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COMPOSITIONS AGAINST CANCER ANTIGEN 
LIV-1 AND USES THEREOF 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/443,712, ?led Jan. 29, 2003; and 
is a CIP of US. application Ser. No. 09/642,034, ?led Aug. 
18, 2000; Which is a CIP of US. application Ser. No. 
09/525,361, ?led Mar. 15, 2000; Which is a CIP of US. 
application Ser. No. 09/453,137, ?led Dec. 2, 1999; Which is 
a CIP of US. application Ser. No. 09/450,810, ?led Nov. 29, 
1999, abandoned; and a CIP of US. application Ser. No. 
09/268,865, ?led Mar. 15, 1999, all herein incorporated by 
reference. 

FIELD OF THE INVENTION 

[0002] The invention relates to the identi?cation and gen 
eration of antibodies that speci?cally bind to LIV-1 proteins; 
and to the use of such antibodies and compositions com 
prising them, in the diagnosis, prognosis, and therapy of 
cancer. 

BACKGROUND OF THE INVENTION 

[0003] Zinc plays an essential role in cell groWth, and is a 
cofactor of over 300 enZymes, including enZymes important 
in angiogenesis and cell remodeling. Vallee, B. L., Auld, D. 
S., Biochem. 29:5647-5659 (1990). Zinc associates With 
many macromolecules in cells, including molecular compo 
nents that act to control groWth, apoptosis, development and 
differentiation. Control of intracellular Zinc levels, therefore, 
may be important in preventing the triggering of a variety of 
disease states, including cancer. 

[0004] LIV-1 is a member of the LZT (LIV-1-ZIP Zinc 
Transporters) subfamily of Zinc transporter proteins. Taylor, 
K. M. and Nicholson, R. I., Biochim. Biophys. Acta 
1611:16-30 (2003). Computer analysis of the LIV-1 protein 
reveals a potential metalloprotease motif,. ?tting the con 
sensus sequence for the catalytic Zinc-binding site motif of 
the Zincin metalloprotease. 

[0005] The structure of LIV-1 implicates a role for the 
protein as a Zinc-in?ux transporter protein. Experiments 
With recombinant LIV-1 localiZes the protein to the plasma 
membrane, similarly concentrated in lamellipodiae as mem 
brane-type metalloproteases. Taylor and Nicholson, supra. 
Computer analysis predicts six to eight transmembrane 
domains, a long extracellular N terminus, a short extracel 
lular C terminus, as Well as the consensus sequence for the 
catalytic Zinc-binding site of metalloproteases. LIV-1 distri 
bution studies indicates primary expression in breast, pros 
tate, pituitary gland and brain tissue. Taylor and Nicholson, 
supra. 

[0006] The LIV-1 protein has also been implicated in 
certain cancerous conditions, eg breast cancer and prostate 
cancer. The detection of LIV-1 is associated With estrogen 
receptor-positive breast cancer, McClelland, R. A., et al., Br. 
J. Cancer 77:1653-1656 (1998), and the metastatic spread of 
these cancers to the regional lymph nodes. Manning, D. A. 
et al., Eur. J. Cancer 30Az675-678 (1994). Antibodies useful 
for diagnosis, prognosis, and effective treatment of cancer, 
including metastatic cancer, Would be desirable. Accord 
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ingly, provided herein are compositions and methods that 
can be used in diagnosis, prognosis, and therapy of certain 
cancers. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides anti-LIV-1 antibod 
ies that are useful for making conjugated antibodies for 
therapeutic purposes. For example, the anti-LIV-1 antibod 
ies of the invention are useful as selective cytotoxic agents 
for LIV-1 expressing cells. In some embodiments, the anti 
bodies of the present invention are therapeutically useful in 
persons diagnosed With cancer and other proliferative con 
ditions, including benign proliferative conditions. In one 
aspect, the antibodies of the present invention can be used to 
treat proliferative conditions of the prostate or breast includ 
ing, for example, prostate cancer or breast cancer. 

[0008] The present invention provides antibodies that 
competitively inhibit binding of proteins encoded by vectors 
containing some or all of the sequence associated With LIV-1 
(Hs.79136). In some embodiments the antibodies are further 
conjugated to an effector component. The effector compo 
nent can be a label (e.g., a ?uorescent label, an effector 
domain e.g. MicA) or can be a cytotoxic moiety (e.g., a 
radioisotope or a cytotoxic chemical). An exemplary cyto 
toxic chemical is auristatin-E. In other embodiments the 
antibodies can be used alone to inhibit tumor cell groWth. 

[0009] The antibodies of the invention can be Whole 
antibodies or can be antibody fragments. In some embodi 
ments the immunoglobulin is a humaniZed antibody. An 
exemplary antibody of the invention is de?ned by CDRs. 

[0010] The invention further provides immunoassays 
using the immunoglobulins of the invention. These methods 
involve detecting a cancer cell in a biological sample from 
a patient by contacting the biological sample With an anti 
body of the invention. The antibody is typically conjugated 
to a label such as a ?uorescent or other label. 

[0011] The invention also provides double-stranded ribo 
nucleic acids that bind to mRNA encoded by the LIV-1 
nucleic acid of SEQ ID NO:1. The double-stranded ribo 
nucleic acids may cover the length of the target mRNA, or 
may be short double-stranded ribonucleic acids complemen 
tary to the target mRNA, e.g. siRNA. 

[0012] The invention also provides pharmaceutical com 
positions comprising a pharmaceutically acceptable excipi 
ent and the antibody or double stranded ribonucleic acid of 
the invention. In these embodiments, the antibody can be 
further conjugated to an effector component. The effector 
component can be a label (e.g., a ?uorescent label) or can be 
a cytotoxic moiety (e.g., a radioisotope or a cytotoxic 
chemical). An exemplary cytotoxic chemical is auristatin-E. 
The antibodies in the pharmaceutical compositions can be 
Whole antibodies or antibody fragments. In some embodi 
ments the immunoglobulin is a humaniZed antibody. 

[0013] The invention also provides methods of inhibiting 
proliferation of a prostate cancer-associated or breast can 
cer-associated cell. The method comprises contacting the 
cell With an antibody or double-stranded ribonucleic acid of 
the invention. In most embodiments, the cancer cell is in a 
patient, typically a human. The patient may be undergoing 
a therapeutic regimen to treat metastatic or benign prostate 
cancer or breast cancer or may be suspected of having 
prostate cancer or breast cancer. 
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DESCRIPTION OF THE TABLES AND FIGURES 

[0014] Table 1 provides the cDNA (SEQ ID NO:1) and 
protein sequence for LIV-1 (SEQ ID NO12). 

[0015] Table 2 provides DNA and peptide sequences for 
the LIV-1 antibody, #1.7A4 (SEQ ID NOS13-6). 

[0016] Table 3 provides a partial list of the variety of 
medical conditions that LIV-1 may be implicated in. 

[0017] Table 4 provides a list of cell lines that may be used 
to validate anti-LIV-l compositions in ovarian and bladder 
systems. 

[0018] Table 5 provides LIV-1 mutant (BCR4 M1) cDNA 
(5A) and protein sequences (5B). Mutated residues are 
underlined. 

[0019] Table 6 provides a list of antibodies generated 
against the LIV-1 protein. 

[0020] FIG. 1 shoWs a graph of the reduction in siZe of a 
prostate tumor in vivo after Auristatin-E-conjugated LIV-1 
antibody treatment. 

[0021] FIG. 2 shoWs a graph of the reduction in siZe of a 
breast cancer tumor in vivo after Auristatin-E-conjugated 
LIV-1 antibody treatment. 

[0022] FIG. 3 shoWs ?uorescence micrograph images of 
LIV-1 antibody stained tissue sections from breast cancer 
(left) and other normal tissues. 

[0023] FIG. 4A shoWs a bar graph of the effect of a LIV-1 
RNAi composition on MX-l carcinoma cell groWth in a 
clonogenic assay 14 days after addition of the LIV-1 siRNA. 

[0024] FIG. 4B shoWs a bar graph of the effect of a LIV-1 
RNAi composition has on MX-l carcinoma cell groWth in a 
clonogenic assay 17 days after addition of the LIV-1 siRNA. 

[0025] FIG. 5 shoWs a ?uorescence microscope image of 
HCT116 cells transfected Without. (FIG. 5A) or With (FIG. 
SE) a LIV-1 siRNA. 

[0026] FIG. 6 shoWs a bar graph of the binding strength 
of various LIV-1 antibodies on LIV-1 expressing cells 
(MX-l breast carcinoma cells). 

[0027] FIG. 7 shoWs the inhibition of several LIV-1 
antibodies on epithelial ovarian carcinoma cell groWth 
(CSOC), as compared to an isotype IgG1 control. 

[0028] FIG. 8 shoWs the inhibition of several LIV-1 
antibodies on mammary carcinoma cell groWth (MX-l), as 
compared to an isotype IgG1 control. 

[0029] FIG. 9 shoWs the inhibition of several LIV-1 
antibodies on prostate carcinoma cell groWth (LNCaP), as 
compared to an isotype IgG1 control. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0030] The present invention provides novel reagents and 
methods for treatment, diagnosis and prognosis for certain 
cancers using antibodies and double-stranded ribonucleic 
acids against LIV-1. In particular, the present invention 
provides anti-LIV-l antibodies that are particularly useful as 
selective cytotoxic agents for LIV-1 expressing cells. 
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[0031] Epitope mapping of antibodies shoWing high affin 
ity binding can be carried out through competitive binding 
analyses. Using this methodology, antibodies recogniZing a 
number of individual epitopes can be identi?ed. The anti 
bodies are then assessed for LIV-1 dependent cell death in 
vitro. Using these methods antibodies that promote cell 
death can be identi?ed. 

[0032] De?nitions 

[0033] As used herein, “antibody” includes reference to an 
immunoglobulin molecule immunologically reactive With a 
particular antigen, and includes both polyclonal and mono 
clonal antibodies. The term also includes genetically engi 
neered forms such as chimeric antibodies (e.g., humaniZed 
murine antibodies) and heteroconjugate antibodies (e.g., 
bispeci?c antibodies). The term “antibody” also includes 
antigen binding forms of antibodies, including fragments 
With antigen-binding capability (e.g., Fab‘, F(ab‘)2, Fab, Fv 
and rIgG. See also, Pierce Catalog and Handbook, 1994 
1995 (Pierce Chemical Co., Rockford, 111.). See also, e.g., 
Kuby, J ., Immunology, 3rd Ed., W. H. Freeman & Co., NeW 
York (1998). The term also refers to recombinant single 
chain Fv fragments (scFv). The term antibody also includes 
bivalent or bispeci?c molecules, diabodies, triabodies, and 
tetrabodies. Bivalent and bispeci?c molecules are described 
in, e.g., Kostelny et al. (1992) J Immunol 14811547, Pack 
and Pluckthun (1992) Biochemistry 3111579, Hollinger et 
al., 1993, supra, Gruber et al. (1994) J. Immunol 15368, Zhu 
et al. (1997) Protein Sci 6:781, Hu et al. (1996) Cancer Res. 
5613055, Adams et al. (1993) Cancer Res. 5314026, and 
McCartney, et al. (1995) Protein Eng. 81301. 

[0034] An antibody immunologically reactive With a par 
ticular antigen can be generated by recombinant methods 
such as selection of libraries of recombinant antibodies in 
phage or similar vectors, see, e.g., Huse et al., Science 
24611275-1281 (1989); Ward et al., Nature 3411544-546 
(1989); and Vaughan et al., Nature Biotech. 141309-314 
(1996), or by immuniZing an animal With the antigen or With 
DNA encoding the antigen. 

[0035] Typically, an immunoglobulin has a heavy and 
light chain. Each heavy and light chain contains a constant 
region and a variable region, (the regions are also knoWn as 
“domains”). Light and heavy chain variable regions contain 
four “frameWork” regions interrupted by three hypervariable 
regions, also called “complementarity-determining regions” 
or “CDRs”. The extent of the frameWork regions and CDRs 
have been de?ned. The sequences of the frameWork regions 
of different light or heavy chains are relatively conserved 
Within a species. The frameWork region of an antibody, that 
is the combined frameWork regions of the constituent light 
and heavy chains, serves to position and align the CDRs in 
three dimensional space. 

[0036] The CDRs are primarily responsible for binding to 
an epitope of an antigen. The CDRs of each chain are 
typically referred to as CDR1, CDR2, and CDR3, numbered 
sequentially starting from the N-terminus, and are also 
typically identi?ed by the chain in Which the particular CDR 
is located. Thus, a VH CDR3 is located in the variable 
domain of the heavy chain of the antibody in Which it is 
found, Whereas a VL CDR1 is the CDR1 from the variable 
domain of the light chain of the antibody in Which it is 
found. 
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[0037] References to “VH” or a “VH” refer to the variable 
region of an immunoglobulin heavy chain of an antibody, 
including the heavy chain of an Fv, scFv, or Fab. References 
to “VL” or a “VL” refer to the variable region of an 
immunoglobulin light chain, including the light chain of an 
Fv, scFv, dsFv or Fab. 

[0038] The phrase “single chain Fv” or “scFv” refers to an 
antibody in Which the variable domains of the heavy chain 
and of the light chain of a traditional tWo chain antibody 
have been joined to form one chain. Typically, a linker 
peptide is inserted betWeen the tWo chains to alloW for 
proper folding and creation of an active binding site. 

[0039] A “chimeric antibody” is an immunoglobulin mol 
ecule in Which (a) the constant region, or a portion thereof, 
is altered, replaced or eXchanged so that the antigen binding 
site (variable region) is linked to a constant region of a 
different or altered class, effector function and/or species, or 
an entirely different molecule Which confers neW properties 
to the chimeric antibody, e.g., an enZyme, toXin, hormone, 
groWth factor, drug, etc.; or (b) the variable region, or a 
portion thereof, is altered, replaced or eXchanged With a 
variable region having a different or altered antigen speci 
?city. 

[0040] A “humanized antibody” is an immunoglobulin 
molecule Which contains minimal sequence derived from 
non-human immunoglobulin. HumaniZed antibodies include 
human immunoglobulins (recipient antibody) in Which resi 
dues from a complementary determining region (CDR) of 
the recipient are replaced by residues from a CDR of a 
non-human species (donor antibody) such as mouse, rat or 
rabbit having the desired speci?city, af?nity and capacity. In 
some instances, Fv framework residues of the human immu 
noglobulin are replaced by corresponding non-human resi 
dues. HumaniZed antibodies may also comprise residues 
Which are found neither in the recipient antibody nor in the 
imported CDR or frameWork sequences. In general, a 
humaniZed antibody Will comprise substantially all of at 
least one, and typically tWo, variable domains, in Which all 
or substantially all of the CDR regions correspond to those 
of a non-human immunoglobulin and all or substantially all 
of the frameWork (FR) regions are those of a human immu 
noglobulin consensus sequence. The humaniZed antibody 
optimally also Will comprise at least a portion of an immu 
noglobulin constant region (Fc), typically that of a human 
immunoglobulin (Jones et al., Nature 321:522-525 (1986); 
Riechmann et al., Nature 332:323-329 (1988); and Presta, 
Curr. Op. Struct. Biol. 2:593-596 (1992)). HumaniZation can 
be essentially performed folloWing the method of Winter 
and co-Workers (Jones et al., Nature 321:522-525 (1986); 
Riechmann et al., Nature 332:323-327 (1988); Verhoeyen et 
al., Science 239:1534-1536 (1988)), by substituting rodent 
CDRs or CDR sequences for the corresponding sequences of 
a human antibody. Accordingly, such humaniZed antibodies 
are chimeric antibodies (US. Pat. No. 4,816,567), Wherein 
substantially less than an intact human variable domain has 
been substituted by the corresponding sequence from a 
non-human species. 

[0041] “Epitope” or “antigenic determinant” refers to a 
site on an antigen to Which an antibody binds. Epitopes can 
be formed both from contiguous amino acids or noncon 
tiguous amino acids juxtaposed by tertiary folding of a 
protein. Epitopes formed from contiguous amino acids are 
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typically retained on eXposure to denaturing solvents 
Whereas epitopes formed by tertiary folding are typically 
lost on treatment With denaturing solvents. An epitope 
typically includes at least 3, and more usually, at least 5 or 
8-10 amino acids in a unique spatial conformation. Methods 
of determining spatial conformation of epitopes include, for 
eXample, X-ray crystallography and 2-dimensional nuclear 
magnetic resonance. See, e.g., Epitope Mapping Protocols in 
Methods in Molecular Biology, Vol. 66, Glenn E. Morris, Ed 
(1996). 
[0042] The term “LIV-1 protein” or “LIV-1 polynucle 
otide” refers to nucleic acid and polypeptide polymorphic 
variants, alleles, mutants, and interspecies homologues that: 
(1) have a nucleotide sequence that has greater than about 
60% nucleotide sequence identity, 65%, 70%, 75%, 80%, 
85%, 90%, preferably 91%, 92%, 93%, 94%, 95%, 96%, 
97%, 98% or 99% or greater nucleotide sequence identity, 
preferably over a region of at least about 25, 50, 100, 200, 
500, 1000, or more nucleotides, to a nucleotide sequence of 
SEQ ID NO:1; (2) bind to antibodies, e.g., polyclonal 
antibodies, raised against an immunogen comprising an 
amino acid sequence encoded by a nucleotide sequence of 
SEQ ID NO:1, and conservatively modi?ed variants thereof; 
(3) speci?cally hybridiZe under stringent hybridiZation con 
ditions to a nucleic acid sequence, or the complement 
thereof of SEQ ID NO:1 and conservatively modi?ed vari 
ants thereof or (4) have an amino acid sequence that has 
greater than about 60% amino acid sequence identity, 65%, 
70%, 75%, 80%, 85%, 90%, preferably 91%, 92%, 93%, 
94%, 95%, 96%, 97%, 98% or 99% or greater amino 
sequence identity, preferably over a region of at least about 
25, 50, 100, 200, or more amino acids, to an amino acid 
sequence of SEQ ID NO:2. Apolynucleotide or polypeptide 
sequence is typically from a mammal including, but not 
limited to, primate, e.g., human; rodent, e.g., rat, mouse, 
hamster; coW, pig, horse, sheep, or other mammal. A“LIV-1 
polypeptide” and a “LIV-1 polynucleotide,” include both 
naturally occurring or recombinant forms. 

[0043] A“full length” LIV-1 protein or nucleic acid refers 
to a prostate cancer or breast cancer polypeptide or poly 
nucleotide sequence, or a variant thereof, that contains all of 
the elements normally contained in one or more naturally 
occurring, Wild type LIV-1 polynucleotide or polypeptide 
sequences. For eXample, a full length LIV-1 nucleic acid Will 
typically comprise all of the eXons that encode for the full 
length, naturally occurring protein. The “full length” may be 
prior to, or after, various stages of post-translation process 
ing or splicing, including alternative splicing. 

[0044] “Biological sample” as used herein is a sample of 
biological tissue or ?uid that contains nucleic acids or 
polypeptides, e.g., of a LIV-1 protein, polynucleotide or 
transcript. Such samples include, but are not limited to, 
tissue isolated from primates, e.g., humans, or rodents, e.g., 
mice, and rats. Biological samples may also include sections 
of tissues such as biopsy and autopsy samples, froZen 
sections taken for histologic purposes, blood, plasma, serum, 
sputum, stool, tears, mucus, hair, skin, etc. Biological 
samples also include eXplants and primary and/or trans 
formed cell cultures derived from patient tissues. Abiologi 
cal sample is typically obtained from a eukaryotic organism, 
most preferably a mammal such as a primate e.g., chimpan 
Zee or human; coW; dog; cat; a rodent, e.g., guinea pig, rat, 
mouse; rabbit; or a bird; reptile; or ?sh. 
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[0045] “Providing a biological sample” means to obtain a 
biological sample for use in methods described in this 
invention. Most often, this Will be done by removing a 
sample of cells from an animal, but can also be accom 
plished by using previously isolated cells (e.g., isolated by 
another person, at another time, and/or for another purpose), 
or by performing the methods of the invention in vivo. 
Archival tissues, having treatment or outcome history, Will 
be particularly useful. 

[0046] The terms “identical” or percent “identity,” in the 
context of tWo or more nucleic acids or polypeptide 
sequences, refer to tWo or more sequences or subsequences 
that are the same or have a speci?ed percentage of amino 
acid residues or nucleotides that are the same (i.e., about 
60% identity, preferably 70%, 75%, 80%, 85%, 90%, 91%, 
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher 
identity over a speci?ed region, When compared and aligned 
for maximum correspondence over a comparison WindoW or 
designated region) as measured using a BLAST or BLAST 
2.0 sequence comparison algorithms With default parameters 
described beloW, or by manual alignment and visual inspec 
tion (see, e.g., NCBI Web site or the like). Such sequences 
are then said to be “substantially identical.” This de?nition 
also refers to, or may be applied to, the compliment of a test 
sequence. The de?nition also includes sequences that have 
deletions and/or additions, as Well as those that have sub 
stitutions, as Well as naturally occurring, e.g., polymorphic 
or allelic variants, and man-made variants. As described 
beloW, algorithms can account for gaps and the like. Pref 
erably, identity exists over a region that is at least about 25 
amino acids or nucleotides in length, or more preferably 
over a region that is 50-100 amino acids or nucleotides in 
length. 

[0047] For sequence comparison, typically one sequence 
acts as a reference sequence, to Which test sequences are 
compared. When using a sequence comparison algorithm, 
test and reference sequences are entered into a computer, 
subsequence coordinates are designated, if necessary, and 
sequence algorithm program parameters are designated. 
Preferably, default. program parameters can be used, or 
alternative parameters can be designated. The sequence 
comparison algorithm then calculates the percent sequence 
identities for the test sequences relative to the reference 
sequence, based on the program parameters. 

[0048] A “comparison WindoW”, as used herein, includes 
reference to a segment of one of the number of contiguous 
positions selected from the group consisting typically of 
from 20 to 600, usually about 50 to about 200, more usually 
about 100 to about 150 in Which a sequence may be 
compared to a reference sequence of the same number of 
contiguous positions after the tWo sequences are optimally 
aligned. Methods of alignment of sequences for comparison 
are Well-knoWn in the art. Optimal alignment of sequences 
for comparison can be conducted, e.g., by the local homol 
ogy algorithm of Smith & Waterman, Adv. Appl. Math. 
2:482 (1981), by the homology alignment algorithm of 
Needleman & Wunsch, J. Mol. Biol. 48:443 (1970), by the 
search for similarity method of Pearson & Lipman, Proc. 
Nat’l. Acad. Sci. USA 8512444 (1988), by computeriZed 
implementations of these algorithms (GAP, BESTFIT, 
FASTA, and TFASTA in the Wisconsin Genetics SoftWare 
Package, Genetics Computer Group, 575 Science Dr., Madi 
son, Wis.), or by manual alignment and visual inspection 

Jul. 22, 2004 

(see, e.g., Current Protocols in Molecular Biology (Ausubel 
et al., eds. 1995 supplement)). 

[0049] Examples of algorithms that are suitable for deter 
mining percent sequence identity and sequence similarity 
include the BLAST and BLAST 2.0 algorithms, Which are 
described in Altschul et al., Nuc. Acids Res. 25 :3389-3402 
(1977) and Altschul et al., J. Mol. Biol. 215:403-410 (1990). 
BLAST and BLAST 2.0 are used, With the parameters 
described herein, to determine percent sequence identity for 
the nucleic acids and proteins of the invention. SoftWare for 
performing BLAST analyses is publicly available through 
the National Center for Biotechnology Information. This 
algorithm involves ?rst identifying high scoring sequence 
pairs (HSPs) by identifying short Words of length W in the 
query sequence, Which either match or satisfy some posi 
tive-valued threshold score T When aligned With a Word of 
the same length in a database sequence. T is referred to as 
the neighborhood Word score threshold (Altschul et al., 
supra). These initial neighborhood Word hits act as seeds for 
initiating searches to ?nd longer HSPs containing them. The 
Word hits are extended in both directions along each 
sequence for as far as the cumulative alignment score can be 
increased. Cumulative scores are calculated using, e.g., for 
nucleotide sequences, the parameters M (reWard score for a 
pair of matching residues; alWays>0) and N (penalty score 
for mismatching residues; alWays<0). For amino acid 
sequences, a scoring matrix is used to calculate the cumu 
lative score. Extension of the Word hits in each direction are 
halted When: the cumulative alignment score falls off by the 
quantity X from its maximum achieved value; the cumula 
tive score goes to Zero or beloW, due to the accumulation of 
one or more negative-scoring residue alignments; or the end 
of either sequence is reached. The BLAST algorithm param 
eters W, T, and X determine the sensitivity and speed of the 
alignment. The BLASTN program (for nucleotide 
sequences) uses as defaults a Wordlength of 11, an 
expectation of 10, M=5, N=—4 and a comparison of both 
strands. For amino acid sequences, the BLASTP program 
uses as defaults a Wordlength of 3, and expectation of 10, 
and the BLOSUM62 scoring matrix (see Henikoff & Heni 
koff, Proc. Natl. Acad. Sci. USA 89110915 (1989)) align 
ments (B) of 50, expectation of 10, M=5, N=—4, and a 
comparison of both strands. 

[0050] The BLAST algorithm also performs a statistical 
analysis of the similarity betWeen tWo sequences (see, e.g., 
Karlin & Altschul, Proc. Nat’l. Acad. Sci. USA 9015873 
5787 (1993)). One measure of similarity provided by the 
BLAST algorithm is the smallest sum probability (P(N)), 
Which provides an indication of the probability by Which a 
match betWeen tWo nucleotide or amino acid sequences 
Would occur by chance. For example, a nucleic acid is 
considered similar to a reference sequence if the smallest 
sum probability in a comparison of the test nucleic acid to 
the reference nucleic acid is less than about 0.2, more 
preferably less than about 0.01, and most preferably less 
than about 0.001. Log values may be large negative num 
bers, e.g., 5, 10, 20, 30, 40, 40, 70, 90, 110, 150, 170, etc. 

[0051] An indication that tWo nucleic acid sequences or 
polypeptides are substantially identical is that the polypep 
tide encoded by the ?rst nucleic acid is immunologically 
cross reactive With the antibodies raised against the polypep 
tide encoded by the second nucleic acid, as described beloW. 
Thus, a polypeptide is typically substantially identical to a 
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second polypeptide, e.g., Where the tWo peptides differ only 
by conservative substitutions. Another indication that tWo 
nucleic acid sequences are substantially identical is that the 
tWo molecules or their complements hybridiZe to each other 
under stringent conditions, as described beloW. Yet another 
indication that tWo nucleic acid sequences are substantially 
identical is that the same primers can be used to amplify the 
sequences. 

[0052] A “host cell” is a naturally occurring cell or a 
transformed cell that contains an expression vector and 
supports the replication or expression of the expression 
vector. Host cells may be cultured cells, explants, cells in 
vivo, and the like. Host cells may be prokaryotic cells such 
as E. coli, or eukaryotic cells such as yeast, insect, amphib 
ian, or mammalian cells such as CHO, HeLa, and the like 
(see, e.g., the American Type Culture Collection catalog). 

[0053] The terms “isolated,”“puri?ed,” or “biologically 
pure” refer to material that is substantially or essentially free 
from components that normally accompany it as found in its 
native state. Purity and homogeneity are typically deter 
mined using analytical chemistry techniques such as poly 
acrylamide gel electrophoresis or high performance liquid 
chromatography. A protein or nucleic acid that is the pre 
dominant species present in a preparation is substantially 
puri?ed. In particular, an isolated nucleic acid is separated 
from some open reading frames that naturally ?ank the gene 
and encode proteins other than protein encoded by the gene. 
The term “puri?ed” in some embodiments denotes that a 
nucleic acid or protein gives rise to essentially one band in 
an electrophoretic gel. Preferably, it means that the nucleic 
acid or protein is at least 85% pure, more preferably at least 
95% pure, and most preferably at least 99% pure. “Purify” 
or “puri?cation” in other embodiments means removing at 
least one contaminant from the composition to be puri?ed. 
In this sense, puri?cation does not require that the puri?ed 
compound be homogenous,. e.g., 100% pure. 

[0054] The terms “polypeptide,”“peptide” and “protein” 
are used interchangeably herein to refer to a polymer of 
amino acid residues. The terms apply to amino acid poly 
mers in Which one or more amino acid residue is an arti?cial 
chemical mimetic of a corresponding naturally occurring 
amino acid, as Well as to naturally occurring amino acid 
polymers, those containing modi?ed residues, and non 
naturally occurring amino acid polymer. 

[0055] The term “amino acid” refers to naturally occurring 
and synthetic amino acids, as Well as amino acid analogs and 
amino acid mimetics that function similarly to the naturally 
occurring amino acids. Naturally occurring amino acids are 
those encoded by the genetic code, as Well as those amino 
acids that are later modi?ed, e.g., hydroxyproline, y-car 
boxyglutamate, and O-phosphoserine. Amino acid analogs 
refers to compounds that have the same basic chemical 
structure as a naturally occurring amino acid, e.g., an 0t 
carbon that is bound to a hydrogen, a carboxyl group, an 
amino group, and an R group, e.g., homoserine, norleucine, 
methionine sulfoxide, methionine methyl sulfonium. Such 
analogs may have modi?ed R groups (e.g., norleucine) or 
modi?ed peptide backbones, but retain the same basic 
chemical structure as a naturally occurring amino acid. 
Amino acid mimetics refers to chemical compounds that 
have a structure that is different from the general chemical 
structure of an amino acid, but that functions similarly to a 
naturally occurring amino acid. 
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[0056] Amino acids may be referred to herein by either 
their commonly knoWn three letter symbols or by the 
one-letter symbols recommended by the IUPAC-IUB Bio 
chemical Nomenclature Commission. Nucleotides, likeWise, 
may be referred to by their commonly accepted single-letter 
codes. 

[0057] “Conservatively modi?ed variants” applies to both 
amino acid and nucleic acid sequences. With respect to 
particular nucleic acid sequences, conservatively modi?ed 
variants refers to those nucleic acids Which encode identical 
or essentially identical amino acid sequences, or Where the 
nucleic acid does not encode an amino acid sequence, to 
essentially identical or associated, e.g., naturally contiguous, 
sequences. Because of the degeneracy of the genetic code, a 
large number of functionally identical nucleic acids encode 
most proteins. For instance, the codons GCA, GCC, GCG, 
and GCU all encode the amino acid alanine. Thus, at every 
position Where an alanine is speci?ed by a codon, the codon 
can be altered to another of the corresponding codons 
described Without altering the encoded polypeptide. Such 
nucleic acid variations are “silent variations,” Which are one 
species of conservatively modi?ed variations. Every nucleic 
acid sequence herein Which encodes a polypeptide also 
describes silent variations of the nucleic acid. One of skill 
Will recogniZe that in certain contexts each codon in a 
nucleic acid (except AUG, Which is ordinarily the only 
codon for methionine, and TGG, Which is ordinarily the only 
codon for tryptophan) can be modi?ed to yield a function 
ally identical molecule. Accordingly, often silent variations 
of a nucleic acid Which encodes a polypeptide is implicit in 
a described sequence With respect to the expression product, 
but not With respect to actual probe sequences. 

[0058] As to amino acid sequences, one of skill Will 
recogniZe that individual substitutions, deletions or addi 
tions to a nucleic acid, peptide, polypeptide, or protein 
sequence Which alters, adds or deletes a single amino acid or 
a small percentage of amino acids in the encoded sequence 
is a “conservatively modi?ed variant” Where the alteration 
results in the substitution of an amino acid With a chemically 
similar amino acid. Conservative substitution tables provid 
ing functionally similar amino acids are Well knoWn in the 
art. Such conservatively modi?ed variants are in addition to 
and do not exclude polymorphic variants, interspecies 
homologs, and alleles of the invention. Typically conserva 
tive substitutions for one another: 1) Alanine (A), Glycine 
(G); 2) Aspartic acid (D), Glutamic acid 3) Asparagine 
(N), Glutamine (Q); 4) Arginine (R), Lysine 5) Isoleu 
cine (I), Leucine (L), Methionine (M), Valine (V); 6) Phe 
nylalanine (F), Tyrosine (Y), Tryptophan 7) Serine (S), 
Threonine (T); and 8) Cysteine (C), Methionine (M) (see, 
e.g., Creighton, Proteins (1984)). 

[0059] Macromolecular structures such as polypeptide 
structures can be described in terms of various levels of 
organiZation. For a general discussion of this organiZation, 
see, e.g., Alberts et al., Molecular Biology of the Cell (3rd 
ed., 1994) and Cantor & Schimmel, Biophysical Chemistry 
Part I: The Conformation of Biological Macromolecules 
(1980). “Primary structure” refers to the amino acid 
sequence of a particular peptide. “Secondary structure” 
refers to locally ordered, three dimensional structures Within 
a polypeptide. These structures are commonly knoWn as 
domains. Domains are portions of a polypeptide that often 
form a compact unit of the polypeptide and are typically 25 
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to approximately 500 amino acids long. Typical domains are 
made up of sections of lesser organization such as stretches 
of (-sheet and (-helices. “Tertiary structure” refers to the 
complete three dimensional structure of a polypeptide 
monomer. “Quaternary structure” refers to the three dimen 
sional structure formed, usually by the noncovalent asso 
ciation of independent tertiary units. Anisotropic terms are 
also knoWn as energy terms. 

[0060] A“label” or a “detectable moiety” is a composition 
detectable by spectroscopic, photochemical, biochemical, 
immunochemical, chemical, or other physical means. For 
example, useful labels include ?uorescent dyes, electron 
dense reagents, enZymes (e.g., as commonly used in an 
ELISA), biotin, digoxigenin, or haptens and proteins or 
other entities Which can be made detectable, e.g., by incor 
porating a radiolabel into the peptide or used to detect 
antibodies speci?cally reactive With the peptide. The radio 
isotope may be, for example, 3H, 14C, 32F, 35S, or 1251. In 
some cases, particularly using antibodies against the pro 
teins of the invention, the radioisotopes are used as toxic 
moieties, as described beloW. The labels may be incorpo 
rated into the LIV-1 nucleic acids, proteins and antibodies at 
any position. Any method knoWn in the art for conjugating 
the antibody to the label may be employed, including those 
methods described by Hunter et al., Nature, 144:945 (1962); 
David et al., Biochemistry, 1311014 (1974); Pain et al., J. 
Immunol. Meth., 40:219 (1981); and Nygren, J. Histochem. 
and Cytochem., 301407 (1982). The lifetime of radiolabeled 
peptides or radiolabeled antibody compositions may 
extended by the addition of substances that stabliZe the 
radiolabeled peptide or antibody and protect it from degra 
dation. Any substance or combination of substances that 
stabliZe the radiolabeled peptide or antibody may be used 
including those substances disclosed in US. Pat. No. 5,961, 
955. 

[0061] An “effector” or “effector moiety” or “effector 
component” is a molecule that is bound (or linked, or 
conjugated), either covalently, through a linker or a chemical 
bond, or noncovalently, through ionic, van der Waals, elec 
trostatic, or hydrogen bonds, to an antibody. The “effector” 
can be a variety of molecules including, e.g., detection 
moieties including radioactive compounds, ?uorescent com 
pounds, an enZyme or substrate, tags such as epitope tags, a 
toxin; activatable moieties, a chemotherapeutic agent; a 
chemoattractant, a lipase; an antibiotic; or a radioisotope 
emitting “hard” e.g., beta radiation. 

[0062] The term “recombinant” When used With reference, 
e.g., to a cell, or nucleic acid, protein, or vector, indicates 
that the cell, nucleic acid, protein or vector, has been 
modi?ed by the introduction of a heterologous nucleic acid 
or protein or the alteration of a native nucleic acid or protein, 
or that the cell is derived from a cell so modi?ed. Thus, e.g., 
recombinant cells express genes that are not found Within 
the native (non-recombinant) form of the cell or express 
native genes that are otherWise abnormally expressed, under 
expressed or not expressed at all. By the term “recombinant 
nucleic acid” herein is meant nucleic acid, originally formed 
in vitro, in general, by the manipulation of nucleic acid, e.g., 
using polymerases and endonucleases, in a form not nor 
mally found in nature. In this manner, operably linkage of 
different sequences is achieved. Thus an isolated nucleic 
acid, in a linear form, or an expression vector formed in vitro 
by ligating DNA molecules that are not normally joined, are 
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both considered recombinant for the purposes of this inven 
tion. It is understood that once a recombinant nucleic acid is 
made and reintroduced into a host cell or organism, it Will 
replicate non-recombinantly, i.e., using the in vivo cellular 
machinery of the host cell rather than in vitro manipulations; 
hoWever, such nucleic acids, once produced recombinantly, 
although subsequently replicated non-recombinantly, are 
still considered recombinant for the purposes of the inven 
tion. Similarly, a “recombinant protein” is a protein made 
using recombinant techniques, e.g., through the expression 
of a recombinant nucleic acid as depicted above. 

[0063] The term “heterologous” When used With reference 
to portions of a nucleic acid indicates that the nucleic acid 
comprises tWo or more subsequences that are not normally 
found in the same relationship to each other in nature. For 
instance, the nucleic acid is typically recombinantly pro 
duced, having tWo or more sequences, e.g., from unrelated 
genes arranged to make a neW functional nucleic acid, e.g., 
a promoter from one source and a coding region from 
another source. Similarly, a heterologous protein Will often 
refer to tWo or more subsequences that are not found in the 
same relationship to each other in nature (e.g., a fusion 
protein). 
[0064] A “promoter” is de?ned as an array of nucleic acid 
control sequences that direct transcription of a nucleic acid. 
As used herein, a promoter includes necessary nucleic acid 
sequences near the start site of transcription, such as, in the 
case of a polymerase II type promoter, a TATA element. A 
promoter also optionally includes distal enhancer or repres 
sor elements, Which can be located as much as several 
thousand base pairs from the start site of transcription. A 
“constitutive” promoter is a promoter that is active under 
most environmental and developmental conditions. An 
“inducible” promoter is a promoter that is active under 
environmental or developmental regulation. The term “oper 
ably linked” refers to a functional linkage betWeen a nucleic 
acid expression control sequence (such as a promoter, or 
array of transcription factor binding sites) and a second 
nucleic acid sequence, Wherein the expression control 
sequence directs transcription of the nucleic acid corre 
sponding to the second sequence. 

[0065] An “expression vector” is a nucleic acid construct, 
generated recombinantly or synthetically, With a series of 
speci?ed nucleic acid elements that permit transcription of a 
particular nucleic acid in a host cell. The expression vector 
can be part of a plasmid, virus, or nucleic acid fragment. 
Typically, the expression vector includes a nucleic acid to be 
transcribed operably linked to a promoter. 

[0066] The phrase “speci?cally (or selectively) binds” to 
an antibody or “speci?cally (or selectively) immunoreactive 
With,” When referring to a protein or peptide, refers to a 
binding reaction that is determinative of the presence of the 
protein, in a heterogeneous population of proteins and other 
biologics. Thus, under designated immunoassay conditions, 
the speci?ed antibodies bind to a particular protein 
sequences at least tWo times the background and more 
typically more than 10 to 100 times background. 

[0067] Speci?c binding to an antibody under such condi 
tions requires an antibody that is selected for its speci?city 
for a particular protein. For example, polyclonal antibodies 
raised to a particular protein, polymorphic variants, alleles, 
orthologs, and conservatively modi?ed variants, or splice 



US 2004/0141983 A1 

variants, or portions thereof, can be selected to obtain only 
those polyclonal antibodies that are speci?cally immunore 
active With LIV-1 and not With other proteins. This selection 
may be achieved by subtracting out antibodies that cross 
react With other molecules. A variety of immunoassay for 
mats may be used to select antibodies speci?cally immu 
noreactive With a particular protein. For example, solid 
phase ELISA immunoassays are routinely used to select 
antibodies speci?cally immunoreactive With a protein (see, 
e.g., HarloW & Lane, Antibodies, A Laboratory Manual 
(1988) for a description of immunoassay formats and con 
ditions that can be used to determine speci?c immunoreac 
tivity). 
[0068] “Tumor cell” refers to precancerous, cancerous, 
and normal cells in a tumor. 

[0069] “Cancer cells,”“transformed” cells or “transforma 
tion” in tissue culture, refers to spontaneous or induced 
phenotypic changes that do not necessarily involve the 
uptake of neW genetic material. Although transformation can 
arise from infection With a transforming virus and incorpo 
ration of neW genomic DNA, or uptake of exogenous DNA, 
it can also arise spontaneously or folloWing exposure to a 
carcinogen, thereby mutating an endogenous gene. Trans 
formation is associated With phenotypic changes, such as 
immortaliZation of cells, aberrant groWth control, nomnor 
phological changes, and/or malignancy (see, Freshney, Cul 
ture of Animal Cells a Manual of Basic Technique (3rd ed. 

1994)). 
[0070] Expression of LIV-1 Polypeptides from Nucleic 
Acids 

[0071] Nucleic acids of the invention can be used to make 
a variety of expression vectors to express LIV-1 polypep 
tides Which can then be used to raise antibodies of the 
invention, as described beloW. Expression vectors and 
recombinant DNA technology are Well knoWn to those of 
skill in the art and are used to express proteins. The 
expression vectors may be either self-replicating extrachro 
mosomal vectors or vectors Which integrate into a host 
genome. Generally, these expression vectors include tran 
scriptional and translational regulatory nucleic acid operably 
linked to the nucleic acid encoding the LIV-1 protein. The 
term “control sequences” refers to DNA sequences used for 
the expression of an operably linked coding sequence in a 
particular host organism. Control sequences that are suitable 
for prokaryotes, e.g., include a promoter, optionally an 
operator sequence, and a ribosome binding site. Eukaryotic 
cells are knoWn to utiliZe promoters, polyadenylation sig 
nals, and enhancers. 

[0072] Nucleic acid is “operably linked” When it is placed 
into a functional relationship With another nucleic acid 
sequence. For example, DNA for a presequence or secretory 
leader is operably linked to DNA for a polypeptide if it is 
expressed as a preprotein that participates in the secretion of 
the polypeptide; a promoter or enhancer is operably linked 
to a coding sequence if it affects the transcription of the 
sequence; or a ribosome binding site is operably linked to a 
coding sequence if it is positioned so as to facilitate trans 
lation. Generally, “operably linked” means that the DNA 
sequences being linked are contiguous, and, in the case of a 
secretory leader, contiguous and in reading phase. HoWever, 
enhancers do not have to be contiguous. Linking is typically 
accomplished by ligation at convenient restriction sites. If 

Jul. 22, 2004 

such sites do not exist, synthetic oligonucleotide adaptors or 
linkers are used in accordance With conventional practice. 
Transcriptional and translational regulatory nucleic acid Will 
generally be appropriate to the host cell used to express the 
LIV-1 protein. Numerous types of appropriate expression 
vectors, and suitable regulatory sequences are knoWn in the 
art for a variety of host cells. 

[0073] In general, transcriptional and translational regula 
tory sequences may include, but are not limited to, promoter 
sequences, ribosomal binding sites, transcriptional start and 
stop sequences, translational start and stop sequences, and 
enhancer or activator sequences. In a one embodiment, the 
regulatory sequences include a promoter and transcriptional 
start and stop sequences. 

[0074] Promoter sequences encode either constitutive or 
inducible promoters. The promoters may be either naturally 
occurring promoters or hybrid promoters. Hybrid promoters, 
Which combine elements of more than one promoter, are also 
knoWn in the art, and are useful in the present invention. 

[0075] In addition, an expression vector may comprise 
additional elements. For example, the expression vector may 
have tWo replication systems, thus alloWing it to be main 
tained in tWo organisms, eg in mammalian or insect cells 
for expression and in a prokaryotic host for cloning and 
ampli?cation. Furthermore, for integrating expression vec 
tors, the expression vector contains at least one sequence 
homologous to the host cell genome, and preferably tWo 
homologous sequences Which ?ank the expression con 
struct. The integrating vector may be directed to a speci?c 
locus in the host cell by selecting the appropriate homolo 
gous sequence for inclusion in the vector. Constructs for 
integrating vectors are Well knoWn in the art (e.g., Fernandez 
& Hoef?er, supra). 

[0076] In addition, in another embodiment, the expression 
vector contains a selectable marker gene to alloW the selec 
tion of transformed host cells. Selection genes are Well 
knoWn in the art and Will vary With the host cell used. 

[0077] The LIV-1 proteins of the present invention are 
produced by culturing a host cell transformed With an 
expression vector containing nucleic acid encoding a LIV-1 
protein, under the appropriate conditions to induce or cause 
expression of the LIV-1 protein. Conditions appropriate for 
LIV-1 protein expression Will vary With the choice of the 
expression vector and the host cell, and Will be easily 
ascertained by one skilled in the art through routine experi 
mentation or optimiZation. For example, the use of consti 
tutive promoters in the expression vector Will require opti 
miZing the groWth and proliferation of the host cell, While 
the use of an inducible promoter requires the appropriate 
groWth conditions for induction. In addition, in some 
embodiments, the timing of the harvest is important. For 
example, the baculoviral systems used in insect cell expres 
sion are lytic viruses, and thus harvest time selection can be 
crucial for product yield. 

[0078] Appropriate host cells include yeast, bacteria, 
archaebacteria, fungi, and insect and animal cells, including 
mammalian cells. Of particular interest are Saccharomyces 
cerevisiae and other yeasts, E. coli, Bacillus subtilis, Sf9 
cells, C129 cells, 293 cells, Neurospora, BHK, CHO, COS, 
HeLa cells, HUVEC (human umbilical vein endothelial 
cells), THP1 cells (a macrophage cell line) and various other 
human cells and cell lines. 
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[0079] In one embodiment, the LIV-1 proteins are 
expressed in mammalian cells. Mammalian expression sys 
tems are also knoWn in the art, and include retroviral and 
adenoviral systems. One expression vector system is a 
retroviral vector system such as is generally described in 
PCT/US97/01019 and PCT/US97/01048, both of Which are 
hereby expressly incorporated by reference. Of particular 
use as mammalian promoters are the promoters from mam 
malian viral genes, since the viral genes are often highly 
expressed and have a broad host range. Examples include 
the SV40 early promoter, mouse mammary tumor virus LTR 
promoter, adenovirus major late promoter, herpes simplex 
virus promoter, and the CMV promoter (see, e. g., Fernandez 
& Hoef?er, supra). Typically, transcription termination and 
polyadenylation sequences recogniZed by mammalian cells 
are regulatory regions located 3‘ to the translation stop codon 
and thus, together With the promoter elements, ?ank the 
coding sequence. Examples of transcription terminator and 
polyadenlyation signals include those derived from SV40. 

[0080] The methods of introducing exogenous nucleic 
acid into mammalian hosts, as Well as other hosts, is Well 
knoWn in the art, and Will vary With the host cell used. 
Techniques include dextran-mediated transfection, calcium 
phosphate precipitation, polybrene mediated transfection, 
protoplast fusion, electroporation, viral infection, encapsu 
lation of the polynucleotide(s) in liposomes, and direct 
microinjection of the DNA into nuclei. 

[0081] In some embodiments, LIV-1 proteins are 
expressed in bacterial systems. Bacterial expression systems 
are Well knoWn in the art. Promoters from bacteriophage 
may also be used and are knoWn in the art. In addition, 
synthetic promoters and hybrid promoters are also useful; 
e.g., the tac promoter is a hybrid of the trp and lac promoter 
sequences. Furthermore, a bacterial promoter can include 
naturally occurring promoters of non-bacterial origin that 
have the ability to bind bacterial RNA polymerase and 
initiate transcription. In addition to a functioning promoter 
sequence, an ef?cient ribosome binding site is desirable. The 
expression vector may also include a signal peptide 
sequence that provides for secretion of the LIV-1 protein in 
bacteria. The protein is either secreted into the groWth media 
(gram-positive bacteria) or into the periplasmic space, 
located betWeen the inner and outer membrane of the cell 
(gram-negative bacteria). The bacterial expression vector 
may also include a selectable marker gene to alloW for the 
selection of bacterial strains that have been transformed. 
Suitable selection genes include genes Which render the 
bacteria resistant to drugs such as ampicillin, chlorampheni 
col, erythromycin, kanamycin, neomycin and tetracycline. 
Selectable markers also include biosynthetic genes, such as 
those in the histidine, tryptophan and leucine biosynthetic 
pathWays. These components are assembled into expression 
vectors. Expression vectors for bacteria are Well knoWn in 
the art, and include vectors for Bacillus subtilis, E. coli, 
Streptococcus cremoris, and Streptococcus livia'ans, among 
others. The bacterial expression vectors are transformed into 
bacterial host cells using techniques Well knoWn in the art, 
such as calcium chloride treatment, electroporation, and 
others. 

[0082] In one embodiment, LIV-1 polypeptides are pro 
duced in insect cells. Expression vectors for the transfor 
mation of insect cells, and in particular, baculovirus-based 
expression vectors, are Well knoWn in the art. 
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[0083] LIV-1 polypeptides can also be produced in yeast 
cells. Yeast expression systems are Well knoWn in the art, 
and include expression vectors for Saccharomyces cerevi 
siae, Candida albicans and C. maltosa, Hansenula polymor 
pha, Kluyveromyces fragilis and K. lactis, Pichia guilleri 
mondii and R pastoris, Schizosaccharomyces pombe, and 
Yarrowia lipolytica. 

[0084] The LIV-1 polypeptides may also be made as a 
fusion protein, using techniques Well knoWn in the art. Thus, 
e.g., for the creation of monoclonal antibodies, if the desired 
epitope is small, the LIV-1 protein may be fused to a carrier 
protein to form an immunogen. Alternatively, the LIV-1 
protein may be made as a fusion protein to increase expres 
sion, or for other reasons. For example, When the LIV-1 
protein is a LIV-1 peptide, the nucleic acid encoding the 
peptide may be linked to other nucleic acid for expression 
purposes. 

[0085] The LIV-1 polypeptides are typically puri?ed or 
isolated after expression. LIV-1 proteins may be isolated or 
puri?ed in a variety of Ways knoWn to those skilled in the art 
depending on What other components are present in the 
sample. Standard puri?cation methods include electro 
phoretic, molecular, immunological and chromatographic 
techniques, including ion exchange, hydrophobic, affinity, 
and reverse-phase HPLC chromatography, and chromatofo 
cusing. For example, the LIV-1 protein may be puri?ed 
using a standard anti-LIV-l protein antibody column. Ultra 
?ltration and dia?ltration techniques, in conjunction With 
protein concentration, are also useful. For general guidance 
in suitable puri?cation techniques, see Scopes, Protein Puri 
?cation (1982). The degree of puri?cation necessary Will 
vary depending on the use of the LIV-1 protein. In some 
instances no puri?cation Will be necessary. 

[0086] One of skill Will recogniZe that the expressed 
protein need not have the Wild-type LIV-1 sequence but may 
be derivative or variant as compared to the Wild-type 
sequence. These variants typically fall into one or more of 
three classes: substitutional, insertional or deletional vari 
ants. These variants ordinarily are prepared by site speci?c 
mutagenesis of nucleotides in the DNA encoding the pro 
tein, using cassette or PCR mutagenesis or other techniques 
Well knoWn in the art, to produce DNA encoding the variant, 
and thereafter expressing the DNA in recombinant cell 
culture as outlined above. HoWever, variant protein frag 
ments having up to about 100-150 residues may be prepared 
by in vitro synthesis using established techniques. Amino 
acid sequence variants are characteriZed by the predeter 
mined nature of the variation, a feature that sets them apart 
from naturally occurring allelic or interspecies variation of 
the LIV-1 protein amino acid sequence. The variants typi 
cally exhibit the same qualitative biological activity as the 
naturally occurring analogue, although variants can also be 
selected Which have modi?ed characteristics as Will be more 
fully outlined beloW. 

[0087] LIV-1 polypeptides of the present invention may 
also be modi?ed in a Way to form chimeric molecules 
comprising a LIV-1 polypeptide fused to another, heterolo 
gous polypeptide or amino acid sequence. In one embodi 
ment, such a chimeric molecule comprises a fusion of the 
LIV-1 polypeptide With a tag polypeptide Which provides an 
epitope to Which an anti-tag antibody can selectively bind. 
The epitope tag is generally placed at the amino- or car 
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boxyl-terminus of the LIV-1 polypeptide. The presence of 
such epitope-tagged forms of a LIV-1 polypeptide can be 
detected using an antibody against the tag polypeptide. Also, 
provision of the epitope tag enables the LIV-1 polypeptide 
to be readily puri?ed by affinity puri?cation using an anti-tag 
antibody or another type of af?nity matrix that binds to the 
epitope tag. In an alternative embodiment, the chimeric 
molecule may comprise a fusion of a LIV-1 polypeptide With 
an immunoglobulin or a particular region of an immuno 
globulin. For a bivalent form of the chimeric molecule, such 
a fusion could be to the Fc region of an IgG molecule. 

[0088] Various tag polypeptides and their respective anti 
bodies are Well knoWn in the art. Examples include poly 
histidine (poly-his) or poly-histidine-glycine (poly-his-gly) 
tags; HIS6 and metal chelation tags, the ?u HA tag polypep 
tide and its antibody 12CA5 (Field et al., Mol. Cell. Biol. 
8:2159-2165 (1988)); the c-myc tag and the 8E9, 3C7, 6E10, 
G4, B7 and 9E10 antibodies thereto (Evan et al., Molecular 
and Cellular Biology 5:3610-3616 (1985)); and the Herpes 
Simplex virus glycoprotein D (gD) tag and its antibody 
(Paborsky et al., Protein Engineering 3(6):547-553 (1990)). 
Other tag polypeptides include the FLAG-peptide (Hopp et 
al., BioTechnology 611204-1210 (1988)); the KT3 epitope 
peptide (Martin et al., Science 255 :192-194 (1992)); tubulin 
epitope peptide (Skinner et al., J. Biol. Chem. 266:15163 
15166 (1991)); and the T7 gene 10 protein peptide tag 
(LutZ-Freyermuth et al., Proc. Natl. Acad. Sci. USA 
87:6393-6397 (1990)). 

[0089] Antibodies to Cancer Proteins 

[0090] Once the LIV-1 protein is produced, it is used to 
generate antibodies, e.g., for immunotherapy or immunodi 
agnosis. In some embodiments of the invention, the anti 
bodies recogniZe the same epitope as the CDRs shoWn in 
Table 2. The ability of a particular antibody to recogniZe the 
same epitope as another antibody is typically determined by 
the ability of one antibody to competitively inhibit binding 
of the second antibody to the antigen. Any of a number of 
competitive binding assays can be used to measure compe 
tition betWeen tWo antibodies to the same antigen. An 
exemplary assay is a BIACORE® (chemicals for use in 
biological assays) assay. Brie?y in these assays, binding 
sites can be mapped in structural terms by testing the ability 
of interactants, e.g. different antibodies, to inhibit the bind 
ing of another. Injecting tWo consecutive antibody samples 
in suf?cient concentration can identify pairs of competing 
antibodies for the same binding epitope. The antibody 
samples should have the potential to reach a signi?cant 
saturation With each injection. The net binding of the second 
antibody injection is indicative for binding epitope analysis. 
TWo response levels can be used to describe the boundaries 
of perfect competition versus non-competing binding due to 
distinct epitopes. The relative amount of binding response of 
the second antibody injection relative to the binding of 
identical and distinct binding epitopes determines the degree 
of epitope overlap. 

[0091] Other conventional immunoassays knoWn in the art 
can be used in the present invention. For example, antibod 
ies can be differentiated by the epitope to Which they bind 
using a sandWich ELISA assay. This is carried out by using 
a capture antibody to coat the surface of a Well. A subsatu 
rating concentration of tagged-antigen is then added to the 
capture surface. This protein Will be bound to the antibody 
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through a speci?c antibodyzepitope interaction. After Wash 
ing a second antibody, Which has been covalently linked to 
a detectable moeity (e.g., HRP, With the labeled antibody 
being de?ned as the detection antibody) is added to the 
ELISA. If this antibody recogniZes the same epitope as the 
capture antibody it Will be unable to bind to the target 
protein as that particular epitope Will no longer be available 
for binding. If hoWever this second antibody recogniZes a 
different epitope on the target protein it Will be able to bind 
and this binding can be detected by quantifying the level of 
activity (and hence antibody bound) using a relevant sub 
strate. The background is de?ned by using a single antibody 
as both capture and detection antibody, Whereas the maximal 
signal can be established by capturing With an antigen 
speci?c antibody and detecting With an antibody to the tag 
on the antigen. By using the background and maximal 
signals as references, antibodies can be assessed in a pair 
Wise manner to determine epitope speci?city. 

[0092] A ?rst antibody is considered to competitively 
inhibit binding of a second antibody, if binding of the second 
antibody to the antigen is reduced by at least 30%, usually 
at least about 40%, 50%, 60% or 75%, and often by at least 
about 90%, in the presence of the ?rst antibody using any of 
the assays described above. 

[0093] Methods of preparing polyclonal antibodies are 
knoWn to the skilled artisan (e.g., Coligan, supra; and 
HarloW & Lane, supra). Polyclonal antibodies can be raised 
in a mammal, e.g., by one or more injections of an immu 
niZing agent and, if desired, an adjuvant. Typically, the 
immuniZing agent and/or adjuvant Will be injected in the 
mammal by multiple subcutaneous or intraperitoneal injec 
tions. The immuniZing agent may include a protein encoded 
by a nucleic acid of the ?gures or fragment thereof or a 
fusion protein thereof. It may be useful to conjugate the 
immuniZing agent to a protein knoWn to be immunogenic in 
the mammal being immuniZed. Examples of such immuno 
genic proteins include but are not limited to keyhole limpet 
hemocyanin, serum albumin, bovine thyroglobulin, and soy 
bean trypsin inhibitor. Examples of adjuvants Which may be 
employed include Freund’s complete adjuvant and MPL 
TDM adjuvant (monophosphoryl Lipid A, synthetic treha 
lose dicorynomycolate). The immuniZation protocol may be 
selected by one skilled in the art Without undue experimen 
tation. 

[0094] The antibodies may, alternatively, be monoclonal 
antibodies. Monoclonal antibodies may be prepared using 
hybridoma methods, such as those described by Kohler & 
Milstein, Nature 256:495 (1975). In a hybridoma method, a 
mouse, hamster, or other appropriate host animal, is typi 
cally immuniZed With an immuniZing agent to elicit lym 
phocytes that produce or are capable of producing antibodies 
that Will speci?cally bind to the immuniZing agent. Alter 
natively, the lymphocytes may be immuniZed in vitro. The 
immuniZing agent Will typically include a polypeptide 
encoded by a nucleic acid of Table 1, a fragment thereof, or 
a fusion protein thereof. Generally, either peripheral blood 
lymphocytes (“PBLs”) are used if cells of human origin are 
desired, or spleen cells or lymph node cells are used if 
non-human mammalian sources are desired. The lympho 
cytes are then fused With an immortaliZed cell line using a 
suitable fusing agent, such as polyethylene glycol, to form a 
hybridoma cell (Goding, Monoclonal Antibodies: Principles 
and Practice, pp. 59-103 (1986)). ImmortaliZed cell lines are 
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usually transformed mammalian cells, particularly myeloma 
cells of rodent, bovine and human origin. Usually, rat or 
mouse myeloma cell lines are employed. The hybridoma 
cells may be cultured in a suitable culture medium that 
preferably contains one or more substances that inhibit the 
groWth or survival of the unfused, immortaliZed cells. For 
example, if the parental cells lack the enZyme hypoxanthine 
guanine phosphoribosyl transferase (HGPRT or HPRT), the 
culture medium for the hybridomas typically Will include 
hypoxanthine, aminopterin, and thymidine (“HAT 
medium”), Which substances prevent the groWth of HGPRT 
de?cient cells. 

[0095] In some embodiments the antibodies to the LIV-1 
proteins are chimeric or humaniZed antibodies. As noted 
above, humaniZed forms of antibodies are chimeric immu 
noglobulins in Which residues from a complementary deter 
mining region (CDR) of human antibody are replaced by 
residues from a CDR of a non-human species such as mouse, 
rat or rabbit having the desired speci?city, af?nity and 
capacity. 

[0096] Human antibodies can be produced using various 
techniques knoWn in the art, including phage display librar 
ies (Hoogenboom & Winter, J. Mol. Biol. 227:381 (1991); 
Marks et al., J. Mol. Biol. 222:581 (1991)). The techniques 
of Cole et al. and Boemer et al. are also available for the 
preparation of human monoclonal antibodies (Cole et al., 
Monoclonal Antibodies and Cancer Therapy, p. 77 (1985) 
and Boemer et al., J. Immunol. 147(1):86-95 (1991)). Simi 
larly, human antibodies can be made by introducing of 
human immunoglobulin loci into transgenic animals, e.g., 
mice in Which the endogenous immunoglobulin genes have 
been partially or completely inactivated. Upon challenge, 
human antibody production is observed, Which closely 
resembles that seen in humans in all respects, including gene 
rearrangement, assembly, and antibody repertoire. This 
approach is described, e.g., in US. Pat. Nos. 5,545,807; 
5,545,806; 5,569,825; 5,625,126; 5,633,425; 5,661,016, and 
in the folloWing scienti?c publications: Marks et al., Bio/ 
Technology 10:779-783 (1992); Lonberg et al., Nature 
368:856-859 (1994); Morrison, Nature 368:812-13 (1994); 
FishWild et al., Nature Biotechnology 14:845-51 (1996); 
Neuberger, Nature Biotechnology 14:826 (1996); Lonberg 
& HusZar, Intem. Rev. Immunol. 13:65-93 (1995). 

[0097] In some embodiments, the antibody is a single 
chain Fv (scFv). The VH and the VL regions of a scFv 
antibody comprise a single chain Which is folded to create an 
antigen binding site similar to that found in tWo chain 
antibodies. Once folded, noncovalent interactions stabiliZe 
the single chain antibody. While the VH and VL regions of 
some antibody embodiments can be directly joined together, 
one of skill Will appreciate that the regions may be separated 
by a peptide linker consisting of one or more amino acids. 
Peptide linkers and their use are Well-knoWn in the art. See, 
e.g., Huston et al., Proc. Nat’l Acad. Sci. USA 815879 
(1988); Bird et al., Science 242:4236 (1988); Glockshuber et 
al., Biochemistry 29:1362 (1990); US. Pat. No. 4,946,778, 
US. Pat. No. 5,132,405 and Stemmer et al., Biotechniques 
14:256-265 (1993). Generally the peptide linker Will have 
no speci?c biological activity other than to join the regions 
or to preserve some minimum distance or other spatial 
relationship betWeen the VH and VL. HoWever, the constitu 
ent amino acids of the peptide linker may be selected to 
in?uence some property of the molecule such as the folding, 
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net charge, or hydrophobicity. Single chain Fv (scFv) anti 
bodies optionally include a peptide linker of no more than 50 
amino acids, generally no more than 40 amino acids, pref 
erably no more than 30 amino acids, and more preferably no 
more than 20 amino acids in length. In some embodiments, 
the peptide linker is a concatamer of the sequence Gly-Gly 
Gly-Gly-Ser, preferably 2, 3, 4, 5, or 6 such sequences. 
HoWever, it is to be appreciated that some amino acid 
substitutions Within the linker can be made. For example, a 
valine can be substituted for a glycine. 

[0098] Methods of making scFv antibodies have been 
described. See, Huse et al., supra; Ward et al. supra; and 
Vaughan et al., supra. In brief, mRNA from B-cells from an 
immuniZed animal is isolated and cDNA is prepared. The 
cDNA is ampli?ed using primers speci?c for the variable 
regions of heavy and light chains of immunoglobulins. The 
PCR products are puri?ed and the nucleic acid sequences are 
joined. If a linker peptide is desired, nucleic acid sequences 
that encode the peptide are inserted betWeen the heavy and 
light chain nucleic acid sequences. The nucleic acid Which 
encodes the scFv is inserted into a vector and expressed in 
the appropriate host cell. The scFv that speci?cally bind to 
the desired antigen are typically found by panning of a phage 
display library. Panning can be performed by any of several 
methods. Panning can conveniently be performed using cells 
expressing the desired antigen on their surface or using a 
solid surface coated With the desired antigen. Conveniently, 
the surface can be a magnetic bead. The unbound phage are 
Washed off the solid surface and the bound phage are eluted. 

[0099] Finding the antibody With the highest af?nity is 
dictated by the ef?ciency of the selection process and 
depends on the number of clones that can be screened and 
the stringency With Which it is done. Typically, higher 
stringency corresponds to more selective panning. If the 
conditions are too stringent, hoWever, the phage Will not 
bind. After one round of panning, the phage that binds to 
LIV-1 coated plates or to cells expressing LIV-1 on their 
surface are expanded in E. coli and subjected to another 
round of panning. In this Way, an enrichment of many fold 
occurs in 3 rounds of panning. Thus, even When enrichment 
in each round is loW, multiple rounds of panning Will lead to 
the isolation of rare phage and the genetic material contained 
Within Which encodes the scFv With the highest af?nity or 
one Which is better expressed on phage. 

[0100] Regardless of the method of panning chosen, the 
physical link betWeen genotype and phenotype provided by 
phage display makes it possible to test every member of a 
cDNA library for binding to antigen, even With large librar 
ies of clones. 

[0101] In one embodiment, the antibodies are bispeci?c 
antibodies. Bispeci?c antibodies are monoclonal, preferably 
human or humaniZed, antibodies that have binding speci 
?cities for at least tWo different antigens or that have binding 
speci?cities for tWo epitopes on the same antigen. In one 
embodiment, one of the binding speci?cities is for the LIV-1 
protein, the other one is for another cancer antigen. Alter 
natively, tetramer-type technology may create multivalent 
reagents. 

[0102] In some embodiments, the antibodies to LIV-1 
protein are capable of reducing or eliminating cells express 
ing LIV-1 (e.g., prostate cancer or breast cancer cells). 
Generally, at least a 25% decrease in activity, groWth, siZe or 




























