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(57) ABSTRACT 

This invention relates to novel monoclonal antibodies that 
Specifically bind to the alpha-folate receptor. In Some 
embodiments, the antibodies inhibit a biological activity of 
folate receptor-C. (FR-C). The antibodies are useful in the 
treatment of certain cancers, particularly cancers that have 
increased cell Surface expression of the alpha-folate receptor 
("FR-C.”), Such as ovarian, breast, renal, colorectal, lung, 
endometrial, or brain cancer. The invention also relates to 
cells expressing the monoclonal antibodies, antibody deriva 
tives, Such as chimeric and humanized monoclonal antibod 
ies, antibody fragments, and methods of detecting and 
treating cancer using the antibodies, derivatives, and frag 
mentS. 
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Figure 2 
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Figure 4 
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Fig. 5A 

Amino acid alignment 
LK26-LC-FL: 1 MGWSCIILFLVATATGVHSDIOLTQSPSSLSASVGDRVTITCSVSSSISSNNLHWYOOKP 60 

MGWSCIILFLVATATGVHSDIQLTQSPSSLSASVGDRVTITCSVSSSISSNNLHWYOOKP 
LK26-LC-sv: 1 MGWSCIILFLVATATGVHSDIQLTOSPSSLSASVGDRVTITCSVSSSISSNNLHWYOOKP 60 

Fig. 5B 
CLUSTALW (1.82) multiple sequence alignment 
LK26-LC-full-length ATGGGATGGAGCTGTATCATCCCTTCTTGGTAGCAACAGCTACAGGTGT 50 
LK26-LC-splice-variant ATGGGATGGAGCTGTATCATCCTCTCTTGGTAGCAACAGCTACAGGTGT 50 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

LK26-LC-full-length CCACCCGACATCCAGCTGACCCAGAGCCCAAGCAGCCTGAGCGCCAGCG 100 
LK26-LC-splice-variant CCACTCCGACATCCAGCTGACCCAGAGCCCAAGCAGCCTGAGCGCCAGCG 1 OO 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

LK26-LC-full-length TGGGTGACAGAGGACCATCACCGTAGTGTCAGCCAAGTATAAGTTCC 150 
LK26-LC-splice-variant TGGGTGACAGAGTGACCAT CACCTGTAGTGTCAGCCAAGTATAAGTTCC 15 O 

k k k k . . . . k k is . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

LK26-LC-full-length AACAACTTGCACTGGTACCAGCAGAAGCCAGGTAAGGCTCCAAAGCCATG 200 
LK26-LC-splice-variant AACAACTTGCACGGACCAGCAGAAGCCCG-- - - - - - - - - - - - - - - - - - 181 

r s 

LK26-LC-full-length GATCACGGCACAT{CAACCTGGCTTCTGGTGTGCCAAGCAGATTCAGCG 250 
LK26-LC-splice-variant -------------------------------------------------- 

LK26-LC-full-length GTAGCGGTAGCGGTACCGACACACCTTCACCACAGCAGCCTCCAGCCA 300 
LK26-LC-splice-variant ------------------------------------- CAGCCTCCAGCCA 1.94 

. . . . . . . . . 3. . . 

LK26-LC-full-length GAGGACACGCCACCTACACGCCAACAGTGGAGTAGITACCCGTACAT 350 
LK26-LC-splice-variant GAGGACATCGCCACCTACTACTGCCAACAGTGGAGTAGTTACCCGTACAT 244 

k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

LK26-LC-full-length GTACACGTTCGGCCAAGGGACCAAGGTGGAAATCAAACGAACTGGGCTG 400 
LK26-LC-splice-variant GTACACGTCGGCCAAGGGACCAAGGGGAAATCAAACGAACTGGGCG 294 

& k & & & & s k . . . . . . . . . . . . . . . . . . . . . . 

LK26-LC-full-length CACCATCGTCTCATCTCCCGCCATCTGATGAGCAGTTGAAACTGGA 450 
LK26-LC-splice-variant CACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGA 344 

• k - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

LK26-LC-full-length ACTGCCTCTGTGTGTGCCIGCTGAATAACTTCACCCAGAGAGGCCAA 500 
LK26-LC-splice-variant ACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCCAA 394 

; : y : 3: . . . . . . x : y : . . . . . . . . . s. 3's : y : . . . . . . . . . . . . . . . . . . 

LK26-LC-full-length AGTACAGTGGAAGGGGATAACGCCCTCCAATCGGGTAACCCCAGGAGA 550 
LK26-LC-splice-variant AGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGA 444 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

LK26-LC-full-length GTGTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACC 600 
LK26-LC-splice-variant GTGTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACC 494 

stric k & k.k k is k: ; ; ;k k . . . ; ; ; ; ; ; ; ; ; ; ; ; ; seek k . . . . . . . . . . . . 

LK26-LC-full-length CTGACGCTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGA 650 
LK26-LC-splice-variant CTGACGCTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGA. 544 

= -k-k- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

LK26-LC-full-length AGTCACCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGG 700 
LK26-LC-splice-variant AGTCACCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGG 594 

k . . . . . . . * * x x : x : y : y : * : * : * * * : . . . . . . . . . . . . x x . . . . . . 

LK26-LC-full-length GAGAGTGTAA T11 
LK26-LC-splice-variant GAGAGTGTTAA 605 

- - - - - - - - - - - 
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MONOCLONAL ANTIBODIES THAT 
SPECIFICALLY BLOCK BIOLOGICALACTIVITY 

OF ATUMIOR ANTIGEN 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims benefit of U.S. Provisional 
Application No. 60/544,364, filed Feb. 12, 2004, the content 
of which is hereby incorporated by reference in its entirety. 

FIELD OF THE INVENTION 

0002 This invention relates to purified novel monoclonal 
antibodies that specifically bind to the alpha-folate receptor 
(“FR-C.”) and compositions thereof. In some embodiments, 
the antibodies of the invention block the biological activity 
of FR-C. The antibodies and compositions of the invention 
are useful in the treatment of certain cancers, particularly 
cancers that have increased cell Surface expression of the 
alpha-folate receptor, Such as Ovarian, breast, renal, colorec 
tal, lung, endometrial, or brain cancer. The invention also 
relates to hybridoma cells expressing the monoclonal anti 
bodies, antibody derivatives, Such as chimeric and human 
ized monoclonal antibodies, antibody fragments, mamma 
lian cells expressing the monoclonal antibodies, derivatives 
and fragments, compositions of purified antibodies of the 
invention, and methods of detecting and treating cancer 
using the antibodies, derivatives, fragments, and composi 
tions of the invention. 

BACKGROUND OF THE INVENTION 

0003. There are three major isoforms of the human 
membrane folate binding protein, C, B, and Y. The C. and B 
isoforms have about 70% amino acid Sequence homology, 
and differ dramatically in their Stereospecificity for Some 
folates. Both isoforms are expressed in fetal and adult tissue, 
although normal tissue generally expresses low to moderate 
amounts of FR-B. FR-O, however, is expressed in normal 
epithelial cells, and is frequently Strikingly elevated in a 
variety of carcinomas (Ross et al. (1994) Cancer 
73(9):2432-2443; Rettig et al. (1988) Proc. Natl. Acad. Sci. 
USA 85:3110-3114; Campbell et al. (1991) Cancer Res. 
51:5329-5338; Coney et al. (1991) Cancer Res. 51:6125 
6132; Weitman et al. (1992) Cancer Res. 52:3396-3401; 
Garin-Chesa et al. (1993) Am. J. Pathol. 142:557-567; Holm 
et al. (1994) APMIS 102:413-419; Franklin et al. (1994) Int. 
J. Cancer 8 (Suppl.):89-95; Miotti et al. (1987) Int. J. 
Cancer 39:297-303; and Vegglan et al. (1989) Tumori 
75:510-513). FR-C. is overexpressed in greater than 90% of 
ovarian carcinomas (Sudimack and Lee (2000) Adv. Drug 
Deliv: Rev. 41(2):147-62). FR-O. generally attaches to the 
cell Surface membrane via a GPI anchor. GPI anchors 
contain oligosaccharides and inositol phospholipids. 

0004. In 1987, Miotti et al. described three new mono 
clonal antibodies that recognized antigens on human ovarian 
carcinoma cells (Miotti et al. (1987) Int. J. Cancer 
39(3):297-303). One of these was designated MOv18, which 
recognizes a 38 kDa protein on the Surface of choriocarci 
noma cells. MOV18 is a murine, IgG1, kappa antibody and 
mediates Specific cell lysis of the ovarian carcinoma cell 
line, IGROV1. Albertietal. (1990) Biochem. Biophys. Res. 
Commun. 171(3):1051-1055) showed that the antigen rec 
ognized by MOV18 was a GPI-linked protein. This was 
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Subsequently identified as the human folate binding protein 
(Coney et al. (1991) Cancer Res. 51(22):6125-6132). 
Tomassetti et al. showed that MOV 18 recognizes a soluble 
form and a GPI-anchored form of the folate binding protein 
in IGROV1 cells (Tomassetti et al. (1993) FEBS Lett. 
317(1-2): 143-146). Subsequent work combined the variable 
regions of the mouse MOv18 with human IgG1 (kappa) 
constant region to create a chimerized MOV 18 antibody. The 
chimerized antibody mediated higher and more specific lysis 
of IGROV1 cells at 10-100-fold lower antibody concentra 
tions (Coney et al. (1994) Cancer Res. 54(9):2448-2455). 
The 38 kDa antigen appears to be the monomeric form of 
FR-O. 

0005 U.S. Pat. No. 5,952,484 describes a humanized 
antibody that binds to a 38 kDa protein (FR-C). The anti 
body was named LK26. The original mouse monoclonal 
antibody was described by Rettig in European Patent Appli 
cation No. 86.104170.5 (published as EP0197435 and issued 
in the U.S. as U.S. Pat. No. 4,851,332). 
0006 Ovarian cancer is a major cause of death due to 
gynecological malignancy. Although chemotherapy is the 
recommended treatment and has enjoyed Some Success, the 
5-year survival rate is still less than 40%. 

0007. A difficult problem in antibody therapy in cancer is 
that often the target of the antibody is expressed by normal 
tissueS as well as cancerous tissues. Thus, the antibodies that 
are used to kill cancer cells also have a deleterious effect on 
normal cells. Finding unique targets or targets that are 
preferentially expressed in cancertissues has proven difficult 
in many cancers. Identification of preferentially expressed 
targets and the ability to block the biological activity of Such 
targets may be an effective treatment for cancer. AS Such, 
more effective antibody therapies for ovarian and other 
FR-O-bearing cancers that avoids or minimizes reactivity 
with normal tissues are needed. 

SUMMARY OF THE INVENTION 

0008. In some embodiments, the invention provides anti 
bodies that specifically bind to FR-C. The antibodies of the 
invention preferably block a biological activity of FR-O. In 
Some embodiments, the invention provides antibody-pro 
ducing cells and compositions of antibodies that Specifically 
bind to FR-C. wherein the cells and compositions are sub 
stantially free of FR-C. binding competitors. In some 
embodiments, antibody-producing cells that produce anti 
bodies comprising Substantially only antibody of the inven 
tion are provided. In preferred embodiments, the antibodies 
of the invention bind FR-C. with a binding affinity of at least 
about 1x107 M, at least about 1x10 M, at least about 
1x10 M, and most preferably at least about 1x10' M. 
0009. It has been discovered that tumors that overexpress 
FR-C. tend to favor the formation of multimeric forms of 
FR-O, for example tetramers. Without wishing to be bound 
by any particular theory, it is believed that the formation of 
the multimeric form of FR-C. is driven by a mass effect due 
to the accumulation of larger amounts of FR-C. on the 
Surface of tumor cells. Previously, other researchers only 
found higher molecular weight Species of FR-C. in gel 
filtration assays which represented FR-C. inserted into Triton 
X-100 micelles via their hydrophobic tails (Holm et al. 
(1997) Biosci. Reports 17(4):415-427). In some embodi 
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ments, the invention provides antibodies that Specifically 
bind to the multimeric form of FR-O. and not the monomeric 
form. 

0010. In some embodiments, the antibodies of the inven 
tion (a) bind to an epitope of FR-C. other than the epitope 
bound by antibody LK26; (b) bind FR-C. with greater affinity 
than antibody LK26; (c) out-compete antibody LK26 for 
binding to the multimeric form of FR-C. and thereby block 
the biological activity of FR-C.; and/or (d) are purified 
relative to LK26. 

0011. In some embodiments, the antibodies of the inven 
tion recognize a disulfide-dependent epitope. 

0012 Some embodiments of the invention relate to anti 
bodies comprising a heavy chain comprising an amino acid 
sequence of SEQID NO:5. In some embodiments, the heavy 
chain comprises an amino acid sequence of SEQ ID NO:6. 
0013 In some embodiments, the antibodies of the inven 
tion comprise a light chain comprising the amino acid 
sequence of SEQ ID NO:2. In some embodiments of the 
invention, the antibodies comprise a light chain comprising 
the amino acid sequence of SEQ ID NO:3. 
0.014. The invention further provides antibodies compris 
ing a heavy chain comprising an amino acid of SEQ ID 
NO:5 or SEQ ID NO:6 and a light chain comprising an 
amino acid sequence of SEQ ID NO:2 or SEQ ID NO:3. The 
antibodies of the invention preferably comprise a heavy 
chain comprising an amino acid sequence of SEQ ID NO:5 
and a light chain comprising an amino acid Sequence of SEQ 
ID NO:2 and more preferably comprise a heavy chain 
comprising an amino acid sequence of SEQ ID NO:6 and a 
light chain comprising an amino acid Sequence of SEQ ID 
NO:3. In some embodiments of the invention, the heavy 
chain of the antibody is encoded by a nucleic acid compris 
ing the nucleotide sequence of SEQ ID NO:7. In some 
embodiments of the invention, the light chain of the anti 
body is encoded by a nucleic acid comprising the nucleotide 
sequence of SEQ ID NO:8. 

0.015 The antibodies of the invention may be chimeric 
antibodies, including, but not limited to human-mouse chi 
meric antibodies. The antibodies of the invention may also 
be humanized antibodies. The invention also provides: cells, 
including hybridoma cells, that express the antibodies of the 
invention, polynucleotides that encode the antibodies of the 
invention; vectors comprising the polynucleotides that 
encode the antibodies of the invention; and expression cells 
comprising the vectors of the invention. 
0016. The invention also provides methods of producing 
an antibody that specifically binds to FR-C. In some embodi 
ments, the method comprises the Step of culturing the 
antibody-producing cells of the invention. The cells of the 
invention may be insect cells or animal cells, preferably, 
mammalian cells. 

0.017. The invention further provides methods of inhib 
iting the growth of dysplastic cells associated with increased 
expression of FR-O. comprising administering to a patient 
with Such dysplastic cells a composition comprising an 
antibody of the invention. The antibody preferably blocks a 
biological activity of FR-O. The methods may be used for 
various dysplastic conditions, Such as, but not limited to 
ovarian, breast, renal, colorectal, lung, endometrial, or brain 
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cancer. In preferred embodiments, the patients are human 
patients. In Some embodiments, the antibodies are conju 
gated to cytotoxic agents Such as, but not limited to radio 
nuclides, toxins, and chemotherapeutic agents. In Some 
embodiments, the antibodies are co-administered with an 
antifolate agent. The antifolate agent and antibody of the 
invention may be administered at the Same time or Simul 
taneously (that is, together), or in any order. 
0018. The invention also provides methods for decreas 
ing the growth of cancer cells using monoclonal antibodies 
that specifically bind to FR-O, preferably mammalian FR-O. 
The methods of the invention may be used to modulate the 
growth of cancer cells and the progression of cancer in 
mammals, including humans. The cancer cells that may be 
inhibited include all cancer cells that have an increased 
expression of FR-C. in relation to normal human tissues, 
Such as but not limited to ovarian, breast, renal, colorectal, 
lung, endometrial, or brain cancer cells. 
0019. Also provided by the invention are compositions of 
antibodies of the invention. In preferred embodiments, the 
compositions are Substantially pure. Substantially pure com 
positions of antibodies of the invention preferably comprise 
at least about 90%, more preferably at least about 95%, even 
more preferably at least about 99%, and most preferably 
about 100% by weight of antibodies of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020 FIG. 1 shows a western blot of tumor cells show 
ing the tetrameric and monomeric forms of FR-C. 

0021 FIG. 2 shows a western blot of Escherichia coli 
expressed FR-C. 

0022 FIG.3 shows a western blot of FR-O solubilized in 
the presence or absence of Triton X-100. 

0023 FIG. 4 illustrates a screening method for identify 
ing antibody-producing cells of the invention. 

0024 FIG. 5A illustrates a sequence alignment of light 
chain of an anti-FR-O. antibody of the invention having an 
amino acid sequence of SEQ ID NO:3 and the light chain of 
an aberrant translation product having an amino acid 
sequence of SEQID NO: 24. FIG. 5B illustrates a sequence 
alignment of the nucleic acid Sequence of a light chain of an 
anti-FR-C. antibody of the invention having a Sequence of 
SEQ ID NO:8 and a nucleic acid sequence encoding the 
aberrant translation product having a Sequence of SEQ ID 
NO:25. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

0025 The reference works, patents, patent applications, 
and Scientific literature, including accession numbers to 
GenBank database Sequences that are referred to herein 
establish the knowledge of those with skill in the art and are 
hereby incorporated by reference in their entirety to the 
Same extent as if each was specifically and individually 
indicated to be incorporated by reference. Any conflict 
between any reference cited herein and the Specific teach 
ings of this specification shall be resolved in favor of the 
latter. Likewise, any conflict between an art-understood 
definition of a word or phrase and a definition of the word 
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or phrase as Specifically taught in this specification shall be 
resolved in favor of the latter. 

0.026 Standard reference works setting forth the general 
principles of recombinant DNA technology known to those 
of skill in the art include Ausubel et al. CURRENT PRO 
TOCOLS IN MOLECULAR BIOLOGY, John Wiley & 
Sons, New York (1998); Sambrook et al. MOLECULAR 
CLONING: A LABORATORY MANUAL, 2D ED., Cold 
Spring Harbor Laboratory Press, Plainview, N.Y. (1989); 
Kaufman et al., Eds., HANDBOOK OF MOLECULAR 
AND CELLULAR METHODS IN BIOLOGY AND MEDI 

CINE, CRC Press, Boca Raton (1995); McPherson, Ed., 
DIRECTED MUTAGENESIS: A PRACTICAL 

APPROACH, IRL Press, Oxford (1991). 
0.027 AS used herein, the term “epitope” refers to the 
portion of an antigen to which a monoclonal antibody 
Specifically binds. 

0028. As used herein, the term “conformational epitope” 
refers to a discontinuous epitope formed by a Spatial rela 
tionship between amino acids of an antigen other than an 
unbroken Series of amino acids. 

0029. As used herein, the term “multimeric' refers to a 
grouping of two or more identical or nearly identical units. 
AS used herein, the term “tetrameric' refers to a grouping of 
four, identical or nearly identical units. 
0.030. As used herein, the term “monomeric' refers to a 
Single unit of a mature protein that assembles in groups with 
other units. 

0.031 AS used herein, the term “inhibition of growth of 
dysplastic cells in vitro” means a decrease in the number of 
tumor cells, in culture, by at least about 5%, preferably about 
10%, more preferably about 20%, more preferably about 
30%, more preferably about 40%, more preferably about 
50%, more preferably about 60%, more preferably about 
70%, more preferably about 80%, more preferably about 
90%, more preferably about 95%, more preferably about 
99%, and most preferably 100%. In vitro inhibition of tumor 
cell growth may be measured by assays known in the art, 
Such as the GEO cell Soft agar assay. 
0032. As used herein, the term “inhibition of growth of 
dysplastic cells in Vivo” means a decrease in the number of 
tumor cells, in an animal, by at least about 5%, preferably 
about 10%, more preferably about 20%, more preferably 
about 30%, more preferably about 40%, more preferably 
about 50%, more preferably about 60%, more preferably 
about 70%, more preferably about 80%, more preferably 
about 90%, more preferably about 95%, more preferably 
about 99%, and most preferably 100%. In vivo modulation 
of tumor cell growth may be measured by assays known in 
the art, for example but not limited to using the Response 
Evaluation Criteria in Solid Tumors (RECIST) parameters 
(available online through the National Cancer Institute Can 
cer Therapy Evaluation Program). 
0.033 AS used herein, “dysplastic cells' refer to cells that 
exhibit abnormal growth properties, Such as but not limited 
to growth in Soft agar, lack of contact inhibition, failure to 
undergo cell cycle arrest in the absence of Serum, and 
formation of tumors when injected into immune-compro 
mised mice. Dysplastic cells include, but are not limited to 
tumors, hyperplasia, and the like. 
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0034. The term “preventing” refers to decreasing the 
probability that an organism contracts or develops an abnor 
mal condition. 

0035. The term “treating” refers to having a therapeutic 
effect and at least partially alleviating or abrogating an 
abnormal condition in the organism. Treating includes inhi 
bition of tumor growth, maintenance of inhibited tumor 
growth, and induction of remission. 

0036) The term “therapeutic effect” refers to the inhibi 
tion of an abnormal condition. A therapeutic effect relieves 
to Some extent one or more of the Symptoms of the abnormal 
condition. In reference to the treatment of abnormal condi 
tions, a therapeutic effect can refer to one or more of the 
following: (a) an increase or decrease in the proliferation, 
growth, and/or differentiation of cells; (b) inhibition (i.e., 
Slowing or stopping) of growth of tumor cells in Vivo (c) 
promotion of cell death; (d) inhibition of degeneration; (e) 
relieving to Some extent one or more of the Symptoms 
associated with the abnormal condition; and (f) enhancing 
the function of a population of cells. The monoclonal 
antibodies and derivatives thereof described herein effectu 
ate the therapeutic effect alone or in combination with 
conjugates or additional components of the compositions of 
the invention. 

0037 AS used herein, the term “inhibits the progression 
of cancer refers to an activity of a treatment that slows the 
modulation of neoplastic disease toward end-stage cancer in 
relation to the modulation toward end-stage disease of 
untreated cancer cells. 

0038. As used herein “blocks a biological activity of 
FR-C.” refers to the ability of the antibodies (or fragments 
thereof) of the invention to prevent folate binding to FR-C, 
to prevent the uptake of folate by cells, or to inhibit Signal 
transduction in the cell triggered by folate. 

0039. As used herein, the term “about” refers to an 
approximation of a Stated value within an acceptable range. 
Preferably the range is +/-5% of the stated value. 

0040 AS used herein, the term “neoplastic disease” refers 
to a condition marked by abnormal proliferation of cells of 
a tissue. 

0041 AS used herein, the term “wild-type” refers to a 
native Sequence, for example, a native nucleic acid Sequence 
encoding or amino acid Sequence of a heavy or light chain 
of the antibodies of the invention. Examples of wild-type 
Sequences of the invention include the Sequences of SEQID 
NOS: 1-8. 

0042. As used herein, the term “FR-C. binding competi 
tors' refers to aberrant transcripts of the nucleic acids 
encoding antibodies of the invention and aberrant translation 
products of the antibodies of the invention that do not have 
the biological properties of the anti-FR-C. antibodies of the 
invention (e.g., antigen binding affinity, ability to block a 
biological activity of FR-C). For example, an aberrant 
transcript may contain a deletion, a frameshift, a nonsense 
mutation, or a missense mutation. An example of an aberrant 
translation product is an alternative splice variant. An 
example of a FR-C. binding competitor is an antibody 
comprising a light chain having an amino acid Sequence of 
SEO ID NO:24: 
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MGWSCIILFLVATATGVHSDIQLTQSPSSLSASVGDRVTITCSWSSSISS 

NNLHWYOOKPAASSQRTSPPTTANSGVWTRTCTRSAKGPRWKSNELWLHH 

LSSSSRHLMSS 

0043. The light chain of such an FR-C. binding competitor 
may be encoded by a nucleic acid having a nucleic acid 
sequence of SEQ ID NO:25: 

ATGGGATGGAGCTGTATCATCCTCTTCTTGGTAGCAACAGCTACAGGTGT 

CCACTCCGACATCCAGCTGACCCAGAGCCCAAGCAGCCTGAGCGCCAGCG 

TGGGTGACAGAGTGACCATCACCTGTAGTGTCAGCTCAAGTATAAGTTCC 

AACAACTTGCACTGGTACCAGCAGAAGCCCGCAGCCTCCAGCCAGAGGAC 

ATCGCCACCTACTACTGCCAACAGTGGAGTAGTTACCCGTACATGTACAC 

GTTCGGCCAAGGGACCAAGGTGGAAATCAAACGAACTGTGGCTGCACCAT 

CTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGAACTGCC 

TCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCCAAAGTACA 

GTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGTGTCA, 

CAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACG 

CTGAGCAAAGCAGACTACGAGAAACACAAAGTCACGCCTGCGAAGICAC 

CCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGT 

GTTAA 

0044 As used herein, the term “purified” means a con 
dition of being Sufficiently Separated from other proteins or 
nucleic acids with which it would naturally be associated, So 
as to exist in “substantially pure” form. “Purified” is not 
meant to exclude artificial or Synthetic mixtures with other 
compounds or materials, or the presence of impurities that 
do not interfere with the fundamental activity, and that may 
be present, for example, due to incomplete purification, 
addition of Stabilizers, or compounding into, for example, 
immunogenic preparations or pharmaceutically acceptable 
preparations. A "purified' antibody preferably means an 
anitbody Substantially free of FR-C. binding competitors. 
The term “Substantially pure” means comprising at least 
about 50-60% by weight of a given material (e.g., nucleic 
acid, protein, etc.). More preferably, the preparation com 
prises at least about 75% by weight, and most preferably 
about 90-95% by weight of the given compound. Purity is 
measured by methods appropriate for the given material 
(e.g., chromatographic methods, agarose or polyacrylamide 
gel electrophoresis, HPLC analysis, and the like). 

0.045. As used herein, the phrase “substantially free of 
FR-O binding competitors' refers to a condition of having 
less than about 50%, more preferably less than about 40%, 
more preferably less than about 30%, more preferably less 
than about 20%, more preferably less than about 10%, more 
preferably less than about 5%, more preferably less than 
about 1%, more preferably less than about 0.5%, and most 
preferably about 0% by weight of FR-C. binding competi 
torS. 
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0046) Antibodies 
0047 The antibodies of the invention specifically bind 
folate receptor-alpha (FR-C). In Some embodiments, the 
antibodies of the invention Specifically bind a monomeric 
form of FR-O. In some embodiments, the antibodies of the 
invention specifically bind a multimeric form of FR-C. (e.g., 
a tetrameric form) and not the monomeric form of FR-C. 
Preferred antibodies of the invention block a biological 
activity of FR-C. In preferred embodiments, the antibodies 
block a biological activity of FR-C. on FR-O-bearing cells. 
Antibodies of the invention preferably induce antibody 
dependent cellular cytotoxicity (ADCC) of FR-O-bearing 
cells. Examples of FR-O-bearing cells include but are not 
limited to ovarian, lung, breast, brain, renal, colorectal, and 
endometrial cancer cells. 

0048 Preferred antibodies, and antibodies suitable for 
use in the method of the invention, include, for example, 
fully human antibodies, human antibody homologs, human 
ized antibody homologs, chimeric antibody homologs, Fab, 
Fab', F(ab') and F(v) antibody fragments, Single chain 
antibodies, and monomers or dimers of antibody heavy or 
light chains or mixtures thereof. Antibodies of the invention 
are preferably monoclonal antibodies. 
0049. The antibodies of the invention may include intact 
immunoglobulins of any isotype including types IgA, IgG, 
IgE, IgD, IgM (as well as subtypes thereof). The antibodies 
preferably include intact IgG and more preferably IgG1. The 
light chains of the immunoglobulin may be kappa or lambda. 
The light chains are preferably kappa. 
0050. The antibodies of the invention include portions of 
intact antibodies that retain antigen-binding Specificity, for 
example, Fab fragments, Fab' fragments, F(ab')2 fragments, 
F(v) fragments, heavy chain monomers or dimers, light 
chain monomers or dimers, dimers consisting of one heavy 
and one light chain, and the like. Thus, antigen binding 
fragments, as well as full-length dimeric or trimeric 
polypeptides derived from the above-described antibodies 
are themselves useful. 

0051. A “chimeric antibody' is an antibody produced by 
recombinant DNA technology in which all or part of the 
hinge and constant regions of an immunoglobulin light 
chain, heavy chain, or both, have been substituted for the 
corresponding regions from another animal’s immunoglo 
bulin light chain or heavy chain. In this way, the antigen 
binding portion of the parent monoclonal antibody is grafted 
onto the backbone of another species antibody. One 
approach, described in EP 02394.00 to Winter et al. describes 
the Substitution of one species complementarity determin 
ing regions (CDRS) for those of another species, Such as 
substituting the CDRs from human heavy and light chain 
immunoglobulin variable region domains with CDRs from 
mouse variable region domains. These altered antibodies 
may Subsequently be combined with human immunoglobu 
lin constant regions to form antibodies that are human 
except for the substituted murine CDRs which are specific 
for the antigen. Methods for grafting CDR regions of 
antibodies may be found, for example in Riechmann et al. 
(1988) Nature 332:323-327 and Verhoeyen et al. (1988) 
Science 239:1534-1536. 

0052 The direct use of rodent monoclonal antibodies 
(MAbs) as human therapeutic agents led to human anti 
rodent antibody (“HARA”) (for example, human anti-mouse 
antibody ("HAMA')) responses which occurred in a sig 



US 2005/0232919 A1 

nificant number of patients treated with the rodent-derived 
antibody (Khazaeli, et al., (1994) Immunother. 15:42-52). 
Chimeric antibodies containing fewer murine amino acid 
Sequences are believed to circumvent the problem of elic 
iting an immune response in humans. 

0.053 Refinement of antibodies to avoid the problem of 
HARA responses led to the development of “humanized 
antibodies.” Humanized antibodies are produced by recom 
binant DNA technology, in which at least one of the amino 
acids of a human immunoglobulin light or heavy chain that 
is not required for antigen binding has been Substituted for 
the corresponding amino acid from a nonhuman mammalian 
immunoglobulin light or heavy chain. For example, if the 
immunoglobulin is a mouse monoclonal antibody, at least 
one amino acid that is not required for antigen binding is 
Substituted using the amino acid that is present on a corre 
sponding human antibody in that position. Without wishing 
to be bound by any particular theory of operation, it is 
believed that the “humanization' of the monoclonal anti 
body inhibits human immunological reactivity against the 
foreign immunoglobulin molecule. 

0.054 As a non-limiting example, a method of perform 
ing complementarity determining region (CDR) grafting 
may be performed by Sequencing the mouse heavy and light 
chains of the antibody of interest that binds to the target 
antigen (e.g., FR-C) and genetically engineering the CDR 
DNA sequences and imposing these amino acid Sequences to 
corresponding human V regions by Site directed mutagen 
esis. Human constant region gene Segments of the desired 
isotype are added, and the “humanized' heavy and light 
chain genes are co-expressed in mammalian cells to produce 
Soluble humanized antibody. A typical expression cell is a 
Chinese Hamster Ovary (CHO) cell. Suitable methods for 
creating the chimeric antibodies may be found, for example, 
in Jones et al. (1986) Nature 321:522-525; Riechmann 
(1988) Nature 332:323-327; Queen et al. (1989) Proc. Nat. 
Acad. Sci. USA 86:10029; and Orlandi et al. (1989) Proc. 
Natl. Acad. Sci. USA 86:3833. 

0055 Queen et al. (1989) Proc. Nat. Acad. Sci. USA 
86:10029-10033 and WO 90/07861 describe the preparation 
of a humanized antibody. Human and mouse variable frame 
work regions were chosen for optimal protein Sequence 
homology. The tertiary structure of the murine variable 
region was computer-modeled and Superimposed on the 
homologous human framework to show optimal interaction 
of amino acid residues with the mouse CDRS. This led to the 
development of antibodies with improved binding affinity 
for antigen (which is typically decreased upon making 
CDR-grafted chimeric antibodies). Alternative approaches 
to making humanized antibodies are known in the art and are 
described, for example, in Tempest (1991) Biotechnology 
9:266-271. 

0056 “Single chain antibodies” refer to antibodies 
formed by recombinant DNA techniques in which immu 
noglobulin heavy and light chain fragments are linked to the 
Fv region via an engineered span of amino acids. Various 
methods of generating Single chain antibodies are known, 
including those described in U.S. Pat. No. 4,694,778; Bird 
(1988) Science 242:423-442; Huston et al. (1988) Proc. 
Natl. Acad. Sci. USA 85:5879-5883; Ward et al. (1989) 
Nature 334:54454; Skerra et al. (1988) Science 242:1038 
1041. 
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0057 The antibodies of the invention may be used alone 
or as immunoconjugates with a cytotoxic agent. In Some 
embodiments, the agent is a chemotherapeutic agent. In 
Some embodiments, the agent is a radioisotope, including, 
but not limited to Lead-212, Bismuth-212, AStatine-211, 
Iodine-131, Scandium-47, Rhenium-186, Rhenium-188, 
Yttrium-90, Iodine-123, Iodine-125, Bromine-77, Indium 
111, and fissionable nuclides Such as Boron-10 or an 
Actinide. In other embodiments, the agent is a toxin or 
cytotoxic drug, including but not limited to ricin, modified 
Pseudomonas enterotoxin A, calicheamicin, adriamycin, 
5-fluorouracil, and the like. Methods of conjugation of 
antibodies and antibody fragments to Such agents are known 
in the literature. 

0058. The antibodies of the invention include derivatives 
that are modified, e.g., by the covalent attachment of any 
type of molecule to the antibody Such that covalent attach 
ment does not prevent the antibody from binding to its 
epitope. Examples of Suitable derivatives include, but are 
not limited to fucosylated antibodies and fragments, glyco 
Sylated antibodies and fragments, acetylated antibodies and 
fragments, pegylated antibodies and fragments, phosphory 
lated antibodies and fragments, and amidated antibodies and 
fragments. The antibodies and derivatives thereof of the 
invention may themselves by derivatized by known protect 
ing/blocking groups, proteolytic cleavage, linkage to a cel 
lular ligand or other proteins, and the like. In Some embodi 
ments of the invention, at least one heavy chain of the 
antibody is fucosylated. In Some embodiments, the fucosy 
lation is N-linked. In Some preferred embodiments, at least 
one heavy chain of the antibody comprises a fucosylated, 
N-linked oligosaccharide. 
0059. The antibodies of the invention include variants 
having Single or multiple amino acid Substitutions, dele 
tions, additions, or replacements that retain the biological 
properties (e.g., block a biological activity of FR-C, binding 
affinity) of the antibodies of the invention. The skilled 
perSon can produce variants having Single or multiple amino 
acid Substitutions, deletions, additions or replacements. 
These variants may include, inter alia: (a) Variants in which 
one or more amino acid residues are Substituted with con 
Servative or nonconservative amino acids, (b) variants in 
which one or more amino acids are added to or deleted from 
the polypeptide, (c) variants in which one or more amino 
acids include a Substituent group, and (d) variants in which 
the polypeptide is fused with another peptide or polypeptide 
Such as a fusion partner, a protein tag or other chemical 
moiety, that may confer useful properties to the polypeptide, 
Such as, for example, an epitope for an antibody, a polyhis 
tidine Sequence, a biotin moiety and the like. Antibodies of 
the invention may include variants in which amino acid 
residues from one species are Substituted for the correspond 
ing residue in another Species, either at the conserved or 
nonconserved positions. In another embodiment, amino acid 
residues at nonconserved positions are Substituted with 
conservative or nonconservative residues. The techniques 
for obtaining these variants, including genetic (Suppressions, 
deletions, mutations, etc.), chemical, and enzymatic tech 
niques, are known to the perSon having ordinary skill in the 
art. Antibodies of the invention also include antibody frag 
ments. A "fragment” refers to polypeptide Sequences which 
are preferably at least about 40, more preferably at least to 
about 50, more preferably at least about 60, more preferably 
at least about 70, more preferably at least about 80, more 
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preferably at least about 90, and more preferably at least 
about 100 amino acids in length, and which retain Some 
biological activity or immunological activity of the full 
length Sequence, for example, the ability to block a biologi 
cal activity of FR-C. and/or FR-C. binding affinity. 

0060. The invention also encompasses fully human anti 
bodies such as those derived from peripheral blood mono 
nuclear cells of ovarian, breast, renal, colorectal, lung, 
endometrial, or brain cancer patients. Such cells may be 
fused with myeloma cells, for example, to form hybridoma 
cells producing fully human antibodies against FR-C. 

0061. In preferred embodiments of the invention, the 
antibody comprises a light chain comprising an amino acid 
sequence of SEQ ID NO:1: 

DIQLTQSPSSLSASVGDRVTITCSWSSSISSNNLHWYQQKPGKAPKPWIY 

GTSNPASGWPSRFSGSGSGTDYTFTISSLOPEDIATYYCQQWSSYPYMYT 

0.062. In some preferred embodiments, the antibody of 
the invention comprises a light chain comprising an amino 
acid sequence of SEQ ID NO:2: 

DIQLTQSPSSLSASVGDRVTITCSWSSSISSNNLHWYQQKPGKAPKPWIY 

GTSNPASGWPSRFSGSGSGTDYTFTISSLOPEDIATYYCQQWSSYPYMYT 

FGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVWCLLNNFYPREAKVO 

WKVDNALOSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKWYACEWT 

HQGLSSPWTKSFNRGEC. 

0.063. In some preferred embodiments, the antibody of 
the invention comprises a light chain comprising an amino 
acid sequence of SEQ ID NO:3: 

MGWSCIILFLWATATGWHSDIQLTQSPSSLSASWGDRWTITCSWSSSISS 

NNLHWYOOKPGKAPKPWIYGTSNPASGWPSRFSGSGSGTDYTFTISSLQP 

EDIATYYCQQWSSYPYMYTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSG 

TASVWCLLNNFYPREAKVQWKVDNALOSGNSQESVTEQDSKDSTYSLSST 

LTLSKADYEKHKWYACEWTHQGLSSPWTKSFNRGEC 

0064 (leader sequence underlined). 
0065. Also within the scope of the invention are antibod 
ies comprising a heavy chain comprising an amino acid 
sequence of SEQ ID NO:4: 

EVOLVESGGGVWQPGRSLRLSCSASGFTFSGYGLSWWRQAPGKGLEWVAM 

ISSGGSYTYYADSWKGRFAISRDNAKNTLFLQMDSLRPEDTGWYFCARHG 

DDPAWFAYWGQGTPWTVSS. 

0.066. In some preferred embodiments of the invention, 
the antibodies of the invention comprise a heavy chain 
comprising an amino acid sequence of SEQ ID NO:5: 
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EVOLVESGGGVWQPGRSLRLSCSASGFTFSGYGLSWWRQAPGKGLEWVAM 

ISSGGSYTYYADSWKGRFAISRDNAKNTLFLQMDSLRPEDTGWYFCARHG 

DDPAWFAYWGQGTPWTWSSASTKGPSWFPLAPSSKSTSGGTAALGCLVKD 

YFPEPWTWSWNSGALTSGWHTFPAVLQSSGLYSLSSWWTVPSSSLGTOTY 

ICNWNHKPSNTKWDKKWEPKSCDKTHTCPPCPAPELLGGPSWFLFPPKPK 

DTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNS 

TYRVWSWLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPOW 

YTLPPSRDELTKNOWSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVL 

DSDGSFFLYSKLTVDKSRWQQGNWFSCSVMHEALHNHYTQKSLSLSPGK. 

0067. In some preferred embodiments of the invention, 
the heavy chain of the antibody comprises an amino acid 
sequence of SEQ ID NO:6: 

MGWSCIILFLWATATGVHSEVOLVESGGGWWQPGRSLRLSCSASGFTFSG 

YGLSWVRQAPGKGLEWWAMISSGGSYTYYADSWKGRFAISRDNAKNTLFL 

QMDSLRPEDTGVYFCARHGDDPAWFAYWGQGTPWTVSSASTKGPSWFPLA 

PSSKSTSGGTAALGCLVKDYFPEPWTWSWNSGALTSGVHTFPAVLQSSGL 

YSLSSVVTVPSSSLGTOTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPC 

PAPELLGGPSWFLFPPKPKDTLMSRTPEWTCWWWDWSHEDPEWKFNWYW 

DGWEWHNAKTKPREEQYNSTYRVWSWLTVLHQDWLNGKEYKCKVSNKALP 

APIEKTISKAKGQPREPOWYTLPPSRDELTKNOWSLTCLVKGFYPSDIAW 

EWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNWFSCSVMH 

EALHNHYTOKSLSLSPGK 

0068 (leader sequence underlined). 
0069. In some embodiments of the invention, the anti 
body comprises a heavy chain comprising an amino acid 
sequence of SEQ ID NO:4, 5, or 6 and a light chain 
comprising an amino acid Sequence of SEQ ID NO:1, 2, or 
3. In more preferred embodiments, the antibody comprises 
a heavy chain comprising an amino acid Sequence of SEQ 
ID NO:5 and a light chain comprising an amino acid 
sequence of SEQ ID NO:2. In some embodiments of the 
invention, the antibody comprises a heavy chain comprising 
an amino acid sequence SEQ ID NO:6 and a light chain 
comprising an amino acid sequence of SEQ ID NO:3. 
0070 The antibodies of the invention are preferably 
nontoxic as demonstrated, for example, in in Vivo toxicology 
Studies. 

0071. The antibodies and derivatives thereof of the inven 
tion have binding affinities that include a dissociation con 
stant(K) of less than 1x10°. In some embodiments, the K. 
is less than 1x10. In other embodiments, the K is less than 
1x10". In some embodiments, the K is less than 1x10. In 
still other embodiments, the K is less than 1x10'. In other 
embodiments, the K is less than 1x107. In other embodi 
ments, the K is less than 1x10. In other embodiments, the 
K is less than 1x10'. In other embodiments, the K is less 
than 1x10'. In still other embodiments, the K is less than 
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1x10'. In some embodiments, the K is less than 1x10'. 
In other embodiments, the K is less than 1x10'. In other 
embodiments, the K is less than 1x10'. In still other 
embodiments, the K is less than 1x10'. 
0.072 Without wishing to be bound by any particular 
theory, it is believed that the antibodies of some embodi 
ments of the invention are particularly useful in binding the 
multimeric form of FR-O. due to an increased avidity of the 
antibody as both “arms” of the antibody (Fab fragments) 
bind to Separate FR-O. molecules that make up the multimer. 
This leads to a decrease in the dissociation (K) of the 
antibody and an overall increase in the observed affinity 
(KD). 
0073) Nucleic Acids 
0.074 The invention also includes nucleic acids encoding 
the heavy chain and/or light chain of the anti-FR-O. antibod 
ies of the invention. "Nucleic acid” or a “nucleic acid 
molecule” as used herein refers to any DNA or RNA 
molecule, either Single- or double-Stranded and, if Single 
Stranded, the molecule of its complementary Sequence in 
either linear or circular form. In discussing nucleic acid 
molecules, a Sequence or Structure of a particular nucleic 
acid molecule may be described herein according to the 
normal convention of providing the Sequence in the 5' to 3' 
direction. In Some embodiments of the invention, nucleic 
acids are “isolated.” This term, when applied to DNA, refers 
to a DNA molecule that is Separated from Sequences with 
which it is immediately contiguous in the naturally occur 
ring genome of the organism in which it originated. For 
example, an "isolated nucleic acid may comprise a DNA 
molecule inserted into a vector, Such as a plasmid or virus 
vector, or integrated into the genomic DNA of a prokaryotic 
or eukaryotic cell or host organism. When applied to RNA, 
the term “isolated nucleic acid” refers primarily to an RNA 
molecule encoded by an isolated DNA molecule as defined 
above. Alternatively, the term may refer to an RNA molecule 
that has been Sufficiently Separated from other nucleic acids 
with which it would be associated in its natural State (i.e., in 
cells or tissues). An isolated nucleic acid (either DNA or 
RNA) may further represent a molecule produced directly 
by biological or Synthetic means and Separated from other 
components present during its production. 

0075 Nucleic acids of the invention include nucleic acids 
having at least 80%, more preferably at least about 90%, 
more preferably at least about 95%, and most preferably at 
least about 98% homology to nucleic acids of the invention. 
The terms “percent similarity”, “percent identity” and “per 
cent homology' when referring to a particular Sequence are 
used as set forth in the University of Wisconsin GCG 
Software program. Nucleic acids of the invention also 
include complementary nucleic acids. In Some instances, the 
Sequences will be fully complementary (no mismatches) 
when aligned. In other instances, there may be up to about 
a 20% mismatch in the Sequences. 
0.076 Nucleic acids of the invention also include frag 
ments of the nucleic acids of the invention. A "fragment' 
refers to a nucleic acid Sequence that is preferably at least 
about 10 nucleic acids in length, more preferably about 40 
nucleic acids, and most preferably about 100 nucleic acids 
in length. A "fragment' can also mean a stretch of at least 
about 100 consecutive nucleotides that contains one or more 
deletions, insertions, or Substitutions. A "fragment' can also 
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mean the whole coding Sequence of a gene and may include 
5' and 3' untranslated regions. 

0077. The encoded antibody light chain preferably com 
prises an amino acid sequence of SEQ ID NO:1, 2, or 3. The 
encoded antibody heavy chain preferably comprises an 
amino acid sequence of SEQ ID NO:4, 5, or 6. In some 
embodiments of the invention, the heavy chain of the 
antibody is encoded by a nucleic acid comprising the 
nucleotide sequence of SEQ ID NO:7: 

ATGGGATGGAGCTGTATCATCCTCTTCTTGGTAGCAACAGCTACAGGTGT 

CCACTCCGAGGTCCAACTGGTGGAGAGCGGTGGAGGTGTTGTGCAACCTG 

GCCGGTCCCTGCGCCGTCCTGCTCCGCATCGGCTTCACCTTCAGCGGC 

TATGGGTTGTCTTGGGTGAGACAGGCACCTGGAAAAGGTCTTGAGTGGGT 

TGCAATGATTAGTAGTGGTGGTAGTTATACCTACTATGCAGACAGTGTGA 

AGGGTAGATTTGCAATATCGCGAGACAACGCCAAGAACACATTGTTCCTG 

CAAATGGACAGCCTGAGACCCGAAGACACCGGGGTCTATTTTTGTGCAAG 

ACATGGGGACGATCCCGCCTGGTTCGCTTATTGGGGCCAAGGGACCCCGG 

TCACCGTCTCCTCAGCCTCCACCAAGGGCCCATCGGTCTTCCCCCTGGCA 

CCCTCCTCCAAGAGCACCTCTGGGGGCACAGCGGCCCTGGGCTGCCTGGT 

CAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCC 

TGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTC 

TACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACCCA 

GACCTACATCTGCAACGTGAATCACAAGCCCAGCAACACCAAGGTGGACA 

AGAAAGTTGAGCCCAAATCTTGTGACAAAACT CACACATGCCCACCGTGC 

CCAGCACCTGAACTCCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCAAA 

ACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATGCGTGG 

TGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTG 

GACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTA 

CAACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACT 

GGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCA 

GCCCCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACC 

ACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGACCAAGAACCAGG 

TCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTG 

GAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCC 

CGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGG 

ACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCAT 

GAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCCGG 

GAAATGA. 

0078. In some embodiments of the invention, the light 
chain of the anti-folate receptor-C. antibody is encoded by a 
nucleic acid sequence of SEQ ID NO:8: 
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ATGGGATGGAGCTGTATCATCCTCTTCTTGGTAGCAACAGCTACAGGTGT 

CCACTCCGACATCCAGCTGACCCAGAGCCCAAGCAGCCTGAGCGCCAGCG 

TGGGTGACAGAGTGACCATCACCTGTAGTGTCAGCTCAAGTATAAGTTCC 

AACAACTTGCACTGGTACCAGCAGAAGCCAGGTAAGGCTCCAAAGCCATG 

GATCTACGGCACATCCAACCTGGCTTCTGGTGTGCCAAGCAGATTCAGCG 

GTAGCGGTAGCGGTACCGACTACACCTTCACCATCAGCAGCCTCCAGCCA 

GAGGACATCGCCACCTACTACTGCCAACAGTGGAGTAGTTACCCGTACAT 

GTACACGTTCGGCCAAGGGACCAAGGTGGAAATCAAACGAACTGTGGCTG 

CACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGA 

ACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCCAA 

AGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGA 

GTGTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACC 

CTGACGCTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGA 

AGTCACCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGG 

GAGAGTGTTAA 

0079. In some embodiments of the invention are provided 
nucleic acids encoding both a heavy chain and a light chain 
of an antibody of the invention. For example, a nucleic acid 
of the invention may comprise a nucleic acid Sequence 
encoding an amino acid sequence of SEQ ID NO:1, 2, or 3 
and a nucleic acid Sequence encoding an amino acid 
sequence of SEQ ID NO:4, 5, or 6. 

0080 Nucleic acids of the invention can be cloned into a 
vector. A "vector” is a replicon, Such as a plasmid, cosmid, 
bacmid, phage, artificial chromosome (BAC, YAC) or virus, 
into which another genetic sequence or element (either DNA 
or RNA) may be inserted so as to bring about the replication 
of the attached Sequence or element. A “replicon' is any 
genetic element, for example, a plasmid, coSmid, bacmid, 
phage, artificial chromosome (BAC, YAC) or virus, that is 
capable of replication largely under its own control. A 
replicon may be either RNA or DNA and may be single or 
double Stranded. In Some embodiments, the expression 
vector contains a constitutively active promoter Segment 
(such as but not limited to CMV, SV40, Elongation Factor 
or LTR Sequences) or an inducible promoter Sequence Such 
as the steroid inducible p|ND vector (Invitrogen), where the 
expression of the nucleic acid can be regulated. Expression 
vectors of the invention may further comprise regulatory 
Sequences, for example, an internal ribosomal entry Site. The 
expression vector can be introduced into a cell by transfec 
tion, for example. 

0081 Methods of Producing Antibodies to FR-O. 

0082 The invention also provides methods of producing 
monoclonal antibodies that specifically bind FR-C. Antibod 
ies of the invention may be produced in vivo or in vitro. One 
Strategy for generating antibodies against FR-C. involves 
immunizing animals with FR-O. In Some embodiments, 
animals are immunized with the monomeric or multimeric 
form of FR-O. Animals so immunized will produce antibod 
ies against the protein. Standard methods are known for 
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creating monoclonal antibodies including, but are not lim 
ited to, the hybridoma technique (see Kohler & Milstein, 
(1975) Nature 256:495-497); the trioma technique; the 
human B-cell hybridoma technique (see Kozbor et al. (1983) 
Immunol. Today 4:72) and the EBV hybridoma technique to 
produce human monoclonal antibodies (see Cole, et al. in 
MONOCLONAL ANTIBODIES AND CANCER 
THERAPY, Alan R. Liss, Inc., 1985, pp. 77-96). 
0083 FR-C. may be purified from cells or from recom 
binant Systems using a variety of well-known techniques for 
isolating and purifying proteins. For example, but not by 
way of limitation, FR-C. may be isolated based on the 
apparent molecular weight of the protein by running the 
protein on an SDS-PAGE gel and blotting the proteins onto 
a membrane. Thereafter, the appropriate size band corre 
sponding to FR-C. may be cut from the membrane and used 
as an immunogen in animals directly, or by first extracting 
or eluting the protein from the membrane. AS an alternative 
example, the protein may be isolated by size-exclusion 
chromatography alone or in combination with other means 
of isolation and purification. 
0084. The invention also provides methods of producing 
monoclonal antibodies that specifically bind to the multim 
eric form of FR-C. Multimeric, for example tetrameric, 
FR-O. may be purified from cells or from recombinant 
Systems using a variety of well-known techniques for iso 
lating and purifying proteins. For example, but not by way 
of limitation, multimeric FR-C. may be isolated based on the 
apparent molecular weight of the protein by running the 
protein on an SDS-PAGE gel and blotting the proteins onto 
a membrane. Thereafter, the appropriate size band corre 
sponding to the multimeric form of FR-C. may be cut from 
the membrane and used as an immunogen in animals 
directly, or by first extracting or eluting the protein from the 
membrane. As an alternative example, the protein may be 
isolated by size-exclusion chromatography alone or in com 
bination with other means of isolation and purification. 
0085. Other means of purification are available in Such 
standard reference texts as Zola, MONOCLONAL ANTI 
BODIES: PREPARATION AND USE OF MONOCLONAL 
ANTIBODIES AND ENGINEERED ANTIBODY 

DERIVATIVES (BASICS: FROM BACKGROUND TO 
BENCH) Springer-Verlag Ltd., New York, 2000; BASIC 
METHODS IN ANTIBODY PRODUCTION AND CHAR 
ACTERIZATION, Chapter 11, “Antibody Purification 
Methods.” Howard and Bethell, Eds., CRC Press, 2000; 
ANTIBODY ENGINEERING (SPRINGER LAB 
MANUAL), Kontermann and Dubel, Eds., Springer-Verlag, 
2001. 

0086 For in vivo antibody production, animals are gen 
erally immunized with FR-C. or an immunogenic portion of 
FR-C. The antigen is generally combined with an adjuvant 
to promote immunogenicity. Adjuvants vary according to 
the Species used for immunization. Examples of adjuvants 
include, but are not limited to: Freund's complete adjuvant 
(“FCA), Freund's incomplete adjuvant (“FIA'), mineral 
gels (e.g., aluminum hydroxide), Surface active Substances 
(e.g., lysolecithin, pluronic polyols, polyanions), peptides, 
oil emulsions, keyhole limpet hemocyanin (“KLH'), dini 
trophenol (“DNP”), and potentially useful human adjuvants 
such as Bacille Calmette-Guerin (“BCG”) and corynebac 
terium parvum. Such adjuvants are also well known in the 
art. 
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0.087 Immunization may be accomplished using well 
known procedures. The dose and immunization regimen will 
depend on the Species of mammal immunized, its immune 
Status, body weight, and/or calculated Surface area, etc. 
Typically, blood Serum is Sampled from the immunized 
mammals and assayed for anti-FR-C. antibodies using appro 
priate Screening assays as described below, for example. 

0088 A common method for producing humanized anti 
bodies is to graft CDR sequences from a MAb (produced by 
immunizing a rodent host) onto a human Ig backbone, and 
transfection of the chimeric genes into Chinese Hamster 
Ovary (CHO) cells which in turn produce a functional Ab 
that is secreted by the CHO cells (Shields, R. L., et al. (1995) 
Anti-IgE monoclonal antibodies that inhibit allergen-spe 
cific histamine release. IntArch. Allergy Immunol. 107:412 
413). The methods described within this application are also 
useful for generating genetic alterations within Ig genes or 
chimeric IgS transfected within host cells Such as rodent cell 
lines, plants, yeast and prokaryotes (Frigerio L, et al. (2000) 
ASSembly, Secretion, and vacuolar delivery of a hybrid 
immunoglobulin in plants. Plant Physiol. 123:1483-1494). 
0089 Splenocytes from immunized animals may be 
immortalized by fusing the Splenocytes (containing the 
antibody-producing B cells) with an immortal cell line Such 
as a myeloma line. Typically, myeloma cell line is from the 
Same Species as the Splenocyte donor. In one embodiment, 
the immortal cell line is Sensitive to culture medium con 
taining hypoxanthine, aminopterin and thymidine ("HAT 
medium'). In Some embodiments, the myeloma cells are 
negative for Epstein-Barr virus (EBV) infection. In pre 
ferred embodiments, the myeloma cells are HAT-sensitive, 
EBV negative and Ig expression negative. Any Suitable 
myeloma may be used. Murine hybridomas may be gener 
ated using mouse myeloma cell lines (e.g., the P3-NS1/1- 
Ag4-1, P3-X63-Ag8.653 or Sp2/O-Ag14 myeloma lines). 
These murine myeloma lines are available from the ATCC. 
These myeloma cells are fused to the donor Splenocytes 
polyethylene glycol (“PEG”), preferably 1500 molecular 
weight polyethylene glycol (“PEG 1500"). Hybridoma cells 
resulting from the fusion are selected in HAT medium which 
kills unfused and unproductively fused myeloma cells. 
Unfused splenocytes die over a short period of time in 
culture. In Some embodiments, the myeloma cells do not 
express immunoglobulin genes. 

0090 Hybridomas producing a desired antibody which 
are detected by Screening assayS. Such as those described 
below may be used to produce antibodies in culture or in 
animals. For example, the hybridoma cells may be cultured 
in a nutrient medium under conditions and for a time 
sufficient to allow the hybridoma cells to secrete the mono 
clonal antibodies into the culture medium. These techniques 
and culture media are well known by those skilled in the art. 
Alternatively, the hybridoma cells may be injected into the 
peritoneum of an unimmunized animal. The cells proliferate 
in the peritoneal cavity and Secrete the antibody, which 
accumulates as ascites fluid. The ascites fluid may be 
withdrawn from the peritoneal cavity with a Syringe as a rich 
Source of the monoclonal antibody. 

0.091 Another non-limiting method for producing human 
antibodies is described in U.S. Pat. No. 5,789,650 which 
describes transgenic mammals that produce antibodies of 
another species (e.g., humans) with their own endogenous 
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immunoglobulin genes being inactivated. The genes for the 
heterologous antibodies are encoded by human immunoglo 
bulin genes. The transgenes containing the unrearranged 
immunoglobulin encoding regions are introduced into a 
non-human animal. The resulting transgenic animals are 
capable of functionally rearranging the transgenic immuno 
globulin Sequences and producing a repertoire of antibodies 
of various isotypes encoded by human immunoglobulin 
genes. The B-cells from the transgenic animals are Subse 
quently immortalized by any of a variety of methods, 
including fusion with an immortalizing cell line (e.g., a 
myeloma cell). 
0092 Antibodies against FR-C. may also be prepared in 
Vitro using a variety of techniques known in the art. For 
example, but not by way of limitation, fully human mono 
clonal antibodies against FR-C. may be prepared by using in 
vitro-primed human splenocytes (Boerner et al. (1991) J. 
Immunol. 147:86-95). 
0093. Alternatively, for example, the antibodies of the 
invention may be prepared by “repertoire cloning” (Persson 
et al. (1991) Proc. Nat. Acad. Sci. USA 88:2432-2436; and 
Huang and Stollar (1991) J. Immunol. Methods 141:227 
236). Further, U.S. Pat. No. 5,798,230 describes preparation 
of human monoclonal antibodies from human B antibody 
producing B cells that are immortalized by infection with an 
Epstein-Barr virus that expresses Epstein-Barr virus nuclear 
antigen 2 (EBNA2). EBNA2, required for immortalization, 
is then inactivated resulting in increased antibody titers. 

0094. In another embodiment, antibodies against FR-C. 
are formed by in vitro immunization of peripheral blood 
mononuclear cells (“PBMCs”). This may be accomplished 
by any means known in the art, Such as, for example, using 
methods described in the literature (Zafiropoulos et al. 
(1997) J. Immunological Methods 200:181-190). 
0095 Methods for producing antibody-producing cells of 
the invention also include methods for developing hyper 
mutable antibody-producing cells by taking advantage of the 
conserved mismatch repair (MMR) process of host cells. 
Dominant negative alleles of Such genes, when introduced 
into cells or transgenic animals, increase the rate of Spon 
taneous mutations by reducing the effectiveness of DNA 
repair and thereby render the cells or animals hypernutable. 
Blocking MMR in antibody-producing cells such as but not 
limited to: hybridomas, mammalian cells transfected with 
genes encoding for Ig light and heavy chains, mammalian 
cells transfected with genes encoding for Single chain anti 
bodies, eukaryotic cells transfected with Ig genes, can 
enhance the rate of mutation within these cells leading to 
clones that have enhanced antibody production, cells con 
taining genetically altered antibodies with enhanced bio 
chemical properties Such as increased antigen binding, cells 
that produce antibodies comprising Substantially only the 
antibody of the invention, and/or cells that are Substantially 
free of FR-C. binding competitors. The process of MMR, 
also called mismatch proofreading, is carried out by protein 
complexes in cells ranging from bacteria to mammalian 
cells. A MMR gene is a gene that encodes for one of the 
proteins of Such a mismatch repair complex. Although not 
wanting to be bound by any particular theory of mechanism 
of action, a MMR complex is believed to detect distortions 
of the DNA helix resulting from non-complementary pairing 
of nucleotide bases. The non-complementary base on the 



US 2005/0232919 A1 

newer DNA Strand is excised, and the excised base is 
replaced with the appropriate base, which is complementary 
to the older DNA strand. In this way, cells eliminate many 
mutations that occur as a result of mistakes in DNA repli 
cation. 

0.096 Dominant negative alleles cause a MMR defective 
phenotype even in the presence of a wild-type allele in the 
Same cell. An example of a dominant negative allele of a 
MMR gene is the human gene hPMS2 -134, which carries 
a truncating mutation at codon 134. The mutation causes the 
product of this gene to abnormally terminate at the position 
of the 134th amino acid, resulting in a shortened polypeptide 
containing the N-terminal 133 amino acids. Such a mutation 
causes an increase in the rate of mutations, which accumu 
late in cells after DNA replication. Expression of a dominant 
negative allele of a mismatch repair gene results in impair 
ment of mismatch repair activity, even in the presence of the 
wild-type allele. Any allele which produces Such effect can 
be used in this invention. Dominant negative alleles of a 
MMR gene can be obtained from the cells of humans, 
animals, yeast, bacteria, or other organisms. Such alleles can 
be identified by screening cells for defective MMR activity. 
Cells from animals or humans with cancer can be Screened 
for defective mismatch repair. Cells from colon cancer 
patients may be particularly useful. Genomic DNA, cDNA, 
or mRNA from any cell encoding a MMR protein can be 
analyzed for variations from the wild type Sequence. Domi 
nant negative alleles of a MMR gene can also be created 
artificially, for example, by producing variants of the 
hPMS2-134 allele or other MMR genes. Various techniques 
of Site-directed mutagenesis can be used. The Suitability of 
Such alleles, whether natural or artificial, for use in gener 
ating hypermutable cells or animals can be evaluated by 
testing the mismatch repair activity caused by the allele in 
the presence of one or more wild-type alleles, to determine 
if it is a dominant negative allele. Examples of mismatch 
repair proteins and nucleic acid Sequences include mouse 
PMS2 (SEQ ID NOs:9 and 10), human PMS2 (SEQ ID 
NOs:11 and 12), human PMS1 (SEQ ID NOS:13 and 14), 
human MSH2 (SEQ ID NOs: 15 and 16), human MLH1 
(SEQ ID NOS:17 and 18), and human PMS2-134 (SEQ ID 
NOS:19 and 20). 
0097. A cell into which a dominant negative allele of a 
mismatch repair gene has been introduced will become 
hypermutable. This means that the Spontaneous mutation 
rate of Such cells or animals is elevated compared to cells or 
animals without such alleles. The degree of elevation of the 
Spontaneous mutation rate can be at least 2-fold, 5-fold, 
10-fold, 20-fold, 50-fold, 100-fold, 200-fold, 500-fold, or 
1000-fold that of the normal cell or animal. The use of 
chemical mutagens Such as but limited to methane Sulfonate, 
dimethylsulfonate, 06-methylbenzadine, MNU, ENU, etc. 
can be used in MMR defective cells to increase the rates an 
additional 10 to 100 fold that of the MMR deficiency itself. 
0098. According to one aspect of the invention, a poly 
nucleotide encoding a dominant negative form of a MMR 
protein is introduced into a cell. Preferably the cell produces 
anti-FR-C. antibodies. In Some embodiments, the cells pro 
duce an antibody comprising a heavy chain comprising an 
amino acid sequence of SEQ ID NO:4, 5, or 6 and a light 
chain comprising an amino acid Sequence of SEQ ID NO:1, 
2, or 3. In Some preferred embodiments, the cells comprise 
a nucleic acid comprising a nucleotide Sequence of SEQ ID 
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NO:7 and/or a nucleotide sequence of SEQ ID NO:8. The 
dominant negative MMR gene can be any dominant nega 
tive allele encoding a protein which is part of a MMR 
complex, for example, PMS2, PMS1, MLH1, or MSH2. The 
dominant negative allele can be naturally occurring or made 
in the laboratory. The polynucleotide can be in the form of 
genomic DNA, cDNA, RNA, or a chemically synthesized 
polynucleotide. 
0099. The polynucleotide can be cloned into an expres 
Sion vector containing a constitutively active promoter Seg 
ment (such as but not limited to CMV, SV40, Elongation 
Factor or LTR Sequences) or an inducible promoter Sequence 
such as the steroid inducible plND vector (Invitrogen), 
where the expression of the dominant negative MMR gene 
can be regulated. The polynucleotide can be introduced into 
the cell by transfection. 
0100. According to another aspect of the invention, an 
immunoglobulin (Ig) gene, a set of Ig genes or a chimeric 
gene containing whole or parts of an Ig gene can be 
transfected into MMR-deficient cell hosts, the cell is grown 
and Screened for clones with new phenotypes and/or geno 
types. MMR-defective cells may be of human, primates, 
mammals, rodent, plant, yeast or of the prokaryotic king 
dom. The gene encoding the Ig of the cell with the new 
phenotype or genotype may be isolated from the respective 
clone and introduced into genetically stable cells (i.e., cells 
with normal MMR) to provide clones that consistently 
produce the Ig. The method of isolating the Ig gene may be 
any method known in the art. Introduction of the isolated 
polynucleotide encoding the Ig may also be performed using 
any method known in the art, including, but not limited to 
transfection of an expression vector containing the poly 
nucleotide encoding the Ig. AS an alternative to transfecting 
an Ig gene, a set of Ig genes or a chimeric gene containing 
whole or parts of an Ig gene into an MMR-deficient host cell, 
Such Ig genes may be transfected Simultaneously with a gene 
encoding a dominant negative mismatch repair gene into a 
genetically stable cell to render the cell hypermutable. 
0101 Transfection is any process whereby a polynucle 
otide is introduced into a cell. The process of transfection 
can be carried out in a living animal, e.g., using a vector for 
gene therapy, or it can be carried out in Vitro, e.g., using a 
Suspension of one or more isolated cells in culture. The cell 
can be any type of eukaryotic cell, including, for example, 
cells isolated from humans or other primates, mammals or 
other vertebrates, invertebrates, and Single celled organisms 
Such as protozoa, yeast, or bacteria. 
0102) In general, transfection will be carried out using a 
Suspension of cells, or a single cell, but other methods can 
also be applied as long as a Sufficient fraction of the treated 
cells or tissue incorporates the polynucleotide So as to allow 
transfected cells to be grown and utilized. The protein 
product of the polynucleotide may be transiently or stably 
expressed in the cell. Techniques for transfection are well 
known. Available techniques for introducing polynucle 
otides include but are not limited to electroporation, trans 
duction, cell fusion, the use of calcium chloride, and pack 
aging of the polynucleotide together with lipid for fusion 
with the cells of interest. Once a cell has been transfected 
with the MMR gene, the cell can be grown and reproduced 
in culture. If the transfection is Stable, Such that the gene is 
expressed at a consistent level for many cell generations, 
then a cell line results. 
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0103 Upon identification of the desired phenotype or 
trait the organism can then be genetically Stabilized. Cells 
expressing the dominant negative alleles can be "cured in 
that the dominant negative allele can be turned off, if 
inducible, eliminated from the cell, and the like Such that the 
cells become genetically stable and no longer accumulate 
mutations at the abnormally high rate. 
0104 Cells that produce substantially only anti-FR-C. 
antibodies of the invention or cells that are substantially free 
of FR-C. binding competitors are Selected for cloning and 
expansion according to the methods for determining anti 
body Specificity described herein. An example of Such a 
method is illustrated in FIG. 4. 

0105 Nucleic acids encoding antibodies of the invention 
may be recombinantly expressed. The expression cells of the 
invention include any insect expression cell line known, 
Such as for example, Spodoptera frugiperda cells. The 
expression cell lines may also be yeast cell lines, Such as, for 
example, Saccharomyces cerevisiae and Schizosaccharomy 
ceSpombe cells. The expression cells may also be mamma 
lian cells Such as, for example, hybridoma cells (e.g., NS0 
cells), Chinese hamster ovary cells, baby hamster kidney 
cells, human embryonic kidney line 293, normal dog kidney 
cell lines, normal cat kidney cell lines, monkey kidney cells, 
African green monkey kidney cells, COS cells, and non 
tumorigenic mouse myoblast G8 cells, fibroblast cell lines, 
myeloma cell lines, mouse NIH/3T3 cells, LMTK31 cells, 
mouse Sertoli cells, human cervical carcinoma cells, buffalo 
rat liver cells, human lung cells, human liver cells, mouse 
mammary tumor cells, TRI cells, MRC 5 cells, and FS4 
cells. Nucleic acids of the invention may be introduced into 
cell by transfection, for example. Recombinantly expressed 
antibodies may be recovered from the growth medium of the 
cells, for example. 
0106. In one embodiment of the invention, the procedure 
for in vitro immunization is Supplemented with directed 
evolution of the hybridoma cells in which a dominant 
negative allele of a mismatch repair gene Such as PMS1, 
PMS2, PMS2-134, PMSR2, PMSR3, MLH1, MLH2, 
MLH3, MLH4, MLH5, MLH6, PMSL9, MSH1, and MSH2 
is introduced into the hybridoma cells after fusion of the 
Splenocytes, or to the myeloma cells before fusion. Cells 
containing the dominant negative mutant will become 
hypermutable and accumulate mutations at a higher rate than 
untransfected control cells. A pool of the mutating cells may 
be Screened, for example, for clones that are Substantially 
free of FR-C. binding competitors, clones that produce 
higher affinity antibodies, clones that produce higher titers of 
antibodies, or clones that Simply grow faster or better under 
certain conditions. The technique for generating hypermut 
able cells using dominant negative alleles of mismatch 
repair genes is described, for example, in U.S. Pat. No. 
6,808,894. Alternatively, mismatch repair may be inhibited 
using the chemical inhibitors of mismatch repair described 
by Nicolaides et al. in WO 02/054856 “Chemical Inhibitors 
of Mismatch Repair published Jul.18, 2002. The technique 
for enhancing antibodies using the dominant negative alleles 
of mismatch repair genes or chemical inhibitors of mismatch 
repair may be applied to mammalian expression cells 
expressing cloned immunoglobulin genes as well. Cells 
expressing the dominant negative alleles can be "cured in 
that the dominant negative allele can be turned off if 
inducible, inactivated, eliminated from the cell, and the like, 
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Such that the cells become genetically stable once more and 
no longer accumulate mutations at the abnormally high rate. 
0107 Screening for Antibody Specificity 
0.108 Screening for antibodies that specifically bind to 
FR-C. may be accomplished using an enzyme-linked immu 
nosorbent assay (ELISA) in which microtiter plates are 
coated with FR-O. In some embodiments, antibodies that 
bind FR-C. from positively reacting clones can be further 
screened for reactivity in an ELISA-based assay to other 
folate receptor isoforms, for example, FR-B and/or FR-Y, 
using microtiter plates coated with the other folate receptor 
isoform(s). Clones that produce antibodies that are reactive 
to another isoform of folate receptor are eliminated, and 
clones that produce antibodies that are reactive to FR-C. only 
may be selected for further expansion and development. 
Confirmation of reactivity of the antibodies to FR-C. may be 
accomplished, for example, using a Western Blot assay in 
which protein from ovarian, breast, renal, colorectal, lung, 
endometrial, or brain cancer cells and purified FR-C. and 
other folate receptor isoforms are run on an SDS-PAGE gel, 
and Subsequently are blotted onto a membrane. The mem 
brane may then be probed with the putative anti-FR-C. 
antibodies. Reactivity with FR-O. and not another folate 
receptor isoform confirms specificity of reactivity for FR-O. 
0109. In some embodiments, the binding affinity of anti 
FR-O. antibodies is determined. Antibodies of the invention 
preferably have a binding affinity to FR-O. of at least about 
1x107M, more preferably at least about 1x10 M, more 
preferably at least about 1x10 M, and most preferably at 
least about 1x10" M. Preferred antibody-producing cells 
of the invention produce Substantially only antibodies hav 
ing a binding affinity to FR-C. of at least about 1x107 M, 
more preferably at least about 1x10M, more preferably at 
least about 1x10 M, and most preferably at least about 
1x10 M. Preferred compositions of the invention comprise 
Substantially only antibodies having a binding affinity to 
FR-C. of at least about 1x107M, more preferably at least 
about 1x10 M, more preferably at least about 1x10 M, 
and most preferably at least about 1x10' M. 
0110. In some embodiments, antibodies that bind the 
multimeric form of FR-C. from positively reacting clones can 
be further screened for reactivity in an ELISA-based assay 
to the monomeric form of FR-C. using microtiter plates 
coated with the monomeric form of FR-O. Clones that 
produce antibodies that are reactive to the monomeric form 
of FR-O. are eliminated, and clones that produce antibodies 
that are reactive to the multimeric form only may be Selected 
for further expansion and development. Confirmation of 
reactivity of the antibodies to the multimeric form of FR-C. 
may be accomplished, for example, using a Western Blot 
assay in which protein from ovarian, breast, renal, colorec 
tal, lung, endometrial, or brain cancer cells and purified 
multimeric and monomeric FR-O. are run on an SDS-PAGE 
gel under reducing and non-reducing conditions, and Sub 
Sequently are blotted onto a membrane. The membrane may 
then be probed with the putative anti-multimeric FR-C. 
antibodies. Reactivity with the appropriately sized multim 
eric form of FR-C. under non-reducing conditions and not the 
38 kDa form of FR-C. (under reducing or non-reducing 
conditions) confirms specificity of reactivity for the multi 
meric form of FR-O. 

0111. The antibodies of the invention preferably induce 
antibody-dependent cellular cytotoxicity (ADCC) in FR-O. 
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bearing cells. ADCC assays are known in the art. The 
method of the invention enabled Successful production of an 
optimized, humanized anti-FR-C. antibody with acceptable 
antigen binding activity (low nanomolar dissociation con 
Stant) and production rates (>10 pg/cell/day). ADCC assays 
using human ovarian cancer cells as target and peripheral 
blood mononuclear cells (PBMCs) as effector cells showed 
that 200 ng/ml of antibody of the invention produced in 
CHO cells mediated the lysis of 32% of target cells whereas 
lysis mediated by control IgG1/K antibody was only 6% 
(paired T test=0.0008). 
0112 Anti-FR-C. Antibody-Producing Cells 
0113 Antibody-producing cells of the invention include 
any insect expression cell line known, Such as for example, 
Spodoptera frugiperda cells. The expression cell lines may 
also be yeast cell lines, Such as, for example, Saccharomyces 
cerevisiae and Schizosaccharomyces pombe cells. The 
expression cells may also be mammalian cells Such as, for 
example, hybridoma cells (e.g., NS0 cells), Chinese hamster 
ovary cells, baby hamster kidney cells, human embryonic 
kidney line 293, normal dog kidney cell lines, normal cat 
kidney cell lines, monkey kidney cells, African green mon 
key kidney cells, COS cells, and non-tumorigenic mouse 
myoblast G8 cells, fibroblast cell lines, myeloma cell lines, 
mouse NIH/3T3 cells, LMTK31 cells, mouse Sertoli cells, 
human cervical carcinoma cells, buffalo rat liver cells, 
human lung cells, human liver cells, mouse mammary tumor 
cells, TRI cells, MRC 5 cells, and FS4 cells. 
0114. In some preferred embodiments, the antibody-pro 
ducing cells of the invention produce antibodies that Spe 
cifically bind to FR-O. The cells preferably are substantially 
free of FR-C. binding competitors. In preferred embodi 
ments, the antibody-producing cells comprise less than 
about 10%, preferably less than about 5%, more preferably 
less than about 1%, more preferably less than about 0.5%, 
more preferably less than about 0.1%, and most preferably 
0% by weight FR-C. binding competitors. In some preferred 
embodiments, the antibodies produced by the antibody 
producing cells are Substantially free of FR-C. binding com 
petitors. In preferred embodiments, antibodies produced by 
the antibody-producing cells comprise less than about 10%, 
preferably less than about 5%, more preferably less than 
about 1%, more preferably less than about 0.5%, more 
preferably less than about 0.1%, and most preferably 0% by 
weight FR-C. binding competitors. Preferred antibody-pro 
ducing cells of the invention produce Substantially only 
antibodies having a binding affinity to FR-C. of at least about 
1x107M, more preferably at least about 1x10 M, more 
preferably at least about 1x10M, and most preferably at 
least about 1x10' M. 

0115) Antibody Purification 
0116 Methods of antibody purification are known in the 
art. In some embodiments of the invention, methods for 
antibody purification include filtration, affinity column chro 
matography, cation eXchange chromatography, anion 
eXchange chromatography, and concentration. The filtration 
Step preferably comprises ultrafiltration, and more prefer 
ably ultrafiltration and diafiltration. Filtration is preferably 
performed at least about 5-50 times, more preferably 10 to 
30 times, and most preferably 14 to 27 times. Affinity 
column chromatography, may be performed using, for 
example, PROSEPAffinity Chromatography (Millipore, Bil 
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lerica, Mass.). In a preferred embodiment, the affinity chro 
matography step comprises PROSEP-VA column chroma 
tography. Eluate may be washed in a Solvent detergent. 
Cation exchange chromatography may include, for example, 
SP-Sepharose Cation Exchange Chromatography. Anion 
eXchange chromatography may include, for example but not 
limited to, Q-Sepharose Fast Flow Anion Exchange. The 
anion exchange Step is preferably non-binding, thereby 
allowing removal of contaminants including DNA and BSA. 
The antibody product is preferably nanofiltered, for 
example, using a Pall DV 20 Nanofilter. The antibody 
product may be concentrated, for example, using ultrafiltra 
tion and diafiltration. The method may further comprise a 
Step of Size exclusion chromatography to remove aggre 
gateS. 

0.117) Pharmaceutical Compositions of Antibodies 
0118. Another aspect of the invention features a pharma 
ceutical composition of anti-FR-O. antibodies of the inven 
tion. The pharmaceutical compositions may be used to 
inhibit or reduce growth of tumor cells in a patient. The 
compositions of antibodies preferably are Substantially free 
of FR-C. binding competitors. In certain embodiments, the 
pharmaceutical composition is formulated for administra 
tion by injection or infusion. 
0119) Pharmaceutical compositions of the invention may 
further comprise a chemotherapeutic or cytotoxic agent. In 
Some embodiments, the antibody is conjugated to the che 
motherapeutic or cytotoxic agent. Suitable chemotherapeu 
tic or cytotoxic agents include but are not limited to a 
radioisotope, including, but not limited to Lead-212, Bis 
muth-212, AStatine-211, Iodine-131, Scandium-47, Rhe 
nium-186, Rhenium-188, Yttrium-90, Iodine-123, Iodine 
125, Bromine-77, Indium-111, and fissionable nuclides Such 
as Boron-10 or an Actinide. In other embodiments, the agent 
is a toxin or cytotoxic drug, including but not limited to 
ricin, modified Pseudomonas enterotoxin A, calicheamicin, 
adriamycin, 5-fluorouracil, and the like. Pharmaceutical 
compositions of the invention may comprise an antifolate 
compound including but not limited to 5-fluoro-2'-deoxy 
uridine-5'-monophosphate (FdUMP), 5-fluorouracil, leuco 
vorin, ZD1649, MTA, GW1843U89, ZD9331, AG337, and 
PT523. 

0120 Pharmaceutical compositions of the invention may 
be formulated with a pharmaceutically acceptable carrier or 
medium. Suitable pharmaceutically acceptable carriers 
include water, PBS, salt solution (such as Ringer's solution), 
alcohols, oils, gelatins, and carbohydrates, Such as lactose, 
amylose, or Starch, fatty acid esters, hydroxymethylcellu 
lose, and polyvinyl pyrolidine. Such preparations can be 
Sterilized, and if desired, mixed with auxiliary agents Such as 
lubricants, preservatives, Stabilizers, wetting agents, emul 
sifiers, Salts for influencing osmotic pressure, buffers, and 
coloring. Pharmaceutical carrierS Suitable for use in the 
present invention are known in the art and are described, for 
example, in Pharmaceutical Sciences (17" Ed., Mack Pub. 
Co., Easton, Pa.). 
0121) Kits 
0122) According to yet another aspect of the invention, a 
kit is provided for inhibiting or reducing growth of tumor 
cells in a patient. Also provided are kits for identifying the 
presence of dysplastic cells in vitro or in Vivo. 



US 2005/0232919 A1 

0123 The kits of the invention comprise antibody or an 
antibody composition of the invention and instructions for 
using the kit in a method for inhibiting or reducing growth 
of tumor cells in the patient or in a method for identifying 
the presence of dysplastic cells, for example, in a biological 
Sample. The kit may comprise at least one chemotherapeutic 
or cytotoxic reagent. The kit may comprise an antifolate 
compound. The kit may comprise at least one diagnostic 
reagent. An example of a diagnostic reagent is a detectable 
label, for example but not limited to a radioactive, fluores 
cent, or chromophoric agent (e.g., '''In-DOTA). The detect 
able label may comprise an enzyme. The kit may comprise 
instructions and/or means for administering the antibody or 
antibody composition, for example, by injection. 

0.124 Methods of Detecting a Dysplastic Cell 

0.125 The methods of the invention include methods of 
detecting dysplastic or cancer cells presenting FR-C. on the 
Surface, including but not limited to ovarian, breast, lung, 
endometrial, renal, colorectal, or brain carcinoma cells. The 
method may be performed in Vitro on a biological Sample or 
in Vivo. Methods of detecting dysplastic cells according to 
the invention comprise contacting anti-FR-C. antibody of the 
invention with a biological Sample or administering anti 
FR-O. antibody of the invention to a patient, wherein the 
antibody is labeled with a detectable label, for example but 
not limited to a radioactive, fluorescent, or chromophoric 
agent (e.g., 'In-DOTA), and determining binding of the 
antibody to cells. The detectable label may be an enzyme. 

0126 Methods of Reducing the Growth of Tumor Cells 
0127. The methods of the invention are suitable for use in 
humans and non-human animals identified as having a 
neoplastic condition associated with an increased expression 
of FR-O. Non-human animals which benefit from the inven 
tion include pets, exotic (e.g., Zoo animals), and domestic 
livestock. Preferably the non-human animals are mammals. 

0128. The invention is suitable for use in a human or 
animal patient that is identified as having a dysplastic 
disorder that is marked by increased expression of FR-C. in 
the neoplasm in relation to normal tissues. Once Such a 
patient is identified as in need of treatment for Such a 
condition, the method of the invention may be applied to 
effect treatment of the condition. Tumors that may be treated 
include, but are not limited to ovarian, breast, renal, col 
orectal, lung, endometrial, brain, fallopian tube, or uterine 
tumors, and certain leukemia cells. In Some embodiments, 
the tumor is cisplatin-resistant. 

0129. The antibodies and derivatives thereof for use in 
the invention may be administered orally in any acceptable 
dosage form Such as capsules, tablets, aqueous Suspensions, 
Solutions or the like. The antibodies and derivatives thereof 
may also be administered parenterally including but not 
limited to: Subcutaneous, intravenous, intramuscular, intra 
articular, intra-synovial, intrasternal, intranasal, topically, 
intrathecal, intrahepatic, intralesional, and intracranial injec 
tion or infusion techniques. Generally, the antibodies will be 
intravenously or intraperitoneally, for example, by injection. 

0130. The antibodies and derivatives of the invention 
may be administered alone or with a pharmaceutically 
acceptable carrier, including acceptable adjuvants, vehicles 
and excipients, for example, phosphate buffered Saline. 
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0131 The antibodies and derivatives of the invention 
may also be administered with one or more antifolate 
compounds that are used to treat cancer. The antifolate 
compounds include, but are not limited to 5-fluoro-2'-deoxy 
uridine-5'-monophosphate (FdUMP); 5-fluorouracil (5-FU); 
L-5-formyltetrahydrofolate (“leucovorin'); N-5-(N-(3,4- 
dihydro-2-methyl-4-OXoquinazolin-6-yl-methyl)-amino)-2- 
thenyl)-L-glutamic acid (“ZD1649"; also known as “Tomu 
dex”) (Jackman et al.(1991) Cancer Res. 51:5579-5586); 
N-(4-(2-(2-amino-4,7-dihydro-4-oxo-3H-pyrrolo2,3-Dpy 
rimidin-5-yl)-ethyl)-benzoyl-L-glutamic acid (“multi-tar 
geted antifolate” (MTA) also known as “LY231514,”“AL 
IMTA.” and “Pemetrexed”)(Taylor et al. (1992) J. Med. 
Chem. 35:4450-4454; Shih et al. (1997) Cancer Res. 
57:1116-1123); (S)-2-(5)-(((1,2-dihydro-3-methyl-1-ox 
obenzo(f)guinazolin-9-yl)-methyl)-amino)-oxo-2-isoindoli 
nyl)-glutaric acid (“GW1843U89”) (Hanlon and Ferone 
(1996) Cancer Res. 56:3301-3306); (2S)-2-O-fluoro-p-N- 
(2,7-dimethyl-4-oxo-3,4-dihydro-quinazolin-6-yl-methyl)- 
N-prop-2-ynyl)aminobenzamido)-4-(tetrazol-5-yl)-butyric 
acid (“ZD9331”) (Jackman et al. (1997) Clin. Cancer Res. 
3:911-921); 3,4-dihydro-amino-6-methyl-4-oxo-5-(4-py 
ridylthio)-quinazoline (“AG337” also known as “Thymi 
taq") (Webber et al. (1996) Cancer Chemother. Pharmacol. 
37:509-517; Rafi et al. (1998) J. Clin. Oncol. 16:1331 
1341), and N'-(4-amino-4-deoxypteroyl)-N8-(hemiphtha 
loyl-L-ornithine) (“PT523) (Rhee et al. (1994) Mol. Phar 
macol. 45:783-791; Rowowsky (1999) Curr. Med. Chem. 
6:329-352). The antifolate compounds may be administered 
before, after, or simultaneously with the anti-FR-O. antibod 
ies of the invention. The amounts of antifolate compounds to 
be administered may be the dosages currently used, or may 
be increased or decreased, as can readily be determined by 
a physician based on achieving decreased tumor growth or 
tumor elimination without causing any untoward effects on 
the patient. 
0132) The effective dosage will depend on a variety of 
factors. It is well within the purview of a skilled physician 
to adjust the dosage for a given patient according to various 
parameterS Such as body weight, the goal of treatment, the 
highest tolerated dose, the Specific formulation used, the 
route of administration and the like. Generally, dosage levels 
of between about 5.88 mg/m and about 294.12 mg/m (i.e., 
10 to 500 mg antibody) per day of the antibody or derivative 
thereof are Suitable. In some embodiments, the dose will be 
about 29.41 mg/m to about 176.47 mg/m' (i.e., 50 to 300 
mg antibody) per day of the antibody or derivative thereof. 
In other embodiments, the dose will be about 58.82 mg/m 
to about 147.06 mg/m (i.e., 100 to 250 mg antibody) per 
day. In still other embodiments, the dose will be about 88.24 
mg/m to about 117.65 mg/m (i.e., 150 to 200 mg antibody) 
per day. Dosing may be as a bolus or an infusion. Dosages 
may be given once a day or multiple times in a day. Further, 
dosages may be given multiple times of a period of time. In 
Some embodiments, the doses are given every 1-14 days. In 
Some embodiments, the antibodies or derivatives thereof are 
given as a dose of about 10 to 500 mg i.p. In other 
embodiments, the antibodies of derivatives thereof are pro 
vided at about 50 to 300 mg i.v. In still other embodiments, 
the antibodies or derivatives thereof are provided such that 
a plasma level of at least about 1 lug/ml is maintained. 
0.133 Effective treatment may be assessed in a variety of 
ways. In one embodiment, effective treatment is determined 
by a slowed progression of tumor growth. In other embodi 
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ments, effective treatment is marked by Shrinkage of the 
tumor (i.e., decrease in the size of the tumor determined, for 
example, using Response Evaluation Criteria in Solid 
Tumors (RECIST) available online through the National 
Cancer Institute Cancer Therapy Evaluation Program). In 
other embodiments, effective treatment is marked by inhi 
bition of metastasis of the tumor. In still other embodiments, 
effective therapy is measured by increased well-being of the 
patient including Such signs as Weight gain, regained 
Strength, decreased pain, thriving, and Subjective indications 
from the patient of better health. 
0134) The following Examples are provided to illustrate 
the present invention, and should not be construed as lim 
iting thereof. 

EXAMPLES 

Example 1 

Generation of Anti-FR-C. Antibody-Producing Cells 

0135 Murine antibody LK26 was raised against chorio 
carcinoma cell line Lu-75(c). LK26 was humanized by CDR 
grafting, yielding an IgG (IgG1/K Subtype) expressed in NS0 
cell lines, according to the method of U.S. Pat. No. 6,124, 
106. The NSO cell line was transfected with a hPMS2-134 
expression plasmid. The MMR gene was cloned into the 
pEF expression vector, which contains the elongation factor 
promoter upstream of the cloning site followed by a mam 
malian polyadenylation signal. This vector also contains the 
NEOr gene that allows for selection of cells retaining this 
plasmid. Briefly, cells were transfected with 1 lug of each 
vector using polylipOSomes following the manufacturer's 
protocol (Life Technologies). Cells were then selected in 0.5 
mg/ml of G418 for 10 days and G418 resistant cells were 
pooled together to analyze for gene expression. The peF 
construct contains an intron that Separates the exon 1 of the 
EF gene from exon 2, which is juxtaposed to the 5' end of 
the polylinker cloning site. This allows for a rapid reverse 
transcriptase polymerase chain reaction (RT-PCR) screen for 
cells expressing the Spliced products. Cells were isolated 
and their RNA extracted using the trizol method as previ 
ously described (Nicolaides N. C., Kinzler, K. W., and 
Vogelstein, 8. (1995) Analysis of the 5' region of PMS2 
reveals heterogeneous transcripts and a novel overlapping 
gene. Genomics 29:329-334). 
0.136 Heavy chain RNA was reverse transcribed using a 
forward primer (5'-GATCGGATCCACCATGGGATG 
GAGCTGTATCATCC-3' (SEQ ID NO:21)) and reverse 
primer (5'-CTGATCTAGATCATTTCCCGGGAGA 
CAGGGAGAGGCTCTTCTGCGTGTA-3' (SEQ ID 
NO:22)). Light chain RNA was reverse transcribed using a 
forward primer of SEQ ID NO:21 and a reverse primer 
(5'-CTGATCTAGATTAACACTCTCCCCTGT. 
TGAAGCTCTT-3' (SEQ ID NO:23)). PCR reactions were 
carried out with high fidelity HERCULASE DNA poly 
merase (STRATAGENE, La Jolla, Calif.). PCR products 
were digested with BamHI and Xbal and cloned into the 
Same restriction sites of the eukaryotic expression vectors 
pEF4 (light chain) and pEF6 (heavy chain). Vector pEF4 
(INVITROGEN) is a 5.8 kb vector carrying the Zeocin 
resistance gene for Selection of Stable transfectants in 
eukaryotic cells. The cDNA insert is cloned downstream of 
hEF-intron 1, and its transcription is controlled by the 
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human EFIalpha promoter. Downstream of the cDNA insert 
is the BGH polyadenylation signal allowing for efficient 
polyadenylation of the transcript. Vector pEF6 (INVITRO 
GEN) is similar to pEF4 but carries the blasticidin resistance 
gene instead of the Zeocin resistance gene. The Sequence of 
both strands of the cDNA inserts was verified. 

0.137 The resulting cDNAS coding for the full-length 
humanized anti-FR-C. antibody heavy and light chains were 
transfected into CHO-KL (ATCC CCL-61) cells. CHO-K1 
cells were transfected with 0.5 micrograms of each plasmid 
using FUGENE transfection reagent (Roche) according to 
the manufacturers instructions. Cells were maintained in 
RPMI1640/10%FBS/2 mM L-glutamine. Stable cell lines 
were selected with Zeocin (200 micrograms/milliliter) and 
Blasticidin (5 micrograms/milliliter). Expression of anti 
body was verified by anti-human IgG ELISA. Stably trans 
fected pools of cells were Single cell cloned by limited 
dilution and high expressor cell lines were Selected. High 
titers were verified in Secondary and tertiary Screens. The 
cell line was adapted to serum-free medium (CHO-S-SFMII 
followed by EX-CELL302). Antibody production was veri 
fied by ELISA. The cell line also was adapted to protein-free 
CHO media (CD94111; Irvine Scientific) plus 8 mM 
L-glutamine with a Soy hydrolysate pulse at day 2. Cells 
were Stored for use in liquid nitrogen. The cells were stable 
for at least 13 passages in the absence of Selection media as 
determined by FACS analysis. Cell secretion was stable for 
at least 20 passages as determined by ELISA. Large Scale 
antibody production is possible. For example, antibody was 
produced in a bioreactor on a scale of 15 L, 70 L, and 340 
L. 

Example 2 

Screening Strategy to Identify Antibody-Producing 
Clones and Characterization of anti-FR-O. Antibody 

0.138 An application of the methods presented within this 
document is the use of MMR-deficient immunoglobulin 
producing cells to create a cell that is Substantially free of 
FR-C. binding competitors or a cell that produces Substan 
tially only the target immunoglobulin, for example, a FR-C. 
antibody of the invention, including but not limited to an 
antibody comprising a light chain comprising an amino acid 
sequence of SEQ ID NO:2 or 3 and a heavy chain compris 
ing an amino acid sequence of SEQ ID NO:5 or 6. FIG. 4 
outlines the Screening procedure to identify clones that 
produce high affinity MAbs. The assay employs the use of 
a plate Enzyme Linked Immunosorbant Assay (ELISA) to 
screen for clones that produce high-affinity MAbs. 96-well 
plates containing Single immunoglobulin-producing cells 
are grown in growth medium plus 0.5 mg/ml G418 to ensure 
clones retain the expression vector. Plates are Screened using 
an hIgG plate ELISA, whereby a 96 well plate is coated with 
FR-C. Alternatively, the plate is coated with a specific 
antibody against the anti-FR-C. antibody. AS another alter 
native in cases in which the immunoglobulin-producing cell 
is non-human, the plate may be coated with anti-human 
IgG1 antibody. Plates are washed 3 times in calcium and 
magnesium free phosphate buffered Saline Solution 
(PBS-/-) and blocked in 100 uls of PBS-/- with 5% dry 
milk for 1 hour at room temperature. Wells are rinsed and 
incubated with 100 uls of a PBS solution containing a 1:5 
dilution of conditioned medium from each cell clone for 2 
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hours. Plates are then washed 3 times with PBS-/- and 
incubated for 1 hour at room temperature with 50 uls of a 
PBS-/- Solution containing 1:3000 dilution of a sheep 
anti-mouse horse radish peroxidase (HRP) conjugated Sec 
ondary antibody Such as anti-human IgG antibody. Plates are 
then washed 3 times with PBS-/- and incubated with 50 uls 
of TMB-HRP substrate (BioRad) for 15 minutes at room 
temperature to detect amount of antibody produced by each 
clone. Reactions are stopped by adding 50 uls of 500 mM 
Sodium bicarbonate and analyzed by OD at 415 nm using a 
BioPad plate reader. Clones exhibiting an enhanced signal 
over background cells (control cells with vector alone; 
control cells not containing the dominant negative mismatch 
repair allele) are then isolated and expanded into 10 ml 
cultures for additional characterization and confirmation of 
ELISA data in triplicate experiments. ELISAS are also 
performed on conditioned (CM) from the same clones to 
measure total Ig production within the conditioned medium 
of each well. Clones that produce an increased ELISA signal 
and have increased antibody levels are then further analyzed 
for variants that are substantially free of FR-C. binding 
competitors. Clones that produce higher OD values as 
determined by ELISA are further analyzed at the genetic 
level to confirm the absence of FR-C. binding competitors 
hence yielding a stronger ELISA signal. Briefly, 100,000 
cells are harvested and extracted for RNA using the Triazol 
method as described above. RNAS are reverse transcribed 
using SuperScript II as Suggested by the manufacturer (Life 
Technology) and PCR amplified for the antigen binding sites 
contained within the variable light and heavy chains. 
0139 PCR reactions using degenerate oligonucleotides 
are carried out at 94° C. for 30 sec, 52 C. for 1 mm, and 72 
C. for 1 min for 35 cycles. Products are analyzed on agarose 
gels. Products of the expected molecular weights are puri 
fied from the gels by Gene Clean (Bio 101), cloned into 
T-tailed vectors, and Sequenced to identify the Sequence of 
the variable light and heavy chains. Once the wild type 
Sequence has been determined, nondegenerate primers are 
made for RT-PCR amplification of positive clones. Both the 
light and heavy chains are amplified, gel purified and 
Sequenced using the corresponding Sense and antisense 
primers. The Sequencing of RT-PCR products gives repre 
Sentative Sequence data of the endogenous immunoglobulin 
gene and not due to PCR-induced mutations. Sequences 
from clones are then compared to the wild type Sequence. 
0140. The methods of the invention yielded an anti-FR-C. 
antibody comprising a heavy chain comprising an amino 
acid sequence of SEQ ID NO:5 and a light chain comprising 
an amino acid sequence of SEQ ID NO:2. The molar 
extinction coefficient (e) of the antibody was determined to 
be 43,320 by measurement of the asorbance at 280 nm of 
7.41 mg ml solution of antibody in 20 mM potassium 
phosphate, 150 mM NaCl at pH 7.2. 
0.141. A single major band of Mr 135 kD was observed 
upon separation of the antibody in SDS-PAGE under non 
reducing conditions. Two bands of Mr ~55kD and Mr 
~25kD were observed upon reduction. Purity was ascer 
tained by densitometric analysis of colloidal Coomassie 
blue-stained gels and found to be greater than about 99.5% 
under reducing conditions and greater than about 99% under 
nonreducing conditions. 
0142 Western blot analysis demonstrated that, when 
used to probe polypeptides Separated on a nonreducing gel, 
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the antibody was able to detect a Single polypeptide of Mr 
~35 kD in lysateS prepared from a cell line known to express 
FR-O, but not in lysates of a cell line that does not express 
the antigen (1205 Lu). The antibody also was able to detect 
Soluble FR-O. Secreted from KB cells, even after treatment of 
the antigen with PNGase F to remove N-linked oligosac 
charides. 

0.143 Kinetic and steady-state binding constants between 
the antibody of the invention and purified FR-C. were 
determined by Surface plasmon resonance Spectroscopy. 
On-rate (k) was determined to be (2.25+0.02) M's', and 
off-rate (kd) was determined to be (5.02+0.08) s'. A steady 
State dissociation constant (K) of 2.23 nM was calculated. 

Example 3 

Binding of Antibody to Multimeric FR-C. 

014.4 Binding of a monoclonal antibody to the tetrameric 
form of FR-O. was shown by Western blot. Briefly, SK-Ov-3 
and IGROV tumor cells were grown in nude mice and 
excised. Tumor tissues were lysed in RIPAbuffer with 15-20 
Strokes in a 2 ml Dounce tissue homogenizer. InSoluble 
material was removed by centrifugation and the total protein 
of the Supernate was determined using a BioPad protein 
ASSay. In different experiments, either 5 ug or 20 ug of 
protein was run on a 4-12% Bis-Tris gel (MES) under 
non-reducing conditions. The electrophoresed protein was 
transferred to a PVDF membrane. The membrane was 
blocked in Blotto (5% milk, 0.05%TBS-T). A 1:100 dilution 
of culture Supernate from LK26 hybridoma cells and total 
concentration of 0.1% NaN was added directly to the Blotto 
blocking Solution as the primary antibody, and the mem 
brane was incubated overnight. The membrane was washed 
in 0.05% TBS-T and the secondary antibody (horseradish 
peroxidase labeled goat C-mouse IgG (heavy and light 
chains)) in Blotto blocking solution was added. The mem 
brane was developed using Super Signal West Pico ECL 
reagent. The results are shown in FIG. 1 (lane 1, SK-Ov-3; 
lane 2, IGROV). The results indicate that certain tumors that 
overexpress FR-C. favor the production of multimeric FR-C. 
over monomeric FR-C. This finding can be exploited by 
monoclonal antibodies that specifically recognize the tet 
rameric form of FR-C. for the destruction of tumor tissue, 
while leaving normal tissue (which generally expresses the 
monomeric form of FR-C) unscathed. 

Example 4 

Expression of FR-C. in Escherichia coli 
0145 Expression of FR-O. was also assessed in Escheri 
chia coli. Briefly, a plasmid containing the coding Sequence 
for FR-C. with a histidine tag (pBAD-His-hFR-C) was 
transfected into E. coli cells. A culture of E. coli containing 
plasmid pBAD-His-h FR-C. was grown to ODoo-1.0. 
Thereafter, arabinose was added to a final concentration of 
0.2%, and Samples were taken at the time points indicated in 
FIG. 2. E. coli lysates were prepared by adding 25 ml of 
4xLDS sample buffer to 65 ml culture. JAR cells were 
propagated in RPMI1640 medium containing 10% FBS, 
L-glutamine, Sodium pyruvate, non-essential amino acids 
and penicillin/streptomycin. The medium was removed from 
the cells and RIPA buffer was added directly to the culture 
plates to lyse the cells for JAR cell extract controls. Samples 
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were separated on a 4-12% NuPAGE gel (MES) and trans 
ferred to a PVDF membrane. After overnight blocking in 
TBST+5% milk, the membrane was probed with 1:1000 
dilution of mAb LK26 for 1 hr followed by a 1:10000 
dilution of Secondary antibody (goat C-mouse Ig conjugated 
to horseradish peroxidase) for 1 hr. Detection of the antibody 
was performed with Pierce Super Signal femto after an 
exposure of 5 minutes. The results are shown in FIG.2 (lane 
1, E. coli-pBAD-His-hERa, induced 180 min.; lane 2, E. 
coli-pBAD-His-hERa, induced 90 min.; lane 3, E. coli 
pBAD-His-hERa, induced 60 min.; lane 4, E. coli-pBAD 
His-hERa, induced 30 min.; lane 5, E. coli+pBAD-His 
hFRa, induced 15 min.; lane 6, E. coli-pBAD-His-hERa, 
uninduced; lane 7, JAR cell extract). 

Example 5 

Multimeric Form of FR-O. Not an Artifact of 
Sample Preparation 

0146 To demonstrate that the multimeric FR-C. was not 
an artifact of aggregation in Triton X-100 micelles as 
described by Holm et al. (1997) Biosci. Reports 17(4):415 
427, extracts of tumors were diluted in either 1xRIPA (1% 
Triton X-100, 0.1% SDS, 180 mM NaCl, 20 mM potassium 
phosphate, pH =7.2) or 1xRBS (150 mM NaCl, 20 mM 
potassium phosphate, pH=7.2). For all Samples, 1 ug/ul of 
stock IGROV extract was used. After dilution, 4xLDS 
Sample buffer was added to each Sample to a final concen 
tration of 1x. The samples were loaded on a 4-12% Bis-Tris 
gel in MES running buffer. Following electrophoresis, the 
protein was transferred to a PVDF membrane. The mem 
brane containing the transferred protein was blocked for 48 
hrs at room temperature in Blotto (5% skim milk, 1XTBS, 
0.05% Tween-20). The membrane was developed by incu 
bating the membrane with a primary antibody (1 lug/ml 
LK26 antibody) followed by washing, then incubation with 
a secondary antibody (HRP-conjugated goat C-mouse IgG 
in Blotto). Following another washing step, the membrane 
was developed using a Super Signal West Pico ECL reagent 
and exposed for 1 minute. The results are shown in FIG. 3 
(lane 1, 1:100 dilution in PBS; lane 2, 1:50 dilution in PBS; 
lane 3, 1:25 dilution in PBS; lane 4, 1:10 dilution in PBS; 
lane 5, 1:100 dilution in RIPA: lane 6, 1:25 dilution in RIPA; 
lane 7, 1:10 dilution in RIPA; M, molecular weight markers, 
lane 8, 1:1 dilution in RIPa.). Arrows indicate monomer (1x) 
and tetramer (4x). No treatment disrupted the tetrameric 
form of FR-O. The results indicate that certain tumors that 
overexpress FR-C. express a multimeric form of FR-C. that 
has only been shown previously as artifacts of gel filtration 
Sample preparation. 

Example 6 

Screening Cells for ADCC Activity 
0147 The mab-producing cells expressing the hPMS 
134 will be subcloned by liming dilution and seeded in a 
flat-bottom 96-well plate. Seeding density will be deter 
mined empirically in order to obtain 40 Single-cell colonies 
per plate to approximate monoclonality. 

0.148. The clones will be allowed to grow for a number of 
days, which will be empirically determined, after which a 
sufficient amount of antibody, capable of mediating ADCC 
activity, is produced. At the end of the incubation period, 50 
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ul of conditioned medium from each clone/well will be used 
to assess concentration of antibodies by ELISA, while 
another 50 ul of conditioned medium from the same well/ 
clone will be utilized in the ADCC assay. Briefly, for 
example, an anti-ovarian cancer mAb is used in conjunction 
with the target cells, SKOV3 (passage 1 to 20, obtained from 
ATCC), which are seeded the day before the assay in a 
flat-bottom 96-well microplate at a density of 30,000 cell/ 
well in complete growth medium (RPMI-1640 containing 
10% FBS, 2 mM L-glutamine). The following day, the 
complete medium is replaced with 100 ul of CHO-CD 
Serum-free medium and 50 ul of antibody-containing con 
ditioned medium will be added to target cells and incubated 
for 20 minutes at 37 C. Subsequently, 100 ul of serum-free 
medium containing 2x10 effector cells are added to each 
well and cells are incubated for 5-6 hours at 37°C., 5% CO. 
Plates are then briefly centrifuged and 100 ul of Supernatant 
is collected from each well and transferred into ELISA 
plates (Nunc). One hundred ul of LDH substrate (Roche) is 
added to Supernatants and incubated for 10 minutes at 
ambient temperature. LDH activity will be proportional to 
the extent of the LDH enzyme released from lysed target 
cells. Optical density at 490 um (ODoo) is obtained spec 
trophotometrically and percent of cytotoxicity is determined 
with the formula: (sample ODoo-spontaneous ODoo)/(max 
ODoo-spontaneous ODoo)x100%, where spontaneous = 
target cells lysis in absence of effector cells or antibody, and 
max'=target cells lysis in the presence of 2% Triton. 
Cytotoxicity elicited by 100 ng/ml of a reference antibody 
(protein A purified, parental antibody) will be used as 
positive control. Non-specific cytotoxicity will be monitored 
using 100 mg/ml of normal human IgG1. The ratio obtained 
by dividing the % cytotoxicity by the concentration of the 
antibody for each well/clone (i.e., ratio=50(%)/100(ng/ml)= 
0.5) will be set as the criterion for selecting lead clones. 
Lead clones will be expanded to 50 ml cultures and antibody 
will be purified from their conditioned media by protein-A 
affinity column as described. ADCC activities of the anti 
bodies produced by the lead clones will be compared to the 
parental antibody using concentrations ranging from 
10-1000 ng/ml. 

0149. In an alternative ADCC assay, the ability of anti 
body to produce ADCC was evaluated using SKOV-3, 
IGROV-1, and 1205 Lu (negative control) as target cells, 
and PBMCs from normal blood donors. Antibody was tested 
at a concentration of 10 micrograms/milliliter. Donor 
PBMCs used as effector cells were thawed and kept over 
night in medium (IMDM supplemented with 10% FCS). The 
cells were resuspended in medium at a concentration of 107 
cells/milliliter. The tumor cells used as target cells were 
detached from the culture flask and 10° cells in 100 micro 
liters FCS were labeled with 100 uCi (3.7 MBq) Cr 
(Amersham, Buckinghamshire, UK) for 2 hours at 37 C. 
Cells were washed thrice with 5 milliliters medium and 
resuspended in medium at a concentration of 10 cells/ 
milliliter. Fifty microliters of the tumor cells were seeded in 
V bottom 96-well plates. Cells were then incubated with 50 
microliters medium containing the test antibody or control 
antibody. After 30 minutes incubation at 37 C., 50 micro 
liters of the PBMCs were seeded in V bottom 96 well plates 
at various target-effector cell ratios (1:0, 1:25, 1:50, and 
1:100) and the plates were further incubated for 18hours at 
37°C. The release of Cr in the supernatant was determined 
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in a LKB gamma-counter. Each measurement was carried 
out in triplicate. The percentage of release was defined as: 

% release=(release-spontaneous release)/(maximal 
release-spontaneous release)x100. 

0150. The percentage of specific release was defined as: 
% specific "Cr release=% total "Cr release with 
antibody-% total "Cr release without antibody. 

0151 Results: 

TABLE 1. 

SKOV-3 Percentage of 'Cr release 

Patient 1 Patient 2 

Without Control With Without Control With 
TE ratio Antibody IgG Antibody antibody IgG Antibody 

1:O 1.3 O.O 16 O.O 2.0 O.O -1.4 O.O -0.7 O.O -0.6 - 0.0 
1:25 5.3 - 0.3 5.0 - 0.1 36.1 - 1.4 2.6 O.O 3.3 O.O 31.2 : 1.O 
1:50 6.8 + 0.1 5.9 + 0.1 46.2 - 1.0 4.5 + 0.1 6.7 O.1 43.5 - 1.3 
1:100 8.0 - 0.2 8.3 - 0.3 61.7 - 0.2 7.6 - 0.5 6.3 O.8 56.0 - 1.0 

0152) 
TABLE 4-continued 

TABLE 2 
IGROV-I Percentage of specific 'Cr release 

SKOV-3 Percentage of Specific 'Cr release 
Patient 1 Patient 2 

Patient 1 Patient 2 
TE ratio Control IgG Antibody Control IgG Antibody 

TE ratio Control IgG Antibody Control IgG Antibody 1:50 14.2 - 4.5 51.6, 9.3 3.7 - 1.1 41.7 - 1.9 
1:O O3 + O.O O.7 O.O O.7 O.O O8 O.O 1:100 9.8 6.8 41.2 - 5.3 4.3 4.0 31.O. 12.9 
1:25 -0.3 O.4 30.8 - 17 O.7 O.1 28.6 1.0 
1:50 -O.9 O.2 39.4 1.1 2.2 O.2 39.0 - 1.4 
1:100 0.3 - 0.3 53.7 - 0.3 -1.3 - 1.2 48.4 - 1.5 O155 ADCC assays using human ovarian cancer cells as 

target and peripheral blood mononuclear cells (PBMCs) as 
effector cells showed that anti-FR-O. antibody mediated 

0153 killing of tumor cell line SKOV-3. IGROV-1 aggregated 

TABLE 3 

IGROV-I Percentage of 'Cr release 

Patient 1 Patient 2 

Without Control With Without Control With 
TE ratio Antibody IgG Antibody antibody IgG Antibody 

1:O -3.0 + 0.1 -4.9 + 0.2 -4.1 + 0.1 -13.3 + 0.3 -12.0 + 0.5 -10.9 + 0.2 
1:25 14.93.3 20.0 - 1.O 70.2 - 1.3 15.6 2.9 13.4 1.6 46.0 - 1.2 
1:50 15.2 + 2.2 29.4 2.3 66.8 7.1 23.0 - 0.6 26.7 O.S 64.7 1.3 
1:100 24.0 + 4.1 33.8 - 2.7 65.2 + 1.2 36.8 + 2.4 41.1 + 1.6 67.8 10.5 

0154) very quickly and tended to form cell clumps. The cell line 
was sensitive to killing by PBMCs alone. Control antibody 

TABLE 4 also mediated Some killing. Antibody mediated killing of 
IGROV-1 

IGROV-I Percentage of specific "Cr release 
Example 7 

Patient 1 Patient 2 

Immunohistochemistry ASSay Using Anti-FR-O. 
TE ratio Control IgG Antibody Control IgG Antibody Antibody 

1:O -1.9 + 0.3 -1.1 + 0.2 1.3 - 0.7 2.4 - 0.5 0156 Tissue preparation. Human tissue samples were 
1:25 5.1 + 43 55.3 - 4.4 -2.2 - 4.4 30.4 - 4.1 obtained at autopsy or biopsy. Tissues tested included adre 

nal, blood cells (granulocytes, lymphocytes, monocytes, 
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platelets), blood vessels (endothelium), bone marrow, brain 
(cerebrum (cortex), cerebellum), breast (mammary gland), 
eye, gastrointestinal tract (colon (large intestine), esophagus, 
Small intestine, Stomach), heart, kidney (glomerulus, 
tubule), liver, lung, lymph node, ovary and fallopian tube 
(Oviduct), pancreas, parathyroid, peripheral nerve, pituitary, 
placenta, prostate, Salivary gland, Skin, Spinal cord, Spleen, 
striated (skelet al) muscle, testis, thymus, thyroid, tonsil, 
ureter, urinary bladder, uterus (body (endometrium), cervix), 
ovarian carcinoma (carcinoma cells), ovarian carcinoma 
(stromal fibroblasts). Fresh unfixed tissue samples were 
placed in molds and frozen on dry ice in TISSUE-TEK 
O.C.T. embedding medium. TiSSue Samples were Sectioned 
and fixed for 10 minutes in room temperature acetone. 
Tissues were stored below -70° C. until staining. Just prior 
to staining, the slides were fixed in 10% neutral buffered 
formalin. 

O157 Antibody preparation. Antibody was applied to 
tissue Samples at two concentrations: 1 microgram/milliliter 
and 25 micrograms/milliliter. 

0158 Assays lacking primary antibody were used as an 
assay control. Mouse anti-fluorescein was used as Secondary 
antibody. Goat anti-mouse IgG (GAMIgG)-peroxidase poly 
mer was used as tertiary antibody. 3,3'-diaminobenzidinen 
(DAB) was used as Substrate chromogen. 

0159 Immunohistochemistry analysis. An indirect 
immunoperoxidase procedure was performed. Acetone/for 
malin-fixed cryoSections were rinsed twice in phosphate 
buffered saline (PBS 0.3M NaCl, pH 7.2). Endogenous 
peroxidase was blocked by incubating the Slides with per 
oxidase Solution of Dako EnVision Kit for 5 minutes fol 
lowed by two rinses in phosphate buffered saline. Slides 
were then treated with a protein block (phosphate buffered 
Saline, 0.5% casein, 5% human gamma globulins, and 1 
mg/ml heat aggregated HugG (prepared by heating a 5 
mg/ml solution to 63 C. for 20 minutes and then cooling to 
room temperature)) designed to reduce nonspecific binding 
for 20 minutes. Following the protein block, primary anti 
body (anti-FR-C. antibody, negative control antibody 
(HugG1 or MSIgG1), or none) was applied at room tem 
perature for one hour. Unconjugated Secondary antibody 
(mouse anti-fluorescein) was applied for 30 minutes. Slides 
were twice rinsed with PBS, treated with peroxidase-labeled 
goat anti-mouse IgG polymer (Dako EnVision kit) for 30 
minutes, rinsed twice with PBS, and treated with Substrate 
chromogen (DAB; Dako EnVision) for 8 minutes. Slides 
were rinsed in water, counterstained with hematoxylin, 
dehydrated, and coverslipped. 

0160 Results. The anti-FR-O. antibody specifically and 
intensely stained human ovarian carcinoma cells (HT162) at 
both antibody concentrations as a positive control. Anti 
FR-O. antibody did not react with ovarian carcinoma (stro 
mal fibroblasts) (negative control). Negative control anti 
bodies HulgG1 and Ms.IgG1 did not specifically react with 
the positive or negative control cells. No reactivity was 
observed with any tissues when primary antibody was 
omitted from the staining reaction. See Table 1. 
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0.161 Tissue Cross-Reactivity of Anti-FR-C. Antibody. 

TABLE 5 

Cancer-specific expression of target antigen 

% positive Total number 
Tumor tissue Expression samples of of samples 
origin by IHC total tested tested (n) 

Normal adult O 62 
Ovarian ---------- 91 136 
carcinoma 
cells 
Breast -------- 21 53 
Renal -------- 50 18 
Colorectal ------ 22 27 
Lung ------ 33 18 
Endometrial ------ 91 11 
Brain ------ 8O 5 
Melanoma O 8 
lymphoma O 32 

+/- indicates level of expression as detected by immunohistochemistry 

0162 The antibodies of the invention do not react with 
Stromal fibroblasts of ovarian carcinoma tissue (data not 
shown). Similar results for immunohistochemical and tissue 
distribution analyses were obtained with the antibodies of 
the invention in cynomolgus monkey and human (data not 
shown). Positive binding is seen in the cynomolgus monkey 
kidney cortex (proximal tubules and collecting ducts) and 
epithelium, tubular (membrane, cytoplasm/cytoplasmic 
granules), and uctules (membrane, cytoplasm) (data not 
shown). 
0163. In normal human tissues, anti-FR-C. antibody spe 
cific staining was observed in tubular epithelium (kidney), 
bronchiolar epithelium (lung); pneumocytes (lung); epithe 
lium of fallopian tube; and duct and ductile epithelium of the 
pancreas at both antibody concentrations. 
0164. In neoplastic human tissues, anti-FR-O. antibody 
Specific Staining was observed in Ovarian carcinoma tissue, 
endometrial carcinoma tissue, and renal carcinoma tissue. 
Staining of ovarian and renal carcinoma cells occurred at the 
membrane and cytoplasm (data not shown). 
0.165. These results are consistent with distribution of 
FR-O. reported in literature (Weitman, et al., Cancer Res., 
61:3869-3876 (2001)). 
0166 In Summary, FR-C. is a glycoprotein whose expres 
Sion is highly restricted in normal tissues and highly 
expressed in a large portion of ovarian tumors. Anti-FR-C. 
antibodies of the invention are capable of inducing ADCC, 
thus making the antibodies of the invention excellent drug 
candidates for the treatment of a variety of cancers, includ 
ing OVarian cancer. 

Example 8 

Receptor Binding Activity 

0.167 One of the major modes of action of unconjugated 
therapeutic monoclonal antibodies directed against tumor 
antigens is through recruitment of immune effector popula 
tions to the tumor cells (Clynes R, Takechi Y, Moroi Y, 
Houghton A, Ravetch J. V. Proc. Natl. Acad. Sci. U.S.A. 1998 
Jan. 20:95(2):652-6; Clynes R A, Towers T L Presta LG, 
Ravetch J. V. Nat. Med. 2000 April;6(4):443-6). It is pre 
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Sumed that the efficiency with which a given antibody can 
recruit immune effector cells to a tumor cell is influenced by 
the affinity of the antibody for its cognate antigen on the 
tumor cell Surface, Such that a high affinity antibody will 
display more efficient recruitment of immune effectors to the 
tumor cell than a lower affinity counterpart recognizing the 
Same antigen. Limited reports have attempted to demon 
strate this relation in vitro (Alsmadi, 0. and Tilley, S A. J. 
Virol. 1998 January;72(1):286-293; McCall, A.M., Shahied, 
L., Amoroso, A.R., Horak, E. M., Simmons, R. H., Nielson, 
U., Adams, G. P., Schier, R., Marks, J. D., Weiner, L. M. J. 
Immunol. 2001 May 15:166(10):6112-7, as well as in vivo 
(Velders, MP, van Rhijn, C.M., Oskam, G.J., Warnaar, S.O. 
and Litvinov, S. V. J. Cancer 1998;78(4):476-483). In order 
to determine if Such a correlation exists, in vitro ADCC 
activity of anti-FR-C. antibodies and the affinity of these 
antibodies may be compared for their relevant antigen by 
Surface plasmon resonance spectroScopy. 

0168 Surface plasmon resonance spectroscopy relies on 
the short range (~150 nm) interaction of the electrical field 
(evanescent wave) generated by photons under conditions of 
total internal reflection (TIR) with electrons (surface plas 
mons) in a conductive film at the boundary between two 
media of differing refractive indices, whereby one of the 
media is a thin gold layer (conductive film) coated with an 
alkane linker coupled to CM-dextran. The CM-dextran 
Surface, which forms an extended hydrogel in Solution, 
projecting roughly 100-150 nm into the flowcell, may be 
derivatized further with a ligand of choice by covalent 
immobilization to the carboxyl groups present on the CM 
dextran layer. The angle necessary to allow the evanescent 
wave to interact with the gold layer will depend on the angle 
necessary to observe TIR, which in turn depends on the 
thickneSS or mass at the Surface of the chip. The instrument 
thus allows for observation of the change in mass at the 
surface of the chip over time, as would be observed when an 
analyte which interacts with the immobilized ligand is 
injected into the flowcell. If injection of analyte is followed 
by injection of buffer, one can follow both the association 
(during injection of the analyte) and dissociation phases 
(during buffer injection) of the binding. Kinetic on-rates (k) 
and off-rates (k), as well as steady-state equilibrium con 
Stants (K, and K) can thus be extrapolated. 
0169. The soluble, Secreted form of the antigen will be 
purified from the Serum-free culture Supernatant of target 
cells by chromatography through Phenyl Sepharose (high 
sub), followed by ion exchange on S Sepharose Fast Flow. 
Briefly, culture Supernatant containing Secreted antigen will 
be loaded onto the Phenyl Sepharose (high Sub) column in 
the absence of additional salts. Unbound proteins will be 
removed by extensive washing in HICA (20 mM K phos 
phate pH 7.2), followed by elution of bound antigen using a 
linear gradient of 0-20 mM CHAPS in HIC buffer. Peak 
anti-FR-C. antibody-containing fractions will be pooled, 
acidified (pH 5.5) with 1 M citrate, then applied to a S 
Sepharose cation exchange column. After washing with IEX 
buffer (20 mMK phosphate, pH 5.5), bound antigen will be 
eluted using a linear gradient of 0-1 M NaCl in IEX buffer. 
Peak fractions will be pooled, concentrated using a Centri 
con centrifugal concentration device (Millipore), and dia 
lyzed against PBS. Based on the purity of the antigen 
preparation, an additional affinity chromatography Step on 
covalently coupled folate Sepharose resin may be necessary 
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(Sadasivan, E., da Costa, M., Rothenberg, S P and Brink, L. 
Biochim. Biophys. Acta 1987;(925):36-47). 
0170 The antibody to be assayed will be purified in one 
Step by affinity chromatography on recombinant protein A 
Sepharose resin (RPA-Sepharose, Amersham BioSciences). 
Immunoglobulin (Ig) containing tissue culture Supernatants 
will be loaded onto RPA-Sepharose columns by gravity, at 
an Ig/ml resin value of 10 mg/mL of resin. Unbound proteins 
will be removed by extensive washing with PBS, followed 
by elution using 0.1 M glycine-HCl pH 2.6. Fractions will 
be neutralized with 1 M Tris. Peak fractions will be pooled, 
and dialyzed against 1000 volumes of PBS. Ig concentration 
will be determined by BCA protein assay (Pierce Chemical 
Co.) and Ig-specific ELISA. 
0171 Purified antigen will be diluted into coupling buffer 
(10 mM NaOAc pH 5.0), and immobilized onto the flowcell 
of a CM5 Sensor chip (Biacore) by amine coupling, using a 
mixture of N-hydroxysuccinimide (NHS) and 1-ethyl-3- 
dimethylaminopropylcarbodiimide hydrochloride (EDC) 
to activate carboxyl groups in the CM-DeXtran hydrogel 
attached to the surface of the CM5 sensor chip. Activated, 
underivatized carboxyl groups will be quenched with 1 M 
ethanolamine. A reference flowcell, consisting of the 
quenched CMDextran Surface, activated in the absence of 
antigen, will be used to normalize all measurements. Crude, 
mAb-containing culture Supernatants, or purified mAb 
preparations will be injected at flow rates of 30 ul/min for 
kinetic assays, and 5 ul/mm for Steady-state affinity ranking 
experiments, using HBS-EP (20 mM HEPES-OH, 150 mM 
NaCl, 3 mM EDTA, 0.005% Surfactant P-20, pH 7.4) as 
running buffer. Purified mAb preparations will be dialyzed 
against HBS-EP, using 10K MWCO Slide-A-Lyzer dialysis 
cassettes (Pierce) prior to their use in Biacore analysis. For 
Samples containing tissue culture Supernatant, BSA and 
Soluble CM-Dextran will be added to final concentrations of 
1% and 1 mg/ml, respectively. Regeneration of the Surface 
will be accomplished by 30 second injection of 50 mM 
NaOH, at a flow rate of 100 ul/min. Data analysis will be 
performed using Bia Evaluation Software (Biacore). Kinetic 
data will be fitted to a simple 1:1 (Langmuir) binding model. 
For ranking experiments, rank will be determined by K 
values obtained from plots of Req versus C at different 
concentrations of Sample. 

Example 9 
Evaluation of Antibody in Human Tumor Xenograft 

Model 

0172. The SKOV-3 tumor cell line has been shown to 
express FR-C both on cells in culture and in tumor 
Xenografts. Antibody may be evaluated in Vivo using the 
tumor xenograft model of SKOV-3 cells in mice. Paclitaxel 
may be used as a positive control. Negative controls may be 
isotype matched, nonspecific murine IgG and vehicle con 
trol. Inhibition of tumor growth by the antibody relative to 
the negative controls is an indication that the antibody is 
useful in the treatment of ovarian cancer. The antibody 
preferably demonstrates tumor growth inhibition of at least 
about 58%. 

Example 10 
Growth Inhibition Experiments 

0173 The sulforhodamine B (SRB) test (Shekan et al. 
(1990) J. Nat. Cancer Inst. 82:107-112, as modified by 
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Keepers et al. (1991) Eur, J. Cancer 27:897-900) may be I(ODtreated/ODstart of exposure)-1/(ODeontro/ODstart of 
used to test the effect of antibody treatment on the Suscep- exposure)-1x100%. 
tibility of cancer cells to treatment with antifolate com- 0.174 ICso values are calculated based on absorption 
pounds. Briefly (as described in Backus et al. (2000) Int. J. 
Cancer 87:771-778, cells are seeded in 100 ul medium 
(Suitable for use with each particular cell line chosen for 
testing) in 96-well flat-bottom plates (in triplicate). Seeding 
density may vary according to the cell type used, but may be, 
for example, 8,000 cells/well for colon cancer cells, 15,000 
cells/well for Squamous cell carcinoma cells of the head and 
neck. The cells are cultured in the presence of 1-100 ug/ml 
anti-folate receptor antibody. After 24 hours, 100 ul of drug 
containing medium is added and cells are cultured for an 
additional 72 hours. The concentration of drugs Such as 
5-fluoro-2'-deoxy-uridine-5'-monophosphate (FdUMP), leu 
covorin, ZD1649, MTA, GW1843U89, ZD9331, AG337, 
and PT523 ranges from 1x10 to 1x10' M.5-FU is tested 
in a range of 1x10' to 1x10' M with or without 10 uM 
leucovorin. After 72 hrs of exposure to drug(s), the cells are 
fixed with trichloroacetic acid (TCA) and stained with SRB 
protein dye. Results are expressed as % of control growth 
based on the difference in optical density (ODso) at the 
beginning and end of the drug exposure period according to 
the formula published by Peters et al. (1993) Int. J. Cancer 
54:450-455): 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 23 

<210> SEQ ID NO 1 
<211& LENGTH: 110 
&212> TYPE PRT 
<213> ORGANISM: Artificial 
&22O > FEATURE 
<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 1 

Asp Ile Gln Leu Thr Glin Ser Pro Ser Ser Leu Ser Ala 
1 5 10 

Asp Arg Val Thr Ile Thr Cys Ser Val Ser Ser Ser Ile 
2O 25 

Asn Lieu. His Trp Tyr Glin Gln Lys Pro Gly Lys Ala Pro 
35 40 45 

Ile Tyr Gly Thr Ser Asn Pro Ala Ser Gly Val Pro Ser 
5 O 55 60 

Gly Ser Gly Ser Gly Thr Asp Tyr Thr Phe Thr Ile Ser 
65 70 75 

Pro Glu Asp Ile Ala Thr Tyr Tyr Cys Glin Gln Trp Ser 
85 90 

Tyr Met Tyr Thr Phe Gly Glin Gly Thr Lys Val Glu Ile 
100 105 

<210> SEQ ID NO 2 
&2 11s LENGTH 217 
&212> TYPE PRT 
<213> ORGANISM: Artificial 
&22O > FEATURE 
<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 2 

values defined as drug concentration corresponding to a 
reduction of cellular growth by 50% when compared with 
values of untreated control cells. 

Example 11 

Combination of Antifolate Antibodies and 
Antifolate Compounds 

0.175 For combination therapy, efficacy may be demon 
Strated in vitro using the assay described above for ovarian 
cancer cell lines and the monoclonal antibodies of the 
invention. One of skill in the art may extrapolate dosages 
from the in vitro efficacy assays to determine a range of 
efficacy in patients. Furthermore, dosages of antibodies 
accepted in the art for administration can be matched with 
dosages accepted for various folate inhibitors and adjusted 
to achieve maximum benefit with the minimum dosage. One 
of skill in the art is able to adjust these dosages to achieve 
the desired effect with routine experimentation particularly 
with the guidance on dosage for antibodies provided above 
and the assay described for determining an effect in Vitro. 

Wall 
15 

Ser Gly 

Ser Ser Asn 
30 

Pro Trp 

Arg Phe Ser 

Glin 
8O 

Ser Teu 

Ser Tyr Pro 
95 

Tys 
110 
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-continued 

Asp Ile Gln Leu Thr Glin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 
1 5 10 15 

Asp Arg Val Thr Ile Thr Cys Ser Val Ser Ser Ser Ile Ser Ser Asn 
2O 25 30 

Asn Lieu. His Trp Tyr Glin Glin Lys Pro Gly Lys Ala Pro Llys Pro Trp 
35 40 45 

Ile Tyr Gly Thr Ser Asn Pro Ala Ser Gly Val Pro Ser Arg Phe Ser 
50 55 60 

Gly Ser Gly Ser Gly Thr Asp Tyr Thr Phe Thr Ile Ser Ser Leu Gln 
65 70 75 8O 

Pro Glu Asp Ile Ala Thr Tyr Tyr Cys Glin Gln Trp Ser Ser Tyr Pro 
85 90 95 

Tyr Met Tyr Thr Phe Gly Glin Gly Thr Lys Val Glu Ile Lys Arg Thr 
100 105 110 

Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Glin Leu 
115 120 125 

Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro 
130 135 1 4 0 

Arg Glu Ala Lys Val Glin Trp Llys Val Asp Asn Ala Leu Glin Ser Gly 
145 15 O 155 160 

Asn Ser Glin Glu Ser Val Thr Glu Glin Asp Ser Lys Asp Ser Thr Tyr 
1.65 170 175 

Ser Lieu Ser Ser Thr Lieu. Thir Lieu Ser Lys Ala Asp Tyr Glu Lys His 
18O 185 19 O 

Lys Val Tyr Ala Cys Glu Val Thr His Glin Gly Leu Ser Ser Pro Val 
195 200 2O5 

Thr Lys Ser Phe Asn Arg Gly Glu Cys 
210 215 

<210> SEQ ID NO 3 
&2 11s LENGTH 236 
&212> TYPE PRT 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 3 

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr Gly 
1 5 10 15 

Val His Ser Asp Ile Gln Leu Thr Glin Ser Pro Ser Ser Leu Ser Ala 
2O 25 30 

Ser Val Gly Asp Arg Val Thr Ile Thr Cys Ser Val Ser Ser Ser Ile 
35 40 45 

Ser Ser Asn. Asn Lieu. His Trp Tyr Glin Gln Lys Pro Gly Lys Ala Pro 
50 55 60 

Lys Pro Trp Ile Tyr Gly. Thir Ser Asn Pro Ala Ser Gly Val Pro Ser 
65 70 75 8O 

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr Thr Phe Thr Ile Ser 
85 90 95 

Ser Leu Gln Pro Glu Asp Ile Ala Thr Tyr Tyr Cys Glin Glin Trp Ser 
100 105 110 

Ser Tyr Pro Tyr Met Tyr Thr Phe Gly Glin Gly Thr Lys Val Glu Ile 
115 120 125 
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-continued 

Lys Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp 
130 135 1 4 0 

Glu Gln Leu Lys Ser Gly. Thir Ala Ser Val Val Cys Lieu Lieu. Asn. Asn 
145 15 O 155 160 

Phe Tyr Pro Arg Glu Ala Lys Val Glin Trp Llys Val Asp Asn Ala Lieu 
1.65 170 175 

Glin Ser Gly Asn. Ser Glin Glu Ser Val Thr Glu Glin Asp Ser Lys Asp 
18O 185 19 O 

Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr 
195 200 2O5 

Glu Lys His Lys Val Tyr Ala Cys Glu Val Thr His Glin Gly Lieu Ser 
210 215 220 

Ser Pro Val Thr Lys Ser Phe Asin Arg Gly Glu Cys 
225 230 235 

<210> SEQ ID NO 4 
&2 11s LENGTH 119 
&212> TYPE PRT 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 4 

Glu Val Glin Leu Val Glu Ser Gly Gly Gly Val Val Glin Pro Gly Arg 
1 5 10 15 

Ser Leu Arg Leu Ser Cys Ser Ala Ser Gly Phe Thr Phe Ser Gly Tyr 
2O 25 30 

Gly Lieu Ser Trp Val Arg Glin Ala Pro Gly Lys Gly Lieu Glu Trp Val 
35 40 45 

Ala Met Ile Ser Ser Gly Gly Ser Tyr Thr Tyr Tyr Ala Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Ala Ile Ser Arg Asp Asn Ala Lys Asn. Thir Lieu Phe 
65 70 75 8O 

Leu Gln Met Asp Ser Leu Arg Pro Glu Asp Thr Gly Val Tyr Phe Cys 
85 90 95 

Ala Arg His Gly Asp Asp Pro Ala Trp Phe Ala Tyr Trp Gly Glin Gly 
100 105 110 

Thr Pro Wall Thr Wal Ser Ser 
115 

<210 SEQ ID NO 5 
&2 11s LENGTH 449 
&212> TYPE PRT 
<213> ORGANISM: Artificial 
&220s FEATURE 

<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 5 

Glu Val Glin Leu Val Glu Ser Gly Gly Gly Val Val Glin Pro Gly Arg 
1 5 10 15 

Ser Leu Arg Leu Ser Cys Ser Ala Ser Gly Phe Thr Phe Ser Gly Tyr 
2O 25 30 

Gly Lieu Ser Trp Val Arg Glin Ala Pro Gly Lys Gly Lieu Glu Trp Val 
35 40 45 

Ala Met Ile Ser Ser Gly Gly Ser Tyr Thr Tyr Tyr Ala Asp Ser Val 
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-continued 

50 55 60 

Lys Gly Arg Phe Ala Ile Ser Arg Asp Asn Ala Lys Asn. Thir Lieu Phe 
65 70 75 8O 

Leu Gln Met Asp Ser Leu Arg Pro Glu Asp Thr Gly Val Tyr Phe Cys 
85 90 95 

Ala Arg His Gly Asp Asp Pro Ala Trp Phe Ala Tyr Trp Gly Glin Gly 
100 105 110 

Thr Pro Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 
115 120 125 

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu 
130 135 1 4 0 

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 
145 15 O 155 160 

Asn Ser Gly Ala Leu Thir Ser Gly Val His Thr Phe Pro Ala Val Leu 
1.65 170 175 

Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 
18O 185 19 O 

Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Llys Pro 
195 200 2O5 

Ser Asn. Thir Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys 
210 215 220 

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro 
225 230 235 240 

Ser Val Phe Leu Phe Pro Pro Llys Pro Lys Asp Thr Leu Met Ile Ser 
245 250 255 

Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp 
260 265 27 O 

Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn 
275 280 285 

Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val 
29 O 295 3OO 

Val Ser Val Lieu. Thr Val Lieu. His Glin Asp Trp Lieu. Asn Gly Lys Glu 
305 310 315 320 

Tyr Lys Cys Lys Val Ser Asn Lys Ala Lieu Pro Ala Pro Ile Glu Lys 
325 330 335 

Thir Ile Ser Lys Ala Lys Gly Glin Pro Arg Glu Pro Glin Val Tyr Thr 
340 345 35 O 

Leu Pro Pro Ser Arg Asp Glu Lieu. Thir Lys Asn. Glin Val Ser Lieu. Thr 
355 360 365 

Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu 
370 375 38O 

Ser Asn Gly Glin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu 
385 390 395 400 

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Lieu. Thr Val Asp Lys 
405 410 415 

Ser Arg Trp Glin Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu 
420 425 43 O 

Ala Lieu. His Asn His Tyr Thr Glin Lys Ser Lieu Ser Leu Ser Pro Gly 
435 4 40 4 45 
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-continued 

<210> SEQ ID NO 6 
&2 11s LENGTH 468 
&212> TYPE PRT 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 6 

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr Gly 
1 5 10 15 

Val His Ser Glu Val Glin Leu Val Glu Ser Gly Gly Gly Val Val Glin 
2O 25 30 

Pro Gly Arg Ser Leu Arg Leu Ser Cys Ser Ala Ser Gly Phe Thr Phe 
35 40 45 

Ser Gly Tyr Gly Lieu Ser Trp Val Arg Glin Ala Pro Gly Lys Gly Lieu 
50 55 60 

Glu Trp Val Ala Met Ile Ser Ser Gly Gly Ser Tyr Thr Tyr Tyr Ala 
65 70 75 8O 

Asp Ser Wall Lys Gly Arg Phe Ala Ile Ser Arg Asp Asn Ala Lys Asn 
85 90 95 

Thr Leu Phe Leu Gln Met Asp Ser Leu Arg Pro Glu Asp Thr Gly Val 
100 105 110 

Tyr Phe Cys Ala Arg His Gly Asp Asp Pro Ala Trp Phe Ala Tyr Trp 
115 120 125 

Gly Glin Gly Thr Pro Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro 
130 135 1 4 0 

Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly. Thr 
145 15 O 155 160 

Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr 
1.65 170 175 

Val Ser Trp Asin Ser Gly Ala Leu Thir Ser Gly Val His Thr Phe Pro 
18O 185 19 O 

Ala Val Leu Glin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr 
195 200 2O5 

Val Pro Ser Ser Ser Leu Gly. Thr Glin Thr Tyr Ile Cys Asn Val Asn 
210 215 220 

His Lys Pro Ser Asn. Thir Lys Val Asp Llys Lys Val Glu Pro Llys Ser 
225 230 235 240 

Cys Asp Llys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu 
245 250 255 

Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Llys Pro Lys Asp Thr Leu 
260 265 27 O 

Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser 
275 280 285 

His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu 
29 O 295 3OO 

Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Glin Tyr Asn. Ser Thr 
305 310 315 320 

Tyr Arg Val Val Ser Val Leu Thr Val Leu. His Glin Asp Trp Leu Asn 
325 330 335 

Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Lieu Pro Ala Pro 
340 345 35 O 
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to cqacggct cottctitcct citacagdaag citcaccgtgg acaagag cag gtggcagoag 1320 

gggaacgt.ct tcticatgcto C gtgatgcat gaggctotgc acaac Cacta cacgcagaag 1380 

agccitctocc tdtctoccgg gaaatga 1407 

<210 SEQ ID NO 8 
&2 11s LENGTH 711 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic Construct 

<400 SEQUENCE: 8 

atgg gatgga gct gitatcat cotcittcttg gtagcaa.cag citacaggtgt coacticcgac 60 

atccagotga cccagagc.cc aag cagocto agcgc.cagog toggtgacag agtgaccatc 120 

acct gtag to tcagotcaag tataagttcc aacaacttgc actggtacca gcagaagcca 18O 

ggta aggotc caaag.ccatg gatctacggc acatcca acc togcttctgg totgccaagc 240 

agatto agcg gtag cqgtag cqgtaccgac tacacct tca ccatcagoag cotccago.ca 3OO 

gaggacatcg ccaccitacta citgccaa.cag toggagtagtt accogtacat gtacacgttc 360 

ggccaaggga cca aggtoga aatcaaacga actgtggctd cac catctgt citt catcttic 420 

cc.gc.catctg atgagcagtt gaaatctgga act gccitctg. ittgttgttgcct gctgaataac 480 

ttctatocca gag aggccaa agtacagtgg aaggtggata acgcCCtcca atcgggtaac 540 

toccaggaga gtgtcacaga gcaggacago aaggacagoa cctacagoct cagoagcacc 600 

citgacgct ga gcaaag caga citacgaga aa cacaaagttct acgc.ctg.cga agt cacccat 660 

cagggcct ga gctcgc.ccgt cacaaagagc titcaiacaggg gaga.gtgtta a 711 

<210 SEQ ID NO 9 
&2 11s LENGTH 859 
&212> TYPE PRT 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 9 

Met Glu Gln Thr Glu Gly Val Ser Thr Glu Cys Ala Lys Ala Ile Lys 
1 5 10 15 

Pro Ile Asp Gly Lys Ser Val His Glin Ile Cys Ser Gly Glin Val Ile 
2O 25 30 

Leu Ser Lieu Ser Thr Ala Wall Lys Glu Lieu. Ile Glu Asn. Ser Val Asp 
35 40 45 

Ala Gly Ala Thir Thr Ile Asp Leu Arg Lieu Lys Asp Tyr Gly Val Asp 
50 55 60 

Lieu. Ile Glu Val Ser Asp Asin Gly Cys Gly Val Glu Glu Glu Asn. Phe 
65 70 75 8O 

Glu Gly Lieu Ala Leu Lys His His Thr Ser Lys Ile Glin Glu Phe Ala 
85 90 95 

Asp Leu Thr Glin Val Glu Thir Phe Gly Phe Arg Gly Glu Ala Leu Ser 
100 105 110 

Ser Leu Cys Ala Leu Ser Asp Val Thr Ile Ser Thr Cys His Gly Ser 
115 120 125 

Ala Ser Val Gly Thr Arg Lieu Val Phe Asp His Asn Gly Lys Ile Thr 
130 135 1 4 0 

Gln Lys Thr Pro Tyr Pro Arg Pro Lys Gly. Thir Thr Val Ser Val Glin 
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145 15 O 155 160 

His Leu Phe Tyr Thr Leu Pro Val Arg Tyr Lys Glu Phe Glin Arg Asn 
1.65 170 175 

Ile Lys Lys Glu Tyr Ser Lys Met Val Glin Val Lieu Glin Ala Tyr Cys 
18O 185 19 O 

Ile Ile Ser Ala Gly Val Arg Val Ser Cys Thr Asn. Glin Leu Gly Glin 
195 200 2O5 

Gly Lys Arg His Ala Val Val Cys Thr Ser Gly Thr Ser Gly Met Lys 
210 215 220 

Glu Asn. Ile Gly Ser Val Phe Gly Glin Lys Glin Leu Glin Ser Lieu. Ile 
225 230 235 240 

Pro Phe Val Glin Leu Pro Pro Ser Asp Ala Val Cys Glu Glu Tyr Gly 
245 250 255 

Leu Ser Thr Ser Gly Arg His Lys Thr Phe Ser Thr Phe Arg Ala Ser 
260 265 27 O 

Phe His Ser Ala Arg Thr Ala Pro Gly Gly Val Glin Gln Thr Gly Ser 
275 280 285 

Phe Ser Ser Ser Ile Arg Gly Pro Val Thr Glin Glin Arg Ser Leu Ser 
29 O 295 3OO 

Leu Ser Met Arg Phe Tyr His Met Tyr Asn Arg His Glin Tyr Pro Phe 
305 310 315 320 

Val Val Leu Asn Val Ser Val Asp Ser Glu Cys Val Asp Ile Asin Val 
325 330 335 

Thr Pro Asp Lys Arg Glin Ile Leu Lieu Glin Glu Glu Lys Lieu Lleu Lieu 
340 345 35 O 

Ala Val Lieu Lys Thr Ser Lieu. Ile Gly Met Phe Asp Ser Asp Ala Asn 
355 360 365 

Lys Lieu. Asn Val Asn Glin Glin Pro Leu Lieu. Asp Val Glu Gly Asn Lieu 
370 375 38O 

Wall Lys Lieu. His Thr Ala Glu Lieu Glu Lys Pro Val Pro Gly Lys Glin 
385 390 395 400 

Asp Asn. Ser Pro Ser Lieu Lys Ser Thr Ala Asp Glu Lys Arg Val Ala 
405 410 415 

Ser Ile Ser Arg Lieu Arg Glu Ala Phe Ser Lieu. His Pro Thir Lys Glu 
420 425 43 O 

Ile Lys Ser Arg Gly Pro Glu Thr Ala Glu Leu Thr Arg Ser Phe Pro 
435 4 40 4 45 

Ser Glu Lys Arg Gly Val Leu Ser Ser Tyr Pro Ser Asp Val Ile Ser 
450 455 460 

Tyr Arg Gly Lieu Arg Gly Ser Glin Asp Llys Lieu Val Ser Pro Thr Asp 
465 470 475 480 

Ser Pro Gly Asp Cys Met Asp Arg Glu Lys Ile Glu Lys Asp Ser Gly 
485 490 495 

Leu Ser Ser Thr Ser Ala Gly Ser Glu Glu Glu Phe Ser Thr Pro Glu 
5 OO 505 51O. 

Val Ala Ser Ser Phe Ser Ser Asp Tyr Asn Val Ser Ser Leu Glu Asp 
515 52O 525 

Arg Pro Ser Glin Glu Thir Ile Asn. Cys Gly Asp Lieu. Asp Cys Arg Pro 
530 535 540 

Pro Gly Thr Gly Glin Ser Lieu Lys Pro Glu Asp His Gly Tyr Glin Cys 
545 550 555 560 
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Lys Ala Lieu Pro Leu Ala Arg Lieu Ser Pro Thr Asn Ala Lys Arg Phe 
565 570 575 

Lys Thr Glu Glu Arg Pro Ser Asn. Wall Asn. Ile Ser Glin Arg Lieu Pro 
58O 585 59 O 

Gly Pro Glin Ser Thr Ser Ala Ala Glu Val Asp Val Ala Ile Lys Met 
595 600 605 

Asn Lys Arg Ile Val Lieu Lleu Glu Phe Ser Lieu Ser Ser Lieu Ala Lys 
610 615 62O 

Arg Met Lys Glin Leu Gln His Lieu Lys Ala Glin Asn Lys His Glu Lieu 
625 630 635 640 

Ser Tyr Arg Lys Phe Arg Ala Lys Ile Cys Pro Gly Glu Asn. Glin Ala 
645 650 655 

Ala Glu Asp Glu Lieu Arg Lys Glu Ile Ser Lys Ser Met Phe Ala Glu 
660 665 67 O 

Met Glu Ile Leu Gly Glin Phe Asn Leu Gly Phe Ile Val Thr Lys Leu 
675 680 685 

Lys Glu Asp Leu Phe Lieu Val Asp Gln His Ala Ala Asp Glu Lys Tyr 
69 O. 695 7 OO 

Asn Phe Glu Met Leu Glin Glin His Thr Val Lieu Glin Ala Glin Arg Lieu 
705 710 715 720 

Ile Thr Pro Glin Thr Lieu. Asn Lieu. Thir Ala Wall Asn. Glu Ala Wall Leu 
725 730 735 

Ile Glu Asn Lieu Glu Ile Phe Arg Lys Asn Gly Phe Asp Phe Val Ile 
740 745 750 

Asp Glu Asp Ala Pro Val Thr Glu Arg Ala Lys Lieu. Ile Ser Lieu Pro 
755 760 765 

Thir Ser Lys Asn Trp Thr Phe Gly Pro Glin Asp Ile Asp Glu Lieu. Ile 
770 775 78O 

Phe Met Leu Ser Asp Ser Pro Gly Val Met Cys Arg Pro Ser Arg Val 
785 790 795 8OO 

Arg Gln Met Phe Ala Ser Arg Ala Cys Arg Lys Ser Wal Met Ile Gly 
805 810 815 

Thr Ala Lieu. Asn Ala Ser Glu Met Lys Lys Lieu. Ile Thr His Met Gly 
820 825 83O 

Glu Met Asp His Pro Trp Asn Cys Pro His Gly Arg Pro Thr Met Arg 
835 840 845 

His Val Ala Asn Lieu. Asp Wal Ile Ser Glin Asn 
85 O 855 

<210> SEQ ID NO 10 
&2 11s LENGTH 305 6 
&212> TYPE DNA 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 10 

gaattic.cggit galaggtoctog aagaattitcc agatticcitga gitatcattgg aggagacaga 60 

taac citgtcg to aggtaacg atggtgtata togcaa.ca.gaa atgggtgttc. citggaga.cgc 120 

gtotttitc.cc gagagcggca cogcaactict cocgcggtga citgttgacitgg aggagtc.ctg 18O 

catc catgga gcaaac cqaa gocgtgagta Cagaatgtgc taaggccatc aagcc tattg 240 

atgggaag to agticcatcaa atttgttctg. g.gcaggtgat acticagttta agc accgctg 3OO 
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gagt cagaca gatgtttgct tccagagcct gtcggaagttc agtgatgatt goaacgg.cgc 264 O 

totaatgcgag cqagatgaag aagct catca cccacatggg tagatggac caccoct gga 27 OO 

actgcc ccca C gg caggcca accatgaggc acgttgccaa totggatgtc atctotcaga 276 O. 

actgacacac cccittgtagc atagagttta ttacagattg titcggtttgc aaagaga agg 282O 

ttittaagtaa totgattatc gttgtacaaa aattagcatg citgctittaat gtactggatc 2880 

catttaaaag cagtgttaag goagg catga tiggagtgttc. citctagotca gct acttggg 2.940 

tgatcc.ggtg ggagct catg tdagcc.cagg actittgagac cactc.cgagc cacattcatg 3OOO 

agacitcaatt caaggacaaa aaaaaaaaga tatttittgaa gocttittaaa aaaaaa 3056 

<210> SEQ ID NO 11 
&2 11s LENGTH 862 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 11 

Met Glu Arg Ala Glu Ser Ser Ser Thr Glu Pro Ala Lys Ala Ile Lys 
1 5 10 15 

Pro Ile Asp Arg Lys Ser Val His Glin Ile Cys Ser Gly Glin Val Val 
2O 25 30 

Leu Ser Lieu Ser Thr Ala Wall Lys Glu Lieu Val Glu Asn. Ser Lieu. Asp 
35 40 45 

Ala Gly Ala Thr Asn. Ile Asp Leu Lys Lieu Lys Asp Tyr Gly Val Asp 
50 55 60 

Lieu. Ile Glu Val Ser Asp Asin Gly Cys Gly Val Glu Glu Glu Asn. Phe 
65 70 75 8O 

Glu Gly Lieu. Thir Lieu Lys His His Thr Ser Lys Ile Glin Glu Phe Ala 
85 90 95 

Asp Leu Thr Glin Val Glu Thir Phe Gly Phe Arg Gly Glu Ala Leu Ser 
100 105 110 

Ser Leu Cys Ala Leu Ser Asp Val Thr Ile Ser Thr Cys His Ala Ser 
115 120 125 

Ala Lys Val Gly Thr Arg Lieu Met Phe Asp His Asn Gly Lys Ile Ile 
130 135 1 4 0 

Gln Lys Thr Pro Tyr Pro Arg Pro Arg Gly. Thir Thr Val Ser Val Glin 
145 15 O 155 160 

Gln Leu Phe Ser Thr Leu Pro Val Arg His Lys Glu Phe Glin Arg Asn 
1.65 170 175 

Ile Lys Lys Glu Tyr Ala Lys Met Val Glin Val Lieu. His Ala Tyr Cys 
18O 185 19 O 

Ile Ile Ser Ala Gly Ile Arg Val Ser Cys Thr Asn. Glin Leu Gly Glin 
195 200 2O5 

Gly Lys Arg Gln Pro Val Val Cys Thr Gly Gly Ser Pro Ser Ile Lys 
210 215 220 

Glu Asn. Ile Gly Ser Val Phe Gly Glin Lys Glin Leu Glin Ser Lieu. Ile 
225 230 235 240 

Pro Phe Val Glin Leu Pro Pro Ser Asp Ser Val Cys Glu Glu Tyr Gly 
245 250 255 

Leu Ser Cys Ser Asp Ala Lieu. His Asn Lieu Phe Tyr Ile Ser Gly Phe 
260 265 27 O 

Ile Ser Glin Cys Thr His Gly Val Gly Arg Ser Ser Thr Asp Arg Glin 



US 2005/0232919 A1 Oct. 20, 2005 
31 

-continued 

275 280 285 

Phe Phe Phe Ile Asn Arg Arg Pro Cys Asp Pro Ala Lys Val Cys Arg 
29 O 295 3OO 

Leu Val Asin Glu Val Tyr His Met Tyr Asn Arg His Glin Tyr Pro Phe 
305 310 315 320 

Val Val Lieu. Asn. Ile Ser Val Asp Ser Glu Cys Val Asp Ile Asn Val 
325 330 335 

Thr Pro Asp Lys Arg Glin Ile Leu Lieu Glin Glu Glu Lys Lieu Lleu Lieu 
340 345 35 O 

Ala Val Lieu Lys Thr Ser Lieu. Ile Gly Met Phe Asp Ser Asp Wall Asn 
355 360 365 

Lys Lieu. Asn Val Ser Glin Glin Pro Leu Lieu. Asp Val Glu Gly Asn Lieu 
370 375 38O 

Ile Lys Met His Ala Ala Asp Leu Glu Lys Pro Met Val Glu Lys Glin 
385 390 395 400 

Asp Glin Ser Pro Ser Lieu Arg Thr Gly Glu Glu Lys Lys Asp Wal Ser 
405 410 415 

Ile Ser Arg Lieu Arg Glu Ala Phe Ser Lieu Arg His Thr Thr Glu Asn 
420 425 43 O 

Lys Pro His Ser Pro Lys Thr Pro Glu Pro Arg Arg Ser Pro Leu Gly 
435 4 40 4 45 

Gln Lys Arg Gly Met Leu Ser Ser Ser Thr Ser Gly Ala Ile Ser Asp 
450 455 460 

Lys Gly Val Lieu Arg Pro Gln Lys Glu Ala Val Ser Ser Ser His Gly 
465 470 475 480 

Pro Ser Asp Pro Thr Asp Arg Ala Glu Val Glu Lys Asp Ser Gly. His 
485 490 495 

Gly Ser Thr Ser Val Asp Ser Glu Gly Phe Ser Ile Pro Asp Thr Gly 
5 OO 505 51O. 

Ser His Cys Ser Ser Glu Tyr Ala Ala Ser Ser Pro Gly Asp Arg Gly 
515 52O 525 

Ser Glin Glu His Val Asp Ser Glin Glu Lys Ala Pro Glu Thir Asp Asp 
530 535 540 

Ser Phe Ser Asp Val Asp Cys His Ser Asn Glin Glu Asp Thr Gly Cys 
545 550 555 560 

Lys Phe Arg Val Leu Pro Gln Pro Thr Asn Leu Ala Thr Pro Asn Thr 
565 570 575 

Lys Arg Phe Lys Lys Glu Glu Ile Leu Ser Ser Ser Asp Ile Cys Glin 
58O 585 59 O 

Lys Lieu Val Asn. Thr Glin Asp Met Ser Ala Ser Glin Val Asp Wall Ala 
595 600 605 

Val Lys Ile Asn Lys Lys Val Val Pro Leu Asp Phe Ser Met Ser Ser 
610 615 62O 

Leu Ala Lys Arg Ile Lys Glin Lieu. His His Glu Ala Glin Glin Ser Glu 
625 630 635 640 

Gly Glu Glin Asn Tyr Arg Lys Phe Arg Ala Lys Ile Cys Pro Gly Glu 
645 650 655 

Asn Glin Ala Ala Glu Asp Glu Lieu Arg Lys Glu Ile Ser Lys Thr Met 
660 665 67 O 

Phe Ala Glu Met Glu Ile Ile Gly Glin Phe Asn Leu Gly Phe Ile Ile 
675 680 685 
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Thr Lys Lieu. Asn. Glu Asp Ile Phe Ile Val Asp Gln His Ala Thr Asp 
69 O. 695 7 OO 

Glu Lys Tyr Asn Phe Glu Met Leu Gln Gln His Thr Val Leu Glin Gly 
705 710 715 720 

Glin Arg Lieu. Ile Ala Pro Glin Thr Lieu. Asn Lieu. Thr Ala Val Asn. Glu 
725 730 735 

Ala Val Lieu. Ile Glu Asn Lieu Glu Ile Phe Arg Lys Asn Gly Phe Asp 
740 745 750 

Phe Val Ile Asp Glu Asn Ala Pro Val Thr Glu Arg Ala Lys Lieu. Ile 
755 760 765 

Ser Leu Pro Thr Ser Lys Asn Trp Thr Phe Gly Pro Gln Asp Val Asp 
770 775 78O 

Glu Leu Ile Phe Met Leu Ser Asp Ser Pro Gly Val Met Cys Arg Pro 
785 790 795 8OO 

Ser Arg Val Lys Glin Met Phe Ala Ser Arg Ala Cys Arg Lys Ser Val 
805 810 815 

Met Ile Gly. Thr Ala Leu Asn Thr Ser Glu Met Lys Lys Leu Ile Thr 
820 825 83O 

His Met Gly Glu Met Asp His Pro Trp Asn Cys Pro His Gly Arg Pro 
835 840 845 

Thr Met Arg His Ile Ala Asn Lieu Gly Val Ile Ser Glin Asn 
85 O 855 860 

<210> SEQ ID NO 12 
&2 11s LENGTH 27.71 
&212> TYPE DNA 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 12 

c gaggcggat cqggtgttgc atc catggag cqagctdaga gctic gagtac agaacct gct 60 

aaggccatca aacctattga toggaagttca gtc catcaga tittgctotgg gcaggtggta 120 

citgagtictaa goactg.cggit aaaggagitta gtagaaaa.ca gtctggatgc tiggtgcc act 18O 

aatattgatc taaagcttaa goactatoga gtggatctta ttgaagtttc agacaatgga 240 

tgtggggtag aagaagaaaa citt.cgaaggc tita actotga aac at cacac atctaagatt 3OO 

caag agtttg cc gacctaac to aggttgaa acttittggct titcgggggga agctotgagc 360 

to actttgttg cactgagciga tigtcaccatt totacct gcc acgcatcggc galaggttgga 420 

actcgact ga t gtttgatca caatgggaaa attatccaga aaa.ccc.ccta coccc.gc.ccc 480 

agagggiacca cagtcagogt gcago agitta tttitccacac tacct gtgc g c catalaggaa 540 

tittcaaagga at attaagaa gagtatgcc aaaatggtoc aggtottaca to catactgt 600 

atcatttcag caggcatc.cg totaagttgc accalatcago ttggacaagg aaaacgacag 660 

cctgtggitat gcacaggtgg aag coccago ataaaggaaa atato ggctic totgtttggg 720 

cagaag cagt togcaaag.cct cattccttitt gttcagotgc ccc.ctagtga citc.cgtgttgt 78O 

gaagagtacg gtttgagctg. titcggatgct citgcataatc tttitttacat citcaggtttc 840 

attt cacaat gcacgcatgg agttggaagg agttcaa.cag acagacagtt tttctittatc 9 OO 

aaccgg.cggc cittgttgacco agcaaagg to tdcagacitcg togaatgaggit citaccacatg 96.O 

tataatcgac accagtatcc atttgttgtt cittaacattt citgttgattc agaatgcgtt 1020 
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gatato aatg ttacitccaga taaaaggcaa attittgctac aagaggaaaa gottttgttg O8O 

gcagttittaa agacct ctitt gataggaatg tittgatagtg atgtcaacaa gottaaatgtc. 14 O 

agtcagoagc cactgctgga tigttgaaggit aacttaataa aaatgcatgc agcggatttg 200 

gaaaag.ccca togtagaaaa goaggatcaa toccott cat taagg actogg agaagaaaaa 260 

aaagacgtgt coattitccag actg.cgagag gocttittcto titcgtcacac alacagagaac 320 

aagcct caca gcc caaagac toccagaacca agaaggagcc citctaggaca gaaaaggggit 38O 

atgctgtc.tt citagcactitc aggtgccatc. tctgacaaag gogtoctag accitcagaaa 4 40 

gagg cagtga gttcCagtica C ggaccCagt gaccCtacgg acagagcgga ggtggagaag 5 OO 

gacitcggggc acggcago ac titc.cgtggat totgaggggit to agcatcc c agacacgggc 560 

agtcactgca gcagogagta toc ggccago tocccagggg acaggggctic goaggaacat 62O 

gtgg actotc aggagaaagc gcctdaaact gacgacticitt titt cagatgt ggactgc cat 680 

totaalaccagg aagataccgg atgtaaattt cqagttittgc citcagocaac taatctogca 740 

acco caaaca caaag.cgttt taaaaaagaa gaa attctitt coagttctga catttgttcaa 800 

aagttagtaa atacticagga catgtcagcc totcaggttg atgtagctgt gaaaattaat 860 

aagaaagttg togc.ccctgga cittittctato agttctittag citaaacgaat aaag.cagtta 920 

catcatgaag cacago: aaag tdaaggggaa cagaattaca ggaagtttag ggcaaagatt 98O 

tgtcCtggag aaaatcaagc agc.cgaagat gaactaagaa aagagataag taaaacgatg 20 40 

tittgcagaaa toggaaatcat togg to agttt aacctgggat ttataataac caaactgaat 2100 

gaggatatot toatagtgga ccago atgcc acggacgaga agtataact t c gagatgctg 216 O 

cagoag caca cc.gtgctcca ggggcagagg citcatagdac citcagacitct caactta act 2220 

gctgttaatg aagctgttct gatagaaaat citggaaatat ttagaaagaa togctittgat 228O 

tttgttatcg atgaaaatgc ticcagtcact gaaagggcta aactgatttic cittgccaact 234. O 

agtaaaaact g gacctitcgg acco caggac gtc gatgaac to atcttcat gctgagcgac 24 OO 

agcc citgggg to atgtgc.cg goctt.ccc.ga gtcaa.gcaga tigtttgcctic cagagcc to c 2460 

cggaagttcgg tatgattgg gactgctott alacacaag.cg agatgaagaa act gatcacc 252O 

cacatggggg agatggacca coccitggaac totcc ccato gaaggccaac catgaga cac 258O 

atc.gc.calacc tdggtgtcat ttcto agaac to accgtagt cactgtatgg aataattggit 264 O 

tittatc.gcag atttittatgt tittgaaag acagagtctitca citaaccttitt ttgttittaaa 27 OO 

atgaaacctg. citacittaaaa aaaatacaca toacacccat ttaaaagtga tottgagaac 276 O. 

cittittcaaac c 2771 

<210> SEQ ID NO 13 
&2 11s LENGTH 932 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 13 

Met Lys Glin Leu Pro Ala Ala Thr Val Arg Lieu Lleu Ser Ser Ser Glin 
1 5 10 15 

Ile Ile Thr Ser Val Val Ser Val Val Lys Glu Lieu. Ile Glu Asn Ser 
2O 25 30 

Leu Asp Ala Gly Ala Thr Ser Val Asp Wall Lys Lieu Glu Asn Tyr Gly 
35 40 45 
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Phe Asp Lys Ile Glu Val Arg Asp Asn Gly Glu Gly Ile Lys Ala Wal 
50 55 60 

Asp Ala Pro Val Met Ala Met Lys Tyr Tyr Thr Ser Lys Ile Asin Ser 
65 70 75 8O 

His Glu Asp Leu Glu Asn Lieu. Thir Thr Tyr Gly Phe Arg Gly Glu Ala 
85 90 95 

Leu Gly Ser Ile Cys Cys Ile Ala Glu Val Leu Ile Thr Thr Arg Thr 
100 105 110 

Ala Ala Asp Asn. Phe Ser Thr Glin Tyr Val Lieu. Asp Gly Ser Gly His 
115 120 125 

Ile Leu Ser Gln Lys Pro Ser His Leu Gly Glin Gly Thr Thr Val Thr 
130 135 1 4 0 

Ala Lieu Arg Lieu Phe Lys Asn Lieu Pro Val Arg Lys Glin Phe Tyr Ser 
145 15 O 155 160 

Thr Ala Lys Lys Cys Lys Asp Glu Ile Lys Lys Ile Glin Asp Leu Lieu 
1.65 170 175 

Met Ser Phe Gly Ile Leu Lys Pro Asp Leu Arg Ile Val Phe Val His 
18O 185 19 O 

Asn Lys Ala Val Ile Trp Glin Lys Ser Arg Val Ser Asp His Lys Met 
195 200 2O5 

Ala Leu Met Ser Val Leu Gly. Thr Ala Val Met Asn Asn Met Glu Ser 
210 215 220 

Phe Glin Tyr His Ser Glu Glu Ser Glin Ile Tyr Leu Ser Gly Phe Leu 
225 230 235 240 

Pro Lys Cys Asp Ala Asp His Ser Phe Thr Ser Leu Ser Thr Pro Glu 
245 250 255 

Arg Ser Phe Ile Phe Ile Asn. Ser Arg Pro Wal His Gln Lys Asp Ile 
260 265 27 O 

Leu Lys Lieu. Ile Arg His His Tyr Asn Lieu Lys Cys Lieu Lys Glu Ser 
275 280 285 

Thr Arg Leu Tyr Pro Val Phe Phe Leu Lys Ile Asp Val Pro Thr Ala 
29 O 295 3OO 

Asp Wall Asp Val Asn Lieu. Thr Pro Asp Llys Ser Glin Val Lieu Lieu Glin 
305 310 315 320 

Asn Lys Glu Ser Val Lieu. Ile Ala Lieu Glu Asn Lieu Met Thir Thr Cys 
325 330 335 

Tyr Gly Pro Leu Pro Ser Thr Asn Ser Tyr Glu Asn Asn Lys Thr Asp 
340 345 35 O 

Val Ser Ala Ala Asp Ile Val Lieu Ser Lys Thr Ala Glu Thir Asp Val 
355 360 365 

Leu Phe Asn Lys Val Glu Ser Ser Gly Lys Asn Tyr Ser Asn. Wall Asp 
370 375 38O 

Thr Ser Val Ile Pro Phe Glin Asn Asp Met His Asn Asp Glu Ser Gly 
385 390 395 400 

Lys Asn. Thir Asp Asp Cys Lieu. Asn His Glin Ile Ser Ile Gly Asp Phe 
405 410 415 

Gly Tyr Gly His Cys Ser Ser Glu Ile Ser Asn. Ile Asp Lys Asn Thr 
420 425 43 O 

Lys Asn Ala Phe Glin Asp Ile Ser Met Ser Asn. Wal Ser Trp Glu Asn 
435 4 40 4 45 
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Ser Glin Thr Glu Tyr Ser Lys Thr Cys Phe Ile Ser Ser Val Lys His 
450 455 460 

Thr Glin Ser Glu Asn Gly Asn Lys Asp His Ile Asp Glu Ser Gly Glu 
465 470 475 480 

Asn Glu Glu Glu Ala Gly Lieu Glu Asn. Ser Ser Glu Ile Ser Ala Asp 
485 490 495 

Glu Trp Ser Arg Gly Asn. Ile Leu Lys Asn. Ser Val Gly Glu Asn. Ile 
5 OO 505 51O. 

Glu Pro Wall Lys Ile Leu Val Pro Glu Lys Ser Leu Pro Cys Llys Val 
515 52O 525 

Ser Asn. Asn. Asn Tyr Pro Ile Pro Glu Gln Met Asn Lieu. Asn. Glu Asp 
530 535 540 

Ser Cys Asn Lys Lys Ser Asn Val Ile Asp Asn Lys Ser Gly Lys Val 
545 550 555 560 

Thr Ala Tyr Asp Leu Lleu Ser Asn Arg Val Ile Lys Lys Pro Met Ser 
565 570 575 

Ala Ser Ala Lieu Phe Val Glin Asp His Arg Pro Glin Phe Lieu. Ile Glu 
58O 585 59 O 

Asn Pro Lys Thr Ser Lieu Glu Asp Ala Thr Lieu Glin Ile Glu Glu Lieu 
595 600 605 

Trp Llys Thr Lieu Ser Glu Glu Glu Lys Lieu Lys Tyr Glu Glu Lys Ala 
610 615 62O 

Thr Lys Asp Leu Glu Arg Tyr Asn. Ser Gln Met Lys Arg Ala Ile Glu 
625 630 635 640 

Glin Glu Ser Glin Met Ser Lieu Lys Asp Gly Arg Lys Lys Ile Llys Pro 
645 650 655 

Thir Ser Ala Trp Asn Lieu Ala Glin Lys His Lys Lieu Lys Thr Ser Lieu 
660 665 67 O 

Ser Asn Glin Pro Lys Lieu. Asp Glu Lieu Lieu Glin Ser Glin Ile Glu Lys 
675 680 685 

Arg Arg Ser Glin Asn Ile Lys Met Val Glin Ile Pro Phe Ser Met Lys 
69 O. 695 7 OO 

Asn Lieu Lys Ile Asn. Phe Lys Lys Glin Asn Lys Val Asp Leu Glu Glu 
705 710 715 720 

Lys Asp Glu Pro Cys Lieu. Ile His Asn Lieu Arg Phe Pro Asp Ala Trp 
725 730 735 

Leu Met Thr Ser Lys Thr Glu Val Met Leu Leu Asn Pro Tyr Arg Val 
740 745 750 

Glu Glu Ala Lieu Lleu Phe Lys Arg Lieu Lieu Glu Asn His Lys Lieu Pro 
755 760 765 

Ala Glu Pro Leu Glu Lys Pro Ile Met Leu Thr Glu Ser Leu Phe Asn 
770 775 78O 

Gly Ser His Tyr Lieu. Asp Wall Leu Tyr Lys Met Thr Ala Asp Asp Glin 
785 790 795 8OO 

Arg Tyr Ser Gly Ser Thr Tyr Lieu Ser Asp Pro Arg Lieu. Thir Ala Asn 
805 810 815 

Gly Phe Lys Ile Lys Leu Ile Pro Gly Val Ser Ile Thr Glu Asn Tyr 
820 825 83O 

Leu Glu Ile Glu Gly Met Ala Asn. Cys Lieu Pro Phe Tyr Gly Val Ala 
835 840 845 

Asp Leu Lys Glu Ile Lieu. Asn Ala Ile Lieu. Asn Arg Asn Ala Lys Glu 
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85 O 855 860 

Val Tyr Glu Cys Arg Pro Arg Lys Val Ile Ser Tyr Lieu Glu Gly Glu 
865 870 875 88O 

Ala Val Arg Lieu Ser Arg Glin Leu Pro Met Tyr Lieu Ser Lys Glu Asp 
885 890 895 

Ile Glin Asp Ile Ile Tyr Arg Met Lys His Glin Phe Gly Asn. Glu Ile 
9 OO 905 910 

Lys Glu Cys Val His Gly Arg Pro Phe Phe His His Leu Thr Tyr Leu 
915 920 925 

Pro Gu Thir Thr 
930 

<210> SEQ ID NO 14 
&2 11s LENGTH 3063 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 14 

ggcacgagtg gctgcttgcg gottagtggat ggtaattgcc toccitc.gc.gc tag cago aag 60 

citgctotgtt aaaag.cgaaa atgaaacaat tdoctogc ggc aac agttcga citcctttcaa 120 

gttctoragat catcactitcg gtggtoagtg ttgtaaaaga gottattgaa aactccttgg 18O 

atgctggtgc cacaag.cgta gatgttaaac to gagaacta toggatttgat aaaattgagg 240 

tgc.gagataa cqgggagggit atcaaggctg ttgatgcacc tigtaatggca atgaagtact 3OO 

acaccitcaaa aataaatagt catgaagatc ttgaaaattt gacaacttac ggitttitcgtg 360 

gaga agccitt goggtoaatt tottgtatag citgaggittitt aattacaiaca agaacggctg 420 

citgata attt tag cacccag tatgttittag atggcagtgg ccacatactt totcagaaac 480 

cittcacatct togtoaaggt acaactgtaa citgctittaag attatttaag aatctacctg 540 

taagaaag.ca gttt tactica actgcaaaaa aatgtaaaga tigaaataaaa aagatccaag 600 

atctoctoat gagctttggit atccittaaac citgacittaag gattgttctitt gtacataaca 660 

aggcagttat ttggcagaaa agcagagtat cagat cacaa gatggct citc atgtcagttc 720 

tggggactgc tigittatgaac aatatggaat cotttcagta ccactctgaa gaatctoaga 78O 

tittatctoag toggatttctt coaaagttgttg atgcagacca citctttcact agtctittcaa 840 

caccagaaag aagttt catc titcataaa.ca gtc gaccagt acatcaaaaa gatat cittaa 9 OO 

agittaatc.cg a catcattac aatctgaaat gcc taaagga atctact.cgt ttgttatcctg 96.O 

ttittctittct gaaaatcg at gttcctacag citgatgttga tigtaaattta acaccagata O20 

aaag.ccaagt attattacaa aataaggaat citgttittaat togctott gala aatctgatga O8O 

cgacittgtta toggaccatta cottagtacaa attctitatga aaataataaa acagatgttt 14 O 

cc.gcagotga catcgttctt agtaaaacag cagaaacaga tigtgctttitt aataaagtgg 200 

aatcatctgg aaagaattat toaaatgttg atactitcagt cattc cattc caaaatgata 260 

tgcataatga t gaatctgga aaaaacactg atgattgttt aaatcaccag ataagtattg 320 

gtgactittgg titatgg to at totagtag tog aaatttctaa cattgataaa alacactalaga 38O 

atgcatttca ggacatttca atgagtaatg tat catggga gaact citcag acggaatata 4 40 

gtaaaacttg ttittataagt toc gttaa.gc acacccagto agaaaatggc aataaag acc 5 OO 

atatagatga gagtggggaa aatgaggaag aag caggtot togaaaactct tcggaaattit 560 
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citgcagatga gtggag cagg ggaaatatac ttaaaaattic agtgg gagag aatattgaac 1620 

citgttgaaaat tittagt gcct gaaaaaagtt taccatotaa agtaagtaat aataattatc 1680 

caatcc ct ga acaaatgaat cittaatgaag attcatotaa caaaaaatca aatgtaatag 1740 

ataataaatc toggaaaagtt acagottatg atttacittag caatcgagta atcaagaaac 1800 

ccatgtcago aagtgctcitt tttgttcaag atcatcgtoc toagtttcto atagaaaatc 1860 

citaagacitag tittagaggat gcaa.cactac aaattgaaga actgtggaag acattgagtg 1920 

aagaggaaaa actgaaatat galagagaagg citactaaaga cittggaacga tacaatagtic 1980 

aaatgaagag agc cattgaa caggagtcac aaatgtcact aaaagatggc agaaaaaaga 20 40 

taaaac coac cagogcatgg aatttggc.cc agaag cacaa gttaaaaacc to attatcta 2100 

atcaiaccalaa acttgatgaa citcct tcagt cocaaattga aaaaagaagg agtcaaaata 216 O 

ttaaaatggit acagat.cccc tttitctatoa aaaacttaaa aataaattitt aagaaacaaa 2220 

acaaagttga cittagaagag aag gatgaac cittgcttgat coacaatcto aggtttcctg 228O 

atgcatggct aatgacatcc aaaacagagg taatgttatt aaatccatat agagtagaag 234. O 

aag.ccctgct atttaaaaga cittcttgaga atcataaact tcc to cagag coactggaaa 24 OO 

agccaattat gttaacagag agtctttitta atggatctoa ttatttagac gttittatata 2460 

aaatgacago agatgaccaa agatacagtg gatcaactta cct gtctgat cotcgtotta 252O 

cago gaatgg tittcaagata aaattgatac Caggagtttcaattact gala aattacittgg 258O 

aaatagaagg aatggctaat tdt citcc.cat totatggagt agcagattta aaagaaattic 264 O 

ttaatgctat attaaacaga aatgcaaagg aagtttatga atgtag acct c gcaaagtga 27 OO 

taagttattt agagggagaa goagtgcg to tatccagaca attacccatg tacttatcaa 276 O. 

aagaggacat coaaga catt atctacagaa taag cacca gtttggaaat galaattaaag 282O 

agtgttgttca taggtogcc.ca tttitttcatc atttaaccta tottccagaa actacatgat 2880 

taaatatgtt taagaagatt agttaccatt galaattggitt citgtcataaa acago at gag 2.940 

totggittitta aattatctitt gtattatgtg tdacatggitt attttittaaa tdaggattoa 3OOO 

citgacittgtt tittatattga aaaaagttcc acgtattgta gaaaacgtaa ataaactaat 3060 

aac 3063 

<210 SEQ ID NO 15 
&2 11s LENGTH 934 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 15 

Met Ala Val Glin Pro Lys Glu Thir Lieu Glin Leu Glu Ser Ala Ala Glu 
1 5 10 15 

Val Gly Phe Val Arg Phe Phe Glin Gly Met Pro Glu Lys Pro Thr Thr 
2O 25 30 

Thr Val Arg Leu Phe Asp Arg Gly Asp Phe Tyr Thr Ala His Gly Glu 
35 40 45 

Asp Ala Lieu Lieu Ala Ala Arg Glu Val Phe Lys Thr Glin Gly Val Ile 
50 55 60 

Lys Tyr Met Gly Pro Ala Gly Ala Lys Asn Lieu Glin Ser Val Val Lieu 
65 70 75 8O 
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Ser Lys Met Asn. Phe Glu Ser Phe Wall Lys Asp Leu Lleu Lieu Val Arg 
85 90 95 

Glin Tyr Arg Val Glu Val Tyr Lys Asn Arg Ala Gly Asn Lys Ala Ser 
100 105 110 

Lys Glu Asn Asp Trp Tyr Lieu Ala Tyr Lys Ala Ser Pro Gly Asn Lieu 
115 120 125 

Ser Glin Phe Glu Asp Ile Lieu Phe Gly Asn. Asn Asp Met Ser Ala Ser 
130 135 1 4 0 

Ile Gly Val Val Gly Val Lys Met Ser Ala Wall Asp Gly Glin Arg Glin 
145 15 O 155 160 

Val Gly Val Gly Tyr Val Asp Ser Ile Glin Arg Lys Lieu Gly Lieu. Cys 
1.65 170 175 

Glu Phe Pro Asp Asn Asp Glin Phe Ser Asn Lieu Glu Ala Lieu Lieu. Ile 
18O 185 19 O 

Glin Ile Gly Pro Lys Glu Cys Val Lieu Pro Gly Gly Glu Thir Ala Gly 
195 200 2O5 

Asp Met Gly Lys Lieu Arg Glin Ile Ile Glin Arg Gly Gly Ile Lieu. Ile 
210 215 220 

Thr Glu Arg Lys Lys Ala Asp Phe Ser Thr Lys Asp Ile Tyr Glin Asp 
225 230 235 240 

Lieu. Asn Arg Lieu Lleu Lys Gly Lys Lys Gly Glu Gln Met Asn. Ser Ala 
245 250 255 

Wall Leu Pro Glu Met Glu Asn Glin Wall Ala Wal Ser Ser Leu Ser Ala 
260 265 27 O 

Val Ile Llys Phe Leu Glu Lieu Lleu Ser Asp Asp Ser Asn. Phe Gly Glin 
275 280 285 

Phe Glu Leu Thir Thr Phe Asp Phe Ser Glin Tyr Met Lys Leu Asp Ile 
29 O 295 3OO 

Ala Ala Val Arg Ala Lieu. Asn Lieu Phe Glin Gly Ser Val Glu Asp Thr 
305 310 315 320 

Thr Gly Ser Glin Ser Lieu Ala Ala Lieu Lieu. Asn Lys Cys Lys Thr Pro 
325 330 335 

Glin Gly Glin Arg Lieu Val Asn Glin Trp Ile Lys Glin Pro Leu Met Asp 
340 345 35 O 

Lys Asn Arg Ile Glu Glu Arg Lieu. Asn Lieu Val Glu Ala Phe Val Glu 
355 360 365 

Asp Ala Glu Lieu Arg Glin Thr Lieu Glin Glu Asp Leu Lleu Arg Arg Phe 
370 375 38O 

Pro Asp Lieu. Asn Arg Lieu Ala Lys Llys Phe Glin Arg Glin Ala Ala Asn 
385 390 395 400 

Leu Glin Asp Cys Tyr Arg Lieu. Tyr Glin Gly Ile Asn Glin Leu Pro Asn 
405 410 415 

Val Ile Glin Ala Leu Glu Lys His Glu Gly Lys His Gln Lys Lieu Lieu 
420 425 43 O 

Leu Ala Val Phe Val Thr Pro Leu Thr Asp Leu Arg Ser Asp Phe Ser 
435 4 40 4 45 

Lys Phe Glin Glu Met Ile Glu Thir Thr Leu Asp Met Asp Glin Val Glu 
450 455 460 

Asn His Glu Phe Leu Val Lys Pro Ser Phe Asp Pro Asn Lieu Ser Glu 
465 470 475 480 

Leu Arg Glu Ile Met Asn Asp Leu Glu Lys Lys Met Glin Ser Thr Lieu 
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485 490 495 

Ile Ser Ala Ala Arg Asp Leu Gly Lieu. Asp Pro Gly Lys Glin Ile Lys 
5 OO 505 51O. 

Leu Asp Ser Ser Ala Glin Phe Gly Tyr Tyr Phe Arg Val Thr Cys Lys 
515 52O 525 

Glu Glu Lys Val Lieu Arg Asn. Asn Lys Asn. Phe Ser Thr Val Asp Ile 
530 535 540 

Glin Lys Asn Gly Val Lys Phe Thr Asn. Ser Lys Lieu. Thir Ser Lieu. Asn 
545 550 555 560 

Glu Glu Tyr Thr Lys Asn Lys Thr Glu Tyr Glu Glu Ala Glin Asp Ala 
565 570 575 

Ile Val Lys Glu Ile Val Asn Ile Ser Ser Gly Tyr Val Glu Pro Met 
58O 585 59 O 

Glin Thr Lieu. Asn Asp Wall Leu Ala Glin Lieu. Asp Ala Val Val Ser Phe 
595 600 605 

Ala His Val Ser Asn Gly Ala Pro Val Pro Tyr Val Arg Pro Ala Ile 
610 615 62O 

Leu Glu Lys Gly Glin Gly Arg Ile Ile Leu Lys Ala Ser Arg His Ala 
625 630 635 640 

Cys Val Glu Val Glin Asp Glu Ile Ala Phe Ile Pro Asn Asp Val Tyr 
645 650 655 

Phe Glu Lys Asp Lys Gln Met Phe His Ile Ile Thr Gly Pro Asn Met 
660 665 67 O 

Gly Gly Lys Ser Thr Tyr Ile Arg Glin Thr Gly Val Ile Val Leu Met 
675 680 685 

Ala Glin Ile Gly Cys Phe Val Pro Cys Glu Ser Ala Glu Val Ser Ile 
69 O. 695 7 OO 

Val Asp Cys Ile Leu Ala Arg Val Gly Ala Gly Asp Ser Glin Lieu Lys 
705 710 715 720 

Gly Val Ser Thr Phe Met Ala Glu Met Leu Glu Thr Ala Ser Ile Leu 
725 730 735 

Arg Ser Ala Thr Lys Asp Ser Lieu. Ile Ile Ile Asp Glu Lieu Gly Arg 
740 745 750 

Gly Thr Ser Thr Tyr Asp Gly Phe Gly Leu Ala Trp Ala Ile Ser Glu 
755 760 765 

Tyr Ile Ala Thr Lys Ile Gly Ala Phe Cys Met Phe Ala Thr His Phe 
770 775 78O 

His Glu Lieu. Thir Ala Lieu Ala Asn Glin Ile Pro Thr Val Asn. Asn Lieu 
785 790 795 8OO 

His Val Thr Ala Leu Thir Thr Glu Glu Thr Leu Thr Met Leu Tyr Glin 
805 810 815 

Wall Lys Lys Gly Val Cys Asp Glin Ser Phe Gly Ile His Val Ala Glu 
820 825 83O 

Leu Ala Asn. Phe Pro Lys His Val Ile Glu Cys Ala Lys Glin Lys Ala 
835 840 845 

Leu Glu Lieu Glu Glu Phe Glin Tyr Ile Gly Glu Ser Glin Gly Tyr Asp 
85 O 855 860 

Ile Met Glu Pro Ala Ala Lys Lys Cys Tyr Lieu Glu Arg Glu Glin Gly 
865 870 875 88O 

Glu Lys Ile Ile Glin Glu Phe Leu Ser Lys Val Lys Gln Met Pro Phe 
885 890 895 
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citttaaatga agagtatacc aaaaataaaa cagaatatga agaagcc cag gatgc cattg 1800 

ttaaagaaat tdtcaatatt tottcaggct atgtagalacc aatgcagaca citcaatgatg 1860 

tgttagctica gctagatgct gttgtcagot ttgct cacgt gtcaaatgga gcaccitgttc 1920 

catatgtacg accago catt ttggagaaag gacaaggaag aattatatta aaa.gcatcca 1980 

ggcatgcttg togttgaagtt Caagatgaaa ttgcatttat toctaatgac gtatactittg 20 40 

aaaaagataa acagatgttc. cacat catta citggc.cccaa tatgg gaggit aaatcaacat 2100 

atattogaca aactggggtg atagtactica togcc caaat tdggtgttitt gtgccatgtg 216 O 

agtcagoaga agtgtc.catt gtggactgca tottagc.ccg agtaggggct ggtgacagtic 2220 

aattgaaagg agt citccacg titcatggctgaaatgttgga aacto cittct atccticaggt 228O 

citgcaaccaa agattcatta ataatcatag atgaattggg aagaggaact tctacctacg 234. O 

atggatttgg gttagcatgg gctatatoag aatacattgc aacaaagatt got gotttitt 24 OO 

gcatgtttgc aacco attitt catgaactta citgccittggc caatcagata coaactgtta 2460 

ataatctaca totcacagoa citcaccactg aagagacctt aactatoctit tat caggtoga 252O 

agaaaggtgt citgtgatcaa agttittggga titcatgttgc agagcttgct aattitcc cta 258O 

agcatgtaat agagtgtgct aaacagaaag ccctggaact to aggagttt cagtatattg 264 O 

gagaatc.gca aggatatgat atcatggaac cagcago: aaa gaagtgctat citggaaagag 27 OO 

agcaaggtga aaaaattatt Caggagttcc togtocaaggt gaaacaaatg CCCtttactg 276 O. 

aaatgtcaga agaaaa.catc acaataaagt taaaa.cagot aaaagctgaa gtaatagdaa 282O 

agaataatag citttgtaaat gaaatcattt cac gaataaa agttacitacg tdaaaaatcc 2880 

cagtaatgga atgaaggtaa tattgataag citattgtctg. taatagttitt atattgttitt 2.940 

atattaacco tttittccata gtgttaactg. tcagtg.ccca taggctatoa acttaataag 3OOO 

atatttagta atatttitact ttgaggacat tittcaaagat ttittattittg aaaaatgaga 3060 

gctgta acto agg actgttt gcaattgaca taggcaataa taagtgatgt gctgaattitt 312 O 

ataaataaaa totatotagtt totgg 31.45 

<210 SEQ ID NO 17 
&2 11s LENGTH 756 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 17 

Met Ser Phe Val Ala Gly Val Ile Arg Arg Leu Asp Glu Thr Val Val 
1 5 10 15 

Asn Arg Ile Ala Ala Gly Glu Val Ile Glin Arg Pro Ala Asn Ala Ile 
2O 25 30 

Lys Glu Met Ile Glu Asn. Cys Lieu. Asp Ala Lys Ser Thr Ser Ile Glin 
35 40 45 

Val Ile Wall Lys Glu Gly Gly Lieu Lys Lieu. Ile Glin Ile Glin Asp Asn 
50 55 60 

Gly Thr Gly Ile Arg Lys Glu Asp Lieu. Asp Ile Val Cys Glu Arg Phe 
65 70 75 8O 

Thir Thr Ser Lys Leu Glin Ser Phe Glu Asp Leu Ala Ser Ile Ser Thr 
85 90 95 

Tyr Gly Phe Arg Gly Glu Ala Lieu Ala Ser Ile Ser His Val Ala His 
100 105 110 
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Val Thr Ile Thr Thr Lys Thr Ala Asp Gly Lys Cys Ala Tyr Arg Ala 
115 120 125 

Ser Tyr Ser Asp Gly Lys Lieu Lys Ala Pro Pro Llys Pro Cys Ala Gly 
130 135 1 4 0 

Asn Glin Gly. Thr Glin Ile Thr Val Glu Asp Leu Phe Tyr Asn Ile Ala 
145 15 O 155 160 

Thr Arg Arg Lys Ala Lieu Lys Asn Pro Ser Glu Glu Tyr Gly Lys Ile 
1.65 170 175 

Leu Glu Val Val Gly Arg Tyr Ser Val His Asn Ala Gly Ile Ser Phe 
18O 185 19 O 

Ser Val Lys Lys Glin Gly Glu Thr Val Ala Asp Val Arg Thr Lieu Pro 
195 200 2O5 

Asn Ala Ser Thr Val Asp Asn. Ile Arg Ser Ile Phe Gly Asn Ala Val 
210 215 220 

Ser Arg Glu Lieu. Ile Glu Ile Gly Cys Glu Asp Lys Thr Lieu Ala Phe 
225 230 235 240 

Lys Met Asn Gly Tyr Ile Ser Asn Ala Asn Tyr Ser Wall Lys Lys Cys 
245 250 255 

Ile Phe Leu Leu Phe Ile Asn His Arg Leu Val Glu Ser Thr Ser Leu 
260 265 27 O 

Arg Lys Ala Ile Glu Thr Val Tyr Ala Ala Tyr Lieu Pro Lys Asn Thr 
275 280 285 

His Pro Phe Leu Tyr Leu Ser Leu Glu Ile Ser Pro Gln Asn Val Asp 
29 O 295 3OO 

Val Asn Val His Pro Thr Lys His Glu Val His Phe Leu. His Glu Glu 
305 310 315 320 

Ser Ile Leu Glu Arg Val Glin Gln His Ile Glu Ser Lys Lieu Lieu Gly 
325 330 335 

Ser Asn Ser Ser Arg Met Tyr Phe Thr Glin Thr Leu Leu Pro Gly Leu 
340 345 35 O 

Ala Gly Pro Ser Gly Glu Met Val Lys Ser Thr Thr Ser Leu Thir Ser 
355 360 365 

Ser Ser Thr Ser Gly Ser Ser Asp Llys Val Tyr Ala His Glin Met Val 
370 375 38O 

Arg Thr Asp Ser Arg Glu Glin Lys Lieu. Asp Ala Phe Leu Glin Pro Leu 
385 390 395 400 

Ser Lys Pro Leu Ser Ser Glin Pro Glin Ala Ile Val Thr Glu Asp Lys 
405 410 415 

Thr Asp Ile Ser Ser Gly Arg Ala Arg Glin Glin Asp Glu Glu Met Lieu 
420 425 43 O 

Glu Lieu Pro Ala Pro Ala Glu Val Ala Ala Lys Asn Glin Ser Lieu Glu 
435 4 40 4 45 

Gly Asp Thr Thr Lys Gly. Thir Ser Glu Met Ser Glu Lys Arg Gly Pro 
450 455 460 

Thir Ser Ser Asn. Pro Arg Lys Arg His Arg Glu Asp Ser Asp Val Glu 
465 470 475 480 

Met Val Glu Asp Asp Ser Arg Lys Glu Met Thr Ala Ala Cys Thr Pro 
485 490 495 

Arg Arg Arg Ile Ile Asn Lieu. Thir Ser Val Lieu Ser Leu Glin Glu Glu 
5 OO 505 51O. 
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Ile Asn. Glu Glin Gly His Glu Val Lieu Arg Glu Met Lieu. His Asn His 
515 52O 525 

Ser Phe Val Gly Cys Val Asn Pro Gln Trp Ala Leu Ala Glin His Glin 
530 535 540 

Thr Lys Lieu. Tyr Lieu Lieu. Asn. Thir Thr Lys Lieu Ser Glu Glu Lieu Phe 
545 550 555 560 

Tyr Glin Ile Lieu. Ile Tyr Asp Phe Ala Asn. Phe Gly Val Lieu Arg Lieu 
565 570 575 

Ser Glu Pro Ala Pro Leu Phe Asp Leu Ala Met Leu Ala Lieu. Asp Ser 
58O 585 59 O 

Pro Glu Ser Gly Trp Thr Glu Glu Asp Gly Pro Lys Glu Gly Lieu Ala 
595 600 605 

Glu Tyr Ile Val Glu Phe Leu Lys Lys Lys Ala Glu Met Leu Ala Asp 
610 615 62O 

Tyr Phe Ser Lieu Glu Ile Asp Glu Glu Gly Asn Lieu. Ile Gly Lieu Pro 
625 630 635 640 

Leu Lieu. Ile Asp Asn Tyr Val Pro Pro Leu Glu Gly Lieu Pro Ile Phe 
645 650 655 

Ile Leu Arg Lieu Ala Thr Glu Val Asn Trp Asp Glu Glu Lys Glu Cys 
660 665 67 O 

Phe Glu Ser Lieu Ser Lys Glu Cys Ala Met Phe Tyr Ser Ile Arg Lys 
675 680 685 

Gln Tyr Ile Ser Glu Glu Ser Thr Leu Ser Gly Glin Gln Ser Glu Val 
69 O. 695 7 OO 

Pro Gly Ser Ile Pro Asn Ser Trp Llys Trp Thr Val Glu His Ile Val 
705 710 715 720 

Tyr Lys Ala Leu Arg Ser His Ile Leu Pro Pro Lys His Phe Thr Glu 
725 730 735 

Asp Gly Asn. Ile Leu Gln Leu Ala Asn Lieu Pro Asp Leu Tyr Lys Val 
740 745 750 

Phe Glu Arg Cys 
755 

<210> SEQ ID NO 18 
<211& LENGTH 2484 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 18 

cittggctott citggcgc.caa aatgtcgttc gtggcagggg ttattoggc g g citggac gag 60 

acagtggtga accgcatcgc gg.cgggggaa gttatccago ggc.ca.gctaa togctato aaa 120 

gagatgattg agaactgttt agatgcaaaa tocacaagta ttcaagtgat tdttaaagag 18O 

ggaggcct ga agttgattica gatccaagac aatgg caccg ggatcaggaa agaagatctg 240 

gatattgtat gtgaaaggitt Cactactagt aaactgcagt cotttgagga tittagcc agt 3OO 

atttctacct atggctitt.cg aggtgaggct ttggc.ca.gca taagc catgt ggctdatgtt 360 

actattacaa cqaaaa.cago to atggaaag totgcataca gag caagtta citcagatgga 420 

aaactgaaag ccc citccitaa accatgtgct ggcaatcaag ggacccagat cacggtggag 480 

gaccttttitt acaa.catago cac gaggaga aaagctittaa aaaatccaag tdaagaatat 540 

gggaaaattt toggaagttgttgg caggitat toagtacaca atgcagg cat tagtttcto a 600 
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gttaaaaaac aaggagagac agtagctgat gttaggacac taccolaatgc citcaa.ccgtg 660 

gacaat attc gcticcatctt toggaaatgct gttagtc gag aactogataga aattggatgt 720 

gaggataaaa ccctagoctt caaaatgaat ggitta catat coaatgcaaa citacticagtg 78O 

aagaagtgca tottcttact citt catcaac catcgtotgg tagaatcaac titccttgaga 840 

aaag.ccatag aaa.cagtgta to cagoctat ttgcc caaaa acacacaccc attcc totac 9 OO 

citcagtttag aaatcagtcc cca gaatgtg gatgttaatg to caccc.cac aaag catgaa 96.O 

gttcactitcc tocacgagga gag catcc to gag.cgggtgc agcago.acat cqagagcaag O20 

citcc toggct coaatticcitc caggatgtac titcac coaga citttgctacc agg acttgct O8O 

ggcc cctotg g g gagatggit taaatccaca acaagttctga cct cqtcttic tacttctgga 14 O 

agtagtgata aggtotatgc ccaccagatg gttcgtacag attcc.cggga acagaag citt 200 

gatgcatttctgcago citct gag caaacco citgtc.ca.gto agc.cccaggc cattgtcaca 260 

gaggataaga cagatatt to tagtggcagg gctaggcago aagatgagga gatgcttgaa 320 

citcc cagocc citctgaagt ggctgccalaa aatcagagct toggaggggga tacaacaaag 38O 

ggg actitcag aaatgtcaga gaaga gagga cct actitcca gcaa.ccc.cag aaagaga cat 4 40 

cgggaagatt citgatgtgga aatggtggaa gatgatticcc gaaaggaaat gactgcagot 5 OO 

tgtaccc.ccc ggagaaggat catta accitc act agtgttt tagt citcca ggaagaaatt 560 

aatgag cagg gacatgaggit totcCgggag atgttgcata accactcCtt cqtgggctgt 62O 

gtgaatcc to agtgggccitt gocacagoat caaac caagt tatacct tct caa.caccacc 680 

aagcttagtg aagaactgtt citaccagata citcatttato attittgccaa ttittggtgtt 740 

citcaggittat cqgagc.cago accgctottt gaccttgcca togcttgc citt agatagt coa 800 

gag agtggct ggacagagga agatggtocc aaagaaggac ttgctgaata cattgttgag 860 

tittctgaaga agaaggctga gatgcttgca gactatttct citttggaaat tdatgaggaa 920 

gggalacct ga ttggattacc cctitctgatt gacaactato tocco cottt gagggactg 98O 

ccitatctt.ca ttctitcg act agccactgag gtgaattggg acgaagaaaa gaatgttitt 20 40 

gaaag.cctica gtaaagaatg cqctatottc tatto catcc ggaag cagta catat citgag 2100 

gagtcg acco totcaggcca gcagagtgaa gtgcc togct coatt.ccaaa citcctggaag 216 O 

tggactgtgg alacacattgt citataaagcc ttgcgct cac acattctgcc toctaaacat 2220 

ttcacagaag atggaaatat cotgcagott gctaacctgc citgatctata caaagttctitt 228O 

gag aggtgtt aaatatggitt atttatgcac totgg gatgt gttcttctitt citctgtatto 234. O 

cgatacaaag togttgtatica aagtgttgata tacaaagtgt accalacataa gtgttgg tag 24 OO 

cacttaag ac titatacttgc cittctgatag tattoctitta tacacagtgg attgattata 2460 

aataaataga tigtgtc.ttaa cata 2484 

<210 SEQ ID NO 19 
&2 11s LENGTH 133 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 19 

Met Glu Arg Ala Glu Ser Ser Ser Thr Glu Pro Ala Lys Ala Ile Lys 
1 5 10 15 

Pro Ile Asp Arg Lys Ser Val His Glin Ile Cys Ser Gly Glin Val Val 
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2O 25 30 

Leu Ser Lieu Ser Thr Ala Wall Lys Glu Lieu Val Glu Asn. Ser Lieu. Asp 
35 40 45 

Ala Gly Ala Thr Asn. Ile Asp Leu Lys Lieu Lys Asp Tyr Gly Val Asp 
50 55 60 

Lieu. Ile Glu Val Ser Asp Asin Gly Cys Gly Val Glu Glu Glu Asn. Phe 
65 70 75 8O 

Glu Gly Lieu. Thir Lieu Lys His His Thr Ser Lys Ile Glin Glu Phe Ala 
85 90 95 

Asp Leu Thr Glin Val Glu Thir Phe Gly Phe Arg Gly Glu Ala Leu Ser 
100 105 110 

Ser Leu Cys Ala Leu Ser Asp Val Thr Ile Ser Thr Cys His Ala Ser 
115 120 125 

Ala Lys Val Gly Thr 
130 

<210> SEQ ID NO 20 
<211& LENGTH 426 
&212> TYPE DNA 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 20 

c gaggcggat cqggtgttgc atc catggag cqagctdaga gctic gagtac agaacct gct 60 

aaggccatca aacctattga toggaagttca gtc catcaga tittgctotgg gcaggtggta 120 

citgagtictaa goactg.cggit aaaggagitta gtagaaaa.ca gtctggatgc tiggtgcc act 18O 

aatattgatc taaagcttaa goactatoga gtggatctta ttgaagtttc agacaatgga 240 

tgtggggtag aagaagaaaa citt.cgaaggc tita actotga aac at cacac atctaagatt 3OO 

caag agtttg cc gacctaac to aggttgaa acttittggct titcgggggga agctotgagc 360 

to actttgttg cactgagciga tigtcaccatt totacct gcc acgcatcggc galaggttgga 420 

acttga 426 

<210> SEQ ID NO 21 
&2 11s LENGTH 35 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 

<223> OTHER INFORMATION: Forward primer 

<400 SEQUENCE: 21 

gatcggat.cc accatgggat ggagctgitat catcc 35 

<210> SEQ ID NO 22 
&2 11s LENGTH 49 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 

<223> OTHER INFORMATION: Reverse primer 

<400 SEQUENCE: 22 

citgatctaga to attitcc.cg g gaga caggg agaggct citt citgcgtgta 49 

<210> SEQ ID NO 23 
&2 11s LENGTH 37 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
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&220s FEATURE 

<223> OTHER INFORMATION: Reverse primer 

<400 SEQUENCE: 23 

citgatctaga tta acactict cocctgttga agctcitt 

What is claimed: 
1. A purified antibody that specifically binds to folate 

receptor-C. (FR-C). 
2. The antibody of claim 1 wherein said antibody blocks 

a biological activity of FR-O. 
3. The antibody of claim 1 wherein said antibody induces 

antibody-dependent cellular cytotoxicity of an FR-C.-bear 
ing cell. 

4. The antibody of claim 1 wherein the affinity of said 
antibody is at least about 1x107 M. 

5. The antibody of claim 1 comprising a heavy chain 
comprising an amino acid sequence of SEQ ID NO:5. 

6. The antibody of claim 1 comprising a light chain 
comprising an amino acid sequence of SEQ ID NO:2. 

7. The antibody of claim 5 comprising a light chain 
comprising an amino acid sequence of SEQ ID NO:2. 

8. The antibody of claim 1 wherein said antibody is 
conjugated to a cytotoxic agent. 

9. A cell that expresses the antibody of claim 1. 
10. A cell that expresses an antibody that specifically 

binds to folate receptor-alpha (FR-C), wherein said cell is 
substantially free of FR-C. binding competitors. 

11. A polynucleotide encoding a heavy chain of an anti 
body that specifically binds to folate receptor-C. (FR-C) 
wherein Said heavy chain comprises an amino acid Sequence 
of SEO ID NO:5. 

12. The polynucleotide of claim 11 comprising a nucleic 
acid sequence of SEQ ID NO:7. 

13. A polynucleotide encoding a light chain of an antibody 
that specifically binds to folate receptor-C. (FR-C) wherein 
Said light chain comprises an amino acid Sequence of SEQ 
ID NO:2. 

14. The polynucleotide of claim 13 comprising a nucleic 
acid sequence of SEQ ID NO:8. 

15. The polynucleotide of claim 11 further encoding a 
light chain of an antibody that specifically binds to FR-C. 
wherein Said light chain comprises an amino acid Sequence 
of SEO ID NO:2. 

16. The polynucleotide of claim 15 comprising a nucleic 
acid sequence of SEQ ID NO:8. 

17. A vector comprising a polynucleotide encoding a 
heavy chain of an antibody that specifically binds to folate 
receptor-C. (FR-C) wherein said heavy chain comprises an 
amino acid sequence of SEQ ID NO:5. 

18. A vector comprising a polynucleotide encoding a light 
chain of an antibody that specifically binds to folate recep 
tor-C. (FR-C) wherein said light chain comprises an amino 
acid sequence of SEQ ID NO:2. 

19. A vector comprising a polynucleotide encoding a 
heavy chain of an antibody that specifically binds to folate 
receptor-C. (FR-C) wherein said heavy chain comprises an 
amino acid sequence of SEQ ID NO:5 and a polynucleotide 
encoding a light chain of an antibody that specifically binds 

37 

to folate receptor-C. (FR-C) wherein said light chain com 
prises an amino acid sequence of SEQ ID NO:2. 

20. A vector comprising the polynucleotide of claim 15. 
21. An expression cell comprising a polynucleotide 

encoding a heavy chain of an antibody that specifically binds 
to folate receptor-C. (FR-C) wherein said heavy chain com 
prises an amino acid sequence of SEQ ID NO:5 and a 
polynucleotide encoding a light chain of an antibody that 
specifically binds to folate receptor-C. (FR-C) wherein said 
light chain comprises an amino acid Sequence of SEQ ID 
NO:2. 

22. An expression cell comprising a polynucleotide 
encoding a heavy chain of an antibody that specifically binds 
to folate receptor-C. (FR-C) wherein said heavy chain com 
prises an amino acid sequence of SEQ ID NO:5 and a light 
chain of an antibody that specifically binds to folate recep 
tor-C. (FR-C) wherein said light chain comprises an amino 
acid sequence of SEQ ID NO:2. 

23. An expression cell comprising the vector of claim 17. 
24. An expression cell comprising the vector of claim 18. 
25. An expression cell comprising the vector of claim 19. 
26. An expression cell comprising the vector of claim 20. 
27. A pharmaceutical composition comprising an anti 

body that specifically binds to folate receptor-alpha (FR-C), 
wherein said composition is substantially free of FR-C. 
binding competitors. 

28. The pharmaceutical composition of claim 27 wherein 
Said antibody comprises a heavy chain comprising an amino 
acid sequence of SEQ ID NO:5. 

29. The pharmaceutical composition of claim 27 wherein 
Said antibody comprises a light chain comprising an amino 
acid sequence of SEQ ID NO:2. 

30. The pharmaceutical composition of claim 27 wherein 
Said antibody comprises a heavy chain comprising an amino 
acid sequence of SEQID NO:5 and a light chain comprising 
an amino acid sequence of SEQ ID NO:2. 

31. The pharmaceutical composition of claim 27 wherein 
said antibody blocks a biological activity of FR-C. 

32. The pharmaceutical composition of claim 27 wherein 
the binding affinity of said antibody to FR-O. is at least about 
1x107 M. 

33. The pharmaceutical composition of claim 27 further 
comprising a cytotoxic agent. 

34. The pharmaceutical composition of claim 33 wherein 
Said antibody is conjugated to Said cytotoxic agent. 

35. The pharmaceutical composition of claim 27 further 
comprising an antifolate compound. 

36. A method of producing an antibody that Specifically 
binds folate receptor-C. comprising culturing the cell of 
claim 23. 

37. A method of producing an antibody that specifically 
binds folate receptor-C. comprising culturing the cell of 
claim 24. 
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38. A method of producing an antibody that specifically 
binds folate receptor-C. comprising culturing the cell of 
claim 25. 

39. A method of producing an antibody that specifically 
binds folate receptor-C. comprising culturing the cell of 
claim 26. 

40. A method of producing an antibody that specifically 
binds folate receptor-C. comprising culturing the cell of 
claim 9. 

41. A method of producing an antibody that specifically 
binds folate receptor-C. comprising the Step of culturing the 
cell of claim 10. 

42. A method of generating an antibody-producing cell, 
Said method comprising: inhibiting mismatch repair in a cell 
comprising a nucleic acid Sequence encoding an amino acid 
sequence of SEQ ID NO:5 and a nucleic acid sequence 
encoding an amino acid sequence of SEQ ID NO:2 and 
Selecting a cell that produces antibodies that Specifically 
bind folate receptor-alpha (FR-C), wherein substantially all 
of the antibodies produced by Said cell comprise a heavy 
chain comprising an amino acid sequence of SEQ ID NO:5 
and a light chain comprising an amino acid Sequence of SEQ 
ID NO:2. 

43. The method of claim 42 wherein said step of inhibiting 
mismatch repair comprises introducing a dominant negative 
inhibitor of a mismatch repair gene into Said cell. 

44. The method of claim 42 wherein said cell produces 
antibodies comprising at least about 90% by weight of said 
antibody comprising a heavy chain comprising an amino 
acid sequence of SEQ ID NO:5 and a light chain comprising 
an amino acid sequence of SEQ ID NO:2. 

45. The method of claim 42 further comprising restoring 
genetic Stability to Said cell. 

46. A cell produced according to the method of claim 42. 
47. A method of producing an antibody that specifically 

binds folate receptor-C. comprising the Step of culturing the 
cell of claim 46. 

48. A method of generating a cell that expresses an 
antibody that specifically binds folate receptor-alpha (FR-C) 
and is Substantially free of FR-C. binding competitors com 
prising inhibiting mismatch repair in a cell comprising a 
nucleic acid Sequence encoding an amino acid Sequence of 
SEQ ID NO:5 and a nucleic acid sequence encoding an 
amino acid sequence of SEQ ID NO:2 and selecting a cell 
that expresses antibodies that Specifically bind folate recep 
tor alpha (FR-C) with a binding affinity of at least about 
1x1O M. 

49. The method of claim 48 wherein said step of inhibiting 
mismatch repair comprises introducing a dominant negative 
inhibitor of a mismatch repair gene into Said cell. 

50. The method of claim 48 further comprising restoring 
genetic Stability to Said cell. 

51. A cell produced according to the method of claim 48. 
52. A method of producing an antibody that specifically 

binds folate receptor-C. comprising the Step of culturing the 
cell of claim 51. 

53. A method of inhibiting the growth of dysplastic cells 
asSociated with increased expression of FR-C comprising 
administering to a patient with Such dysplastic cells the 
pharmaceutical composition of claim 27. 

54. The method of claim 53 wherein said dysplastic cells 
are ovarian, breast, renal, colorectal, lung, endometrial, or 
brain carcinoma cells. 
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55. The method of claim 53 wherein said dysplastic cells 
are ovarian carcinoma cells. 

56. The method of claim 53 wherein said patient is a 
human patient. 

57. The method of claim 53 wherein said pharmaceutical 
composition comprises at least one cytotoxic agent. 

58. The method of claim 57 wherein said cytotoxic agent 
is conjugated to the antibody of Said pharmaceutical com 
position. 

59. The method of claim 53 further comprising adminis 
tering to Said patient an antifolate compound. 

60. A method of detecting a dysplastic cell which presents 
folate receptor-alpha (FR-C) on its Surface comprising con 
tacting Said cell with an antibody that Specifically binds 
FR-C. and determining binding of Said antibody to Said cell. 

61. The method of claim 60 wherein said antibody blocks 
a biological activity of said FR-O. 

62. The method of claim 60 wherein said antibody com 
prises a heavy chain comprising an amino acid Sequence of 
SEO ID NO:5. 

63. The method of claim 60 wherein said antibody com 
prises a light chain comprising an amino acid Sequence of 
SEO ID NO:2. 

64. The method of claim 60 wherein said antibody com 
prises a heavy chain comprising an amino acid Sequence of 
SEQ ID NO:5 and a light chain comprising an amino acid 
sequence of SEQ ID NO:2. 

65. The method of claim 60 wherein said step of contact 
ing said cell with said antibody occurs in the absence of an 
FR-O binding competitor. 

66. The method of claim 60 wherein said cancer cell is an 
ovarian, breast, renal, colorectal, lung, endometrial, or brain 
carcinoma cell. 

67. The method of claim 60 wherein said cancer cell is an 
ovarian carcinoma cell. 

68. The method of claim 60 wherein said antibody is 
labeled with a detectable label. 

69. The method of claim 60 comprising detecting said 
cancer cell in Vitro. 

70. The method of claim 60 comprising detecting said 
cancer cell in Vivo. 

71. A method of inhibiting the growth of dysplastic cells 
asSociated with increased expression of folate receptor-O. 
(FR-C) comprising administering to a patient having said 
dysplastic cells a composition comprising an antibody that 
specifically binds to a FR-C. 

72. The method of claim 71 wherein said antibody blocks 
a biological activity of FR-C. on FR-O-bearing cells. 

73. The method of claim 71 wherein said composition is 
substantially free of FR-C. binding competitors. 

74. The method of claim 71 wherein said antibody com 
prises a heavy chain comprising an amino acid Sequence of 
SEO ID NO:5. 

75. The method of claim 71 wherein said antibody com 
prises a light chain comprising an amino acid Sequence of 
SEO ID NO:2. 

76. The method of claim 71 wherein said antibody com 
prises a heavy chain comprising an amino acid Sequence of 
SEQ ID NO:5 and a light chain comprising an amino acid 
sequence of SEQ ID NO:2. 

77. The method of claim 71 wherein said dysplastic cells 
are ovarian, breast, renal, colorectal, lung, endometrial, or 
brain carcinoma cells. 
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78. The method of claim 71 wherein said dysplastic cells 
are ovarian carcinoma cells. 

79. The method of claim 71 wherein said patient is a 
human patient. 

80. The method of claim 71 wherein said antibody is 
conjugated to a cytotoxic agent. 

81. The method of claim 71 wherein said patient is further 
administered at least one antifolate compound. 

82. A method of treating a patient having cancer com 
prising administering to Said patient the pharmaceutical 
composition of claim 27. 

83. The method of claim 81 wherein said cancer is an 
epithelial cancer. 

84. The method of claim 81 wherein said cancer is 
ovarian, breast, renal, colorectal, lung, endometrial, or brain 
CCC. 

85. The method of claim 81 wherein said cancer is ovarian 
CCC. 
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86. The method of claim 81 wherein said patient is a 
human patient. 

87. The method of claim 81 wherein said pharmaceutical 
composition comprises at least one cytotoxic agent. 

88. The method of claim 87 wherein said cytotoxic agent 
is conjugated to the antibody of Said pharmaceutical com 
position. 

89. The method of claim 81 further comprising adminis 
tering to Said patient an antifolate compound. 

90. The method of claim 81 wherein said pharmaceutical 
composition comprises Said antifolate compound. 

91. Akit comprising an antibody that specifically binds to 
folate receptor-alpha (FR-C) and blocks a biological activity 
of FR-O. 


