe

Gln

Glu

Arg
45
Ile

Met

Ser

Gln

ASP

Val

Thr

190

Met

Glu

Ser

2la

His

270

Phe

Met

Trp

Agn

ATrg

350

Pro

Gly

Thr

Ser

Cys

30

Leu

Leu

Val

Glu
110

Arg

175

Pro

Trp

Pro

Pro

ASP

255

ASpP

ala

Glu

ATrg

335

Leu

Leu

Leu

Arg
15

Phe

Met

Ser

Phe

Ser
o5

Val

Val

160

Gly

Gly

ASp

Trp

Leu

240

Ser

Met

Pro

Tle

Gln

320

Ser

Ser

Thr

ASp

Agn
400

Gly

Agn

Ser

Ser

Ile

80

Glu

Val

48



Arg

Ala

Val

145

Gly

Thr

ATrg

Phe

Pro

225

Ala

Glu

Gly

130

Ala

Leu

ASpP

Gly

Gln

210

Thr

Gln

Leu

115

Ser

Glu

Ala

Tle

195

Glu

Leu

Leu

Leu

Ser

Gln

ASDP

Val

180

ATy

Gly

ATy

Gly

Ala

Leu

Ser

165

Asp

Trp

Glu

<210> SEQ ID NO 13

<211> LENGTH:

«212> TYPE:

<213>

PRT

ORGANISM:

<400> SEQUENCE:

Cys Leu Asp Gly

1

Ser

Asn

Ser

Lys

65

ATg

Pro

Glu

Gly

Arg

145

Gly

Ser

Pro

Gln

Ala
225

Gly

Agn

AgSh

50

2la

Arg

Leu

Cys

130

Agn

Phe

Gln

Agn
210

Ala
Ile
35

Phe

Ser

Leu

Leu

115

Ser

Leu

Phe

Phe

Ser

195

Val

ASP

Agn

20

ATg

Met

Glu

ASP

Gln

100

Ala

Ala

Leu

Leu

Ser
180

Val

Ser

231

Homo

13

Ser

5

AsSn

Ser

Glu

AsSn

Gly

85

Phe

Gly

Pro

Asn

165

Gly

Thr

Ser

Trp

ATrg

Gly

Glu

150

Gly

Thr

ASh

Glu

Pro
230

49

Gly
Gly
135
Trp
Ile
Gly
Trp

215

Val

Leu
120

Thr

Leu

Phe

Thr

Val

200

Agn

Phe

sapilens

Leu

Trp

Pro

70

Ala

ATrg

Gly

Gly

ATrg

150

Val

Val

Ser

Gln

Gln
230

Pro

Leu

Val

Glu

55

AsSp

Ser

Gly

Met

Leu

135

Thr

Leu

Val

Hig

Ile

215

Tle

Gly

Tle

Ser

40

Leu

Phe

Phe

Gln

ATrg

120

Ala

Thr

ASP

Thr

Leu
200

Ser

Gly

Gly

Leu

Cys

185

Val

Val

Gln
25

ATrg

Ala

Thr

Arg

105

Agn

Ala

Thr

Val

Leu

185

Thr

Gly

Val

ASDP

170

ala

Pro

Phe

Val

Hisg
10

Leu

Phe

Agn

Gly

50

Tle

2la

Ile

Val

Ser

170

Gln

Pro

Pro

Ala

Leu

Pro

155

Agnh

Pro

Glu

Phe

Gln
235

Phe

Glu

Gly

Ser

Trp

75

ASDP

Trp

Leu

Liys

155

Gly

Gly

Thr

Leu
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-continued

Lys
Leu
140

Ala

Thr

ATrg

Gly

220

Trp

His

Gly

Thr

Gly

60

ASn

Ser

Leu

Gln

His

140

Gly

Ser

Leu

Phe
220

val

125

Asn

ITle

Gln

Glu

Cys

205

Leu

Gly

Arg

45

ITle

Arg

Glu

Ala

Ala

125

Leu

Pro

Ala

Cys

205

Leu

Leu

Val

Gln

Ala
190

Arg

Phe

Gly

Gly

30

Leu

Leu

Val

Ala

Val

110

Leu

ASP

Ser

ATg

Lys

120

Phe

Val

Leu

ASP

Val

ATrg

175

Ile

Arg

Val

ASP

sSer
15
Trp

Gly

Ser

Val
o5

Met

Leu

ASpP

Leu

175

AgSh

Phe

Agn

Leu

ATg

Arg

160

His

ATrg

Gln

Glu
240

Gly

Ser

Agh

Val

80

Ala

ASp

Ser

Phe

Ala

160

Leu

Pro

2la

50
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What 1s claimed 1s:

1. An 1solated polynucleotide encoding an ECA1 polypep-
tide comprising the sequence of SEQ 1D NO. 1.

2. An1solated gene delivery vector comprising the isolated
polynucleotide of claim 1.

3. An [insolated] isolated host cell comprising the isolated
polynucleotide of claim 1.

4. A composition comprising the polynucleotide of claim
1.

5. The [insolated] iso/ated host cell of claim 3, wherein the
cell 1s an antigen presenting cell (APC).

6. The [insolated] isolated host cell of claim 5, wherein the
antigen presenting cell (APC) 1s a dendritic cell.

7. An antibody which binds specifically to a polypeptide
having the amino acid sequence of SEQ ID NO: 1.

8. The antibody of claim 7, wherein the antibody is selected
from the group consisting of a polyclonal antibody, mono-
clonal antibody, Fab fragment, F(ab'), fragment, single chain
antibody, chimeric antibody, and humanized antibody.

9. The antibody of claim 7, wherein the antibody is labeled.

10. The antibody of claim 9, wherein the label is a radio-
isotope, affinity label, enzymatic label, fluovescent label, or
paramagnetic atom.

11. The antibody of claim 10, wherein the affinity label is
biotin, avidin or streptavidin.

12. The antibody of claim 10, wherein the enzymatic label
is horseradish peroxidase or alkaline phosphatase.

13. The antibody of claim 10, wherein the fluorescent label
is fluorescein or rhodamine.

14. A composition comprising the antibody of claim 7, and
a carrier therefor.

13. The composition of claim 14, wherein the carrier is an
adjuvant.

52

16. A hybridoma which produces an antibody accorvding to

claim 7.

17. A method for producing an antibody that specifically

binds to a polypeptide having the amino acid sequence of

5 SEQ ID NO: I comprising the steps of providing an animal

that is known to produce antibodies; and immunizing the

animal with a polypeptide having the amino acid sequence of
SEQ ID NO: 1.

18. The method of claim 17, further comprising the steps of
removing cells from the animal’s spleen; and fusing the
spleen cells with myeloma cells, thereby producing hybri-
doma cells.

19. The method of claim 17, wherein the animal is a mouse
or rabbit.

20. The method of claim 17, wherein the immunizing is
performed by subcutaneous or intraperitoneal injection of
the polypeptide.

21. The method of claim 17, wherein the polypeptide is
administered with an adjuvant.

22. The method of claim 17, wherein the polypeptide is
coupled with a heterologous protein.

23. The method of claim 22, wherein the heterologous
protein is a globulin, P-galactosidase, or keyhole limpet cya-
nin.

24. The method of claim 18, further comprising the step of
screening the hybridoma cells to identify hybridoma cells that
produce antibodies specific to the polypeptide.

25. The method of claim 24, wherein the hyvbridomas are
screened using an enzyme-linked immunosorbent assay,
30 western blot analysis, or radioimmunoassay.
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