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o] MAbstmct: Iuman 1GSFY and 1_.1V-1 polypeptides and DNA (RNA) encoding such polypeptides are disclosed. “The disclosed

& polypeptides and/or polynucleotide @re particularly useful generating antibodies, both modified and native, which b»ind IGSF9 or

X L1v.1. Also disclosed are pharmace utical compositions and vaccines comprising the antibodies, polypeptides and pcolynucleotides
of the invention. Also disclosed are methods for utilizing such polypeptides for identifying ligands, antagonists amd agonists to
said polypeptides. Finally, methods comprising the above-mentioned compositions are disclosed for the treatment, dia gnosis, and/or
prognosis of neoplastic disorders.
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COMPOSITIONS AND METHODS FOR TR EATING CANCER USING
IGSF9 AND LIV-E

BACKGROUND OF THE IN' VENTION

Field of Invention

[0€001] The present invention relates to compossitions, specifically antibodies
and antigen binding fragments, of IGSF9 and MLIV-1, and methods of using

said compositions for the detection and treatmen€ of neoplastic disease.
Background Art

{0©02] Cancer is the second leading cause of death in the United States, and
accounts for over one-fifth of the total mortalitys. Cancer cells are defined by
two heritable properties: they and their progeny~ (1) reproduce in defiance of
the normal restraints and (2) invade and colonize territories normally reserved

| for other cells. The uncontrolled proliferation ©f cancer cells gives rise to a
tumor, or neoplasm.

[0003] . Expression of unique components of normal cellular products by
cancer cells, is the fundamental hypothesis uporm which tumor immunology is
based. Substantial and convincing evidence noww exists that clearly supports
the concept that neoplastic transformation is assowciated with antigenic changes
on mammalian cell surfaces (Reisfeld,R.A. and Cheresh, D.A., 4d Immunol
40:323-377 (1987). To define a large group of cell surface antigens that appear
to have, at least, increased expression on hurman tumor cells, a variety of
serologic strategies have been utilized (Old, I_.J., Cancer Res 41 :361-375
(1981); Rosenberg S A, (ed.) Serologic Analysiss of Human Cancer Antigens.
Academic Press, New York. 1980). Two such an-tigens are IGSF9 and LIV-1.

[0304] Members of the immunoglobulin protein superfamily, characterized by
the presence of immunoglobulin-like domains, rnediate both homophilic and
heterophilic binding, (Doudney, et al., Gemomics 79:663-670 (2002)).
Immunoglobulin proteins often mediate signal transduction between an
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extracellular ligand and second-messengesr cascades within the cell. As such,
many immunoglobulin proteins have a transmembrane domain and a
cytoplasmic carboxy-terminal sequence that interacts with the intracellular
environment. For example, immunoélobulin proteins with cytoplasmic
receptor tyrosine kinase or phosphatase domains exert their intracellular
signaling influence directly through their enzymatic activity, while others act
by associating with and activating intrace=llular kinases. Activation of tyrosine
kinases of the src family by immunoglobwlin ligand binding leads to effects on
the dynamics of the cell cytoskeleton, providing an important link between
cellular adhesion and cell shape change s associated with the morphogenetic
movements of embryonic development.

[0005] IGSF9 (immunoglobulin superfarmily member 9) is a novel member of
the NCAM subclass of the immunoglobulin superfamily, which was identified
during positional cloning efforts to isolate the mouse Lp gene. (Doudney, et
al., Genomics 79:663-670 (2002)). A homolog of IGSF9 is the protein Turtle
from Drosophila melanogaster, which is involved in neural development. In
addition, IGSF9 may represent an impor-tant candidate for involvement in the
formation and invasiveness of human turmors. Tumors with duplications of the
chromosome 1q22-q23 region are fiequently observed, and moreover,
upregulation of the expression of imrmunoglobulin proteins is a common
observation in human tumors, and may <ontribute to both the disregulation of
cellular function and the invasiveness of neoplasia.

[0006] LIV-1 is an estrogen-regulated gene that is associated with metastatic
breast cancer. Investigation of LIV-1 structure has revealed that it is a
histidine-rich protein with a potential to» bind and/or transport Zn** ions. Zn**
is actively transported across biological membranes, and its uptake and efflux
is tightly regulated because it is both essential and toxic to cells. (Taylor,
K.M., IUBMRB Life 49:249-253 (2000)).

[0007] LIV-1 is the only known hormmone-regulated Zn**-binding protein.

Whether other Zn?*-binding proteins kave a role in metastatic carcinomas
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remains to be determined. However, certain Zn’*-binding proteins in tissue

arrays have been linked to cell death and neuronal disease.

BRIEF SUMMARY OF THE INVENTION

[0008]) The invention generally relates to, inter alia, compositions which can
be used in the detection and treatment of cancer, and provides methods for
cancer detection and treatment.

[0009] Experimental results provided below demonstrate that IGSF9 and LIV-
1 are differentially expressed in various neoplastic cells. This differential
expression allows for IGSF9 and LIV-1 to act as targets for the detection and
treatment of a variety of neoplasms including breast, colon, ovary, lung and
prostate cancer. ,

[0010] The present invention relates to an isblated antibody or antigen binding
fragment thereof which associates with either IGSF9 or LIV-1 or a fragment
of said proteins. More particularly, the isolated antibody or antigen binding
fragment thereof may associate with IGSF® between amino acids 21 to 718 as
set forth in Figure 1B (SEQ ID NO:2), betwveen amino acids 21 to 734 of SEQ
ID NO:8, the amino acids as set forth in SEQ ID NOS:22-27; or with LIV-1
between amino acids 28 to 317, 373 to 41 7, 674 to 678 or 742 to 749, as set
forth in Figure 22B (SEQ ID NO:29).

[0011] The invention is also directed to an isolated anti-IGSF9 or anti-LIV-1
antibody or antigen binding fragment, ~wherein said antibody or antigen
binding fragment comprises a domain deleted antibody. The domain deleted
antibody or antigen binding fragment there of may further comprise a cytotoxic
agent. In a preferred embodiment, the cytostoxic agent is a radionuclide.

[0012] The anti-IGSF9 or anti-LIV-1 antibody or antigen binding fragment of
the invention may also be humanized or pramatized.

[0013] The invention is also directed to an antibody or antigen fragment
thereof which associates with IGSF9 or LIV-1, wherein said antibody or
antigen binding fragment thereof inhibits one or more functions associated
with IGSF9 or LIV-1.
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[0014] The invention further relates “to compositions comprising an antibody
or antigen binding fragment thereof which associates with IGSF9 or LIV-1.

{0015] In a preferred embodiment, a method of treating a neoplastic disorder
comprises a domain deleted anti-IG-SF9 or anti-LIV-1 antibody or antigen
binding fragment thereof covalently linked to onme or more bifunctional
chelators. The bifunctional chelator is selected from the group consisting of
MX-DTPA and CHX-DTPA.

[0016] The invention is also directeed to a method of treating a mammal
exhibiting a neoplastic disorder comprising the step of administering a
therapeutically effective amount of @n antibody or antigen binding fragment
thereof that associates with IGSF9 or LIV-1. Said method may further
comprise administering a therapeutiically effective amount of at least one
chemotherapeutic agent to said mamrmal; wherein said chemotherapeutic agent
and said antibody or antigen binding fragment thereof may be administered in
any order or concurrently. In a preferred embodiment, anti-IGSF9 or anti-
LIV-1 antibodies or antigen binding fragments are administered to a mammal
in need of treatment. The anti-IGS¥9 and anti-LIV-1 antibodies or antigen
binding fragments may be modified to lack the Cu2 domain, and/or may be
humanized, and further comprise a cy~totoxic agent.

[0017] The present invention further relates to a vaccine for treating cancer
comprising the IGSF9 or LIV-1 polypeptide or a fragment thereof and a
physiologically acceptable carrier. Ira a preferred embodiment, the anti-cancer
vaccine comprises amino acids 1 to 1163 or amino acids 21 to 718 of IGSF9
as set forth in Figure 1B (SEQ ID N(:2); or amino acids 1 to 749, amino acids
28 to 317, or amino acids 373 to 417 of LIV-1 as set forth in Figure 22B (SEQ
ID NO:29). The vaccine may further comprise IGSF9 or LIV-1 peptides fused
to a T helper peptide. In additiom, the vaccine may further comprise a
physiologically ~acceptable carrier such as an adjuvant or an
immunostimulatory agent. In a muore preferred embodiment, the vaccine

further comprises the adjuvant PROVAX™. The present invention further
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relates to a method of using said vaccine to induce an immune response in a
patient in need of treatment or prevention ©f cancer.

[0018] The present .invention is also dlirected to a method of detecting
overexpression of IGSF9 or LIV-1, or a fragment thereof, comprising:

a. obtaining a sample from an individual in need of diagnosis of
cancer;

b. detecting expression of IGSF-9 or LIV-1, or a fragment thereof
in said sample;

c. detecting expression of IGSF-9 or LIV-1, or a fragment thereof
in a control sample from a mormal individual, or normal tissue
from the individual being diagnosed; and

d. comparing the level of expxession of IGSF-9 or LIV-1 to that
obtained in the control samaple, wherein said comparison results
in diagnosing cancer.

[0019] In one embodiment of the invenition, overexpression is detected by
nucleic acid amplification, hybridization or by using an antibody to IGSF9 or
LIV-1, or an antigen binding fragment thereof. In another embodiment, the
IGSF9 fragment comprises exons 5-10.

{0020} The present invention also relates to a method for determining the
prognosis of an individual receiving a carcer treatment comprising:

a. obtaining a sample from said individual in need of prognosis of
cancer treatment;

b. detecting expression of [G-SF9 or LIV-1, or a fragment thereof
in said sample;

c. detecting expression of IG-SF9 or LIV-1, or a fragment thereof
in a control sample from a normal individual, or normal tissue
from the individual being diagnosed; and

d. comparing the level of expression of IGSF9 or LIV-1 to that
obtained in the control sammple, wherein said comparison results
in a cancer prognosis.

[0021] In one embodiment, the IGSF9 fragment comprises exons 5-10.
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[0022] The present invention also relates to a vaccine that comprises as an
active ingredient, an anti-idiotypic antibsody that immunologically mimics the
IGSF9 or LIV-1 antigens or fragments tihereof.

[0023] The present invention also relates to kits comprising the various
polynucleotides, polypeptides, antibodlies and antigen binding fragments
described herein together with instructiions for use thereof to treat or detect
cancer.

[0024] The present invention also relates to a method of treating a neoplastic
disorder in a mammal wherein neoplastic cells express the IGSF9 or LIV-1
antigens, comprising administering to said mammal a composition comprising
a pharmaceutically effective amount of an antibody to IGSF9 or LIV-1, or an
antigen binding fragment thereof. Im a preferred embodiment, a vaccine
comprising a pharmaceutically acceptable carrier and an anti-tumor immune-
response-inducing effective amount of an immunogenic preparation
comprising IGSF9 or LIV-1, is empeloyed to induce anti-tumor Immune
response.

[0025] The present invention also relates to an antisense nucleic acid up to 50
nucleotides in length comprising at leasst an 8 nucleotide portion of IGSF9 or
LIV-1 which inhibits the expression of IGSF9 or LIV-1. The antisense
nucleic acids of the invention may comprise at least one modified
internucleotide linkage. Further, the pxesent invention relates to 2 method of
inhibiting the expression of IGSF9 or- LIV-1 in cells or tissues comprising
contacting said cells or tissues with said antisense nucleic acids so that
expression of IGSF9 or LIV-1 is inhibited.

[0026] The present invention is furGher related to isolated nucleic acid
comprising the various forms of IGSFS (SEQ ID NOS:1, 7, and 12-21). The
present invention is also related to vect ors and host cells which comprise SEQ
ID NOS:1, 7, and 12-15. The present invention further relates to an isolated
polypeptide and compositions comprising SEQ ID NOS:2, 8, and 22-27. The

present invention also relates to a vacc-ine, as described above, comprising the
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polypeptides of SEQ ID NOS:2,, 8, and 22-27 and a physiologically acceptable
carrier.

[0027] The present invention #s further related to an isolated nucleic acid
comprising short form IGSF9-Xg (SEQ ID NO:3). The present invention is
also related to vectors and host cells which comprise SEQ ID NO:3. The
present invention is further related to an isolated polypeptide and a
composition comprising the polypeptide of SEQ ID NO:4. The present
invention further relates to a vaccine, as described above, for treating cancer
comprising the polypeptide of SEQ ID NO:4 and a physiologically acceptable
carrier.

[0028] The present invention is further related to an isolated nucleic acid
comprising long form IGSF9-Xg (SEQ ID NO:5). The present invention is
also related to vectors and host cells which comprise SEQ ID NO:5. The
present invention is further related to a composition comprising the
polypeptide of SEQ ID NO:6. The present invention further relates to a
vaccine, as described above, fox treating cancer comprising the polypeptide of

SEQ ID NO:6 and a physiologically acceptable carrier.

BRIEF DESCRIPTION OF THE FIGURES

(0029} Figures 1A and 1B are the nucleotide (SEQ ID NO:1) and protein
(SEQ ID NO:2) sequences of human IGSF9, respectively. Figure 1B shows
the predicted signal sequence in bold, the predicted extracellular domain is
underlined, and the predicted transmembrane domain is bolded and italicized.

[0030] Figure 2 shows an electronic Northern profile showing the gene
expression profile of IGSF9 as determined using the Gene Logic datasuite.

[0031] Figure 3 shows IGSF9 expression in normal tissues. The upper panel
shows IGSF9 expression, while the lower panel shows expression of
Glyceraldehyde 3-phosphate dlehydrogenase (GAPDH). The cDNA samples
present in each lane are as follows: (1) brain, (2) placenta, (3) lung, (4) liver,
(5) skeletal muscle, (6) kidney, (7) pancreas, (8) spleen, (9) thymus, (10)
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prostate, (11) testis, (12) ovary, (13) small intestine, (14) colon, (15)
peripheral blood leukocytes, (16) positive control, and (17) negatives control.

[0032] Figure 4 shows IGSF9 expression in a panel of human ovarian tumor
samples and cell lines. The upper panel shows IGSF9 expression, the lower
panel shows GAPDH expression. The numbers above each lane coxrespond to
ovarian tumor samples as follows: (1) moderately diffferentiated
cystadenocarcinoma, (2) poorly  differentiated papillarsy  serous
adenocarcinoma, (3) poorly differentiated papillary serous adeno-carcinoma,
(4) poorly differentiated endometriod adenocarcinoma, (5) papillary serous
adenocarcinoma, (6) endometriod adenocarcinoma, (7) poorly diffferentiated
adenocarcinoma, (8) poorly differentiated papillary serous adenoscarcinoma,
(9) Ovcar-3 cell line, (10) PA-1 cell line, (11) positive controll, and (12)
negative control.

[0033] Figure 5 shows IGSF9 expression in breast tumor sazmples and
matched normal breast samples. The upper gel shows IGSF9 expresssion, while
the lower gel shows GAPDH expression. (N) normal tissue, (T) tumor tissue.
The twmor samples are as follows: (Patient A) infiltrating ductal carcinoma,
(patient B) infiltrating ductal carcinoma, (patient C) tubular adenoscarcinoma,
(patient D) infiltrating ductal carcinoma, (patient E) infiltrating ductal
carcinoma, (patient T) high grade in situ & invasive ductal carcinorma, (patient
X) ductal adenocarcinoma, (patient W) mixed ductal arad lobular
adenocarcinoma, (patient GH19) high grade invasive ductal carcinoma,
(patient GH17) low grade intraductal carcinoma.

[0034] Figure 6 shows IGSF9 expression in lung tumors. The upper panels
shows IGSF9 expression, while the lower panel shows GAPDH expression.
(N) normal sample, (T) tumor sample. The tumor samples analyzed were as
follows: (Patient A) infiltrating ductal carcinoma, (patient B) squmamous cell
Kkeratinizing carcinoma, (patient C) adenosquamous carcinoma, «patient D)
keratini zing squamous cell carcinoma, (patient E) squamous cell cawcinoma.

[0035] Figure 7 shows IGSF9 expression in colon tumors. The wapper panel
shows IGSF9 expression, while the lower panel shows GAPDH expression.
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Samples are as follows: (1) grade 3 adenocarcinoma, (2) grade 2
adenocarcinoma, (3) grade 1 adenocarcinoma, (4) grade 2 adenocarcinoma, (5)
colorectal cancer cell ®ine HCT116.

[0036] Figure 8 showrs IGSF9 expression in human tumor cell lines by RT-
PCR analysis. Relative IGSF9 expression was determined in pancreatic
(speckled), ovarian (vzertical lines), breast (diagonal down lines), lung (filled
speckled), and colon ( diagonal up lines) cell lines.

[0037] Figure 9 showws the nucleotide and amino acid sequence of various
IGSF9 constructs. Fiigures 9A and 9B show the nucleotide (SEQ ID NO:3)
and amino acid (SEQ ID NO:4) sequence of short form soluble IGSF9-Ig,
respectively. Figures 9C and 9D show the nucleotide (SEQ ID NO:5) and
amino acid (SEQ ID NO:6) sequence of long form soluble IGSF9-Ig,
respectively. Figures 9E and 9F show the nucleotide (SEQ ID NO:7) and
amino acid (SEQ IID NO:8) sequence of long form full length IGSF9,
respectively. Figure 9G is a protein sequence comparison of long and short
form IGSF9 (SEQ ID NOS:9-11). Figure 9H is the nucleotide sequence of
alternate splice formms of IGSF9 in the region of exons 5-11 from tumor
xenograft samples (SIEQ ID NOS:12-15).

[0038] Figure 10 shows an SDS-PAGE analysis of recombinantly expressed
and purified IGSF9 polypeptides. Lanes 1 and 2 depict the short and long
form of soluble IGSF 9-Ig, respectively.

[0039] Figure 11 skows a Northern blot analysis of IGSF9 in stably
transfected CHO cell lines. The samples in each lane are as follows: (1)
untransfected wild-ty=pe CHO DG44 cells; (2) stable CHO 5nM methotrexate
(MTX) amplificant expressing full length short form IGSF9; (3) stable CHO
5nM MTX amplificant expressing short form soluble IGSF9-Ig; (4) stable
CHO 50nM MTX amplificant expressing short form soluble IGSF9-Ig; (5)
stable CHO G418 clone expressing long form soluble IGSF9-Ig.

[0040] Figure 12 shows anti-IGSF9 antibody titers from mouse sera
determined by ELISA against purified short form IGSF9-Ig,.
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[0041) Figure 13 shows a FACS analysis of short form IGSF9 surface
expression on txransfected G418-resistant and MTX-amplified CHO DG44 cell
lines stably experessing short form IGSF9. 1GSF9 surface expressicon is shown
in untransfectect CHO DG44 cells (DG44); G418 resistant cells ((3418); 5SoM
MTX amplificant (50M); and 50nM MTX amplificant (50nM).

[0042] Figure 14 shows a FACS analysis of long form IGSF9 surface
expression on txansfected G418-resistant and MTX-amplified CHO DG44 cell
lines stably exporessing the long form of IGSF9. IGSF9 surface expression is
shown in untransfected CHO DG44 cells (CHO); and G418-ressistant cells
(G418).

[0043] Figure 15 shows a FACS analysis of endogenous IGSF9 surface
expression in INCI-H69 tumor cells. 20 control cells, an isotygpe matched
control antibod y (2B8), and multiple concentrations of the primamry detecting
antibody 8F3 wrere tested.

{0044] Figure 1.6 shows a western blot analysis of IGSF9 expression in human
tumor cell liness. Two different exposure times are shown: 30 mninutes (left
panel) and 5 se conds (right panel, showing lanes 2 and 3 only). T'he cell line
used in each lame is as follows: (1) mock-transfected COS-7 cells (5 pg); (2)
COS-7 cells transiently transfected with full-length IGSF9 (5 pg) ; (3); stable
CHO G418 clone expressing full-length IGSF9 (50 pg); (4) MIDA-MB-468
breast cancer cezll line (50 pg); (5) ZR-75-1 breast cancer cell line «50 pg); (6)
NCI-H69 small. cell lung cancer cell line (50 pg); (7) Ovcar-3 ovarian cancer
cell line (50 pg)); (8) PA-1 ovarian cancer cell line (50 pg).

[0045] Figure 1.7 shows cell surface IGSF9 expression in the breas-t tumor cell
line ZR-75 as visualized by immunofiuorescence microscopy.

{0046] Figure E 8 shows a FACS analysis of cell surface IGSF9 expression in
Ovcar-3 and NCI-H69 murine tumor xenografts and cultured cells.

[0047] Figure 19 shows an RT-PCR analysis of IGSF9 expressio-n in two in
vivo passages PO and P1) of LS174T and NCI-H69 tumor cell lines, and

Ovcar-3 cells deerived from murine xenografts.
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[0048] Figure 20 sho-ws that alternate splice forms of IGSF9 are expressed by
murine xenograft turmors. Figure 20A shows PCR products obtained from: (1) |
NCI-H69 tumor cell line; (2) Ovcar-3 tumor cell line; (3) NCI-H69 mouse
xenograft; (4) Ovcar- 3 mouse xenograft; and (5) negative control. Figure 20B
shows a schematic Tepresentation showing the alignment of novel splice
variants found in Ovcar-3 and NCI-H69 tumor xenografts. The upper diagram
shows exons 5-10 of known IGSF9 variants (short and long form). The lower
diagram shows exons 5-11 of novel IGSF9 isoforms.

[0049] Figure 21 shows IGSF9 sequence alignments of novel IGSF9 isoforms
derived from murine xenograft tissue. Figure 21A shows an alignment of the
partial long form nucleotide sequence of nucleotides 1138-1155 of the open
reading frame contaiming exons 8-10 aligned with the corresponding partial
sequence from the unique splice variants expressed in Ovcar-3 and NCI-H69
xenograft tumors. Figure 21B shows an alignment of the translated amino
acid sequence of amiino acids 285-426 contained in exons 8-11 aligned with
the corresponding paxtial sequence from the unique splice variants expressed
in Ovcar-3 and NCI-HH69 xenograft tumors. The sequences represented in the
alignment are as follows: (1) long form IGSF9 (SEQ ID NOS:16 and 22); (2)
sequence obtained from Ovcar-3 xenograft, clone 2 (SEQ ID NOS:17 and 23);
(3) sequence obtainec] from Ovcar-3 xenograft, clone 1 (SEQ ID NOS:18 and
24); (4) sequence obtained from NCI-H69 xenograft clone 1 (SEQ ID NOS:19
and 25); (5) sequence obtained from NCI-H69 xenograft clone 2 (SEQ ID
NOS:20 and 26); and (6) consensus sequence (SEQ ID NOS:21 and 27).

[0050] Figures 22A and 22B are the nucleotide (SEQ ID NO:28) and protein
(SEQ ID NO:29) sequences of human LIV-1, respectively. Figure 22B shows
the predicted signal sequence in bold, the predicted extracellular domains are
underlined, and the predicted transmembrane domains are bolded and
italicized.

[0051] Figure 23 shows an electronic Northern profile showing the gene
expression profile of LIV-1 using the Gene Logic datasuite.
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[0052] Figure 24 shows LIV-1 expression in normal tissues. The wmpper panel
shows LIV-1 expression, while the lower panel shows GAPDH expression.
The cDNA samples present in each lane are as follows: (1) heart, (2-) brain, (3)
placenta, (4) hang, (5) liver, (6) skeletal muscle, (7) kidney, (8) pancreas, (9)
negative controel, and (10) positive control.

[0053] Figure 25 shows LIV-1 expression in breast tumor sazmples and
matched normal breast samples. The upper gels show LIV-1 expres-sion, while
the lower gels show GAPDH expression. The arrowhead on the right of the
figure denotes the anticipated size of the LIV-1 PCR product. The tumor
samples are as follows: (1-patient A) infiltrating ductal carcinoma., (2-patient
B) infiltrating ductal carcinoma, (3-patient C) tubular adenocarcinoma, (4-
patient D) inffltrating ductal carcinoma, (S-patient E) infiltraging ductal
carcinoma, (6- patient A) normal, (7-patient B) normal, (8-patient C) normal,
(9-patient D) normal, (10-patient E) normal, (11) negative control, (12)
positive controsl, (13-patient G19) high grade invasive ductal carciinoma, (14-
patient G17) low grade intraductal carcinoma, (15-patient X) ductal
adenocarcinoma, (16- patient W) mixed ductal and lobular adenocarcinoma,
(17-patient T) high grade in situ & invasive ductal carcinoma, (1 8-patient
G19) normal, «19-patient G17) normal, (20-patient X) normal, (21 -patient W)
normal, (22-patient T) normal, (23) negative control, and (24) posit-ive control.

[0054] Figure 26 shows LIV-1 expression in colon tumors. The wipper panel
shows LIV-1 expression, while the lower panel shows GAPDH expression.
Samples are as follows: (1) grade 3 adenocarcinoma, (2) grade 2
adenocarcinoma, (3) grade 1 adenocarcinoma, (4) grade 2 adenocar-cinoma, (5)
colorectal can_cer cell line HCT 116, (6) positive control, and (7) negative

control.
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DET_AILED DESCRIPTION OF THE INVENTION

[0055] It is a disecovery of the present invention that the IGSF9 arad LIV-1
gene are differentially expressed between mneoplastic cells, esspecially
neoplasms of the breast, 6vary, colon, lung, and prostate, and norrmal cells.
Overexpression oef these genes can be used as a marker for cancer. This
information can be utilized to make diagnostic and therapeutic reagents
specific for botlh the genes and their expression products, sp ecifically
antibodies and amtigen binding fragments thereof. It can also be used in
diagnostic and th-erapeutic methods that will aid in providing the appropriate
treatment regimems for cancer patients, especially those having brea_st, ovary,

colon, lung, or preostate cancer.
Antibodies of the Present Invention

[00S6] Peptides #rom IGSF9 or LIV-1 can be used to raise polyc lonal and
monoclonal antib-odies. The present invention is predicated, at least in part, on
the fact that antibodies or antigen binding fragments which are
immunoreactive with antigens associated with neoplastic cells may be
modified or altered to provide enhanced biochemical charactermstics and
improvéd efficacy when used in therapeutic protocols on cancer patients.
Preferably, the modified antibodies will be associated with a cytotoOxic agent
such as a radiomu clide or antineoplastic agent.

[0057] The termm “antibody” as used herein refers to immuroglobulin
molecules and -immunologically active portions of immunoglotoulin (Ig)
molecules. Such antibodies include, but are not limited to, pwolyclonal,
monoclonal, chirmeric, single chain, Fab, Fab’ and Fab’, fragments, ¥Fv, and an
Fab expression library. In general, an antibody molecule obtalined from
humans relates to any of the classes IgG, IgM, IgA, IgE and IgD, which differ
from one anothesr by the nature of the heavy chain present in the molecule.
Certain classes have subclasses as well, such as IgG;, 1gG,, amd others.

Furthermore, in humans, the light chain may be a kappa chain or- a lambda
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ch ain. Reference herein to antibodies includes a referenc=e to all such classes,
subclasses and types of antibody species.

[0058] It has been shown that fragments of an antibosdy can perform the
fumction of binding antigens. As used herein “antigen binding fragments”
include, but are not limited to: (i) the Fab fragment conssisting of Vi, Vu, CL
an-d Cyl domains; (ii) the Fd fragment consisting of the Wy and Cyl domains;
(iii) the Fv fragment consisting of the Vi and Vy domains- of a single antibody;
(iw) the dAb fragment (Ward, E. S. et al., Nature 341 :54-4-546 (1989)) which
cosnsists of 2 Vy domain; (v) isolated CDR regions; (vi) F (ab’) fragments (vii)
simgle chain Fv molecules (scFv), wherein a Vg domain and a Vi domain are
limked by a peptide linker which allows the two domainss to associate to form
ar antigen binding site (Bird, et al., Science 242.'423-4226 (1988); Huston et
al’., Proc. Natl. Acad. Sci. USA 85:5879-5883 (1988)); (7viii) bispecific single
chain Fv dimers (PCT/US92/09965) and (ix) diabo dies, multivalent or
m_ultispecific fragments constructed by gene fusion (W 0%94/13804; P. Holliger
et al., Proc. Natl. Acad. Sci. USA 90:6444-6448 (1993).

[0059] An isolated polypeptide of the invention may bes intended to serve as
ar antigen, or a portion or fragment thereof, and additicnally can be used to
generate antibodies that immunospecifically bind the artigen, using standard
teschniques for polyclonal and monoclonal antibody preparation. The full-
le=ngth protein can be used or, alternatively, the inventieon provides antigenic
peeptide fragments of IGSF9 and LIV-1 for use as immu=nogens. An antigenic
peeptide fragment comprises at least 6 amino acid residuies of the amino acid
sequence of the full-length IGSF9 of LIV-1 proteins, sLich as the amino acid
sequences shown in Figures 1B, 9B, 9D, 9F, 21B, or 227B (SEQ ID NOS:2, 4,
6 , 8, 22-27, or 29), and encompasses an epitope thereof such that an antibody
raised against the peptide forms a specific immune complex with the full-
length protein or with any fragment that contains the epeitope. Preferably, the
amtigenic peptide comprises at least 10 amino acid re=sidues, or at least 15
amino acid residues, or at least 20 amino acid residues., or at least 30 amino

a cid residues.
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[0060] In <certain embodiments of the invention, at leasst one epitope
encompassezd by the antigenic peptide is a region of IGSF9 or LIV-1 that is
located on the surface of the protein, e.g., a hydrophillic region. A
hydrophobi city analysis of the human IGSF9 and LIV-1 preotein sequences
(Figures 1B and 22B) has indicated which regions of thesse proteins are
particularly- hydrophilic and, therefore, are likely to encode surface residues
useful for targeting antibody production (Kyte and Doolittle, J. Mol. Biol.
157:105-14-2 (1982)). Therefore, preferred epitopes encormpassed by the
antigenic p eptides are regions of IGSF9 and LIV-1 that are located on its
surface, for- example, from about amino acid 21 to about amrino acid 718 of
IGSF9 (Figgure 1B); from about amino acid 21 to about amdno acid 734 of
IGSF9 (Figure 9F); the amino acid sequences as shown in Figuare 21B; or from
about amin-o acid 28 to about amino acid 317, from about amino acid 373 to
about aminwo acid 417, from about amino acid 674 to about ammino acid 678, or
from about amino acid 742 to about amino acid 749 of LIV -1 (Figure 22B)
(SEQ ID N«OS:2, 4, 6, 8, 22-27, or 29).

[0061] For the production of polyclonal antibodies, variovas suitable host
animals (e._g., rabbit, goat, mouse or other mammal) may be immunized by
one or moe injections with IGSF9 or LIV-1 peptides, symithetic variants,
deri'vatives,_ or fragments thereof. An appropriate immunogenic preparation
can contairy, for example, the naturally occurring immunogenic protein, a
chemically synthesized polypeptide representing the immunogenic protein, or
a recombimantly expressed polypeptide of the immunogemnic protein, or
fragment thaereof. Furthermore, the protein may be conjugated to a second
protein kn-own to be immunogenic in the mammal being immunized.
Examples of such immunogenic proteins include but are not lirnited to keyhole
limpet hem_ocyanin, serum albumin, bovine thyroglobulin and soybean trypsin
inhibitor. TWhe preparation can further include an adjuvant. Various adjuvants
used to inc-rease the immunological response include, but are not limited to,

Freund’s (c:omplete and incomplete), mineral gels (e.g., alumirum hydroxide),
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MPL-TDM (monophosphoryl Lipid A-synthetic trehalese dicorynomycolate),
and PROVAX™.

[0062F Polyclonal antibodies directed against IGSF9 om LIV-1 can be isolated
from the immunized mammal and further purified using techniques well
known in the art such as affinity chromatography using protein A or protein G.

[0063E While the resulting antibodies may be harvestec from the serum of the
mammal to provide polyclonal preparations, it is often desirable to isolate
individual lymphocytes from the spleen, lymph nodes or peripheral blood, to
provide homogenous preparations of monoclonal antitbodies. Preferably, the
lymphocytes are obtained from the spleen. ,

[0064 ] “Monoclonal antibodies” (MADbs) as used hereir, refers to a population
of antibody molecules that contain only one molecul ar species of antibody
molecule consisting of a unique light chain gene produict and a unique heavy
chain gene product. In particular, the complementarity determining regions of
the MAb are identical in all the molecules of the pospulation. MAbs, thus
contain an antigen binding site capable of immunoreaacting with a particular
epitope of the antigen characterized by a unique binding affinity for it.

[0065] In this well known process (Kohler et al., Natiere 256:495 (1975)) the
relatively short-lived, or mortal, lymphocytes from @ mammal which have
been injected with antigen are fused with an immortal tumor cell line (e.g. a
myeloma cell line), thus producing hybrid cells or "Iaybridomas” which are
both immortal and capable of producing the geneticallys coded antibody of the
B cell. The resulting hybrids are segregated into sirgle genetic strains by
selection, dilution, and regrowth with each individlual strain comprising
specific genes for the formation of a single antibody.

{00661 Hybridoma cells thus prepared are seeded and grown in a suitable
culture medium that preferably contains one or more substances that inhibit
the growth or survival of the unfused, parental myelomna cells. Those skilled
in the art will appreciate that reagents, cell lines and nmedia for the formation,
selection and growth of hybridomas are commerci ally available from a

number of sources and standardized protocols are well eestablished. Generally,

~
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culttare medium in which the hybridoma cells are growing is assayed for
production of MAbs against the desired antigen. Preferably, the binding
spec-ificity of the monoclonal antibodies produced by hybridoma cells is
detexmined by immunoprecipitation or by an in witro assay, such as a
radioimmunoassay (RIA) or enzyme-linked immunosorbent assay (ELISA).
After hybridoma cells are identified that produce amatibodies of the desired
spec=ificity, affinity and/or activity, the clones may be subcloned by limiting
dilugion procedures and grown by standard methods (Goding, Monoclonal
Anii bodies: Principles and Practice, pp 59-103 (Acaclemic Press, 1986)). It
will further be appreciated that the monoclonal antxbodies secreted by the
subclones may be separated from culture medium, asscites fluid or serum by
conwentional purification procedures such as, fox example, protein-A,
hyd=oxylapatite chromatography, gel electrophoresis, dialysis or affinity
chromatography.

[0067] As used herein the term “modified antibody” shall be held to mean any
antilbody, or antigen binding fragment or recombinant thereof, immunoreactive
witha either IGSF9 or LIV-1 in which at least a fractioon of one or more of the
consstant region domains has been deleted or otherwises altered so as to provide
desi red biochemical characteristics such as increase«d tumor localization or
reduvaced serum half-life when compared with a wholes, unaltered antibody of
apprroximately the same binding specificity. In prefemed embodiments, the
modlified antibodies of the present invention have at Eeast a portion of one of
the constant domains deleted. For the purposes of this disclosure, such
consstructs shall be termed “domain deleted.” Preferatwly, one entire domain of
the constant region of the modified antibody will be deleted and even more
preferably the entire Cy2 domain will be deleted. _As will be discussed in
morc detail below, each of the desired variants may readily be fabricated or
consstructed from a whole precursor or parent antibbody using well known
techhniques.

[0068] Those skilled in the art will appreciate that the compounds,

compositions and methods of the present invention ar-e usefu] for treating any
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neoplastic disorder, tumor or malignancy that exhibits a polypeptide of the
present invention. As discussed above, the modified amtibodies of the present
invention are immunoreactive with either IGSF9 or- LIV-1. That is, the
antigen binding portion (i.. the variable region or im munoreactive fragment
or recombinant thereof) of the disclosed modified anstibodies binds to either
IGSF9 or LIV-1 at the site of the malignancy. Maoere generally, modified
antibodies useful in the present invention may be obtaired or derived from any
antibody (including those previously reported in the lit erature) that reacts with
IGSF9 or LIV-1. Further, the parent or precursor antibody, or fragment
thereof, used to generate the disclosed modified anti'bodies may be murine,
human, chimeric, humanized, non-human primate om primatized. In other
preferred embodiments the modified antibodies of the present invention may
comprise single chain antibody constructs (such as that disclosed in U.S. Pat.
No. 5,892,019 which is incorporated herein by refference) having altered
constant domains as described herein. Consequently=, any of these types of
antibodies modified in accordance with the teachingss herein are compatible
with this invention.

J0069) The modified antibodies of the present inventzion preferably associate
with, and bind to, IGSF9 or LIV-1. Accordingly, as will be discussed in some
detail below, the modified antibodies of the present in_vention may be derived,
generated or fabricated from any one of a number of antibodies that react with
IGSF9 or LIV-1. In preferred embodiments, the mocdified antibodies will be
derived using common genetic engineering techniq ues whereby at least a
portion of one or more constant region domains are d eleted or altered so as to
provide the desired biochemical characteristics such as reduced serum half-
life. More particularly, as will be exemplified below, one skilled in the art
may readily isolate the genetic sequence correspondimg to the variable and/or
constant regions of the subject antibody and delete or alter the appropriate
nucleotides to provide the modified antibodies of this invention. It will further
be appreciated that the modified antibodies may be ex-pressed and produced on

- a clinical or commercial scale using well-established protocols.
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[0070] In selected embodiments, modified antibodies useful in the present
invention will be derived from known antibodies to IGSF9 or LIV-1. This
may readily be accomplished by obtaining either the nucleotide or amino acid
sequence of the parent antibody and engineering the modifications as
discussed herein. For other embodiments it xmay be desirable to only use the
antigen binding region (e.g., variable region or complementary determining
regions) of the known antibody and combine them with a modified constant
region to produce the desired modified antitrodies. Compatible single chain
constructs may be generated in a similar manner. In any event, it will be
appreciated that the antibodies of the present imvention may also be engineered
to improve affinity or reduce immunogenicity as is common in the art. For
example, the modified antibodies of the present invention may be derived or
fabricated from antibodies that have been humanized or chimerized. Thus,
modified antibodies consistent with present invention may be derived from
and/or comprise naturally occurring murine, primate (including human) or
other mammalian monoclonal antibodies, chimeric antibodies, humanized
antibodies, primatized antibodies, bispecific antibodies or single chain
antibody constructs as well as immunoreactive fragments of each type.

[007 1] In addition to the antibodies discussed above, it may be desirable to
provide modified antibodies derived from or comprising antigen binding
regions of novel antibodies generated usirag immunization coupled with
common immunological techniques discussed above.

[007 2] In other compatible embodiments, DNA encoding the desired
monoclonal antibodies may be readily isolated and sequenced using
conventional procedures (e.g., by using o ligonucleotide probes that are
capable of binding specifically to genes encod ing the heavy and light chains of
murine antibodies). The isolated and subcloned hybridoma cells serve as a
preferred source of such DNA. Once isolate d, the DNA may be placed into
expression vectors, which are then transfected into prokaryotic or eukaryotic
host cells such as E. coli cells, simian COS cells, Chinese Hamster Ovary

(CHO) cells or myeloma cells that do mnot otherwise produce
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immunoglobulins. More particularly, the isoMated DNA (which may be
modified as described herein) may be used to clone constant and variable
region sequences for the manufacture antibodiess as described in Newman et
al., U.S.P.N. 5,658,570 which is incorporated by xeference herein. Essentially,
this entails extraction of RNA from the selecteA cells, conversion to cDNA,
and amplification thereof by PCR using immunogglobulin specific primers. As
will be discussed in more detail below, trans formed cells expressing the
desired antibody may be grown up in relativel-y large quantities to provide
clinical and commercial supplies of the immunog lobulin.

[0073] Those skilled in the art will also appereciate that DNA encoding
antibodies or antibody fragments may also be clerived from antibody phage
libraries as set forth, for example, in EP 368 684 Bl and U.S. Pat. No.
5,969,108 each of which is incorporated her-ein by reference. Several
publications (e.g., Marks et al. Bio/Technology 10:779-783 (1992)) have
described the production of high affinity human =antibodies by chain shuffling,
as well as combinatorial infection and in vivo re=combination as a strategy for
constructing large phage libraries. Such procedumres provide viable alternatives
to traditional hybridoma techniques for the isolatJon and subsequent cloning of
monoclonal antibodies and, as such, are clearl=y within the purview of this
invention.

[0074] Yet other embodiments of the present inve