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bind to the tumor marker protein. These antibodies can be used to reduce, or eliminate metastasis by cancer cells that produce the

tumor marker protein. In addition, the invention provides methods that can be used to diagnose cancer, and metastasis by cancer
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Field of the Invention

The 1nvention relates generally to methods to diagnose cancer and to decrease

metastasis by cancer cells in a mammal, such as a human. More specifically, the invention
relates to the use of a tumor marker protein to create antibodies that can be used to detect
increased production of the protein in a cell, and use of the antibodies to decrease

metastasis by cancer cells that produce the tumor marker protein.

Background of the Invention

A malignant tumor sheds cells which migrate to new tissues and create secondary
tumors while a benign tumor does not generate secondary tumors. The process of
generating secondary tumors is called metastasis and is a complex process in which tumor
cells colonize sites distant from the primary tumor. Tumor metastasis remains the major
cause of deaths in cancer patients, yet the molecular mechanisms underlying tumor cell
dissemination are not clearly understood.

Metastasis 1s a multi-step process in which tumor cells must detach from the
primary tumor, invade the cellular matrix, penetrate through blood vessels, thus enter the
circulatory system (intravasate), arrest at a distant site, exit the blood stream (extravasate)
and grow. See, e.g., G. L. Nicolson (1982) Biochim. Biophis. Acta. 695: 113-176; G. L.
Nicolson and G. Poste (1983) In. Rev. Exp. Pathol. 25: 77-181; G. Poste and 1. J. Fidler
(1980) Nature 283: 139-145; and E. Roos (1984) Biochim. Biophis. Acta. 738: 263-284.

Given the complexity of the process, it is thought that numerous genes mediate tumor cell

P

metastasis. Indeed, the metastatic phenotype has been correlated with expression of a
variety of pfoteins, including proteases, adhesion molecules, and the like. However,
evidence that a given protein is directly involved in dissemination is often lacking, or

difficult to prove. L. A. Liotta and W. Stetler-Stevenson (1989) J. Natl. Cancer Inst. 81:
556-557.
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The human epidermoid carcinoma, HEp-3, provides a unique system that can be
used to detect and characterize genes which effect metastatic dissemination. HEp-3 cells,
propagated by serial passage on the chick chorioallantoic membrane (CAM), are both
tumorigenic and spontaneously metastatic (T-+M+). L. Ossowski and E. Reich (1980a)
Cancer Res. 40: 2300-2309. However, when such cells are grown continuously in vitro,

they readily form primary tumors, but progressively become non-metastatic (T+M-) with

time. L. Ossowski and E. Reich (1980b) Cancer Res. 40: 2310-2315. With prolonged

cultivation in vitro, they eventually become non-tumorigenic also (T-M-). The loss of
metastatic ability is reversible. T+M- cells carried on the chorioallantoic membrane for
two to three passages regain the ability to form spontaneous metastases. Thus, by altering
growth conditions, the metastatic potential of these cells can be manipulated by the
investigator.

Human urokinase-type plasminogen activator (uPA) was shown to be directly
involved in dissemination of HEp-3, as spontaneous metastasis of HEp-3 cells in the chick
embryo was inhibited by antibodies that were specific for human uPA. L. Ossowski and E.
Reich (1983b) Cell 35: 611-619. Subsequently, it was observed that inhibition of uPA
activity blocked infiltration of the CAM mesenchyme by individual HEp-3 cells. L.
Ossowski (1988a) Cell 52: 321-328. However, active uPA appeared to be required for
tumor cell intravasation but not extravasation. L. Ossowski (1988a). Thus, some other
factor(s) must be also involved in HEp-3 dissemination and in dissemination of cancer cells
in general. I. P. Quigley et al. (1988) Ciba Foundation Symposium 141: 22-47, Brooks et
al. (1993) J. Cell Biol. 122 (6): 1351-1359 and Testa, et al. in U.S. Patent No’s 6,245,898
and 6,498,014 describe the generation of monoclonal antibodies (mAbs), using "subtractive
immunization", which recognize cell surface antigens expressed on HEp-3 cells and inhibit
tumor metastasis in the chorioallantoic membrane model. Nevertheless, these antigens
have not been correlated to in vivo metastasis nor shown to be directly involved in the
process of in vivo metastasis.

Consequently, there 1s a need to identify biological molecules that are functionally
involved in cancer cell dissemination in order to develop therapies that can be used to
inhibit the migration of tumor cells to new tissues. Also, methods to inhibit tumor cell
metastasis and to diagnose cancer are needed to help in the battle to control cancer by
reducing or eliminating the spread of cancer cells throughout the body of a mammal

afflicted with cancer.

PCT/EP2004/001556
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Summary of the Invention

The present invention concerns the identification and characterization of a protein
(SIMA135)(SEQ ID NO:1) that is produced in metastatic cells. Accordingly, the invention
provides SIMA135 in glycosylated and non-glycosylated form. The invention also
provides antibodies that specifically and selectively bind to SOIMA135, and fragments of
SIMA135. These antibodies can bind to SIMA135, or fragments of SIMA135, that are
glycosylated or non-glycosylated. Accordingly, the invention provides methods to prevent,
reduce, or eliminate metastasis of cancer cells through use of antibodies that specifically
bind to SIMA135. The invention also provides methods to diagnose cancer, and to
determine the presence of cancer cells in a test sample. These methods may be used in
association with a mammal, such as a human. The invention also provides pharmaceutical
compositions and kits that contain antibodies that specifically and selectively bind to
SIMA135 and fragments of SIMA135. The invention also provides a method to screen for
agents that modulate production of SIMA135 by a cell.

The 1invention provides SIMA135, and fragments of SIMA135. Preferably SIMA135
or a fragment of SIMA135 is not glycosylated. More preferably the SIMA135 or the
tragment of SIMA135 is glycosylated. Preferably fragments of SIMA135 are antigenic and
are able to elicit an immune response when administered to an organism, such as a mammal
or an avian. Preferably the antigenic fragments of SIMA135 are glycosylated.

The invention provides antibodies that bind to SIMA135 or fragments of SIMA 135
such as monoclonal antibody 41-2. Preferably, the antibody is not monoclonal antibody 41-
2 as the monoclonal antibody preferably selectively and specifically binds with SIMA135.
Preferably the antibodies are recombinant antibodies. More preferably the antibodies are
polyclonal antibodies. Even more preferably the antibodies are humanized antibodies.
Most preferably the antibodies are monoclonal antibodies. Preferably the antibodies bind
to non-glycosylated SIMA135 or to a non-glycosylated fragment of SIMA135. More
preferably the antibodies bind to glycosylated SIMA 135, or a glycosylated fragment of
SIMA135.

The invention provides a method to prevent, reduce, or eliminate metastasis of a
cancer cell. The method involved administering an antibody that binds to SIMA135 to an
organism in need thereof. Monoclonal antibody 41-2 can bind SIMA 135 and also with

other antigens involved in metastasis but it is preferred that the antibody of the method
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should be other than monoclonal antibody 41-2. Such other antibody will selectively and
specifically bind with SIMA 135. Preferably the organism is a mammal. More preferably
the organism 1s a human. Preferably the antibody binds to SIMA135, or to a fragment
thereof, non-specifically. More preferably the antibody binds to SIMA135, or a fragment
thereof, specifically. Preferably the antibody is a polyclonal antibody. More preferably the
antibody 1s a recombinant antibody. Even more preferably the antibody is a monoclonal
antibody. Most preferably the antibody is a humanized antibody. Preferably the antibodies
bind to non-glycosylated SIMA135 or to a non-glycosylated fragment of SIMA135. More
preferably the antibodies bind to glycosylated SIMA135, or a glycosylated fragment of
SIMA135. Preferably the antibody is administered to the organism is need thereofin as a
pharmaceutical composition.

The invention also provides methods to diagnose cancer in an organism. In one
embodiment, antibodies that bind to SIMA135 can be contacted with a test sample obtained
from the organism, and then the relative amount of antibodies that bind to the test sample
are compared to the relative amount of antibodies that bind {o a non-cancerous control
sample. Increased antibody binding to the test sample relative to the control sample
indicates that the organism has cancer. In another embodiment, the invention provides an
immunohistochemical method to diagnose cancer in an organism wherein antibodies are
contacted with a test sample obtained from the organism, and the antibody binding pattern
exhibited by the test sample is compared to an antibody binding pattern produced through
use of a control sample. If the antibody binding pattern produced using the test sample
matches an antibody pattern produced through use of a cancerous control sample, the
organism 1s diagnosed as having cancer. Alternatively, if the antibody binding pattern to
the test sample is different than an antibody binding pattern produced through use of a non-
cancerous control sample, then the organism is diagnosed as having cancer. Preferably the
antibody binds non-specifically to SIMA135, or a fragment thereof. More preferably the
antibody binds specifically to SIMA1335, or a fragment thereof.

The invention also provides pharmaceutical compositions that contain an antibody
that binds to SIMA135, or a fragment thereof, and a pharmaceutical carrier provided that
the antibody 1s not monoclonal antibody 41-2.

The invention also provides kits that contain an antibody that binds to SIMA135, or a
fragment of SIMA135, and packaging material.
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The invention provides a method to 1dentify agents that modulate production of
SIMA135 by a cell. The invention as well includes the cell line operable in the method as
well as the assay method itself. Preferably an agent identified according to the method
increases production of SIMA135 by a cell. Such an identification will demonstrate
carcinogenicity of such an agent and thus can be used as a rapid test for cancer-causing
agents, More preferably an agent identified according to the method decreases production
of SIMA135 by a cell. Such an identification will demonstrate the anti-carcinogenicity of
such an agent. In one embodiment, a candidate agent is contacted with a test cell and
production of SIMA135 by the test cell is compared to a control cell that was not contacted
with the candidate agent. An increase or decrease in SIMA135 production by the test cell
as compared to the control cell indicates that the candidate agent modulates production of
SIMA135 by a cell. Preferably the cell is a mammalian cell. More preferably the cell is a
human cell. Even more preferably the cell is a non-metastatic HEp3 cell. Most preferably

the cell is a metastatic HEp3 cell.

Brief Description of the Drawing

Figure 1 illustrates the amino acid sequence of SIMA1335. The signal sequence is in lower
case lettering and the putative transmembrane domain 1s boxed. Twelve consensus N-
glycosylation motifs are indicated with filled triangles. Cytoplasmic tyrosing residues are
circled. CUB domains that are thought to span residues 221 to 348 and 417 to 544 are
underlined. The three peptides identified from trypsin digestion and sequencing are
overlined. The Arg residue preceding peptide 2 and the Lys preceding peptide 3 are boxed
to highlight the consistency with trypsin specificity for Arg/Lys containing substrates.
Cytoplasmic domain PXXP sequences are underlined. A consensus palmitylation motif,
following the putative transmembrane domain, is indicated by filled circles. A consensus
palmitylation motif, following the putative transmembrane domain, 1s indicated by filled

circles.

Detailed Description of the Invention

The invention relates to the discovery of a glycosylated protein that was purified

from metastatic HEp3 cells through subtractive immunization using a monoclonal antibody

PCT/EP2004/001556
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designated 41-2. The protein is designated SIMA135 (subtractive immunization M~ HEp3
associated 135 kDa protein).

SIMA135 refers to a protein that can be physically 1solated from cells, as opposed to
being a punitive protein predicted from translation of a nucleic acid sequence. Physical
isolation of the SIMA135 protein is significant for a number of reasons. One reason is that
isolation of the protein indicates that the mRNA is actually translated into a polypeptide.
Secondly, isolation and characterization of the protein as reported herein indicates that the
protein is glycosylated. Physical isolation of the glycosylated protein confirms that
glycosylation sites within the polypeptide are available for glycosylation and are not buried
within the folded protein to become inaccessible to glycosyltransferases. Such
conformation 1s important due to the known role that glycosylation plays in protein folding
and immunogenicity. Therefore, isolation of the SIMA135 protein is a significant advance
when compared to a theoretical polypeptide sequence predicted from a nucleic acid
sequence.

The SIMA135 cDNA 1s shown herein to encode a 135 kDa type I transmembrane
cell surface protein that specifically immunoreacts with mAb 41-2. Immunopurification and
amino acid sequencing confirms that the mature protein commences at Phe30 following
removal of a 29 amino acid signal peptide. Immunocytochemical analysis confirms
localization of the protein to the cell surface and the type I orientation of this protein. In
addition, consistent with the presence of 12 potential extracellular glycosylation sites,
Western blot analysis of deglycosylated cell lysates indicates that up to 40 kDa of the
difference between the apparent (~135 kDa) and theoretical (~90 kDa) molecular weight of
mature SIMA135 is due to N-linked glycans. Western blot analysis demonstrates that
SIMA135 1s a phosphotyrosine protein, consistent with the presence of 5 infracellular
tyrosine residues. In addition, the inhibitor PP2 has been used to demonstrate that a Src
kinase family member acts to phosphorylate tyrosines of SIMA135 in HEp3 cells.

The domain structure of SIMA135 indicates that it may interact with extracellular
proteins such as soluble ligands, other cell surface proteins and/or matrix components;
potentially via putative CUB domains present within its amino terminal region. These
structures are thought to mediate binding to a variety of protein ligands. For example,
homodimerization of the MASP serine proteases acting within the lectin branch of the
complement cascade 1s stabilized through interactions involving CUB domains (Chen and

Wallis, 2001). Also a number of the type II transmembrane serine proteases contain CUB
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domains thought to mediate enzyme-substrate interactions (Hooper et al., 2001). In
addition, CUB domains of cubilin mediate binding to both the intrinsic factor-cobalamin as
well as albumin (Yammani et al., 2001). As SIMA135 1s heavily glycosylated within its
extracellular domain, it is thought that ligand binding will be, at least partially, dependent
on carbohydrate moieties as has been demonstrated for various 1soforms of the cell surface
glycoprotein CD44 (Bajorath, 2000). Glycosylation is also thought to contribute to
SIMA135 protein folding, and trafficking to and maintenance at the cell surface (Gorelik et
al., 2001; Grogan et al., 2002).

SIMA135 displayed differences in amino acid sequence from other proteins
associated with signet ring carcinoma (GenBank entry AK026622) and the non small lung
cell carcinoma cell line Calu 6 (GenBank entry AY026461) (Scherl-Mostageer et al.,
2001). These differences are thought to affect the ability of SIMA135 to interact with other
molecules, as compared to previously known proteins. The first amino acid change,
525Arg—QGln, occurs within an extracellular potential ligand binding domain; the second
of the potential CUB domains of SIMA135. The second amino acid change, 709Gly—>Asp,
1s located 2 residues after a tyrosine residue. This change from a non-polar amino acid to a
charged residue could be expected to have a significant impact on the ability of the
proximal tyrosine to be phosphorylated, and therefore is thought to have an impact on the
capacity of SIMA135 to bind to, for example, SH2 domains. The last change,
827Ser— Asn, is located 4 residues from a PXXP motif. Accordingly, this change may also
impact on the ability of SIMA135 to interact with other proteins; in this case SH3 domain
containing proteins.

In normal colon tissue, SIMA135 protein is observed on basal and apical surfaces of
epithelial cells lining the colon lumen and on the apical surface of crypt epithelial cells. In
contrast to its distinct localization in normal colon, SIMA135 distribution in colon tumor
tissue 1s disarrayed and heterogeneous, appearing dysregulated with both plasma membrane
and cytoplasmic staining. It appears that expression of SIMA135 is more intense in
invading glands deeper in the colonic serosa and within draining blood vessels. These
results indicate that increased SIMA135 protein expression is associated more with later
stages of carcinogenesis, such as local invasion and metastasis. This proposal is partly
supported by Western blot analysis of pairs of human tumor cell lines originating from the
same tissue. For example, SIMA-135 levels were much higher in highly-metastatic M+

HEp3 cells compared to the congenic and low metastatic variant, M- HEp3. In addition, the



WO 2004/074481

10

19

20

29

30

CA 02516366 2005-08-17
PCT/EP2004/001556

noncongenic prostate cancer cell lines PC-3 and LNCaP showed a similar trend; the former,
a metastatic cell line, showing much higher levels of SIMA135 compared to the latter, a
low metastatic cell type (Soos et al., 1997).

The observation of apparently free SIMA135 in glandular mucus of both normal and
malignant glands 1s consistent with the observation that a 110 kDa soluble form of this
protein is released in vitro by HEp3 cells. The distinct loss of glandular tissue ultrastructure
that is apparent during tumorigenesis may permit the release of the soluble form of
SIMA135/CDCP1 into the fluid and vascular system of the colon cancer patient.

Accordingly, SIMA135 is thought to have utility as a serum or tissue fluid marker as has
been proposed for the transmembrane proteins MUC1 (Rye and McGuckin, 2001), CD44
(Adham et al., 1990) and ICAM-1 (Maruo et al., 2002).

L. SIMA135, fragments, and variants thereof that are glycosylated or non-

glycosylated.

The invention provides the SIMA135 protein (SEQ ID No:1), fragments of
SIMA135, and variants of SIMA135 that can be glycosylated or non-glycosylated. These

proteins, fragments, and variants of SIMA135 can be used as antigens to induce production
of antibodies that bind to SIMA135, e.g. antibodies that bind specifically and/or selectively
to SIMA1335. Such selectively binding antibodies include those that bind to SIMA135, or a
portion of SIMA1335, but that do not bind to proteins and fragments of proteins that are not
SIMAT1335, or a fragment of SIMA135. These proteins, fragments, and variants can also be
used to select for antibodies that specifically and selectively bind to SIMA135. Such
spectfically and selectively binding antibodies include those that bind to SIMA135, or a
portion of SIMA135, but that do not bind to proteins and fragments of proteins that are not
SIMA135, or a fragment of SIMA135. In particular, the selectivity of such antibodies
means that they bind to SIMA135 or a portion of SIMA135 but do not also bind to the
180kD protemn produced from metastatic Hep-3 cell lysate as described in US Pat No.
0,498,014 with a dissociation constant of the same order of magnitude as that resulting
from binding to SIMA135 or a fragment thereof, although binding of such antibodies with
the 180kD protein may occur at a dissociation constant at least two orders of magnitude
greater than that for binding with SIMA135 or a fragment thereof. The specificity of such
antibodies means that the immunogenic binding is the result of epitopal — hypervariable

region interaction and not the result of non-specific protein — protein interaction. Non-
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specific protein — protein interaction typically will have a dissociation constant at least 3
orders of magnitude greater than the dissociation constant for the specific binding of an
epitopal — hypervariable region interaction. The dissociation constant for an antibody —
antigen immunobinding pair can be measured according to the techniques described in
Harlow et al., Antibodies: A Laboratory Ménual, (Cold Spring Harbor Pub. 1988)), which
is hereby incorporated by reference. |

A fragment of a SIMA1335 protein as used herein, refers to a peptide fragment of a
sufficient length to be antigenic. Generally speaking, the fragment includes at least 5 amino
acids. The invention pertains to a fragment of SIMA135, e.g. a fragment of SEQ ID No:1,
glycosylated or non-glycosylated wherein said fragment contains amino acid 525 and or
amino acid 827. The present invention pertains to a fragment of SIMA135, €.g. a fragment
of SEQ ID No: 1, wherein in said fragment the amino acid 525 is not a Glutamine and /or
amino acid 827 is not an Asparagine. The present invention pertains to a fragment of
SIMA1335, e.g. a fragment of SEQ ID No: 1, wherein in said fragment the amino acid 325 1s
Arginine and /or amino acid 827 is Serine.

Variant proteins include proteins having amino acid substitutions that are
biologically active, or that elicit antibody production when used as an antigen. A variant of
SIMA135 1s intended to include a protein derived from native SIMAI 35 by deletion (so-
called truncation) or addition of one or more amino acids to the N-terminal and/or C-
terminal end of the native protein; deletion or addition of one or more amino acids at one or
more sites in the native protein; or substitution of one or more amino acids at one or more
sites in the native protein. Preferably, the variant at position 525 1s not Glutamine, the
variant at position 827 1s not Asparagine and preferably the amino acid at position 709
Glycine. Such variants may result from, for example, genetic polymorphism or from human
manipulation. Methods for such manipulations are generally known in the art.

Thus, the SIMA135 proteins of the invention may be altered 1n various ways
including amino acid substitutions, deletions, truncations, and insertions. Methods for such
manipulations are generally known in the art. For example, amino acid sequence variants
of the polypeptides can be prepared by mutations in DNA encoding SIMA135. Methods
for mutagenesis and nucleotide sequence alterations are well known in the art. See, for
example, Kunkel, Proc. Natl. Acad. Sci. USA, 82, 488 (1985); Kunkel et al., Methods in
Enzymol., 154:367 (1987); U. S. Patent No. 4,873,192; Walker and Gaastra, eds.,
Techniques in Molecular biology, MacMillan Publishing Company, New York (1983) and

PCT/EP2004/001556
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the references cited therein. Guidance as to appropriate amino acid substitutions that do
not affect biological activity of the protein of interest may be found in the model of

Dayhoff et al., Atlas of Protein Sequence and Structure, Natl. Biomed. Res. Found.,

Washington, C.D. (1978), herein incorporated by reference. Conservative substitutions,
such as exchanging one amino acid with another having similar properties, are preferred.
Conservative amino acid substitutions are preferred and include, for example; aspartic-
glutamic as acidic amino acids; lysine/arginine/histidine as basic amino acids;
leucine/isoleucine, methionine/valine, alanine/valine as hydrophobic amino acids;
serine/glycine/alanine/threonine as hydrophilic amino acids. Conservative amino acid
substitution also includes eroupings based on side chains. Members in each group can be
substituted for one another. For example, a group of amino acids having aliphatic side
chains is glycine, alanine, valine, leucine, and isoleucine. These may be substituted for one
another. A group of amino acids having aliphatic-hydroxyl side chains is serine and
threonine. A group of amino acids having amide-containing side chains is asparagine and
glutamine. A group of amino acids having aromatic side chains is phenylalanine, tyrosine,
and tryptophan. A group of amino acids having baéic side chains is lysine, arginine, and
histidine. A group of amino acids having sulfur-containing side chains is cysteine and
methionine. For example, replacement of a leucine with an isoleucine or valine, an
aspartate with a glutamate, a threonine with a serine, or a similar replacement of an amino
acid with a structurally related amino acid may be accomplished to produce a variant
polypeptide of the invention.

The proteins of the invention may be glycosylated or not glycosylated. The proteins
may be glycosylated in vivo by expressing the proteins in a cell that is able to glycosylate
the recombinant protein. Alternatively, the proteins of the invention can be glycosylated in
vitro through use of sugar transferases. The proteins may be treated to cleave any linked
glycans through use of commercially available enzymes, for example PNGase F (New
England Biolabs, Beverly, MA). Accordingly, the proteins of the invention can be used to
produce antibodies that bind to native SIMA135, denatured SIMA135, specific portions of
SIMA135, glycosylated SIMA135, and to non-glycosylated SIMA135.

1. An antibody that selectively binds to SIMA135, or to a fragment of SIMA135.
The invention provides antibodies that bind to SIMA135. Preferred antibodies to be

used in pharmaceutical compositions include those antibodies that inhibit tumor metastasis.
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Inhibition of tumor metastasis can be determined by a number of assays, such as the
migration assay, the invasion assay or the chick chorioallantoic membrane assay.

Antibodies can be prepared that recognize natively folded SIMA135, or denatured
SIMA135 by immunizing an animal with natrve SIMA135 or denatured SIMA135
respectively. In addition, antibodies can be prepared that recognize SIMA135 that is
glycosylated, or SIMA135 that is not glycosylated by iminunizing an animal with SIMA 135
that is glycosylated or non-glycosylated respectively. Antibodies that recognize various
forms of SIMA135 (for example, native vs. denatured, and glycosylated vs. non-
glycosylated) are useful for determining if a cell is able to properly fold and glycosylate
SIMA135. Such antibodies are useful for determining if a candidate agent is able to
interfere with cellular actions that process SIMA135 during metastasis. Accordingly, such
antibodies may be used to identify the action of agents that can be used to mhibit metastasis
by cancer cells.

Antibodies that bind to SIMA133, fragments of SIMA135, and variants of
SIMA1335, can be prepared using an intact protein or fragment containing small peptides of
interest as the immunizing antigen. Fragments of SIMA133 that can be used as antigens
include those that produce an immune response in an animal. These fragments will
generally be five amino acids or greater in length. The protein or a peptide used to
immunize an animal can be derived from translated cDNA or chemical synthesis which can
be conjugated to a carrier protein, if desired. Such commonly vsed carriers which are
chemically coupled to the peptide include keyhole limpet hemocyanin (KLH),
thyroglobulin, bovine serum albumin (BSA), and tetanus toxoid. The coupled protein or
peptide is then used to immunize the animal (e.g., a mouse, a rat, or a rabbit), The
monoclonal antibody 41-2 is an antibody that was initially employed to isolate SIMA135.
It recognizes SIMA135 and in addition several other metastasis proteins including the 180
kD protein described in U.S Patent No’s. 6,245,898 and 6,498,014. For this reason, a
preferred antibody according to the invention is a monoclonal antibody that binds, e.g.
selectively and/or specifically, with SIMA 135, e.g. said antibody does not bind with other
metastasis proteins, e.g. said antibody recognizes an epitope of SIMA135.

If desired, polyclonal or monoclonal antibodies can be purified, for example, by
binding to and elution from a matrix to which the polypeptide or a peptide to which the
antibodies were raised is bound. Those of skill in the art will know of various techniques

common in the immunology arts for purification and/or concentration of polyclonal
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antibodies, as well as monoclonal antibodies (Coligan, et al., Unit 9, Current Protocols in
Immunology, Wiley Interscience, 1991, incérporated by reference).

An antibody suitable for binding to a protein of the invention is specific for at least
one portion of a region of the protein. For example, one of skill in the art can use a protein
or peptide to generate appropriate antibodies of the invention. Antibodies of the invention
include polyclonal antibodies, monoclonal anttbodies, and fragments of polyclonal and
monoclonal antibodies.

The present invention pertains to an antibody according to the invention for use as a
therapeutic treatment of the human and animal body, the invention also relates to an
antibody according to the invention for the preparation of a medicament for use to inhibit
metastasis by a cancef cell in a mammal.

The preparation of polyclonal antibodies is well-known to those skilled in the art
(Green et al., Production of Polyclonal Antisera, in Immunochemical Protocols (Manson,
ed.), pages 1-5 (Humana Press 1992); Coligan et al., Production of Polyclonal Antisera in
Rabbits, Rats, Mice and Hamsters, in Current Protocols in Immunology, section 2.4.1
(1992), which are hereby incorporated by reference).

The preparation of monoclonal antibodies likewise is conventional (Kohler &
Milstein, Nature, 256:495 (1975); Coligan et al., sections 2.5.1-2.6.7; and Harlow et al.,
Antibodies: A Laboratory Manual, page 726 (Cold Spring Harbor Pub. 1988)), which are

hereby mcorporated by reference. Priefly, monoclonal antibodies can be obtained by

injecting mice with a composition comprising an antigen, verifying the presence of
antibody production by removing a serum sample, removing the spleen to obtain B
lymphocytes, fusing the B lymphocytes with myeloma cells to produce hybridomas, cloning
the hybridomas, selecting positive clones that produce antibodies to the antigen, and
isolating the antibodies from the hybridoma cultures. Monoclonal antibodies can be
1solated and purified from hybridoma cultures by a variety of well-established techniques.
Such isolation techniques include affinity chromatography with Protein-A Sepharose, size-
exclusion chromatography, and ion-exchange chromatography (Coligan et al., sections
2.7.1-2.7.12 and sections 2.9.1-2.9.3; Barnes et al., Purification of Immunoglobulin G
(1gG), in Methods in Molecular Biology, Vol. 10, pages 79-104 (Humana Press 1992)).
Methods of in vitro and in vivo multiplication of monoclonal antibodies is well-known to
those skilled in the art. Multiplication in vitro may be carried out in suitable culture media

such as Dulbecco's Modified Eagle Medium or RPMI 1640 medium, optionally replenished
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by a mammalian serum such as fetal calf serum or trace elements and growth-sustaining
supplements such as normal mouse peritoneal exudate cells, spleen cells, bone marrow
macrophages. Production in vitro provides relatively pure antibody preparations and allows
scale-up to yield large amounts of the desired antibodies. Large scale hybridoma cultivation
can be carried out by homogenous suspension culture in an air reactor, in a continuous
stirrer reactor, or immobilized or entrapped cell culture. Multiplication in vivo may be
carried out by injecting cell clones into mammals histocompatible with the parent cells,
€.g., osyngeneic mice, to cause growth of antibody-producing tumors. Optionally, the
animals are primed with a hydrocarbon, especially oils such as pristine
tetramethylpentadecane prior to injection. After one to three weeks, the desired
monoclonal antibody is recovered from the body fluid of the animal.

An antibody of the invention may be derived from a "humanized" monoclonal
antibody. Humanized monoclonal antibodies are produced by trans'ferring Mouse
complementarity determining regions from heavy and light variable chains of the mouse
immunoglobulin into a human variable domain, and then substituting human residues in the
framework regions of the murine counterparts. The use of antibody components derived
from humanized monoclonal antibodies obviates potential problems associated with the
immunogenicity of murine constant regions. General techniques for cloning murine

immunoglobulin variable domains are described (Orlandi et al., Proc. Natl. Acad. Sci.

USA, 86:3833 (1989) which is hereby incorporated in its entirety by reference).

Techniques for producing humanized monoclonal antibodies are described (Jones et al.,
Nature, 321:522 (1986); Riechmann et al., Nature, 332:323 (1988); Verhoeyen et al,
Science, 239:1534 (1988); Carter et al., Proc. Natl. Acad. Sci. USA, 89:4285 (1992);

Sandhu, Crit. Rev. Biotech., 12:437 (1992); and Singer et al., J. Immunol., 150:2844
(1993), which are hereby incorporated by reference).

In addition, antibodies of the present invention may be derived from a human
monoclonal antibody. Such antibodies are obtained from transgenic mice that have been
"engineered" to produce specific human antibodies in response to antigenic challenge. In
this technique, elements of the human heavy and light chain loci are introduced into strains
of mice derived from enibryonic stem cell lines that contain targeted disruptions of the
endogenous heavy and light chain loci. The transgenic mice can synthesize human
antibodies specific for human antigens, and the mice can be used to produce human

antibody-secreting hybridomas. Methods for obtaining human antibodies from transgenic
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mice are described (Green et al., Nature Genet., 7:13 (1994); Lonberg et al., Nature,
368:856 (1994); and Taylor et al., Int. Immunol., 6:579 (1994), which are hereby
incorporated by reference).

Antibody fragments of the invention can be prepared by proteolytic hydrolysis of
the antibody or by expression in E. coli of DNA encoding the fragment. Antibody
fragments can be obtained by pepsin or papain digestion of whole antibodies by
conventional methods. For example, antibody fragments can be produced by enzymatic
cleavage of antibodies with pepsin to provide a 35S fragment denoted F(ab")2. This fragment
can be further cleaved using a thiol reducing agent, and optionally a blocking group for the
sulthydryl groups resulting from cleavage of disulfide linkages, to produce 3.5S Fab'
monovalent fragments. Alternatively, an enzymatic cleavage using pepsin produces two
monovalent Fab' fragments and an Fc fragment directly. These methods are described
(Goldenberg, U.S. patents No. 4,036,945 and 4,331,647, and references contained therein;
Porter, Biochem. J., 73:119 (1959); Edelman et al., Methods 1in Enzymology, Vol. 1, page
422 (Academic Press 1967); and Coligan et al. at sections 2.8.1-2.8.10 and 2.10.1-2.10.4).

Other methods of cleaving antibodies, such as separation of heavy chains to form

monovalent light-heavy chain fragments, further cleavage of fragments, or other enzymatic,
chemical, or genetic techniques may also be used, so long as the fragments bind to the
antigen that 1s recognized by the intact antibody.

For example, Fv fragments include, an association of Vi and V. chains. This

association may be noncovalent (Inbar et al., Proc. Natl. Acad. Sci. USA, 69:2659 (1972)).

Alternatively, the variable chains can be linked by an intermolecular disulfide bond or
cross-linked by chemicals such as glutaraldehyde (Sandhu, supra). Preferably, the Fv
fragments comprise Vy and Vi chains connected by a peptide linker. These single-chain
antigen binding proteins (sFv) are prepared by constructing a structural gene comprising
DNA sequences encoding the Vy and V| domains connected by an oligonucleotide. The
structural gene is inserted into an expression vector, which is subsequently introduced into
a host cell such as E. coli. The recombinant host cells synthesize a single polypeptide
chain with a linker peptide bridging the two V domains. Methods for producing sFvs are
described (Whitlow et al., Methods: A Companion to Methods in Enzymology, Vol. 2, page
97 (1991); Bird et al., Science, 242:423 (1988), Ladner et al., U.S. patent No. 4,946,778;
Pack et al., Bio/Technology, 11:1271 (1993); and Sandhu, supra).
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Another form of an antibody fragment is a peptide coding for a single
complementarity-determining region (CDR). CDR peptides ("minimal recognition units")
can be obtained by constructing genes encoding the CDR of an antibody of interest. Such
genes are prepared, for example, by using the polymerase chain reaction to synthesize the
variable region from RNA of antibody-producing cells (Larrick et al., Methods: A
Companion to Methods in Enzymology, Vol. 2, page 106 (1991)).

I11. A method to treat a metastatic tumor and to inhibit metastasis by a tumor cell.

The invention also includes methods of treating metastatic tumors. "Treating a
metastatic tumor" means that the metastasis of the tumor is prevented, delayed, or inhibited.
Metastatic tumors include both tumors at the primary site capable of metastasizing and
metastasized tumors at a secondary site. Such metastatic tumors can be of a tissue origin of
the lung, liver, kidney, mammary gland, epithelial, thyroid, leukemic, pancreatic,
endometrial, ovarian, cervical, skin, colon and lymphoid tissue. A subject which can be
treated can be any mammalian subject, including humans, dogs, monkeys, cows and the
like, with the exception of mice.

One embodiment of the present invention provides methods of treating a metastatic
tumor 1n a subject by administering to the subject a therapeutically effective amount of a
tumor metastasis-inhibiting antibody of the present invention. Tumor metastasis-inhibiting
antibodies of the present invention have been described hereinabove. Preferred tumor
metastasis-inhibiting antibodies include those antibodies that selectively bind to SIMA135,
or a fragment thereof.

A tumor metastasis-inhibiting antibody can be administered alone or together with
a pharmaceutically acceptable carrier. A pharmaceutically acceptable carrier includes all
solvents, such as fats, oils, water, saline solutions, lipids, liposomes, resins, binders, fillers,
dispersion media, cell culture media, and the like, or combinations thereof, that are non-
toxic to the recipient subject.

In accordance with the present invention, the active ingredients can be combined
with the carrier in any convenient and practical manner, e.g., by solution, suspension,
emuléiﬁcation, admixture, encapsulation, absorption and the like, and if necessary, by
shaping the combined compositions into pellets or tablets. Such procedures are routine for

those skilled in the art.
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Dosages of an antibody to be therapeutically effective depend on the disease state
and other clinical factors, such as weight and condition of the subject, the subject's
response to the therapy, the type of formulations and the route of administration. The
precise dosage of a compound to be therapeutically effective can be determined by those
skilled in the art. As a general rule, the therapeutically effective dosage of an antibody can
be in the range of about 0.5 pg to about 2 grams per unit dosage form. A unit dosage form
refers to physically discrete units suited as unitary dosages for mammalian treatment: each
unit containing a predetermined quantity of the active material calculated to produce the
desired therapeutic effect in association with any required pharmaceutical carrier. The
methods of the present invention contemplate single as well as multiple administrations,
given either simultaneously or over an extended period of time.

The administration of a tumor metastasis-inhibiting antibody may be carried out in
any convenient manner, including by aerosol inhalation, injection, ingestion, transfusion,
implantation or transplantation. Preferably, the antibodies of the present invention are
administered to a patient by subcutaneous (s.c.), intraperitoneal (i.p.), intra-arterial (1.a.), or

intravenous (i.v.) injection.

IV. A method to diagnose cancer in a mammal.

The invention also includes methods of diagnosing metastatic tumors in a subject by
detecting the expression of SIMA135.

Metastatic tumors include both tumors at the primary site capable of metastasizing
and metastasized tumors at a secondary site. Such metastatic tumors can be of a tissue
origin of the lung, liver, kidney, mammary gland, epithelial, thyroid, leukemic, pancreatic,
endometrial, ovarian, cervical, skin, colon and lymphoid tissues.

The expression of SIMA135 can be detected by using an antibody that binds to
SIMA135, or a fragment of SIMA135. Both polyclonal antibodies and monoclonal
antibodies can be employed.

In one embodiment, a sample is taken from the subject, e.g., a biopsy specimen taken
from tissue suspected of having a metastatic tumor. Generally, the sample 18 treated before
an assay 1s performed. Assays which can be employed include ELISA, RIA, EIA, Western
Blot analysis, immunohistological staining and the like. Depending upon the assay used,

the antigens or the antibodies can be labeled by an enzyme, a fluorophore or a radioisotope.
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See, e.g., Coligan et al. Current Protocols in Immunology, John Wiley & Sons Inc., New
York, N.Y. (1994); and Frye et al., Oncogen 4: 1153-1157, 1987.

The treatment of the sample may vary depending on the assay that is used to detect
SIMA135. For example, cells of tissue biopsy can be lysed and the cell lysates are used in
e.g., Western Blot analysis. For assays such as the Whole Cell ELISA assay, cells can be
washed with, e.g., PBS, and then fixed with 0.25% glutaraldehyde in PBS before the assay.

The expression of SIMA135, or a fragment of SIMA135, detected by using any of
the above-described methods, is compared with the expression of the same antigen in the
normal part of the tissue. A substantial increase in the level of expression of the antigen
when compared with the expression in the normal tissue, is indicative of a metastatic
tumor. A substantial increase means an increase of at least about 20%, preferably, at least
about 25%, more preferably, at least about 35%.

In another embodiment, immunohistochemistry can be used to diagnose a metastatic
tumor 1n an organism. In this embodiment, a sample is taken from an organism, €.g., a
biopsy specimen taken from tissue suspected of having a metastatic tumor. The sample can
be affixed to a slide and contacted with antibodies, as disclosed herein, that bind to
SIMA135. The antibodies can be labeled by an enzyme, a fluorophore or a radioisotope.
See, €.g., Coligan et al. Current Protocols in Immunology, John Wiley & Sons Inc., New.
Following binding of the antibodies to SIMA135, the position of the antibodies is
determined through use of known techniques. Heterologous staining, extensive expression
of SIMA135 throughout the tissue sample, and staining within malignant glands in the

colonic serosa mdicate metastatic cancer.

V. A kit containing an antibody that selectively binds to SIMA135, or fragments

thereof, and packaging material.

The invention provides a kit containing an antibody that binds to SIMA135 and
packaging material. Such kits are useful for shipping and storage of antibodies that can be
used for treating and detecting cancer. Specifically, such kits may be used by medical
personal in a laboratory for detecting metastatic cancer in a tissue sample obtained from an
organism. Furthermore, such kits may be useful for medical personal for the formulation of

pharmaceutical compositions that contain an antibody of the invention.
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The packaging material will provide a protected environment for the antibody. For
example, the packaging material may keep the antibody from being contaminated. In
addition, the packaging material may keep an antibody in solution from becoming dry.

Examples of suitable materials that can be used for packaging materials include
glass, plastic, metal, and the like. Such materials may be silanized to avoid adhesion of an

antibody to the packaging material.

VI A pharmaceutical composition containing an antibody that selectively binds to

SIMAI133, or fo a fragment of SIMA135, and a pharmaceutically acceptable

carrier.

A pharmaceutical composition of the invention includes an antibody that binds to
SIMA135 that is formulated as a pharmaceutical composition and administered to an
animal host, such as a human patient in a variety of forms adapted to the chosen route of
administration, i.e., orally or parenterally, by intravenous, intramuscular, topical or
subcutaneous routes.

Thus, an antibody may be systemically administered, e.g., orally, in combination
with a pharmaceutically acceptable vehicle such as an inert diluent or an assimilable edible
carrier. They may be enclosed in hard or soft shell gelatin capsules, may be compressed
into tablets, or may be incorporated directly with the food of the patient's diet. For oral
therapeutic administration, the antibody may be combined with one or more excipients and
used in the form of ingestible tablets, buccal tablets, troches, capsules, elixirs, suspensions,
syrups, wafers, and the like. Such compositions and preparations should contain at least
0.1% of the antibody. The percentage of the compositions and preparations may, of course,
be varied and may conveniently be between about 2 to about 60% of the weight of a given
unit dosage form. The amount of the one or more antibodies in such therapeutically useful
compositions is such that an effective dosage level will be obtained. When administered
orally, the compositions of the invention can preferably be administered in a gelatin
capsule.

The tablets, troches, pills, capsules, and the like may also contain the following:
binders such as gum tragacanth, acacia, corn starch or gelatin; excipients such as dicalcium
phosphate; a disintegrating agent such as corn starch, potato starch, alginic acid and the
like; a lubricant such as magnesium stearate; and a sweetening agent such as sucrose,

fructose, lactose or aspartame or a flavoring agent such as peppermint, oil of wintergreen,
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or cherry flavoring may be added. When the unit dosage form 1s a capsule, it may contain,
in addition to materials of the above type, a liquid carrier, such as a vegetable oil or a
polyethylene glycol. Various other materials may be present as coatings or to otherwise
médify the physical form of the solid unit dosage form. For instance, tablets, pills, or
capsules may be coated with gelatin, wax, shellac or sugar and the like. A syrup or elixir
may contain the antibody or antibodies, sucrose or fructose as a sweetening agent, methyl
and propylparabens as preservatives, a dye and flavoring such as cherry or orange flavor.
Of course, any material used in preparing any unit dosage form should be pharmaceutically
acceptable and substantially non-toxic m the amounts employed. In addition, the antibody
or antibodies may be incorporated into sustained-release preparations and devices.

The antibody or antibodies of the invention may also be administered intravenously
or intraperitoneally by infusion or injection. Solutions of the antibody or antibodies can be
prepared in water, optionally mixed with a nontoxic surfactant. Dispersions can also be
prepared in glycerol, liquid polyethylene glycols, triacetin, and mixtures thereof and in oils.
Under ordinary conditions of storage and use, these preparations contain a preservative to
prevent the growth of microorganisms.

The pharmaceutical dosage forms suitable for injection or infusion can include
sterile aqueous solutions or dispersions or sterile powders comprising the antibody or
antibodies which are adapted for the extemporaneous preparation of sterile injectable or
infusible solutions or dispersions, optionally encapsulated in liposomes. In all cases, the
ultimate dosage form should be sterile, fluid and stable under the conditions of manufacture
and storage. The liquid carrier or vehicle can be a solvent or liquid dispersion medium
comprising, for example, water, ethanol, a polyol (for example, glycerol, propylene glycol,
liquid polyethylene glycols, and the like), vegetable oils, nontoxic glyceryl esters, and
suitable mixtures thereof. The proper fluidity can be maintained, for example, by the
formation of liposomes, by the maintenance of the required particle size in the case of
dispersions or by the use of surfactants. The prevention of the action of microorganisms
can be brought about by v<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>