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(57) ABSTRACT 

Antibodies, humanized antibodies, resurfaced antibodies, 
antibody fragments, derivatized antibodies, and conjugates 
of Same with cytotoxic agents, which specifically bind to, 
and inhibit, insulin-like growth factor-I receptor, antagonize 
the effects of IGF-I, IGF-II and serum on the growth and 
survival of tumor cells, and which are substantially devoid 
of agonist activity. Said antibodies and fragments thereof 
may be used, optionally in conjunction with other therapeu 
tic agents, in the treatment of tumors that express elevated 
levels of IGF-I receptor, Such as breast cancer, colon cancer, 
lung cancer, OVarian carcinoma, Synovial Sarcoma, prostate 
cancer and pancreatic cancer, and Said derivatized antibodies 
may be used in the diagnosis and imaging of tumors that 
express elevated levels of IGF-I receptor. 
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FIGURE 1 

Y1251F IGF-I Receptor Cells Insulin Receptor Cells 

Goatomouse-IgG-FITC only Goatomouse-IgG-FITC only 

10 1263 i"," "8". 
FL-H FL-H 

100 nM OEM164 100 nM OEM164 

t Ye.Saxis................. 

"""" 
F-H F-H 

100 nM. O.1 HT 100 nM OIR 

O O 
FL. 1-H FL1-H 

O O 

  

  

  



Patent Application Publication Aug. 25, 2005 Sheet 2 of 28 US 2005/0186203A1 

FIGURE 2 

Titration curve for binding 
of EM164 antibody to 

biotinylated IGF-1 Receptor 

2 

O 
10-13 10-12 10-11 10-10 10-9 10-8 10-7 10-6 

Concentration, M 



Patent Application Publication Aug. 25, 2005 Sheet 3 of 28 US 2005/0186203A1 

FIGURE 3 

Inhibition of binding of biotin-IGF 
to MCF-7 Cells by EM164 antibody 
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FIGURE 4 

Inhibition of IGF-l-Stimulated Autophosphorylation of 
IGF-I Receptor in MCF-7 Cells by EM164 Antibody 
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FIGURE 5 

inhibition of IGF--Stimulated IRS-1-Phosphorylation 
in MCF-7 Cells by EM 164 antibody 
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FIGURE 6 

inhibition of IGF-l-Stimulated Signal Transduction 
in SaoS-2 Cells by EM164 Antibody 
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FIGURE 7 

Effect of antibodies on growth and 
survival of MCF-7 cells in 

serum-free, + IGF-I, or +1.25% serum 
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FIGURE 9 

inhibition of IGF-- and 
serum-stimulated growth and 

Survival of NC-H838 Cells 
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FIGURE 10 

Effect of treatment with EM164 antibody, or taxol, 
or a combination of EM164 antibody and taxol, 
on growth of Calu-6 lung cancer Xenograft in mice 
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FIGURE 1 

Competition of binding of humanized EM164 antibody 
(version 1.0) to immobilized biotinylated IGF-1 receptor 
by murine EM164 antibody (1.06 to 10.6-fold molar 
Concentration range) 
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FIGURE 12 
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FIGURE 13 
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FIGURE 14 

Murine EM164 CDRs 
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FIGURE 15 

Germline sequence comparisons 
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FIGURE 16 

Cloning and Mammalian Expression Plasmid Maps 
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FIGURE 17 

10 Most Homologous Light Chain Sequence Alignment 
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FIGURE 8 

10 Most Homologous Heavy Chain Sequence Alignment 
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FIGURE 19 
A. 

EM164 Light Chain Accessibility 
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FIGURE 21 
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FIGURE 23 
hueM164 v1.1, 1.2, 1.3 Light Chain Variable Region DNA 
and Amino Acid Sequences 
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(FIGURE 23, CONT.) 

v1.3 
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FIGURE 25 

Cell cycle arrest of MCF-7 cells by EM164 antibody 
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ANTI-IGF-I RECEPTOR ANTIBODY 

0001. The present application is a continuation-in-part of 
parent application Ser. No. 10/170,390, filed Jun. 14, 2002, 
incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates to antibodies that 
bind to human insulin-like growth factor-I receptor (IGF-I 
receptor). More particularly, the invention relates to anti 
IGF-I receptor antibodies that inhibit the cellular functions 
of the IGF-I receptor. Still more particularly, the invention 
relates to anti-IGF-I receptor antibodies that antagonize the 
effects of IGF-I, IGF-II and serum on the growth and 
survival of tumor cells and which are substantially devoid of 
agonist activity. The invention also relates to fragments of 
Said antibodies, humanized and resurfaced versions of Said 
antibodies, conjugates of Said antibodies, antibody deriva 
tives, and the uses of Same in diagnostic, research and 
therapeutic applications. The invention further relates to 
improved antibodies or fragments thereof that are made 
from the above-described antibodies and fragments thereof. 
In another aspect, the invention relates to a polynucleotide 
encoding the antibodies or fragments thereof, and to vectors 
comprising the polynucleotides. 

BACKGROUND OF THE INVENTION 

0003 Insulin-like growth factor-I receptor (IGF-I recep 
tor) is a transmembrane heterotetrameric protein, which has 
two extracellular alpha chains and two membrane-Spanning 
beta chains in a disulfide-linked B-C-C-3 configuration. The 
binding of the ligands, which are insulin-like growth-fac 
tor-I (IGF-I) and insulin-like growth factor-II (IGF-II), by 
the extracellular domain of IGF-I receptor activates its 
intracellular tyrosine kinase domain resulting in autophoS 
phorylation of the receptor and Substrate phosphorylation. 
The IGF-I receptor is homologous to insulin receptor, hav 
ing a high Sequence Similarity of 84% in the beta chain 
tyrosine kinase domain and a low Sequence Similarity of 
48% in the alpha chain extracellular cysteine rich domain 
(Ulrich, A. et al., 1986, EMBO, 5, 2503-2512; Fujita 
Yamaguchi, Y. et al., 1986, J. Biol. Chem., 261, 16727 
16731; LeRoith, D. et al., 1995, Endocrine Reviews, 16, 
143-163). The IGF-I receptor and its ligands (IGF-I and 
IGF-II) play important roles in numerous physiological 
processes including growth and development during 
embryogenesis, metabolism, cellular proliferation and cell 
differentiation in adults (LeRoith, D., 2000, Endocrinology, 
141, 1287-1288; LeRoith, D., 1997, New England J. Med., 
336, 633-640). 
0004 IGF-I and IGF-II function both as endocrine hor 
mones in the blood, where they are predominantly present in 
complexes with IGF-binding proteins, and as paracrine and 
autocrine growth factors that are produced locally (Humbel, 
R. E., 1990, Eur: J. Biochem., 190, 445-462; Cohick, W. S. 
and Clemmons, D. R., 1993, Annu. Rev. Physiol. 55, 131 
153). 
0005 The IGF-I receptor has been implicated in promot 
ing growth, transformation and Survival of tumor cells 
(Baserga, R. et al., 1997, Biochem. Biophys. Acta, 1332, 
F105-F126; Blakesley, V. A. et al., 1997, Journal of Endo 
crinology, 152, 339-344; Kaleko, M., Rutter, W. J., and 
Miller, A. D. 1990, Mol. Cell. Biol., 10, 464–473). Thus, 
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Several types of tumors are known to express higher than 
normal levels of IGF-I receptor, including breast cancer, 
colon cancer, ovarian carcinoma, Synovial Sarcoma and 
pancreatic cancer (Khandwala, H. M. et al., 2000, Endocrine 
Reviews, 21, 215-244; Werner, H. and LeRoith, D., 1996, 
Adv. Cancer Res., 68, 183-223; Happerfield, L. C. et al., 
1997, J. Pathol., 183,412–417; Frier, S. et al., 1999, Gut, 44, 
704-708, van Dam, P. A. et al., 1994, J. Clin. Pathol., 47, 
914-919; Xie, Y. et al., 1999, Cancer Res., 59, 3588-3591; 
Bergmann, U. et al., 1995, Cancer Res., 55, 2007-2011). In 
vitro, IGF-I and IGF-II have been shown to be potent 
mitogens for Several human tumor cell lines Such as lung 
cancer, breast cancer, colon cancer, osteosarcoma and cer 
vical cancer (Ankrapp, D. P. and Bevan, D. R., 1993, Cancer 
Res., 53, 3399-3404; Cullen, K. J., 1990, Cancer Res., 50, 
48-53; Hermanto, U. et al., 2000, Cell Growth & Differen 
tiation, 11, 655-664; Guo, Y. S. et al., 1995, J. Am. Coll. 
Surg., 181, 145-154; Kappel, C. C. et al., 1994, Cancer Res., 
54, 2803-2807; Steller, M. A. et al., 1996, Cancer Res., 56, 
1761-1765). Several of these tumors and tumor cell lines 
also express high levels of IGF-I or IGF-II, which may 
Stimulate their growth in an autocrine or paracrine manner 
(Quinn, K. A. et al., 1996, J. Biol. Chem., 271, 11477 
11483). 
0006 Epidemiological studies have shown a correlation 
of elevated plasma level of IGF-I (and lower level of 
IGF-binding protein-3) with increased risk for prostate can 
cer, colon cancer, lung cancer and breast cancer (Chan, J. M. 
et al., 1998, Science, 279,563-566; Wolk, A. et al., 1998, J. 
Natl. Cancer Inst., 90,911-915; Ma, J. et al., 1999, J. Natl. 
Cancer Inst., 91, 620-625; Yu, H. et al., 1999, J. Natl. 
Cancer Inst., 91, 151-156; Hankinson, S. E. et al., 1998, 
Lancet, 351, 1393-1396). Strategies to lower the IGF-I level 
in plasma or to inhibit the function of IGF-I receptor have 
been suggested for cancer prevention (Wu, Y. et al., 2002, 
Cancer Res., 62, 1030-1035; Grimberg, A and Cohen P., 
2000, J. Cell. Physiol., 183, 1-9). 
0007. The IGF-I receptor protects tumor cells from apo 
ptosis caused by growth factor deprivation, anchorage inde 
pendence or cytotoxic drug treatment (Navarro, M. and 
Baserga, R., 2001, Endocrinology, 142, 1073-1081; 
Baserga, R. et al., 1997, Biochem. Biophys. Acta, 1332, 
F105-F126). The domains of IGF-I receptor that are critical 
for its mitogenic, transforming and anti-apoptotic activities 
have been identified by mutational analysis. 
0008 For example, the tyrosine 1251 residue of IGF-I 
receptor has been identified as critical for anti-apoptotic and 
transformation activities but not for its mitogenic activity 
(O'Connor, R. et al., 1997, Mol. Cell. Biol., 17, 427-435; 
Miura, M. et al., 1995, J. Biol. Chem., 270, 22639-22644). 
The intracellular signaling pathway of ligand-activated 
IGF-I receptor involves phosphorylation of tyrosine residues 
of insulin receptor substrates (IRS-1 and IRS-2), which 
recruit phosphatidylinositol-3-kinase (PI-3-kinase) to the 
membrane. The membrane-bound phospholipid products of 
PI-3-kinase activate a Serine/threonine kinase Akt, whose 
Substrates include the pro-apoptotic protein BAD which is 
phosphorylated to an inactive State (Datta, S. R., Brunet, A. 
and Greenberg, M. E., 1999, Genes & Development, 13, 
2905-2927; Kulik, G., Klippel, A. and Weber, M. J., 1997, 
Mol. Cell. Biol. 17, 1595-1606). The mitogenic signaling of 
IGF-I receptor in MCF-7 human breast cancer cells requires 
PI-3-kinase and is independent of mitogen-activated protein 
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kinase, whereas the Survival Signaling in differentiated rat 
pheochromocytoma PC12 cells requires both PI-3-kinase 
and mitogen-activated protein kinase pathways (Dufourny, 
B. et al., 1997, J. Biol. Chem., 272, 31163-31171; Parrizas, 
M., Saltiel, A. R. and LeRoith, D., 1991, J. Biol. Chem., 272, 
154-161). 
0009 Down-regulation of IGF-I receptor level by anti 
Sense Strategies has been shown to reduce the tumorigenicity 
of Several tumor cell lines in Vivo and in vitro, Such as 
melanoma, lung carcinoma, Ovarian cancer, glioblastoma, 
neuroblastoma and rhabdomyosarcoma (Resnicoff, M. et al., 
1994, Cancer Res., 54, 4848-4850; Lee, C.-T. et al., 1996, 
Cancer Res., 56, 3038-3041, Muller, M. et al., 1998, Int. J. 
Cancer, 77, 567-571; Trojan, J. et al., 1993, Science, 259, 
94-97; Liu, X. et al., 1998, Cancer Res., 58, 5432-5438; 
Shapiro, D. N. et al., 1994, J. Clin. Invest., 94,1235-1242). 
Likewise, a dominant negative mutant of IGF-I receptor has 
been reported to reduce the tumorigenicity in Vivo and 
growth in Vitro of transformed Rat-1 cells overexpressing 
IGF-I receptor (Prager, D. et al., 1994, Proc. Natl. Acad. Sci. 
USA, 91,2181-2.185). 
0.010 Tumor cells expressing an antisense to the IGF-I 
receptor mRNA undergo massive apoptosis when injected 
into animals in biodiffusion chambers. This observation 
makes the IGF-I receptor an attractive therapeutic target, 
based upon the hypothesis that tumor cells are more SuS 
ceptible than normal cells to apoptosis by inhibition of IGF-I 
receptor (Resnicoff, M. et al., 1995, Cancer Res., 55, 2463 
2469; Baserga, R., 1995, Cancer Res., 55, 249-252). 
0.011) Another strategy to inhibit the function of IGF-I 
receptor in tumor cells has been to use anti-IGF-I receptor 
antibodies which bind to the extracellular domains of IGF-I 
receptor and inhibit its activation. Several attempts have 
been reported to develop mouse monoclonal antibodies 
against IGF-I receptor, of which two inhibitory antibodies 
IR3 and 1H 7-are available and their use has been reported 
in several IGF-I receptor studies. 
0012. The IR3 antibody was developed using a partially 
purified placental preparation of insulin receptor to immu 
nize mice, which yielded an antibody, IR1, that was Selective 
for binding insulin receptor, and two antibodies, IR2 and 
IR3, that showed preferential immunoprecipitation of IGF-I 
receptor (Somatomedin-C receptor) but also weak immuno 
precipitation of insulin receptor (Kull, F. C. et al., 1983, J. 
Biol. Chem., 258, 6561-6566). 
0013 The 1H7 antibody was developed by immunizing 
mice with purified placental preparation of IGF-I receptor, 
which yielded the inhibitory antibody 1H7 in addition to 
three stimulatory antibodies (Li, S.-L. et al., 1993, Biochem. 
BiophyS. Res. Commun., 196, 92-98; Xiong, L. et al., 1992, 
Proc. Natl. Acad. Sci. USA, 89,5356-5360). 
0.014. In another report, a panel of mouse monoclonal 
antibodies specific for human IGF-I receptor were obtained 
by immunization of mice with transfected 3T3 cells express 
ing high levels of IGF-I receptor, which were categorized 
into Seven groups by binding competition Studies and by 
their inhibition or stimulation of IGF-I binding to transfected 
3T3 cells (Soos, M. A. et al., 1992, J. Biol. Chem., 267, 
12955-12963). 
0.015 Thus, although IR3 antibody is the most commonly 
used inhibitory antibody for IGF-I receptor studies in vitro, 
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it suffers from the drawback that it exhibits agonistic activity 
in transfected 3T3 and CHO cells expressing human IGF-I 
receptor (Kato, H. et al., 1993, J. Biol. Chem., 268, 2655 
2661; Steele-Perkins, G. and Roth, R. A., 1990, Biochem. 
Biophys. Res. Commun., 171, 1244-1251). Similarly, among 
the panel of antibodies developed by Soos et al., the most 
inhibitory antibodies 24-57 and 24-60 also showed agonistic 
activities in the transfected 3T3 cells (Soos, M. A. et al., 
1992, J. Biol. Chem., 267, 12955-12963). Although, IR3 
antibody is reported to inhibit the binding of IGF-I (but not 
IGF-II) to expressed receptors in intact cells and after 
solubilization, it is shown to inhibit the ability of both IGF-I 
and IGF-II to stimulate DNA synthesis in cells in vitro 
(Steele-Perkins, G. and Roth, R. A., 1990, Biochem. Bio 
phys. Res. Commun., 171, 1244-1251). The binding epitope 
of IR3 antibody has been inferred from chimeric insulin 
IGF-I receptor constructs to be the 223-274 region of IGF-I 
receptor (Gustafson, T. A. and Rutter, W. J., 1990, J. Biol. 
Chem., 265, 18663-18667; Soos, M. A. et al., 1992, J. Biol. 
Chem., 267, 12955-12963). 
0016. The MCF-7 human breast cancer cell line is typi 
cally used as a model cell line to demonstrate the growth 
response of IGF-I and IGF-II in vitro (Dufourny, B. et al., 
1997, J. Biol. Chem..., 272, 31163-31171). In MCF-7 cells, 
the IR3 antibody incompletely blocks the stimulatory effect 
of exogenously added IGF-I and IGF-II in serum-free con 
ditions by approximately 80%. Also, the IR3 antibody does 
not significantly inhibit (less than 25%) the growth of 
MCF-7 cells in 10% serum (Cullen, K. J. et al., 1990, 
Cancer Res., 50, 48-53). This weak inhibition of serum 
stimulated growth of MCF-7 cells by IR3 antibody in vitro 
may be related to the results of an in vivo study in which IR3 
antibody treatment did not significantly inhibit the growth of 
a MCF-7 xenograft in nude mice (Arteaga, C. L. et al., 1989, 
J. Clin. Invest., 84, 1418-1423). 
0017. Because of the weak agonistic activities of the IR3 
and other reported antibodies, and their inability to Signifi 
cantly inhibit the growth of tumor cells such as MCF-7 cells 
in the more physiological condition of Serum-Stimulation 
(instead of stimulation by exogenously added IGF-I or 
IGF-II in serum-free condition), there is a need for new 
anti-IGF-I receptor antibodies which significantly inhibit the 
serum-stimulated growth of tumor cells but which do not 
show significant agonistic activity by themselves. 

SUMMARY OF THE INVENTION 

0018. Accordingly, it is an object of the invention to 
provide antibodies, antibody fragments and antibody deriva 
tives that specifically bind to insulin-like growth factor-I 
receptor and inhibit the cellular activity of the receptor by 
antagonizing the receptor, and are also Substantially devoid 
of agonist activity towards the receptor. 
0019. Thus, in a first embodiment, there is provided 
murine antibody EM164, which is fully characterized herein 
with respect to the amino acid Sequences of both its light and 
heavy chain variable regions, the cDNA sequences of the 
genes for the light and heavy chain variable regions, the 
identification of its CDRS (complementarity-determining 
regions), the identification of its Surface amino acids, and 
means for its expression in recombinant form. 
0020. In a second embodiment, there are provided resur 
faced or humanized versions of antibody EM164 wherein 
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Surface-exposed residues of the antibody or its fragments are 
replaced in both light and heavy chains to more closely 
resemble known human antibody Surfaces. Such humanized 
antibodies may have increased utility, compared to murine 
EM164, as therapeutic or diagnostic agents. Humanized 
versions of antibody EM164 are also fully characterized 
herein with respect to their respective amino acid Sequences 
of both light and heavy chain variable regions, the DNA 
Sequences of the genes for the light and heavy chain variable 
regions, the identification of the CDRs, the identification of 
their Surface amino acids, and disclosure of a means for their 
expression in recombinant form. 
0021. In a third embodiment, there is provided an anti 
body that is capable of inhibiting the growth of a cancer cell 
by greater than about 80% in the presence of a growth 
Stimulant Such as, for example, Serum, insulin-like growth 
factor-I and insulin-like growth factor-II. 
0022. In a fourth embodiment, there is provided an anti 
body or antibody fragment having a heavy chain including 
CDRs having amino acid sequences represented by SEQ ID 
NOS:1-3, respectively: 

SYWMH, (SEQ ID NO: 1) 

EINPSNGRTNYNEKFKR, (SEQ ID NO: 2) 

GRPDYYGSSKWYFDV; (SEQ ID NO:3) 

0023 and having a light chain that comprises CDRs 
having amino acid Sequences represented by SEQID 
NOS:4-6: 

RSSQSIVHSNVNTYLE; (SEQ ID NO : 4) 

KVSNRFS; (SEQ ID NO:5) 

FOGSHVPPT. (SEQ ID NO : 6) 

0024. In a fifth embodiment, there are provided antibod 
ies having a heavy chain that has an amino acid Sequence 
that shares at least 90% sequence identity with an amino acid 
sequence represented by SEQ ID NO:7: 

(SEQ ID NO: 7) 
QVOLQQSGAELVKPGASWKLSCKASGYTFTSYWMHWWKQRPGQGLEWIG 
EINPSNGRTNYNEKFKRKATLTVDKSSSTAYMQLSSLTSEDSAVYYFAR 
GRPDYYGSSKWYFDWWGAGTTWTWSS 

0.025 Similarly, there are provided antibodies having a 
light chain that has an amino acid Sequence that shares at 
least 90% sequence identity with an amino acid Sequence 
represented by SEQ ID NO:8: 

(SEQ ID NO:8) 
DVLMTOTPLSLPWSLGDQASISCRSSQSIVHSNVNTYLEWYLQKPGQSPK 
LLIYKWSNRFSGVPDRFSGSGSGTDFTLRISRVEAEDLGIYYCFOGSHVP 
PTFGGGTKLEIKR 

0026. In a sixth embodiment, antibodies are provided 
having a humanized or resurfaced light chain variable region 
having an amino acid Sequence corresponding to one of SEQ 
ID NOS:-9-12: 
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(SEQ ID NO:9) 
DVVMTOTPLSLPWSLGDPASISCRSSQSIVHSNVNTYLEWYLQKPGQSPR 
LLIYKWSNRFSGVPDRFSGSGAGTDFTLRISRVEAEDLGIYYCFQGSHVP 
PTFGGGTKLEIKR; 

(SEQ ID NO: 10) 
DVLMTOTPLSLPWSLGDPASISCRSSQSIVHSNVNTYLEWYLQKPGQSPK 
LLIYKWSNRFSGVPDRFSGSGAGTDFTLRISRVEAEDLGIYYCFQGSHVP 
PTFGGGTKLEIKR; 

(SEQ ID NO: 11) 
DVLMTOTPLSLPWSLGDPASISCRSSQSIVHSNVNTYLEWYLQKPGQSPR 
LLIYKWSNRFSGVPDRFSGSGAGTDFTLRISRVEAEDLGIYYCFQGSHVP 
PTFGGGTKLEIKR; 
O 

(SEQ ID NO: 12) 
DVVMTOTPLSLPWSLGDPASISCRSSQSIVHSNVNTYLEWYLQKPGQSPK 
LLIYKWSNRFSGVPDRFSGSGAGTDFTLRISRVEAEDLGIYYCFQGSHVP 
PTFGGGTKLEIKR 

0027 Similarly, antibodies are provided having a human 
ized or resurfaced heavy chain variable region having an 
amino acid sequence corresponding to SEQ ID NO:13: 

(SEQ ID NO: 13) 
QVOLVOSGAEWWKPGASWKLSCKASGYTFTSYWMHWWKQRPGQGLEWIGE 
INPSNGRTNYNOKFOGKATLTVDKSSSTAYMOLSSLTSEDSAVYYFARGR 
PDYYGSSKWYFDVWGOGTTVTVSS. 

0028. In a seventh embodiment, antibodies or antibody 
fragments of the present invention are provided that have 
improved properties. For example, antibodies or antibody 
fragments having improved affinity for IGF-1-receptor are 
prepared by affinity maturation of an antibody or fragment 
of the present invention. 

0029. The present invention further provides conjugates 
of Said antibodies, wherein a cytotoxic agent is covalently 
attached, directly or via a cleavable or non-cleavable linker, 
to an antibody or epitope-binding fragment of an antibody of 
the present invention. In preferred embodiments, the cyto 
toxic agent is a taxol, a maytansinoid, CC-1065 or a 
CC-1065 analog. 

0030 The present invention further provides for antibod 
ies or fragments thereof that are further labeled for use in 
research or diagnostic applications. In preferred embodi 
ments, the label is a radiolabel, a fluorophore, a chro 
mophore, an imaging agent or a metal ion. 

0031. A method for diagnosis is also provided in which 
Said labeled antibodies or fragments are administered to a 
Subject Suspected of having a cancer, and the distribution of 
the label within the body of the subject is measured or 
monitored. 

0032. In an eighth embodiment, the invention provides 
methods for the treatment of a Subject having a cancer by 
administering an antibody, antibody fragment or antibody 
conjugate of the present invention, either alone or in com 
bination with other cytotoxic or therapeutic agents. The 
cancer can be one or more of, for example, breast cancer, 
colon cancer, ovarian carcinoma, Osteosarcoma, cervical 
cancer, prostate cancer, lung cancer, Synovial carcinoma, 
pancreatic cancer, or other cancer yet to be determined in 
which IGF-I receptor levels are elevated. 



US 2005/0186203A1 

0033. In a ninth embodiment, the invention provides 
methods for the treatment of a Subject having a cancer by 
administering an antibody, antibody fragment or antibody 
conjugate of the present invention, either alone or in com 
bination with other cytotoxic or therapeutic agents. In par 
ticular, preferred cytotoxic and therapeutic agents include 
docetaxel, paclitaxel, doxorubicin, epirubicin, cyclophoS 
phamide, trastuzumab (Herceptin), capecitabine, tamoxifen, 
toremifene, letrozole, anastrozole, fulveStrant, exemestane, 
goserelin, oxaliplatin, carboplatin, cisplatin, dexametha 
Sone, antide, bevacizumab (Avastin), 5-fluorouracil, leuco 
Vorin, leVamisole, irinotecan, etoposide, topotecan, gemcit 
abine, Vinorelbine, estramustine, mitoxantrone, abarelix, 
Zoledronate, Streptozocin, rituximab (Rituxan), idarubicin, 
buSulfan, chlorambucil, fludarabine, imatinib, cytarabine, 
ibritumomab (Zevalin), tositumomab (Bexxar), interferon 
alpha-2b, melphalam, bortezomib (Velcade), altretamine, 
asparaginase, gefitinib (IreSSa), erlonitib (Tarceva), anti 
EGF receptor antibody (Cetuximab, Abx-EGF), and an 
epothilone. More preferably, the therapeutic agent is a 
platinum agent (Such as carboplatin, oxaliplatin, cisplatin), a 
taxane (Such as paclitaxel, docetaxel), gemcitabine, or 
camptothecin. 

0034. The cancer can be one or more of, for example, 
breast cancer, colon cancer, ovarian carcinoma, Osteosar 
coma, cerVical cancer, prostate cancer, lung cancer, Synovial 
carcinoma, pancreatic cancer, melanoma, multiple 
myeloma, neuroblastoma, and rhabdomyosarcoma, or other 
cancer yet to be determined in which IGF-I receptor levels 
are elevated. 

0035) In a tenth embodiment, the invention provides kits 
comprising one or more of the elements described herein, 
and instructions for the use of those elements. In a preferred 
embodiment, a kit of the present invention includes anti 
body, antibody fragment or conjugate of the invention, and 
a therapeutic agent. The instructions for this preferred 
embodiment include instructions for inhibiting the growth of 
a cancer cell using the antibody, antibody fragment or 
conjugate of the invention, and the therapeutic agent, and/or 
instructions for a method of treating a patient having a 
cancer using the antibody, antibody fragment or conjugate of 
the invention, and the therapeutic agent. 

BRIEF DESCRIPTION OF THE FIGURES 

0.036 FIG. 1 shows fluorescence activated cell sorting 
(FACS) analysis of the specific binding of purified EM164 
antibody to cells overexpressing human Y1251F IGF-I 
receptor or human insulin receptor. 
0037 FIG. 2 shows a binding titration curve for the 
binding of EM164 antibody to biotinylated human IGF-I 
receptor. 

0038 FIG. 3 shows the inhibition of the binding of 
biotinylated IGF-I to human breast cancer MCF-7 cells by 
EM164 antibody. 
0039 FIG. 4 shows the inhibition of IGF-I-stimulated 
autophosphorylation of IGF-I receptor in MCF-7 cells by 
EM164 antibody. 
0040 FIG. 5 shows the inhibition of IGF-I-stimulated 
IRS-1-phosphorylation in MCF-7 cells by EM164 antibody. 
0041 FIG. 6 shows the inhibition of IGF-I-stimulated 
signal transduction in SaCS-2 cells by EM164 antibody. 
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0042 FIG. 7 shows the effect of EM164 antibody on the 
growth and survival of MCF-7 cells under different growth 
conditions, as assessed by MTT assay. 
0043 FIG. 8 shows the effect of EM164 antibody on the 
growth and Survival of MCF-7 cells in the presence of 
various Serum concentrations. 

0044 FIG. 9 shows the inhibition of IGF-I- and serum 
stimulated growth and survival of NCI-H838 cells by 
EM164 antibody. 
004.5 FIG. 10 shows the effect of treatment with EM164 
antibody, taxol, or a combination of EM164 antibody and 
taxol, on the growth of a Calu-6 lung cancer Xenograft in 
mice. 

0046 FIG. 11 shows competition between the binding of 
humanized EM164 antibody (v.1.0) and murine EM164 
antibody. 

0047 FIG. 12 shows the cDNA (SEQ ID NO:49) and 
amino acid sequences (SEQ ID NO:50) of the light chain 
leader and variable region of the murine anti-IGF-I receptor 
antibody EM164. The arrow marks the start of framework 1. 
The 3 CDR sequences according to Kabat are underlined. 
0.048 FIG. 13 shows the cDNA (SEQ ID NO:51) and 
amino acid sequences (SEQ ID NO:52) of the heavy chain 
leader and variable region for the murine anti-IGF-I receptor 
antibody EM164. The arrow marks the start of framework 1. 
The 3 CDR sequences according to Kabat are underlined. 
0049 FIG. 14 shows the light and heavy chain CDR 
amino acid Sequences of antibody EM164 as determined 
from Chothia canonical class definitions. AbM modeling 
Software definitions for the heavy chain CDRs are also 
shown. Light Chain: CDR1 is SEQ ID NO:4, CDR2 is SEQ 
ID NO:5, and CDR3 is SEQ ID NO:6. Heavy Chain: CDR1 
is SEQ ID NO:1, CDR2 is SEQ ID NO:2, and CDR3 is SEQ 
ID NO:3. AbM Heavy Chain: CDR1 is SEQ ID NO:53, 
CDR2 is SEQ ID NO:54, and CDR3 is SEQ ID NO:55. 
0050 FIG. 15 shows the light chain and heavy chain 
amino acid Sequences for anti-IGF-I-receptor antibody 
EM164 aligned with the germline sequences for the Cr1 
(SEQ ID NO:56) and J558.c (SEQ ID NO:57) genes. Dashes 
(-) indicate sequence identity. 
0051 FIG. 16 shows the plasmids used to build and 
express the recombinant chimeric and humanized EM164 
antibodies. A) a light chain cloning plasmid, B) a heavy 
chain cloning plasmid, C) a mammalian antibody expression 
plasmid. 

0.052 FIG. 17 shows the 10 most homologous amino 
acid Sequences of the light chains Screened from the 127 
antibodies in the set of structure files used to predict the 
surface residues of EM164. em164 LC (SEQ ID NO:58), 
2jel (SEQID NO:59), 2pep (SEQID NO:60), 1nqb (SEQ ID 
NO:61), 1kel (SEQ ID NO:62), 1hyx (SEQ ID NO:63), 1igf 
(SEQ ID NO:64), 1 tet (SEQ ID NO:65), 1clz (SEQ ID 
NO:66), 1 bln (SEQ ID NO:67), 1cly (SEQ ID NO:68), 
Consensus (SEQ ID NO:69). 
0053 FIG. 18 shows the 10 most homologous amino 
acid Sequences of the heavy chains Screened from the 127 
antibodies in the set of structure files used to predict the 
surface residues of EM164. em164 HC (SEQ ID NO:70), 
1nqb (SEQ ID NO:71), 1ngp (SEQ ID NO:72), 1?bi (SEQ 
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ID NO:73), 1afv (SEQ ID NO:74), 1yuh (SEQ ID NO:75), 
1plg (SEQ ID NO:76), 1.d5b (SEQ ID NO:77), 1ae6 (SEQ 
ID NO:78), 1axs (SEQ ID NO:79), 3hfi (SEQ ID NO:80), 
Consensus (SEQ ID NO:81). 
0054 FIG. 19 shows the average accessibility for each of 
the (A) light, and (B) heavy chain variable region residues 
from the 10 most homologous structures. The numbers 
represent the Kabat antibody Sequence position numbers. 
0055 FIG. 20 shows the light chain variable region 
amino acid sequences for murine EM164 (muEM164) and 
humanized EM164 (huEM164) antibodies. muEM164 (SEQ 
ID NO:82), huEM164 V1.0 (SEQ ID NO:83), huEM164 
V1.1 (SEQ ID NO:84), huEM164 V12 (SEQ ID NO:85), 
huEM164 V1.3 (SEQ ID NO:86). 
0056 FIG. 21 shows the heavy chain variable region 
amino acid sequences for murine (muEM164, SEQ ID 
NO:87) and humanized EM164 antibodies (huEM164, SEQ 
ID NO:88). 
0057 FIG.22 shows the huEM164 v1.0 variable region 
DNA and amino acid sequences for both the light (DNA, 
SEQ ID NO:89, amino acid SEQ ID NO:90) and heavy 
chains (DNA, SEQ ID NO:91, amino acid SEQID NO:92). 
0.058 FIG.23 shows the light chain variable region DNA 
and amino acid Sequences for humanized EM164 V1.1 
(DNA, SEQ ID NO:93; amino acid SEQ ID NO:94), v1.2 
(DNA, SEQ ID NO:95; amino acid SEQ ID NO:96) and 
v1.3 (DNA, SEQ ID NO:97; amino acid SEQ ID NO:98). 
0059 FIG. 24 shows the inhibition of IGF-I-stimulated 
growth and Survival of MCF-7 cells by humanized EM164 
v1.0 antibody and murine EM164 antibody. 
0060 FIG. 25 shows that EM164 suppresses IGF-1- 
stimulated cycling of MCF-7 cells. 
0061 FIG. 26 shows that EM164 suppresses the anti 
apoptotic effect of IGF-1 and serum. Treatment with EM164 
results in apoptotic cell death as demonstrated by the 
increased levels of cleaved CK18 protein. 
0062 FIG. 27 shows the effect of treatment with EM164 
antibody, gemcitabine, or a combination of EM164 antibody 
and gemcitabine, on the growth of human BXPC-3 pancre 
atic cancer Xenografts in immunodeficient mice. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.063. The present inventors have discovered and 
improved novel antibodies that specifically bind to the 
human insulin-like growth factor-I receptor (IGF-IR) on the 
cell Surface. The antibodies and fragments have the unique 
ability to inhibit the cellular functions of the receptor 
without the capacity to activate the receptor themselves. 
Thus, while previously known antibodies that specifically 
bind and inhibit IGF-IR also activate the receptor even in the 
absence of IGF-IR ligands, the antibodies or fragments of 
the present invention antagonize IGF-IR but are Substan 
tially devoid of agonist activity. Furthermore, the antibodies 
and antibody fragments of the present invention inhibit the 
growth of human tumor cells such as MCF-7 cells in the 
presence of Serum by greater than 80%, which is a higher 
degree of inhibition than is obtained using previously known 
anti-IGF-IR antibodies. 
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0064. The present invention proceeds from a murine 
anti-IGF-IR antibody, herein EM164, that is fully charac 
terized with respect to the amino acid Sequences of both light 
and heavy chains, the identification of the CDRs, the iden 
tification of Surface amino acids, and means for its expres 
Sion in recombinant form. 

0065. The germline sequences are shown in FIG. 15 
aligned with the sequence of EM164. The comparison 
identifies probable somatic mutations in EM164, including 
one each in CDR1 in the light chain and in CDR2 in the 
heavy chain. 

0066. The primary amino acid and DNA sequences of 
antibody EM164 light and heavy chains, and of humanized 
versions, are disclosed herein. However, the Scope of the 
present invention is not limited to antibodies and fragments 
comprising these Sequences. Instead, all antibodies and 
fragments that Specifically bind to an insulin-like growth 
factor-I receptor and antagonize the biological activity of the 
receptor, but which are Substantially devoid of agonist 
activity, fall within the Scope of the present invention. Thus, 
antibodies and antibody fragments may differ from antibody 
EM164 or the humanized derivatives in the amino acid 
Sequences of their Scaffold, CDRS, light chain and heavy 
chain, and Still fall within the Scope of the present invention. 

0067. The CDRs of antibody EM164 are identified by 
modeling and their molecular Structures have been pre 
dicted. Again, while the CDRS are important for epitope 
recognition, they are not essential to the antibodies and 
fragments of the invention. Accordingly, antibodies and 
fragments are provided that have improved properties pro 
duced by, for example, affinity maturation of an antibody of 
the present invention. 

0068 Diverse antibodies and antibody fragments, as well 
as antibody mimics may be readily produced by mutation, 
deletion and/or insertion within the variable and constant 
region Sequences that flank a particular set of CDRS. Thus, 
for example, different classes of Ab are possible for a given 
set of CDRs by Substitution of different heavy chains, 
whereby, for example, IgG1-4, IgM, IgA1-2, Ig), IgE 
antibody types and isotypes may be produced. Similarly, 
artificial antibodies within the scope of the invention may be 
produced by embedding a given set of CDRs within an 
entirely synthetic framework. The term “variable” is used 
herein to describe certain portions of the variable domains 
that differ in Sequence among antibodies and are used in the 
binding and Specificity of each particular antibody for its 
antigen. However, the variability is not usually evenly 
distributed through the variable domains of the antibodies. It 
is typically concentrated in three Segments called comple 
mentarity determining regions (CDRS) or hyperVariable 
regions both in the light chain and the heavy chain variable 
domains. The more highly conserved portions of the variable 
domains are called the framework (FR). The variable 
domains of heavy and light chains each comprise four 
framework regions, largely adopting a beta-sheet configu 
ration, connected by three CDRs, which form loops con 
necting, and in Some cases forming part of the beta-sheet 
structure. The CDRs in each chain are held together in close 
proximity by the FR regions and, with the CDRs from the 
other chain, contribute to the formation of the antigen 
binding site of antibodies (E. A. Kabat et al. Sequences of 
Proteins of Immunological Interest, fifth edition, 1991, 
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NIH). The constant domains are not involved directly in 
binding an antibody to an antigen, but exhibit various 
effector functions, Such as participation of the antibody in 
antibody-dependent cellular toxicity. 

0069 Humanized antibodies, or antibodies adapted for 
non-rejection by other mammals, may be produced using 
Several technologies Such as resurfacing and CDR grafting. 
In the resurfacing technology, molecular modeling, Statisti 
cal analysis and mutagenesis are combined to adjust the 
non-CDR surfaces of variable regions to resemble the Sur 
faces of known antibodies of the target host. Strategies and 
methods for the resurfacing of antibodies, and other methods 
for reducing immunogenicity of antibodies within a different 
host, are disclosed in U.S. Pat. No. 5,639,641, which is 
hereby incorporated in its entirety by reference. In the CDR 
grafting technology, the murine heavy and light chain CDRS 
are grafted into a fully human framework Sequence. 
0070 The invention also includes functional equivalents 
of the antibodies described in this specification. Functional 
equivalents have binding characteristics that are comparable 
to those of the antibodies, and include, for example, chi 
merized, humanized and Single chain antibodies as well as 
fragments thereof. Methods of producing Such functional 
equivalents are disclosed in PCT Application WO 93/21319, 
European Patent Application No. 239,400; PCT Application 
WO 89/09622; European Patent Application 338,745; and 
European Patent Application EP 332,424, which are incor 
porated in their respective entireties by reference. 
0.071) Functional equivalents include polypeptides with 
amino acid Sequences Substantially the same as the amino 
acid Sequence of the variable or hyperVariable regions of the 
antibodies of the invention. “Substantially the same” as 
applied to an amino acid Sequence is defined herein as a 
sequence with at least about 90%, and more preferably at 
least about 95% sequence identity to another amino acid 
sequence, as determined by the FASTA search method in 
accordance with Pearson and Lipman, Proc. Natl. Acad. Sci. 
USA 85, 2444-2448 (1988). 
0.072 Chimerized antibodies preferably have constant 
regions derived Substantially or exclusively from human 
antibody constant regions and variable regions derived Sub 
Stantially or exclusively from the Sequence of the variable 
region from a mammal other than a human. Humanized 
forms of the antibodies are made by Substituting the comple 
mentarity determining regions of, for example, a mouse 
antibody, into a human framework domain, e.g., See PCT 
Pub. No. W092/22653. Humanized antibodies preferably 
have constant regions and variable regions other than the 
complementarity determining regions (CDRS) derived Sub 
Stantially or exclusively from the corresponding human 
antibody regions and CDRS derived substantially or exclu 
Sively from a mammal other than a human. 
0.073 Functional equivalents also include single-chain 
antibody fragments, also known as Single-chain antibodies 
(ScFVS). These fragments contain at least one fragment of an 
antibody variable heavy-chain amino acid sequence (V) 
tethered to at least one fragment of an antibody variable 
light-chain sequence (V) with or without one or more 
interconnecting linkers. Such a linker may be a short, 
flexible peptide Selected to assure that the proper three 
dimensional folding of the (V) and (V) domains occurs 
once they are linked So as to maintain the target molecule 
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binding-specificity of the whole antibody from which the 
Single-chain antibody fragment is derived. Generally, the 
carboxyl terminus of the (V) or (V) sequence may be 
covalently linked by Such a peptide linker to the amino acid 
terminus of a complementary (V) and (V) sequence. 
Single-chain antibody fragments may be generated by 
molecular cloning, antibody phage display library or similar 
techniques. These proteins may be produced either in 
eukaryotic cells or prokaryotic cells, including bacteria. 

0074. Single-chain antibody fragments contain amino 
acid Sequences having at least one of the variable or comple 
mentarity determining regions (CDRS) of the whole anti 
bodies described in this specification, but are lacking Some 
or all of the constant domains of those antibodies. These 
constant domains are not necessary for antigen binding, but 
constitute a major portion of the Structure of whole antibod 
ies. Single-chain antibody fragments may therefore over 
come Some of the problems associated with the use of 
antibodies containing a part or all of a constant domain. For 
example, Single-chain antibody fragments tend to be free of 
undesired interactions between biological molecules and the 
heavy-chain constant region, or other unwanted biological 
activity. Additionally, Single-chain antibody fragments are 
considerably Smaller than whole antibodies and may there 
fore have greater capillary permeability than whole antibod 
ies, allowing Single-chain antibody fragments to localize and 
bind to target antigen-binding sites more efficiently. Also, 
antibody fragments can be produced on a relatively large 
Scale in prokaryotic cells, thus facilitating their production. 
Furthermore, the relatively Small size of Single-chain anti 
body fragments makes them less likely to provoke an 
immune response in a recipient than whole antibodies. 

0075) Functional equivalents further include fragments of 
antibodies that have the Same, or comparable binding char 
acteristics to those of the whole antibody. Such fragments 
may contain one or both Fab fragments or the F(ab') 
fragment. Preferably the antibody fragments contain all Six 
complementarity determining regions of the whole antibody, 
although fragments containing fewer than all of Such 
regions, Such as three, four or five CDRS, are also functional. 
Further, the functional equivalents may be or may combine 
members of any one of the following immunoglobulin 
classes: IgG, IgM, IgA, Ig), or IgE, and the Subclasses 
thereof. 

0076. The knowledge of the amino acid and nucleic acid 
sequences for the anti-IGF-I receptor antibody EM164 and 
its humanized variants, which are described herein, can be 
used to develop other antibodies which also bind to human 
IGF-I receptor and inhibit the cellular functions of the IGF-I 
receptor. Several studies have surveyed the effects of intro 
ducing one or more amino acid changes at various positions 
in the Sequence of an antibody, based on the knowledge of 
the primary antibody Sequence, on its properties Such as 
binding and level of expression (Yang, W. P. et al., 1995, J. 
Mol. Biol., 254, 392-403; Rader, C. et al., 1998, Proc. Natl. 
Acad. Sci. USA, 95,8910-8915; Vaughan, T. J. et al., 1998, 
Nature Biotechnology, 16, 535-539). 
0077. In these studies, variants of the primary antibody 
have been generated by changing the Sequences of the heavy 
and light chain genes in the CDR1, CDR2, CDR3, or 
framework regions, using methods Such as oligonucleotide 
mediated Site-directed mutagenesis, cassette mutagenesis, 
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error-prone PCR, DNA shuffling, or mutator-strains of E. 
coli (Vaughan, T. J. et al., 1998, Nature Biotechnology, 16, 
535-539; Adey, N. B. et al., 1996, Chapter 16, pp. 277-291, 
in “Phage Display of Peptides and Proteins”, Eds. Kay, B. 
K. et al., Academic Press). These methods of changing the 
Sequence of the primary antibody have resulted in improved 
affinities of the secondary antibodies (Gram, H. et al., 1992, 
Proc. Natl. Acad. Sci. USA, 89, 3576-3580; Boder, E. T. et 
al., 2000, Proc. Natl. Acad. Sci. USA, 97, 10701-10705; 
Davies, J. and Riechmann, L., 1996, Immunotechnolgy, 2, 
169-179; Thompson, J. et al., 1996, J. Mol. Biol., 256, 
77-88; Short, M. K. et al., 2002, J. Biol. Chem., 277, 
16365-16370; Furukawa, K. et al., 2001, J. Biol. Chem., 
276, 27622-27628). 
0078 By a similar directed strategy of changing one or 
more amino acid residues of the antibody, the antibody 
Sequences described in this invention can be used to develop 
anti-IGF-I receptor antibodies with improved functions. 
0079 The conjugates of the present invention comprise 
the antibody, fragments, and their analogs as disclosed 
herein, linked to a cytotoxic agent. Preferred cytotoxic 
agents are maytansinoids, taxanes and analogs of CC-1065. 
The conjugates can be prepared by in Vitro methods. In order 
to link the cytotoxic agent to the antibody, a linking group 
is used. Suitable linking groups are well known in the art and 
include disulfide groups, thioether groups, acid labile 
groups, photolabile groups, peptidase labile groups and 
esterase labile groups. Preferred linking groups are disulfide 
groupS and thioether groups. For example, conjugates can be 
constructed using a disulfide exchange reaction or by form 
ing a thioether bond between the antibody and the cytotoxic 
agent. 

0080 Maytansinoids and maytansinoid analogs are 
among the preferred cytotoxic agents. Examples of Suitable 
maytansinoids include maytansinol and maytansinol ana 
logs. Suitable maytansinoids are disclosed in U.S. Pat. Nos. 
4,424,219; 4,256,746; 4,294,757; 4,307,016; 4,313,946; 
4,315,929; 4,331,598; 4.361,650; 4,362,663; 4,364,866; 
4.450,254; 4,322,348; 4,371,533; 6,333.410; 5,475,092; 
5,585,499; and 5,846,545. 
0.081 Taxanes are also preferred cytotoxic agents. Tax 
anes Suitable for use in the present invention are disclosed in 
U.S. Pat. Nos. 6,372,738 and 6,340,701. 
0082 CC-1065 and its analogs are also preferred cyto 
toxic drugs for use in the present invention. CC-1065 and its 
analogs are disclosed in U.S. Pat. Nos. 6,372,738; 6,340, 
701; 5,846,545 and 5,585,499. 

0.083. An attractive candidate for the preparation of Such 
cytotoxic conjugates is CC-1065, which is a potent anti 
tumor antibiotic isolated from the culture broth of Strepto 
myces zelensis. CC-1065 is about 1000-fold more potent in 
Vitro than are commonly used anti-cancer drugs, Such as 
doxorubicin, methotrexate and Vincristine (B. K. Bhuyanet 
al., Cancer Res., 42, 3532-3537 (1982)). 
0084. Cytotoxic drugs such as methotrexate, daunorubi 
cin, doxorubicin, Vincristine, vinblastine, melphalan, mito 
mycin C, chlorambucil, and calicheamicin are also Suitable 
for the preparation of conjugates of the present invention, 
and the drug molecules can also be linked to the antibody 
molecules through an intermediary carrier molecule Such as 
Serum albumin. 
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0085 For diagnostic applications, the antibodies of the 
present invention typically will be labeled with a detectable 
moiety. The detectable moiety can be any one which is 
capable of producing, either directly or indirectly, a detect 
able Signal. For example, the detectable moiety may be a 
radioisotope, such as H, C, P, S, or ''I; a fluorescent 
or chemiluminescent compound, Such as fluorescein isothio 
cyanate, rhodamine, or luciferin; or an enzyme, Such as 
alkaline phosphatase, beta-galactosidase or horseradish per 
oxidase. 

0086) Any method known in the art for conjugating the 
antibody to the detectable moiety may be employed, includ 
ing those methods described by Hunter, et al., Nature 
144:945 (1962); David, et al., Biochemistry 13:1014 (1974); 
Pain, et al., J. Immunol. Meth. 40:219 (1981); and Nygren, 
J. Histochem. and Cytochem. 30:407 (1982). 
0087. The antibodies of the present invention can be 
employed in any known assay method, Such as competitive 
binding assays, direct and indirect Sandwich assays, and 
immunoprecipitation assays (Zola, Monoclonal Antibodies: 
A Manual of Techniques, pp. 147-158 (CRC Press, Inc., 
1987)). 
0088. The antibodies of the invention also are useful for 
in Vivo imaging, wherein an antibody labeled with a detect 
able moiety Such as a radio-opaque agent or radioisotope is 
administered to a Subject, preferably into the bloodstream, 
and the presence and location of the labeled antibody in the 
host is assayed. This imaging technique is useful in the 
Staging and treatment of malignancies. The antibody may be 
labeled with any moiety that is detectable in a host, whether 
by nuclear magnetic resonance, radiology, or other detection 
means known in the art. 

0089. The antibodies of the invention also are useful as 
affinity purification agents. In this process, the antibodies are 
immobilized on a Suitable Support, Such a SephadeX resin or 
filter paper, using methods well known in the art. 
0090 The antibodies of the invention also are useful as 
reagents in biological research, based on their inhibition of 
the function of IGF-I receptor in cells. 
0091 For therapeutic applications, the antibodies or con 
jugates of the invention are administered to a Subject, in a 
pharmaceutically acceptable dosage form. They can be 
administered intravenously as a bolus or by continuous 
infusion over a period of time, by intramuscular, Subcuta 
neous, intra-articular, intrasynovial, intrathecal, oral, topical, 
or inhalation routes. The antibody may also be administered 
by intratumoral, peritumoral, intralesional, or perilesional 
routes, to exert local as well as Systemic therapeutic effects. 
Suitable pharmaceutically acceptable carriers, diluents, and 
excipients are well known and can be determined by those 
of skill in the art as the clinical Situation warrants. Examples 
of Suitable carriers, diluents and/or excipients include: (1) 
Dulbecco's phosphate buffered saline, pH about 7.4, con 
taining about 1 mg/ml to 25 mg/ml human Serum albumin, 
(2) 0.9% saline (0.9% w/v NaCl), and (3) 5% (w/v) dextrose. 
The method of the present invention can be practiced in 
vitro, in vivo, or ex vivo. 

0092. In other therapeutic treatments, the antibodies, 
antibody fragments or conjugates of the invention are co 
administered, or administered Sequentially, with one or more 
additional therapeutic agents. Suitable therapeutic agents 
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include, but are not limited to, cytotoxic or cytostatic agents. 
Taxol is a preferred therapeutic agent that is also a cytotoxic 
agent. 

0.093 Cancer therapeutic agents are those agents that 
Seek to kill or limit the growth of cancer cells while doing 
minimal damage to the host. Thus, Such agents may exploit 
any difference in cancer cell properties (e.g. metabolism, 
vascularization or cell-Surface antigen presentation) from 
healthy host cells. Differences in tumor morphology are 
potential Sites for intervention: for example, the Second 
therapeutic can be an antibody such as an anti-VEGF 
antibody that is useful in retarding the vascularization of the 
interior of a Solid tumor, thereby slowing its growth rate. 
Other therapeutic agents include, but are not limited to, 
adjuncts Such as granisetron HCl, androgen inhibitorS Such 
as leuprolide acetate, antibiotics Such as doxorubicin, anti 
estrogens Such as tamoxifen, antimetabolites Such as inter 
feron alpha-2a, cytotoxic agents Such as taxol, enzyme 
inhibitorS Such as ras farnesyl-transferase inhibitor, immu 
nomodulatorS Such as aldesleukin, and nitrogen mustard 
derivatives such as melphalan HCl, and the like. 

0094. The therapeutic agents that can be combined with 
EM164 for improved anti-cancer efficacy include diverse 
agents used in oncology practice (Reference: Cancer, Prin 
ciples & Practice of Oncology, DeVita, V. T., Hellman, S., 
Rosenberg, S.A., 6th edition, Lippincott-Raven, Philadel 
phia, 2001), Such as docetaxel, paclitaxel, doxorubicin, 
epirubicin, cyclophosphamide, trastuzumab (Herceptin), 
capecitabine, tamoxifen, toremifene, letrozole, anastrozole, 
fulveStrant, exemestane, goSerelin, oxaliplatin, carboplatin, 
cisplatin, dexamethasone, antide, bevacizumab (Avastin), 
5-fluorouracil, leucovorin, levamisole, irinotecan, etoposide, 
topotecan, gemcitabine, Vinorelbine, estramustine, mitox 
antrone, abarelix, Zoledronate, Streptozocin, rituximab (Rit 
uxan), idarubicin, buSulfan, chlorambucil, fludarabine, ima 
tinib, cytarabine, ibritumomab (Zevalin), toSitumomab 
(Bexxar), interferon alpha-2b, melphalam, bortezomib (Vel 
cade), altretamine, asparaginase, gefitinib (IreSSa), erlonitib 
(Tarceva), anti-EGF receptor antibody (Cetuximab, AbX 
EGF), epothilones, and conjugates of cytotoxic drugs and 
antibodies against cell-Surface receptorS. Preferred thera 
peutic agents are platinum agents (Such as carboplatin, 
Oxaliplatin, cisplatin), taxanes (such as paclitaxel, doc 
etaxel), gemcitabine, and camptothecin. 
0.095 The one or more additional therapeutic agents can 
be administered before, concurrently, or after the antibody, 
antibody fragment or conjugate of the invention. The skilled 
artisan will understand that for each therapeutic agent there 
may be advantages to a particular order of administration. 
Similarly, the skilled artisan will understand that for each 
therapeutic agent, the length of time between which the 
agent, and an antibody, antibody fragment or conjugate of 
the invention is administered, will vary. 

0096] While the skilled artisan will understand that the 
dosage of each therapeutic agent will be dependent on the 
identity of the agent, the preferred dosages can range from 
about 10 mg/Square meter to about 2000 mg/Square meter, 
more preferably from about 50 mg/Square meter to about 
1000 mg/Square meter. For preferred agents Such as plati 
num agents (carboplatin, oxaliplatin, cisplatin), the preferred 
dosage is about 10 mg/Square meter to about 400 mg/Square 
meter, for taxanes (paclitaxel, docetaxel) the preferred doS 
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age is about 20 mg/Square meter to about 150 mg/Square 
meter, for gemcitabine the preferred dosage is about 100 
mg/Square meter to about 2000 mg/Square meter, and for 
camptothecin the preferred dosage is about 50 mg/Square 
meter to about 350 mg/Square meter. The dosage of this and 
other therapeutic agents may depend on whether the anti 
body, antibody fragment or conjugate of the invention is 
administered concurrently or Sequentially with a therapeutic 
agent. 

0097 Administration of an antibody, antibody fragment 
or conjugate of the invention, and one or more additional 
therapeutic agents, whether co-administered or administered 
Sequentially, may occur as described above for therapeutic 
applications. Suitable pharmaceutically acceptable carriers, 
diluents, and excipients for co-administration will be under 
stood by the skilled artisan to depend on the identity of the 
particular therapeutic agent being co-administered. 
0098. When present in an aqueous dosage form, rather 
than being lyophilized, the antibody typically will be for 
mulated at a concentration of about 0.1 mg/ml to 100 mg/ml, 
although wide variation outside of these ranges is permitted. 
For the treatment of disease, the appropriate dosage of 
antibody or conjugate will depend on the type of disease to 
be treated, as defined above, the Severity and course of the 
disease, whether the antibodies are administered for preven 
tive or therapeutic purposes, the course of previous therapy, 
the patient's clinical history and response to the antibody, 
and the discretion of the attending physician. The antibody 
is Suitably administered to the patient at one time or over a 
Series of treatments. 

0099. Depending on the type and severity of the disease, 
preferably from about 1 mg/square meter to about 2000 
mg/Square meter of antibody is an initial candidate dosage 
for administration to the patient, more preferably from about 
10 mg/Square meter to about 1000 mg/Square meter of 
antibody whether, for example, by one or more Separate 
administrations, or by continuous infusion. For repeated 
administrations over Several days or longer, depending on 
the condition, the treatment is repeated until a desired 
Suppression of disease Symptoms occurs. However, other 
dosage regimens may be useful and are not excluded. 
0100. The present invention also includes kits comprising 
one or more of the elements described herein, and instruc 
tions for the use of those elements. In a preferred embodi 
ment, a kit of the present invention includes antibody, 
antibody fragment or conjugate of the invention, and a 
therapeutic agent. The instructions for this preferred 
embodiment include instructions for inhibiting the growth of 
a cancer cell using the antibody, antibody fragment or 
conjugate of the invention, and the therapeutic agent, and/or 
instructions for a method of treating a patient having a 
cancer using the antibody, antibody fragment or conjugate of 
the invention, and the therapeutic agent. 
0101 Preferably, the antibody used in the kit has the 
Same amino acid Sequence as the murine antibody EM164 
produced by mouse hybridoma EM164 (ATCC accession 
number PTA-4457), or the antibody is an epitope-binding 
fragment thereof, wherein both the antibody and the frag 
ment specifically bind to insulin-like growth factor-I recep 
tor. The antibody and antibody fragment used in the kit may 
also be a resurfaced version of the EM164 antibody, a 
humanized version of the EM164 antibody, or an altered 
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version of the EM164 antibody having least one nucleotide 
mutation, deletion or insertion. Antibodies and antibody 
fragments of each of these three versions retain the same 
binding specificity as the EM164 antibody. 
0102 Preferably, the therapeutic agent used in the kit is 
Selected from the group consisting of docetaxel, paclitaxel, 
doxorubicin, epirubicin, cyclophosphamide, trastuzumab 
(Herceptin), capecitabine, tamoxifen, toremifene, letrozole, 
anastrozole, fulveStrant, exemestane, goserelin, oxaliplatin, 
carboplatin, cisplatin, dexamethasone, antide, bevacizumab 
(Avastin), 5-fluorouracil, leucovorin, levamisole, irinotecan, 
etoposide, topotecan, gemcitabine, Vinorelbine, estramus 
tine, mitoxantrone, abarelix, Zoledronate, Streptozocin, rit 
uximab (Rituxan), idarubicin, buSulfan, chlorambucil, flu 
darabine, imatinib, cytarabine, ibritumomab (Zevalin), 
toSitumomab (BeXXar), interferon alpha-2b, melphalam, 
bortezomib (Velcade), altretamine, asparaginase, gefitinib 
(Iressa), erlonitib (Tarceva), anti-EGF receptor antibody 
(Cetuximab, Abx-EGF), and an epothilone. More preferably, 
the therapeutic agent is a platinum agent (Such as carbopl 
atin, oxaliplatin, cisplatin), a taxane (Such as paclitaxel, 
docetaxel), gemcitabine, or camptothecin. 
0103) The elements of the kits of the present invention 
are in a Suitable form for a kit, Such as a Solution or 
lyophilized powder. The concentration or amount of the 
elements of the kits will be understood by the skilled artisan 
to varying depending on the identity and intended use of 
each element of the kit. 

0104. The cancers and cells therefrom referred to in the 
instructions of the kits include breast cancer, colon cancer, 
ovarian carcinoma, Osteosarcoma, cervical cancer, prostate 
cancer, lung cancer, Synovial carcinoma, pancreatic cancer, 
melanoma, multiple myeloma, neuroblastoma, and rhab 
domyosarcoma. 

EXAMPLES 

0105 The invention is now described by reference to the 
following examples, which are illustrative only, and are not 
intended to limit the present invention. 

Example 1 

Murine EM164 Antibody 
0106. In this first example, the complete primary amino 
acid structure and cDNA sequence of a murine antibody of 
the present invention is disclosed, together with its binding 
properties and means for its expression in recombinant form. 
Accordingly, there is provided a full and complete disclosure 
of an antibody of the invention and its preparation, Such that 
one of ordinary skill in the immunological arts would be able 
to prepare said antibody without undue experimentation. 
0107 A. Generation of Anti-IGF-I Receptor Monoclonal 
Antibody Hybridoma 

0108. A cell line expressing human IGF-I receptor with a 
Y1251F mutation was used for immunization as it expressed 
a high number of IGF-I receptors (~10 per cell). The 
Y1251F-mutation in the cytoplasmic domain of IGF-I recep 
tor resulted in loSS of transformation and anti-apoptotic 
signaling, but did not affect IGF-I binding and IGF-I- 
Stimulated mitogenic Signaling (O'Connor, R. et al., 1997, 
Mol. Cell. Biol., 17, 427-435; Miura, M. et al., 1995, J. Biol. 
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Chem., 270,22639-22644). The mutation did not otherwise 
affect antibody generation because the antibody of this 
example bound to the extracellular domain of IGF-I recep 
tor, which was identical for both the Y1251F mutant and the 
wild type receptor. 
0109) A cell line expressing human IGF-I receptor with a 
Y1251F mutation was generated from 3T3-like cells of a 
IGF-I-receptor-deficient mouse by transfection with 
Y1251F-mutant human IGF-1-receptor gene together with a 
puromycin-resistance gene, and was Selected using puromy 
cin (2.5 microgram/mL) and by FACS sorting for high IGF-I 
receptor expression (Miura, M. et al., 1995, J. Biol. Chem., 
270, 22639-22644). A cell line having a high level of IGF-I 
receptor expression was further Selected using a high con 
centration of puromycin Such as 25 microgram/mL, which 
was toxic to most of the cells. Surviving colonies were 
picked and those displaying a high level of IGF-I receptor 
expression were Selected. 

0110 CAF1/J female mice, 6 months old, were immu 
nized intraperitoneally on day 0 with Y1251 F-mutant-hu 
man-IGF-1-receptor-overexpressing cells (5x10 cells, Sus 
pended in 0.2 mL PBS). The animals were boosted with 0.2 
mL cell suspension as follows: day 2, 1x10 cells; day 5, 
2x10 cells; days 7, 9, 12, and 23, 1x107 cells. On day 26, a 
mouse was Sacrificed and its spleen removed. 
0111. The spleen was ground between two frosted glass 
Slides to obtain a Single cell Suspension, which was washed 
with serum-free RPMI medium containing penicillin and 
streptomycin (SFM). The spleen cell pellet was resuspended 
in 10 mL of 0.83% (w/v) ammonium chloride solution in 
water for 10 min on ice to lyse the red blood cells, and was 
then washed with serum-free medium (SFM). Spleen cells 
(1.2x10) were pooled with myeloma cells (4x107) from the 
non-secreting mouse myeloma cell line P3X63Ag8.653 
(ATCC, Rockville, Md.; Cat. # CRL1580) in a tube, and 
washed with the serum-free RPMI-1640 medium (SFM). 
The Supernatant was removed and the cell pellet resus 
pended in the residual medium. The tube was placed in a 
beaker of water at 37 C. and 1.5 mL of polyethylene glycol 
solution (50% PEG (w/v), average molecular weight 1500 in 
75 mM HEPES, pH8) was added slowly at a drop rate of 0.5 
mL/minute while the tube was gently Shaken. After a wait of 
one minute, 10 mL of SFM was added as follows: 1 mL over 
the first minute, 2 mL over the second minute, and 7 mL over 
the third minute. Another 10 mL was then added slowly over 
one minute. Cells were pelleted by centrifugation, washed in 
SFM and resuspended in RPMI-1640 growth medium 
supplemented with 5% fetal bovine serum (FBS), hypoxan 
thine/aminopterin/thymidine (HAT), penicillin, Streptomy 
cin, and 10% hybridoma cloning supplement (HCS). Cells 
were seeded into 96-well flat-bottom tissue culture plates at 
2x10 spleen cells in 200 uL per well. After 5-7 days, 100 uL 
per well were removed and replaced with growth medium 
supplemented with hypoxanthine/thymidine (HT) and 5% 
FBS. The general conditions used for immunization and 
hybridoma production were as described by J. Langone and 
H. Vunakis (Eds., Methods in Enzymology, Vol. 121, 
“Immunochemical Techniques, Part I; 1986; Academic 
Press, Florida) and E. Harlow and D. Lane ("Antibodies: A 
Laboratory Manual’; 1988; Cold Spring Harbor Laboratory 
Press, New York). Other techniques of immunization and 
hybridoma production can also be used, as are well known 
to those of skill in the art. 
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0112 Culture Supernatants from hybridoma clones were 
screened for binding to purified human IGF-I receptor by 
ELISA, for Specific binding to cells overexpressing human 
IGF-I receptor, and for a lack of binding to cells overex 
pressing human insulin receptor by ELISA and FACS 
Screening as described below. Clones exhibiting higher 
binding affinity to cells overexpressing human IGF-I recep 
tor than to cells overexpressing human insulin receptor were 
expanded and Subcloned. The culture Supernatants of the 
subclones were further screened by the above binding 
assays. By this procedure, subclone 3F1-C8-D7 (EM164) 
was Selected, and the heavy and light chain genes were 
cloned and Sequenced as described below. 
0113 Human IGF-I receptor was isolated for use in the 
Screening of Supernatants from hybridoma clones for their 
binding to IGF-I receptor by the method below. Biotinylated 
IGF-I was prepared by modification of recombinant IGF-I 
using biotinylating reagents Such as Sulfo-NHS-LC-biotin, 
sulfo-NHS-SS-biotin, or NHS-PEO-biotin. Biotinylated 
IGF-I was absorbed on Streptavidin-agarose beads and incu 
bated with lysate from cells that overexpressed human wild 
type or Y1251F mutant IGFR. The beads were washed and 
eluted with a buffer containing 2 to 4 Murea and detergent 
such as triton X-100 or octyl-3-glucoside. Eluted IGF-I 
receptor was dialyzed against PBS and was analyzed for 
purity by SDS-PAGE under reducing conditions, which 
showed alpha and beta chain bands of IGF-I receptor of 
molecular weights about 135 kDa and 95 kDa, respectively. 
0114) To check for the binding of hybridoma Supernatants 
to purified IGF-I receptor, an Immulon-4HB ELISA plate 
(Dynatech) was coated with a purified human IGF-I receptor 
Sample (prepared by dialysis from urea/octyl-3-glucoside 
elution of affinity purified sample) diluted in 50 mM CHES 
buffer at pH 9.5 (100 u : 4°C., overnight). The wells were 
blocked with 200 uL of blocking buffer (10 mg/mL BSA in 
TBS-T buffer containing 50 mM Tris, 150 mM NaCl, pH 
7.5, and 0.1% Tween-20) and incubated with supernatants 
from hybridoma clones (100 uL; diluted in blocking buffer) 
for about 1 h to 12 h, washed with TBS-T buffer, and 
incubated with goat-anti-mouse-IgG-Fc-antibody-horserad 
ish peroxidase (HRP) conjugate (100 uL, 0.8 ug/mL in 
blocking buffer; Jackson ImmunoResearch Laboratories), 
followed by washes and detection using ABTS/HO sub 
strate at 405 nm (0.5 mg/mL ABTS, 0.03% HO in 0.1 M 
citrate buffer, pH 4.2). Typically, a Supernatant from a 3F1 
hybridoma Subclone yielded a signal of about 1.2 absor 
bance units within 3 min of development, in contrast to 
values of 0.0 obtained for Supernatants from some other 
hybridoma clones. General conditions for this ELISA were 
similar to the standard ELISA conditions for antibody bind 
ing and detection as described by E. Harlow and D. Lane 
(“Using Antibodies: A Laboratory Manual”; 1999, Cold 
Spring Harbor Laboratory Press, New York), which condi 
tions can also be used. 

0115 Screening of hybridoma Supernatants for specific 
binding to human IGF-I receptor and not to human insulin 
receptor was performed using ELISA on cell lines that 
overexpressed human Y1251F-IGF-I receptor and on cell 
lines that overexpressed human insulin receptor. Both cell 
lines were generated from 3T3-like cells of IGF-I receptor 
deficient mice. The IGF-I receptor overexpressing cells and 
insulin receptor overexpressing cells were separately har 
vested from tissue culture flasks by quick trypsin/EDTA 
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treatment, Suspended in growth medium containing 10% 
FBS, pelleted by centrifugation, and washed with PBS. The 
washed cells (100 uLof about 1-3x10 cells/mL) were added 
to wells of an Immulon-2HB plate coated with phytohemag 
glutinin (100 uL of 20 tug/mL PHA), centrifuged and 
allowed to adhere to PHA-coated wells for 10 min. The plate 
with cells was flicked to remove PBS and was then dried 
overnight at 37 C. The wells were blocked with 5 mg/mL 
BSA Solution in PBS for 1 h at 37° C. and were then washed 
gently with PBS. Aliquots of the Supernatants from hybri 
doma clones (100 uL; diluted in blocking buffer) were then 
added to Wells containing IGF-I-receptor-Overexpressing 
cells and to Wells containing insulin receptor-Overexpressing 
cells and were incubated at ambient temperature for 1 h. The 
wells were washed with PBS, incubated with goat-anti 
mouse-IgG-Fc-antibody-horseradish peroxidase conjugate 
(100 ul; 0.8 ug/mL in blocking buffer) for 1 h, followed by 
washes and then binding was detected using an ABTS/H2O2 
substrate. A typical Supernatant from a 3F1 hybridoma 
Subclone upon incubation with cells overexpressing IGF-I 
receptor yielded a signal of 0.88 absorbance units within 12 
min of development, in contrast to a value of 0.22 absor 
bance units obtained upon incubation with cells overex 
pressing human insulin receptor. 

0116. The hybridoma was grown in Integra CL350 flasks 
(Integra BioSciences, Maryland), according to manufactur 
er's specifications, to provide purified EM164 antibody. A 
yield of about 0.5-1 mg/mL antibody was obtained in the 
harvested Supernatants from the Integra flasks, based on 
quantitation by ELISA and by SDS-PAGE/Coomassie blue 
Staining using antibody Standards. The antibody was purified 
by affinity chromatography on Protein A-agarose bead col 
umn under Standard purification conditions of loading and 
washing in 100 mM Tris buffer, pH 8.9, containing 3 M 
NaCl, followed by elution in 100 mM acetic acid solution 
containing 150 mM NaCl. The eluted fractions containing 
antibody were neutralized with cold 2 M KHPO solution 
and dialyzed in PBS at 4 C. The concentration of the 
antibody was determined by measuring absorbance at 280 
nm (extinction coefficient=1.4 mg mL cm). The purified 
antibody sample was analyzed by SDS-PAGE under reduc 
ing conditions and Coomassie blue Staining, which indicated 
only heavy and light chain bands of antibody at about 55 
kDa and 25 kDa, respectively. The isotype of the purified 
antibody was IgG with kappa light chain. 

0117 B. Binding Characterization of EM164 Antibody 

0118. The specific binding of the purified EM164 anti 
body was demonstrated by fluorescence activated cell Sort 
ing (FACS) using cells overexpressing human IGF-I recep 
tor and by using cells that overexpressed human insulin 
receptor (FIG. 1). Incubation of EM164 antibody (50-100 
nM) in 100 uL cold FACS buffer (1 mg/mL BSA in Dul 
becco's MEM medium) was performed using cells overex 
pressing IGF-I receptor and using cells overexpressing insu 
lin receptor (2x10 cells/mL) in a round-bottom 96-well 
plate for 1 h. The cells were pelleted by centrifugation and 
washed with cold FACS buffer by gentle flicking, followed 
by incubation with goat-anti-mouse-IgG-antibody-FITC 
conjugate (100 uL; 10 ug/mL in FACS buffer) on ice for 1 
h. The cells were pelleted, washed, and resuspended in 120 
till of 1% formaldehyde Solution in PBS. The plate was 
analyzed using a FACSCalibur reader (BD Biosciences). 
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0119) A strong fluorescence shift was obtained upon 
incubation of IGF-I receptor overexpressing cells with 
EM164 antibody, in contrast to an insignificant shift upon 
incubation of insulin receptor overexpressing cells with 
EM164 antibody (FIG. 1), which demonstrated that the 
EM164 antibody was selective in its binding to IGF-I 
receptor and did not bind to insulin receptor. The control 
antibodies, anti-IGF-I receptor antibody 1H7 (Santa Cruz 
Biotechnology) and anti-insulin receptor alpha antibody 
(BD Pharmingen Laboratories), yielded fluorescence shifts 
upon incubations with cells that overexpressed IGF-I recep 
tor and insulin receptor, respectively (FIG. 1). A strong 
fluorescence shift was also observed by FACS assay using 
EM164 antibody and human breast cancer MCF-7 cells, 
which expressed IGF-I receptor (Dufourny, B. et al., 1997, 
J. Biol. Chem., 272, 31163-31171), which showed that 
EM164 antibody bound to human IGF-I receptor on the 
Surface of human tumor cells. 

0120) The dissociation constant (K) for the binding of 
EM164 antibody with human IGF-I receptor was determined 
by ELISA titration of the binding of antibody at several 
concentrations with either directly coated IGF-I receptor 
(affinity purified using biotinylated IGF-I, as above) or 
indirectly captured biotinylated IGF-I receptor. Biotinylated 
IGF-I receptor was prepared by biotinylation of detergent 
solubilized lysate from IGF-I receptor overexpressing cells 
using PEO-maleimide-biotin reagent (Pierce, Molecular 
BioSciences), which was affinity purified using an anti-IGF-I 
receptor beta chain antibody immobilized on NHS-agarose 
beads and was eluted with 2-4 M urea in buffer containing 
NP-40 detergent and dialyzed in PBS. 
0121 The K determination for the binding of EM164 
antibody with biotinylated IGF-I receptor was carried out by 
coating Immulon-2HB plates with 100 till of 1 tug/mL 
streptavidin in carbonate buffer (150 mM sodium carbonate, 
350 mM sodium bicarbonate) at 4 C. overnight. The 
streptavidin-coated wells were blocked with 200 lull of 
blocking buffer (10 mg/mL BSA in TBS-T buffer), washed 
with TBS-T buffer and incubated with biotinylated IGF-I 
receptor (10 to 100 ng) for 4 hat ambient temperature. The 
wells containing indirectly captured biotinylated IGF-I 
receptor were then washed and incubated with EM164 
antibody in blocking buffer at Several concentrations (5.1X 
10' M to 200 nM) for 2 hat ambient temperature and were 
then incubated overnight at 4 C. The wells were next 
washed with TBS-T buffer and incubated with goat-anti 
mouse-IgG-antibody-horseradish peroxidase conjugate 
(100 uL, 0.5ug/mL in blocking buffer), followed by washes 
and detection using ABTS/HO substrate at 405 nm. The 
value of K was estimated by non-linear regression for 
one-site binding. 
0122) A similar binding titration was carried out using the 
Fab fragment of EM164 antibody, prepared by papain diges 
tion of the antibody as described by E. Harlow and D. Lane 
(“Using Antibodies: A Laboratory Manual”; 1999, Cold 
Spring Harbor Laboratory Press, New York). 
0123 The binding titration curve for the binding of 
EM164 antibody to biotinylated human IGF-I receptor 
yielded a K value of 0.1 nM (FIG. 2). The Fab fragment of 
EM164 antibody also bound the human IGF-I receptor very 
tightly with a K value of 0.3 nM, which indicated that the 
monomeric binding of the EM164 antibody to IGF-I recep 
tor was also very Strong. 
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0.124. This extremely low value of dissociation constant 
for the binding of IGF-I receptor by EM164 antibody was in 
part due to a very slow k rate as Verified by the Strong 
binding Signals observed after prolonged 1-2 day washes of 
the antibody bound to immobilized IGF-I receptor. 
0.125 EM164 antibody can be used for immunoprecipi 
tation of IGF-I receptor, as demonstrated by incubation of 
detergent-Solubilized lysate of the human breast cancer 
MCF-7 cells with EM164 antibody immobilized on protein 
G-agarose beads (Pierce Chemical Company). A Western 
blot of the EM164 antibody immunoprecipitate was detected 
using a rabbit polyclonal anti-IGF-I receptor beta chain 
(C-terminus) antibody (Santa Cruz Biotechnology) and a 
goat-anti-rabbit-IgG-antibody-horseradish peroxidase con 
jugate, followed by washes and enhanced chemilumines 
cence (ECL) detection. The Western blot of EM164 immu 
noprecipitate from MCF-7 cells exhibited bands 
corresponding to the beta chain of IGF-I receptor at about 95 
kDa and the pro-IGF-I receptor at about 220 kDa. Similar 
immunoprecipitations were carried out for other cell types to 
check species specificity of the binding of EM164 antibody, 
which also bound to IGF-I receptor from cos-7 cells (Afri 
can green monkey), but did not bind to IGF-I receptor of 3T3 
cells (mouse), CHO cells (Chinese hamster) or goat fibro 
blast cells (goat). The EM164 antibody did not detect 
SDS-denatured human IGF-I receptor in Western blots of 
lysates from MCF-7 cells, which indicated that it bound to 
a conformational epitope of native, non-denatured human 
IGF-I receptor. 

0.126 The binding domain of EM164 antibody was fur 
ther characterized using a truncated alpha chain construct, 
which comprised the cysteine rich domain flanked by L1 and 
L2 domains (residues 1-468) fused with the 16-mer-C- 
terminus piece (residues 704-719) and which was terminated 
by a C-terminus epitope tag. This Smaller IGF-I receptor, 
which lacked residues 469-703, has been reported to bind 
IGF-I, although less tightly compared to the native full 
length IGF-I receptor (Molina, L. et al., 2000, FEBS Letters, 
467, 226-230; Kristensen, C. et al., 1999, J. Biol. Chem., 
274, 37251-37356). Thus, a truncated IGF-I receptor alpha 
chain construct was prepared comprising residues 1-468 
fused to the C-terminus piece that is residues 704-719 and 
flanked by a C-terminus myc epitope tag. A stable cell line 
which expressed this construct, and which also expresses the 
construct transiently in human embryonic kidney 293T cells, 
was constructed. Astrong binding of EM164 antibody to this 
truncated IGF-I receptor alpha chain construct was 
observed. Of the two antibodies tested, IR3 (Calbiochem) 
also bound to this truncated alpha chain, but 1H7 antibody 
(Santa Cruz Biotechnology) did not bind, which indicated 
that the epitope of EM164 antibody was clearly distinct from 
that of 1H7 antibody. 

0127 C. Inhibition of Binding of IGF-I to MCF-7 Cells 
by EM164 Antibody 

0128. The binding of IGF-I to human breast cancer 
MCF-7 cells was inhibited by EM164 antibody (FIG. 3). 
MCF-7 cells were incubated with or without 5 lug/mL 
EM164 antibody for 2 h in serum-free medium, followed by 
incubation with 50 ng/mL biotinylated IGF-I for 20 min at 
37 C. The cells were then washed twice with serum-free 
medium to remove unbound biotin-IGF-I, and were then 
lysed in 50 mM HEPES, pH 7.4, containing 1% NP-40 and 
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protease inhibitors. An Immulon-2HB ELISA plate was 
coated with a mouse monoclonal anti-IGF-I receptor beta 
chain antibody and was used to capture the IGF-I receptor 
and bound biotin-IGF-I from the lysate. The binding of the 
coated antibody to the cytoplasmic C-terminal domain of the 
beta chain of IGF-I receptor did not interfere with the 
binding of biotin-IGF-I to the extracellular domain of IGF-I 
receptor. The wells were washed, incubated with streptavi 
din-horseradish peroxidase conjugate, washed again, and 
then detected using ABTS/HO substrate. The inhibition of 
IGF-I binding to MCF-7 cells by 5ug/mL EM164 antibody 
was essentially quantitative, and was almost equivalent to 
that of the ELISA background obtained using a control 
lacking biotin-IGF-1. 

0129. In addition to the assay described above for the 
inhibition of binding of IGF-I to MCF-7 cells by EM164 
antibody, the following assay demonstrated that EM164 
antibody was highly effective at displacing bound IGF-I 
from MCF-7 cells, as desired under physiological conditions 
for an antagonistic anti-IGF-I receptor antibody to displace 
the bound endogenous physiological ligand (Such as IGF-I 
or IGF-II). In this IGF-I displacement assay, MCF-7 cells 
grown in a 12-well plate were Serum-Starved and then 
incubated with biotinylated IGF-I (20-50 ng/mL) in serum 
free medium at 37°C. (or at 4° C) for 1 to 2 h. The cells with 
bound biotinylated IGF-I were then treated with EM164 
antibody or a control antibody (10-100 lug/mL) at 37° C. (or 
at 4°C.) for 30 minto 4h. Cells were then washed with PBS 
and lysed in lysis buffer containing 1% NP-40 at 4 C. 
ELISA was carried out as described above to capture the 
IGF-I receptor from the lysate and then detect the biotiny 
lated IGF-I bound to the receptor using streptavidin-horse 
radish peroxidase conjugate. This ELISA demonstrated that 
EM164 antibody was able to displace pre-bound biotiny 
lated IGF-I from cells nearly completely (90% within 30 
min and 100% within 4 h) at 37° C. and by about 50% in 2 
h at 4 C. In another experiment, NCI-H838 lung cancer 
cells were incubated with biotin-IGF-I, then washed and 
incubated with EM164 antibody at 4 C. for 2 h, which 
resulted in a 80% decrease in the bound biotin-IGF-I. 
Therefore, EM164 antibody was highly effective at displac 
ing pre-bound IGF-I from cancer cells, which would be 
important therapeutically for the antagonism of the IGF-I 
receptor by displacement of the bound endogenous physi 
ological ligand. 

0130. The incubation of MCF-7 cells with EM164 anti 
body at 4°C. for 2 h (or at 37° C. for 30 min) did not result 
in a significant downregulation of the IGF-I receptor based 
on Western blot analysis using anti-IGF-I receptor beta chain 
antibody (Santa Cruz Biotechnology; sc-713), although a 
longer incubation with EM164 antibody at 37 C. for 2 h 
resulted in a 25% downregulation of the IGF-I receptor. 
Therefore, the inhibition of binding of IGF-I and the dis 
placement of bound IGF-I by EM164 antibody at both 4° C. 
and 37 C. in these short-term experiments may not be 
explained by the down-regulation of the receptor due to the 
binding of the EM164 antibody. The mechanism for the 
potent inhibition of the binding of IGF-I to IGF-I receptor 
and for the displacement of the pre-bound IGF-I by EM164 
antibody is likely to be competition for binding, either 
through Sharing of the binding site or through Steric occlu 
Sion or through allosteric effects. 
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0131 D. Inhibition of IGF-I Receptor Mediated Cell 
Signaling by EM164 Antibody 

0132) Treatment of breast cancer MCF-7 cells and 
osteosarcoma SaOS-2 cells with EM164 antibody almost 
completely inhibited intracellular IGF-I receptor Signaling, 
as shown by the inhibition of IGF-I receptor autophospho 
rylation and by the inhibition of phosphorylation of its 
downstream effectorS Such as insulin receptor Substrate-1 
(IRS-1), Akt and Erk1/2 (FIGS. 4-6). 
0133). In FIG. 4, the MCF-7 cells were grown in a 
12-well plate in regular medium for 3 days, and were then 
treated with 20 tug/mL EM164 antibody (or anti-B4 control 
antibody) in serum-free medium for 3 h, followed by stimu 
lation with 50 ng/mL IGF-I for 20 min at 37° C. The cells 
were then lysed in ice-cold lysis buffer containing protease 
and phosphatase inhibitors (50 mM HEPES buffer, pH 7.4, 
1% NP-40, 1 mM sodium orthovanadate, 100 mM sodium 
fluoride, 10 mM sodium pyrophosphate, 2.5 mM EDTA, 10 
luM leupeptin, 5 uM pepstatin, 1 mM PMSF, 5 mM benza 
midine, and 5 lug/mL aprotinin). An ELISA plate was 
pre-coated with anti-IGF-I receptor beta chain C-terminus 
monoclonal antibody TC123 and was incubated with the 
lysate Samples for 5 h at ambient temperature to capture 
IGF-I receptor. The wells containing the captured IGF-I 
receptor were then washed and incubated with biotinylated 
anti-phosphotyrosine antibody (PY20; 0.25 ug/mL, BD 
Transduction Laboratories) for 30 min, followed by washes 
and incubation with Streptavidin-horseradish peroxidase 
conjugate (0.8 ug/mL) for 30 min. The wells were washed 
and detected with ABTS/HO substrate. Use of a control 
anti-B4 antibody showed no inhibition of the IGF-I stimu 
lated autophosphorylation of IGF-I receptor. In contrast, a 
complete inhibition of the IGF-I stimulated autophosphory 
lation of IGF-I receptor was obtained upon treatment with 
EM164 antibody (FIG. 4). 
0134) To demonstrate inhibition of phosphorylation of 
insulin receptor substrate-1 (IRS-1), an ELISA using immo 
bilized anti-IRS-1 antibody to capture IRS-1 from lysates 
was used, followed by measurement of the associated p85 
subunit of phosphatidylinositol-3-kinase (PI-3-kinase) that 
binds to the phosphorylated IRS-1 (Jackson, J. G. et al., 
1998, J. Biol. Chem..., 273, 9994-10003). In FIG. 5, MCF-7 
cells were treated with 5ug/mL antibody (EM164 or IR3) in 
serum-free medium for 2 h, followed by stimulation with 50 
ng/mL IGF-I for 10 min at 37° C. Anti-IRS-1 antibody 
(rabbit polyclonal; Upstate Biotechnology) was indirectly 
captured by incubation with coated goat-anti-rabbit-IgG 
antibody on an ELISA plate, which was then used to capture 
IRS-1 from the cell lysate samples by overnight incubation 
at 4 C. The wells were then incubated with mouse mono 
clonal anti-p85-PI-3-kinase antibody (Upstate Biotechnol 
ogy) for 4 h, followed by treatment with goat-anti-mouse 
IgG-antibody-HRP conjugate for 30 min. The wells were 
then washed and detected using ABTS/HO substrate (FIG. 
5). As shown in FIG. 5, EM164 antibody was more effective 
at inhibiting the IGF-I-stimulated IRS-1 phosphorylation 
than was IR3 antibody, and EM164 antibody did not show 
any agonistic activity on IRS-1 phosphorylation when incu 
bated with cells in the absence of IGF-I. 

0.135 The activation of other downstream effectors, such 
as Akt and Erk1/2, was also inhibited in a dose-dependent 
manner by EM164 antibody in SaCS-2 cells (FIG. 6) and in 
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MCF-7 cells, as was shown using Western blots of lysates 
and phosphorylation-specific antibodies (rabbit polyclonal 
anti-phospho-Ser Akt polyclonal and anti-phospho 
ERK1/2 antibodies; Cell Signaling Technology). A pan 
ERK antibody demonstrated equal protein loads in all lanes 
(FIG. 6). Treatment of SaCS-2 cells with EM164 antibody 
did not inhibit the EGF-stimulated phosphorylation of Erk1/ 
2, thus demonstrating the specificity of inhibition of IGF-I 
receptor Signaling pathway by EM164 antibody. 

0136 E. Inhibition of IGF-I-, IGF-II- and Serum-Stimu 
lated Growth and Survival of Human Tumor Cells by 
EM164 Antibody 
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were then allowed to grow for another 2-3 days. A solution 
of MTT (3-(4,5)-dimethylthiazol-2-yl)-2,5-diphenyltetrazo 
lium bromide; 25ul of a 5 mg/mL solution in PBS) was then 
added and the cells were returned to the incubator for 2-3 h. 
The medium was then removed and replaced by 100 till 
DMSO, mixed, and the absorbance of the plate was mea 
Sured at 545 nm. Several human tumor cell lines showed a 
growth and survival response upon addition of IGF-I or 
IGF-II or serum that was significantly inhibited by EM164 
antibody, irrespective of whether the antibody was added 
before IGF-I, or if IGF-I was added before the antibody, or 
if both IGF-I and antibody were added together (Table 1). 

TABLE 1. 

Inhibition of IGF-I-Stimulated growth and Survival of tumor cells by EM164 antibody 

%. Inhibition by 
Fold growth response EM164 antibody Inhibition by 
to IGF-I (MTT assay: of IGF-I- EM164 antibody of 
ratio for IGF-I treated stimulated growth Growth/survival of 
vs untreated cells in in serum-free cells in 1.25-10% 

Tumor Cell Type serum-free medium) medium serum 

MCF-7 (breast) 1.7-28 100% 85% 
HT-3 (cervical) 2 70-90% ND 
Colo 205 (colon) 2.3 50% Yes 
HT29 1.5 60% Yes 
NCI-H838 (lung) 3 100% 85-90% 
Calu-6 1.6-1.8 85% Yes 
SK-LU-1 1.4 100% No 
NC-HS.96 1.4 100% Weakly 
A549 1.2 80% ND 
A 375 (melanoma) 1.6 90% No 
SK-Mel-37 1.4 85% ND 
RD (rhabdomyocarcoma) 1.7 85-100% Yes 
SaOS-2 (osteosarcoma) 2.5 100% Yes 
A 431 (epidermoid) 2.2 85% Yes 
SK-N-SH (neuroblastoma) 2 85% 30-50% 

MTT assay of 3- to 4-day growth/survival of cells in response to 10 ng/mL IGF-I in serum 
free medium containing 5-10 ug/mL EM164 antibody. 
Inhibition of growth of cells in 1.25-10% serum in the presence of 5-10 ug/mL EM164 anti 
body by MTT assay or colony formation assay based on comparison with the control (with 
serum but without antibody); the extent of inhibition was quantitatively measured for MCF-7, 
NCI-H838 and SK N-SH cells based on controls (without serum but with antibody, and with 
serum but without antibody) to account for autocrine/paracrine IGF-stimulation by cells. ND 
indicates no data or 

0137) Several human tumor cell lines were tested in 
Serum-free conditions for their growth and Survival response 
to IGF-I. These cell lines were treated with EM164 antibody 
in the presence of IGF-I, IGF-II, or serum, and their growth 
and Survival responses were measured using an MTT assay 
after 2-4 days. Approximately 1500 cells were plated in a 
96-well plate in regular medium with serum, which was 
replaced with Serum-free medium the following day (either 
serum-free RPMI medium supplemented with transferrin 
and BSA, or phenol-red free medium as specified by 
Duforny, B. et al., 1997, J. Biol. Chem., 272,31163-31171). 
After one day of growth in Serum-free medium, the cells 
were incubated with about 75 u of 10 ug/mL antibody for 
30 min.-3 h, followed by the addition of 25uL of IGF-I (or 
IGF-II or serum) solution to obtain a final concentration of 
10 ng/mLIGF-I, or 20 ng/mL IGF-II, or 0.04-10% serum. In 
Some experiments, the cells were stimulated first with IGF-I 
for 15 min before the addition of EM164 antibody, or both 
IGF-I and EM164 antibody were added together. The cells 

poor data due to staining difficulties. 

0138. The EM164 antibody strongly inhibited IGF-I- or 
Serum-Stimulated growth and Survival of breast cancer 
MCF-7 cells (FIGS. 7 and 8). In a separate experiment, the 
EM164 antibody strongly inhibited IGF-II-stimulated 
growth and Survival of MCF-7 cells. Previous reports using 
commercially available antibodies such as IR3 antibody 
showed only weak inhibition of serum-stimulated growth 
and Survival of MCF-7 cells, as confirmed in FIG. 7 for the 
IR3 and 1H7 antibodies (Cullen, K. J. et al., 1990, Cancer 
Res., 50, 48-53). In contrast, EM164 antibody was a potent 
inhibitor of the serum- or IGF-stimulated growth of MCF-7 
cells. As shown in FIG. 8, EM164 antibody was equally 
effective in inhibiting the growth and survival of MCF-7 
cells over a wide range of serum concentrations (0.04-10% 
Serum). 
013:9) The growth inhibition of MCF-7 cells by EM164 
antibody was measured by counting cells. Thus, in a 12-well 
plate, about 7500 cells were plated in RPMI medium with 
10% FBS, in the presence or absence of 10 ug/mL EM164 
antibody. After 5 days of growth, the cell count for the 
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untreated control sample was 20.5x10" cells, in contrast to 
a cell count of only 1.7x10" cells for the EM164 antibody 
treated sample. Treatment with the EM164 antibody inhib 
ited the growth of MCF-7 cells by about 12-fold in 5 days. 
This inhibition by EM164 antibody was significantly greater 
than was a reported 2.5-fold inhibition using IR3 antibody in 
a 6-day assay for MCF-7 cells (Rohlik, Q. T. et al., 1987, 
Biochem. BiophyS. Res. Commun., 149, 276-281). 
0140. The IGF-I- and serum-stimulated growth and Sur 
vival of a non-small cell lung cancer line NCI-H838 were 
also strongly inhibited by EM164 antibody, compared to a 
control anti-B4 antibody (FIG. 9). Treatment with EM164 
antibody in Serum-free medium produced a Smaller Signal 
than the untreated sample for both NCI-H838 and MCF-7 
cells, presumably because EM 164 antibody also inhibited 
the autocrine and paracrine IGF-I and IGF-II stimulation of 
these cells (FIGS. 7 and 9). The colony size of HT29 colon 
cancer cells was also greatly reduced upon treatment with 
EM164 antibody. 
0141 EM164 antibody is therefore unique among all 
known anti-IGF-I receptor antibodies in its effectiveness to 
inhibit the Serum-Stimulated growth of tumor cells Such as 
MCF-7 cells and NCI-H838 cells by greater than 80%. 
0142. The EM164 antibody caused growth arrest of cells 
in G0/G1 phase of cell cycle and abrogated the mitogenic 
effect of IGF-I. For cell cycle analysis, MCF-7 cells were 
treated with IGF-I (20 ng/mL) in the presence or absence of 
EM164 (20 ug/mL) for 1 day and then analyzed by pro 
pidium iodide Staining and flow cytometry. AS shown in 
FIG.25, the cycling of cells in response to IGF-I stimulation 
in the absence of EM164 (with 41% of the cells in the S 
phase and 50% in the G0/G1 phase) was suppressed in 
EM164-treated cells (with only 9% in the S phase and 77% 
of the cells in the G0/G1 phase). 
0143. In addition to its inhibition of cell proliferation, 
EM164 antibody treatment resulted in apoptosis of cells. For 
measurement of apoptosis, cleavage of the cytokeratin 
CK18 protein by caspase was measured in NCI-H838 lung 
cancer cells incubated with IGF-I or serum in the presence 
or absence of EM164 for 1 day (FIG. 26). In the absence of 
EM164, the addition of IGF-I or serum resulted in a lower 
caspase-cleaved CK18 Signal compared to the no IGF-I 
control, indicating that IGF-I and Serum prevent the activa 
tion of caspase. Treatment with EM164 Suppressed the 
anti-apoptotic effects of IGF-I and Serum, as indicated by the 
greater cleaved CK18 levels obtained in the presence of 
EM164 than in the absence of EM164 (FIG. 26). 
0144) F. Synergistic Inhibition by EM164 Antibody of 
Growth and Survival of Human Tumor Cells in Combina 
tions with Other Cytotoxic and Cytostatic Agents 
0145 The combined administration of EM164 antibody 
with taxol was significantly more inhibitory to the growth 
and Survival of non-Small cell lung cancer Calu6 cells than 
was taxol alone. Similarly, the combination of EM164 
antibody with camptothecin was significantly more inhibi 
tory than camptothecin alone toward the growth and Survival 
of colon cancer HT29 cells. Because EM164 antibody alone 
was not expected to be as toxic to cells as organic chemo 
toxic drugs, the Synergism between the predominantly cyto 
static effect of EM164 antibody and the cytotoxic effect of 
the chemotoxic drug may be highly efficacious in combina 
tion cancer therapies in clinical Settings. 
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0146 The combined effect of EM164 antibody with an 
anti-EGF receptor antibody (KS77) was significantly more 
inhibitory than either EM164 antibody or KS77 antibody 
alone on the growth and Survival of Several tumor cell lines 
Such as HT3 cells, RD cells, MCF-7 cells, and A431 cells. 
Therefore, the Synergistic effect of combining neutralizing 
antibodies for two growth factor receptors such as IGF-I 
receptor and EGF receptor may also be useful in clinical 
Cancer treatment. 

0147 Based on the efficacy of EM164 antibody as a 
Single agent in inhibiting the proliferation and Survival of 
diverse human cancer cell lines as shown in Table 1, 
additional efficacy Studies were carried out using combina 
tions of EM164 antibody with other anti-cancer therapeutic 
agents. In these Studies on diverse cancer cell lines, the 
combined treatment of EM164 antibody and other anti 
cancer therapeutic agents resulted in an even greater anti 
cancer efficacy than with either EM164 or the other thera 
peutic agent alone. These combinations of EM164 with 
other therapeutic agents are therefore highly effective in 
inhibiting the proliferation and Survival of cancer cells. The 
therapeutic agents that can be combined with EM164 for 
improved anti-cancer efficacy include diverse agents used in 
oncology practice (Reference: Cancer, Principles & Practice 
of Oncology, DeVita, V. T., Hellman, S., Rosenberg, S.A., 
6th edition, Lippincott-Raven, Philadelphia, 2001), such as 
docetaxel, paclitaxel, doxorubicin, epirubicin, cyclophos 
phamide, trastuzumab (Herceptin), capecitabine, tamoxifen, 
toremifene, letrozole, anastroZole, fulveStrant, exemestane, 
goSerelin, oxaliplatin, carboplatin, cisplatin, dexametha 
Sone, antide, bevacizumab (Avastin), 5-fluorouracil, leuco 
Vorin, leVamisole, irinotecan, etopoSide, topotecan, gemcit 
abine, Vinorelbine, estramustine, mitoxantrone, abarelix, 
Zoledronate, Streptozocin, rituximab (Rituxan), idarubicin, 
buSulfan, chlorambucil, fludarabine, imatinib, cytarabine, 
ibritumomab (Zevalin), tositumomab (Bexxar), interferon 
alpha-2b, melphalam, bortezomib (Velcade), altretamine, 
asparaginase, gefitinib (Iressa), erlonitib (Tarceva), anti 
EGF receptor antibody (Cetuximab, Abx-EGF), epothilones, 
and conjugates of cytotoxic drugs and antibodies against 
cell-Surface receptorS. 
0.148. For these combination therapies, EM164 is com 
bined with one or more anti-cancer agents of diverse mecha 
nisms of action Such as alkylating agents, platinum agents, 
hormonal therapies, antimetabolites, topoisomerase inhibi 
tors, antimicrotubule agents, differentiation agents, antian 
giogenic or antivascularization therapies, radiation therapy, 
agonists and antagonists of leuteinizing hormone releasing 
hormone (LHRH) or gonadotropin-releasing hormone 
(GnRH), inhibitory antibodies or small molecule inhibitors 
against cell-Surface receptors, and other chemotherapeutic 
agents (Reference: Cancer, Principles & Practice of Oncol 
ogy, DeVita, V. T., Hellman, S., Rosenberg, S. A., 6th 
edition, Lippincott-Raven, Philadelphia, 2001). In one 
example, the combination of an LHRH antagonist antide 
(0.1 to 10 micromolar) and EM164 antibody (0.1 to 10 
nanomolar) inhibited the proliferation of MCF-7 breast 
cancer cells significantly more than that with either EM164 
or antide alone. In an example of a combination therapy with 
a platinum agent, the combined treatment with EM164 
antibody (10 microgram/ml) and cisplatin (0.1-60 micro 
gram/ml) resulted in a greater inhibition of the proliferation 
and survival of MCF-7 breast cancer cells in comparison to 
the inhibition by either EM164 antibody or cisplatin alone. 
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0149 These combinations of EM164 antibody with other 
therapeutic agents are effective against Several types of 
cancers including breast, lung, colon, prostate, pancreatic, 
cervical, ovarian, melanoma, multiple myeloma, neuroblas 
toma, rhabdomyosarcoma and osteosarcoma. The EM164 
antibody and the therapeutic agent can be administered for 
cancer therapy either Simultaneously or in Sequence. 
0150 Conjugates of EM164 antibody with cytotoxic 
drugs are also valuable in targeted delivery of the cytotoxic 
drugs to the tumors overexpressing IGF-I receptor. Conju 
gates of EM164 antibody with radiolabels or other labels can 
be used in the treatment and imaging of tumors that over 
express IGF-I receptor. 

0151. G. Effect of EM164 Treatment, as a Single Agent 
or in Combination with Anti-Cancer Agents, in Human 
Cancer Xenografts in Immunodeficient Mice 
0152 Human non-small cell lung cancer Calu-6 
Xenografts were established in immunodeficient mice by 
subcutaneous injections of 1x107 Calu-6 cells. As shown in 
FIG. 10, these mice containing established 100 mm Calu-6 
xenografts were treated with EM 164 antibody alone (6 
injections of 0.8 mg/mouse, i.v., two per week) or with taxol 
alone (five injections of taxol, i.p. every two days, 15 
mg/kg), or with a combination of taxoland EM164 antibody 
treatments, or PBS alone (200 uL/mouse, 6 injections, two 
per week, i.v.) using five mice per treatment group. The 
growth of tumors was significantly slowed by EM164 anti 
body treatment compared to a PBS control. No toxicity of 
EM164 antibody was observed, based on measurements of 
the weights of the mice. Although taxol treatment alone was 
effective until day 14, the tumor then Started to grow back. 
However, the growth of the tumor was delayed significantly 
in the group that was treated by a combination of taxol and 
EM164 antibody, compared to the group that was treated 
with taxol alone. 

0153. Human pancreatic cancer xenografts were estab 
lished in 5 week-old, female SCID/ICR mice (Taconic) by 
subcutaneous injections of 107 BxPC-3 cells in PBS (day 0). 
The mice bearing established tumors of 80 mm were then 
treated with EM164 alone (13 injections of 0.8 mg/mouse, 
i.v., lateral tail vein, on days 12, 16, 19, 23, 26, 29, 36, 43, 
50, 54, 58, 61 and 64), with gemcitabine alone (two injec 
tions of 150 mg/kg/mouse, i.p., on days 12 and 19), with a 
combination of gemcitabine and EM164 following the 
above schedules, PBS alone, and a control antibody alone 
(following the same schedule as EM164) using five mice in 
each of the five treatment groups. As shown in FIG. 27, 
treatment with EM164 alone, or in combination with gem 
citabine, resulted initially in total regression of tumor 
xenografts in 4 of 5 animals in the EM164 treatment group 
and in all 5 animals in the combination treatment group. 
Measurable tumor regrowth was only Seen in more than one 
animal on day 43 in the EM164 group and on day 68 in the 
combination treatment group, resulting in Significantly 
Smaller mean tumor Volumes on day 74 in comparison with 
the control treatments (P=0.029 and 0.002, respectively; 
two-tailed T-test; FIG. 27). In another study, EM164 anti 
body treatment (alone or in combination with an anti-EGF 
receptor antibody; intraperitoneal injections) inhibited the 
growth of established BXPC-3 xenografts in mice. 
0154) The murine EM164 and the humanized EM164 
antibodies showed equivalent inhibition of the growth of 
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established BXPC-3 xenografts in mice, thus demonstrating 
that the potency of the humanized EM164 is equivalent to 
that of the murine EM164 in vivo. In a comparison of 
different modes of administration of EM164 antibody, both 
intraperitoneal and intravenous administrations of EM164 
antibody showed equivalent inhibition of the growth of 
established BXPC-3 xenografts in mice. In another xenograft 
study, treatment with EM164 antibody showed significant 
growth delay of established A-673 human rhabdomyosar 
coma/Ewing's Sarcoma Xenografts in mice. 
O155 H. Cloning and Sequencing of the Light and Heavy 
Chains of EM164 Antibody 
0156 Total RNA was purified from EM164 hybridoma 
cells. Reverse transcriptase reactions were performed using 
4-5 ug total RNA and either oligo dT or random hexamer 
primerS. 

0157 PCR reactions were performed using a RACE 
method described in Co et al. (J. Immunol., 148, 1149-1154 
(1992)) and using degenerate primers as described in Wang 
et al., (J. Immunol. Methods, 233, 167-177 (2000)). The 
RACE PCR method required an intermediate step to add a 
poly G tail on the 3' ends of the first strand cDNAs. RT 
reactions were purified with Qianeasy (Qiagen) columns and 
eluted in 50 til 1xNEB buffer 4. A dG tailing reaction was 
performed on the eluate with 0.25 mM CoCl2, 1 mM dGTP, 
and 5 units terminal transferase (NEB), in 1xNEB buffer 4. 
The mixture was incubated at 37 C. for 30 minutes and then 
/s of the reaction (10 ul) was added directly to a PCR 
reaction to serve as the template DNA. 
0158. The RACE and degenerate PCR reactions were 
identical except for differences in primers and template. The 
terminal transferase reaction was used directly for the RACE 
PCR template, while the RT reaction mix was used directly 
for degenerate PCR reactions. 
0159. In both RACE and degenerate PCR reactions the 
Same 3' light chain primer: 

-tatagagctCaag Cttggatggit al O160 HindkL gag.cLCaagcilggalgglggg 
gatggatacagttggtgc (SEQ ID NO: 14) 

0.161 and 3' heavy chain primer: 
0162) Bgl2IgG1-ggaagatctatagacagatgggggt 

gtcgttittggc (SEQ ID NO:15) 

0163) were used. 
0164. In the RACE PCR, one poly C5' primer was used 
for both the heavy and light chain: 

01.65 EcoPolyC TATATCTAGAATTC 
CCCCCCCCCCCCCCCC (SEQ ID NO: 16), 

0166 while the degenerate 5' end PCR primers were: 

0.167 Sac1MK-GGGAGCTCGAYATTGTGMT. 
SACMCARWCTMCA (SEQ ID NO: 17) for the light 
chain, and an equal mix of 

0168 EcoR1MH1-CTTCCGGAATTCSARGT. 
NMAGCTGSAGSAGTC (SEQ ID NO: 18) and 

01.69 EcoR1MH2–CTTCCGGAATTCSARGT. 
NMAGCTGSAGSAGTCWGG (SEQ ID NO: 19) for 
the heavy chain. 
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0170 In the above primer sequences, mixed bases are 
defined as follows: H=A+T+C, S=g+C, Y=C+T, K=G+T, 
M=A+C, R=A+g, W=A+T, V=A+C+G. 
0171 The PCR reactions were performed using the fol 
lowing program: 1) 94° C. 3 min, 2) 94° C. 15 sec, 3) 45 
C. 1 min, 4) 72° C. 2 min, 5) cycle back to step #229 times, 
6) finish with a final extension step at 72° C. for 10 min. 
0172. The PCR products were cloned into pBluescript II 
SK-- (Stratagene) using restriction enzymes created by the 
PCR primers. 

0173 Several individual light and heavy chain clones 
were Sequenced by conventional means to identify and avoid 
possible polymerase generated Sequence errors (FIGS. 12 
and 13). Using Chothia canonical classification definitions, 
the three light chain and heavy chain CDRs were identified 
(FIGS. 12-14). 
0.174. A search of the NCBI Ig Blast database indicated 
that the anti-IGF-I receptor antibody light chain variable 
region probably derived from the mouse IgVk Cr1 germline 
gene while the heavy chain variable region probably derived 
from the IgVh J558.c germline gene (FIG. 15). 
0175 Protein sequencing of murine EM164 antibody was 
performed to confirm the sequences shown in FIGS. 12 and 
13. The heavy and light chain protein bands of purified 
EM164 antibody were transferred to a PVDF membrane 
from a gel (SDS-PAGE, reducing conditions), excised from 
the PVDF membrane and analyzed by protein sequencing. 
The N-terminal Sequence of the light chain was determined 
by Edman sequencing to be: DVLMTOTPLS (SEQ ID 
NO:20), which matches the N-terminal sequence of the 
cloned light chain gene obtained from the EM164 hybri 
doma. 

0176) The N-terminus of the heavy chain was found to be 
blocked for Edman protein Sequencing. A tryptic digest 
peptide fragment of the heavy chain of mass 1129.5 (M+H+, 
monoisotopic) was fragmented via post-Source decay (PSD) 
and its sequence was determined to be GRPDYYGSSK 
(SEQ ID NO:21). Another tryptic digest peptide fragment of 
the heavy chain of mass 2664.2 (M+H+, monoisotopic) was 
also fragmented via post-Source decay (PSD) and its 
sequence was identified as: SSSTAYMOLSSLTSED 
SAVYYFAR (SEQ ID NO:22). Both of these sequences 
match perfectly those of CDR3 and framework 3 (FR3) of 
the cloned heavy chain gene obtained from the EM164 
hybridoma. 

0177 I. Recombinant Expression of EM164 Antibody 
0.178 The light and heavy chain paired sequences were 
cloned into a single mammalian expression vector (FIG. 
16). The PCR primers for the human variable sequences 
created restriction Sites that allowed the human Signal 
Sequence to be attached while in the pBlueScript cloning 
vector, and the variable Sequences were cloned into the 
mammalian expression plasmid using EcoRI and BsiWI or 
HindIII and Apal sites for the light chain or heavy chain, 
respectively (FIG. 16). The light chain variable sequences 
were cloned in-frame onto the human Igk constant region 
and the heavy chain variable Sequences were cloned into the 
human Iggamma1 constant region Sequence. In the final 
expression plasmids, human CMV promoters drove the 
expression of both the light and heavy chain cDNA 
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Sequences. Expression and purification of the recombinant 
mouse EM164 antibody proceeded according to methods 
that are well-known in the art. 

Example 2 

Humanized Versions of EM164 Antibody 

0179 Resurfacing of the EM164 antibody to provide 
humanized versions Suitable as therapeutic or diagnostic 
agents generally proceeds according to the principles and 
methods disclosed in U.S. Pat. No. 5,639,641, and as fol 
lows. 

0180 A. Surface Prediction 
0181. The solvent accessibility of the variable region 
residues for a set of antibodies with solved structures was 
used to predict the surface residues for the murine anti-IGF-I 
receptor antibody (EM164) variable region. The amino acid 
Solvent accessibility for a set of 127 unique antibody Struc 
ture files (Table 2) were calculated with the MC software 
package (Pedersen et al., 1994, J. Mol. Biol., 235,959-973). 
The ten most Similar light chain and heavy chain amino acid 
Sequences from this Set of 127 Structures were determined 
by Sequence alignment. The average Solvent accessibility for 
each variable region residue was calculated, and positions 
with greater than a 30% average accessibility were consid 
ered to be Surface residues. Positions with average accessi 
bilities of between 25% and 35% were further examined by 
calculating the individual residue accessibility for only those 
Structures with two identical flanking residues. 

TABLE 2 

127 antibody structures from the Brookhaven database used to predict the 
surface of anti-IGF-I-receptor antibodw (EM164 

27 Brookhaven structure files used for surface predictions 

0182 B. Molecular Modeling: 
0183. A molecular model of murine EM164 was gener 
ated using the Oxford Molecular software package AbM. 
The antibody framework was built from structure files for 
the antibodies with the most Similar amino acid Sequences, 
which were 2jel for the light chain and 1 nqb for the heavy 
chain. The non-canonical CDRs were built by searching a 
C-a Structure database containing non-redundant Solved 
structures. Residues that lie within 5 of a CDR were 
determined. 

0184 C. Human Ab Selection 
0185. The surface positions of murine EM164 were com 
pared to the corresponding positions in human antibody 
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sequences in the Kabat database (Johnson, G. and Wu, T. T. 
(2001) Nucleic Acids Research, 29: 205-206). The antibody 
database management software SR (Searle 1998) was used 
to extract and align the antibody Surface residues from 
natural heavy and light chain human antibody pairs. The 
human antibody Surface with the most identical Surface 
residues, with Special consideration given to positions that 
come within 5 '2 of a CDR, was chosen to replace the murine 
anti-IGF-I receptor antibody surface residues. 

0186 D. PCR Mutagenesis 

0187 PCR mutagenesis was performed on the murine 
EM164 cDNA clone (above) to build the resurfaced, human 
EM164 (herein huEM164). Primer sets were designed to 
make the 8 amino acid changes required for all tested 
versions of huBM164, and additional primers were designed 
to alternatively make the two 52 residue changes (Table 3). 
PCR reactions were performed with the following program: 
1) 94° C. 1 min, 2) 94° C. 15 sec, 3) 55° C. 1 min, 4) 72° 
C. 1 min, 5) cycle back to step #229 times, 6) finish with 
a final extension step at 72 C. for 4 min. The PCR products 
were digested with their corresponding restriction enzymes 
and were cloned into the p3lueScript cloning vectors as 
described above. Clones were Sequenced to confirm the 
desired amino acid changes. 

TABLE 3 

PCR primers used to build 4 
humanized EM164 antibodies 

Primer Sequence SEQ ID NO : 

Em164hicviv CAGGTGTACACTCCCAGGTCCAAC 23 
TGGTGCAGTCTGGGGCTGAAGTGG 
TGAAGCCTG 

Emiló4hcqggol.1 CAATCAGAAGTTCCAGGGGAAGGC 24 
CACAC 

Emlé 4hcqggol.2 CCTTCCCCTGGAACTTCTGATTGT 25 
AGTTAGTACG 

Em164c v3 CAGGTGTACACTCCGATGTTTTGA 26 
TGACCCAAACTCC 

Em164lcl3 CAGGTGTACACTCCGATGTTTTGA 27 
TGACCCAAACTCC 

Emiló4lcp18 GACTAGATCTGCAAGAGATGGAGG 28 
CTGGATCTCCAAGAC 

Emiló4lcbg12 TTGCAGATCTAGTCAGAGCATAGT 29 
ACATAGTAATG 

Em164r45 GAATGGTACCTGCAGAAACCAGGC 30 
CAGTCTCCAAGGCTCCTGATCTAC 

Em164a67 ol1 GTGGCAGTGGAGCAGGGACAGATT 31 
TCAC 

Em164a67 ol2 GAAATCGTCCCTGCTCCACTGCC 32 
ACTG 

0188 E. Variable Region Surface Residues 
0189 The antibody resurfacing techniques described by 
Pedersen et al. (J. Mol. Biol., 235, 959-973, 1994) and 
Roguska et al. (Protein Eng., 9, 895-904, 1996) begin by 
predicting the Surface residues of the murine antibody 
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variable Sequences. A Surface residue is defined as an amino 
acid that has at least 30% of its total Surface area accessible 
to a water molecule. 

0190. The 10 most homologous antibodies in the set of 
127 antibody structure files were identified (FIGS. 17 and 
18). The solvent accessibility for each Kabat position was 
averaged for these aligned Sequences and the distribution of 
the relative accessibilities for each residue were as shown in 
FIG. 19. Both the light and heavy chain have 26 residues 
with average relative accessibilities of at least 30% (FIG. 
19): these residues were therefore the predicted surface 
residues for EM164. Several residues had average accessi 
bilities of between 25% and 35%, and these were further 
examined by averaging only the antibodies with two iden 
tical residues flanking either side of the residue (Tables 4 and 
5). After this additional analysis, the original set of Surface 
residues that was identified above remained unchanged. 

TABLE 4 

Surface residues and average accessibility (ave. acc.) for the light and 
heavy chain variable sequences of EM164 antibody 

EM164 Surface Residues 

Light Chain Heavy Chain 

EM164 Kabat # Ave. Acc. EM164 Kabat # Ave. Acc. 

D 1. 45.89 O 1. 58.19 
L 3 41.53 O 3 34.08 
T 7 31.40 O 5 34.36 
L 9 SO.08 A. 9 38.01 
L 15 35.45 L 11 47.72 
O 18 39.79 K 13 46.51 
R 24 34.36 P 14 31.49 
S 26 32.63 G 15 31.42 
O 27 34.35 K 19 34.41 
N 28 36.38 K 23 31.23 
P 40 43.05 T 28 36.24 
G 41 46.56 P 41 44.01 
O 42 34.92 G 42 42.62 
K 45 30.58 O 43 46.85 
S 52 30.40 E 61 46.68 
S 56 41.46 K 62 44.87 
G 57 42.41 K 64 38.92 
D 60 45.96 R 65 40.06 
S 67 38.2O K 73 35.92 
R 77 42.61 S 74 48.91 
E 81 38.46 S 82B 32.72 
V 95E 3483 S 84 35.21 
K 103 31.10 E 85 39.62 
K 107 36.94 D 98 36.OO 
R 108 60.13 A. 106 37.65 
A. 109 53.65 S 113 43.42 

0191) 

TABLE 5 

Borderline Surface Residues 

Light Chain Heavy Chain 

EM164 Kabat # Ave. Acc. EM164 Kabat # Ave. Acc. 

T 5 28.68 O 3 31.62 
T 7 30.24 O 5 36.07 
p 12 26.59 P 14 29.88 
G 16 25.20 G 15 30.87 
D 17 25.73 S 17 25.64 
S 2O 25.37 K 19 35.06 
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TABLE 5-continued 

Borderline Surface Residues 

Light Chain Heavy Chain 

EM164 Kabat # Ave. Acc. EM164 Kabat # Ave. Acc. 

R 24 36.73 K 23 31.48 
S 26 31.OO G 26 30.53 
O 27 32.29 S 31 27.12 
S 27A 29.78 R 56 NA 
V 27C 29.05 T 68 27.71 
V 29 NA T 70 24.65 
O 42 34.92 S 75 18.8O 
K 45 32.24 S 82B 32.87 
S 52 3O.O2 P 97 NA 
R 54 29.50 Y 99 NA 
D 70 26.03 V 103 NA 
R 74 NA T 111 25.95 
E 79 26.64 
A. 8O 29.61 
V 95E 42.12 
G 1OO 29.82 
K 103 31.10 
E 105 25.78 

Residues which had average accessibilities between 25% and 35% were 
further analyzed by averaging a subset of antibodies that had two identical 
residues flanking either side of the residue in question. These borderline 
surface positions and their new average accessibilities are given. The NA's 
refer to residues with no identical flanking residues in the 10 most similar 
antibodies. 

0192 F. Molecular Modeling to Determine which Resi 
dues Fall within 52 of a CDR 

0193 The molecular model above, generated with the 
AbM Software package, was analyzed to determine which 
EM164 Surface residues were within 52 of a CDR. In order 
to resurface the murine EM164 antibody, all surface residues 
outside of a CDR should be changed to the human coun 
terpart, but residues within 52 of a CDR are treated with 
Special care because they may also contribute to antigen 
specificity. Therefore, these latter residues must be identified 
and carefully considered throughout the humanization pro 
cess. The CDR definitions used for resurfacing combine the 
AbM definition for heavy chain CDR2 and Kabat definitions 
for the remaining 5 CDRs (FIG. 14). Table 6 shows the 
residues that were within 52 of any CDR residue in either the 
light or heavy chain sequence of the EM164 model. 

18 
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TABLE 6 

EM164 antibody framework surface residues within 52 of a CDR 

EM164 Surface Residues 
within 5A of a CDR 

Light chain Heavy chain 

0194 G. Identification of the Most Homologous Human 
Surfaces 

0.195 Candidate human antibody surfaces for resurfacing 
EM164 were identified within the Kabat antibody sequence 
database using SR software, which provided for the search 
ing of only Specified residue positions against the antibody 
database. To preserve the natural pairings, Surface residues 
of both the light and heavy chains were compared together. 
The most homologous human Surfaces from the Kabat 
database were aligned in rank order of Sequence identity. 
The top 5 surfaces are given in Table 7. These surfaces were 
then compared to identify which of them would require the 
least changes within 52 of a CDR. The Leukemic B-cell 
antibody, CLL 1.69, required the least number of surface 
residue changes (10 in total) and only two of these residues 
were within 52 of a CDR. 

0196. The full length variable region sequence for 
EM164 was also aligned against the Kabat human antibody 
database and CLL 1.69 was again identified as the most 
Similar human variable region Sequence. Together, these 
Sequence comparisons identified the human Leukemic 
B-cell antibody CLL 1.69 as the preferred choice as a human 
Surface for EM164. 

TABLE 7 

The top 5 human sequences extracted from the Kabat database 

5 Most Homologous Human Antibody Surfaces 

Antibody 

MuEM164 

CLL1 69 

MSL5 

CDP571 

LC3aPB 

SSbPB 

SEQ ID NO : 

Light Chain 

L. L. Q. P G OKGD S R. E. K K R A 33 

T L L P P G Q R G D A R E K K R - 34 

S L I P P G Q K G D S R D K K R A 35 

S S W R P G O K. G. S S S D K K R - 36 

S G P R P G Q R G D S R E K K R - 37 

S G P R P G Q R G D S R E K K R - 38 
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TABLE 7-continued 

The top 5 human sequences extracted from the Kabat database 

5 Most Homologous Human Antibody Surfaces 

Antibody SEQ ID NO : 

Heavy Chain 

MuEM164 Q Q Q A L K P G K K T P G Q E K K R KS S S E A S 39 

CLL1. 69 Q Q W A V K P G K K T P G Q Q K Q G K S S S E Q S 40 

MSL5 Q Q Q. P L K P G K K T P G K D D K G T S N N E Q S 41 

CDP571 Q Q W A V K P G K K T P G Q Q K K G K S S S E Q S 42 

LC3aPB - Q W A V K P G K K T P G Q Q K Q G K S S S E Q S 43 

SSbPB - Q W A V K P G K K T P G Q Q K Q G E S S S E Q S 44 
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Alignments were generated by SR (Pedersen 1993). The EM164 surface 
residues that come within 5? of a CDR are underlined. 

0197) H. Construction of Humanized EM164 Genes 

0198 The ten surface residue changes for EM164 (Table 
7) were made using PCR mutagenesis techniques as 
described above. Because eight of the Surface residues for 
CLL 1.69 were not within 52 of a CDR, these residues were 
changed from murine to human in all versions of humanized 
EM164 (Tables 8 and 9). The two light chain surface 
residues that were within 52 of a CDR (Kabat positions 3 
and 45) were either changed to human or were retained as 
murine. Together, these options generate the four humanized 
versions of EM164 that were constructed (FIGS. 22 and 
23). 
0199. Of the four humanized versions, version 1.0 has all 
10 human Surface residues. The most conservative version 
with respect to changes in the vicinity of the CDR is version 
1.1, which retained both of the murine Surface residues that 
were within 52 of a CDR. All four humanized EM164 
antibody genes were cloned into an antibody expression 
plasmid (FIG. 16) for use in transient and stable transfec 
tions. 

TABLE 8 

Residue changes for versions 1.0–1.3 of humanized EM164 antibody 

Changes in all versions 

Light Chain: muO18 to muS67 to 
huP18; huA67 

Heavy Chain: muC)5 to muL11 to muE61 to muK64 to 
huV5; huV11; huQ61; huO64: 

muR65 to muA106 to 
huG65; huO106 

huEM164 changes 

Light Chain aa3 Light Chain aa45 Total 5A 

Mu hu hu Mouse Res 

w1.0 V R O 
v1.1 L K 2 
w1.2 L R 1. 
w1.3 V K 1. 

0200 I. Comparison of the Affinities of Humanized 
EM164 Antibody Versions with Murine EM164 Antibody 
for Binding to Full-Length IGF-I Receptor and to Truncated 
IGF-I Receptor Alpha Chain 

0201 The affinities of the humanized EM164 antibody 
versions 1.0-1.3 were compared to those of murine EM164 
antibody through binding competition assays using biotiny 
lated full-length human IGF-I receptor or myc-epitope 
tagged truncated IGF-I receptor alpha chain, as described 
above. Humanized EM164 antibody samples were obtained 
by transient transfection of the appropriate expression vec 
tors in human embryonic kidney 293T cells, and antibody 
concentrations were determined by ELISA using purified 
humanized antibody standards. For ELISA binding compe 
tition measurements, mixtures of humanized antibody 
Samples and various concentrations of murine EM164 anti 
body were incubated with indirectly captured biotinylated 
full-length IGF-I receptor or myc-epitope tagged truncated 
IGF-I receptor alpha chain. After equilibration, the bound 
humanized antibody was detected using a goat-anti-human 
Fab'2-antibody-horseradish peroxidase conjugate. Plots of 
(bound murine Ab/bound humanized Ab) vs (murine 
Ab/humanized Ab), which theoretically yield a straight 
line With slope=(Ka humanized Ab/Kamuine Ab), Were used to 
determine the relative affinities of the humanized and murine 
antibodies. 

0202) An exemplary competition assay is shown in FIG. 
11. An Immulon-2HB ELISA plate was coated with 100 till 
of 5 lug/mL streptavidin per well in carbonate buffer at 
ambient temperature for 7 h. The streptavidin-coated wells 
were blocked with 200 uL of blocking buffer (10 mg/mL 
BSA in TBS-T buffer) for 1 h, washed with TBS-T buffer 
and incubated with biotinylated IGF-I receptor (5 ng per 
well) overnight at 4 C. The wells containing indirectly 
captured biotinylated IGF-I receptor were then washed and 
incubated with mixtures of humanized EM164 antibody 
(15.5 ng) and murine antibody (Ong, or 16.35 ng, or 32.7ng, 
or 65.4 ng, or 163.5 ng) in 100 ul blocking buffer for 2 hat 
ambient temperature and were then incubated overnight at 
4. C. The wells were then washed with TBS-T buffer and 
incubated with goat-anti-human-Fab'2-antibody-horseradish 
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peroxidase conjugate for 1 h (100 u , 1 ug/mL in blocking 
buffer), followed by washes and detection using ABTS/ 
HO substrate at 405 nm. 
0203 The plot of (bound murine AbMbound humanized 
Ab) vs (murine Ab/humanized Ab) yielded a straight 
line (rf=0.996) with slope (=Ka humania a/Kainuinea) of 
0.52. The humanized antibody version 1.0 therefore bound 
to IGF-I receptor more tightly than did murine EM164 
antibody. Similar values for the gradient, ranging from about 
0.5 to 0.8, were obtained for competitions of versions 1.0, 
1.1, 1.2 and 1.3 of humanized EM164 antibodies with 
murine EM164 antibody for binding to full-length IGF-I 
receptor or to truncated IGF-I receptor alpha chain, which 
indicated that all of the humanized versions of EM164 
antibody had similar affinities, which were all better than 
that of the parent murine EM164 antibody. A chimeric 
version of EM164 antibody with 92F->C mutation in heavy 
chain showed a slope of about 3 in a similar binding 
competition with murine EM164 antibody, which indicated 
that the 92F->C mutant of EM164 had a 3-fold lower affinity 
than did murine EM164 antibody for binding to IGF-I 
receptor. The humanized EM164 v1.0 antibody showed a 
similar inhibition of IGF-I-stimulated growth and survival of 
MCF-7 cells as did the murine EM164 antibody (FIG. 24). 
The inhibition of serum-stimulated growth and Survival of 
MCF-7 cells by humanized EM164 v1.0 antibody was 
similar to the inhibition by murine EM164 antibody. 
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(Yang, W. P. et al., 1995, J. Mol. Biol., 254, 392-403; Rader, 
C. et al., 1998, Proc. Natl. Acad. Sci. USA, 95, 8910-8915; 
Vaughan, T. J. et al., 1998, Nature Biotechnology, 16, 
535-539). 
0206. In these studies, variants of the primary antibody 
have been generated by changing the Sequences of the heavy 
and light chain genes in the CDR1, CDR2, CDR3, or 
framework regions, using methods Such as oligonucleotide 
mediated Site-directed mutagenesis, cassette mutagenesis, 
error-prone PCR, DNA shuffling, or mutator-strains of E. 
coli (Vaughan, T. J. et al., 1998, Nature Biotechnology, 16, 
535-539; Adey, N. B. et al., 1996, Chapter 16, pp. 277-291, 
in “Phage Display of Peptides and Proteins”, Eds. Kay, B. 
K. et al., Academic Press). These methods of changing the 
Sequence of the primary antibody have resulted, through the 
use of Standard Screening techniques, in improved affinities 
of such secondary antibodies (Gram, H. et al., 1992, Proc. 
Natl. Acad. Sci. USA, 89, 3576-3580; Boder, E. T. et al., 
2000, Proc. Natl. Acad. Sci. USA, 97,10701-10705; Davies, 
J. and Riechmann, L., 1996, Immunotechnolgy, 2, 169-179; 
Thompson, J. et al., 1996, J. Mol. Biol., 256, 77-88; Short, 
M. K. et al., 2002, J. Biol. Chem., 277, 16365-16370; 
Furukawa, K. et al., 2001, J. Biol. Chem., 276, 27622 
27628). 
0207 By a similar directed strategy of changing one or 
more amino acid residues of the antibody, the antibody 
Sequences described in this invention can be used to develop 

TABLE 9 

Segment Light Chain Heavy Chain 

FR1 1-23 (with an occasional residue 1-30 (with an occasional residue at 0) 
at 0, and a deletion at 10 in 
V chains) 

CDR1 24-34 (with possible insertions 
numbered as 27A, B, C, D, E, F) as 35A, B) 

FR2 35-49 36-49 
CDR2 50-56 

31-35 (with possible insertions numbered 

50-65 (with possible insertions numbered 
as 52A, B, C) 

FR3 57-88 66-94 (with possible insertions numbered 
as 82A, B, C) 

CDR3 89-97 (with possible insertions 95-102 (with possible insertions numbered 
numbered as 95A, B, C, D, E, F) 

FR4 98-107 (with a possible insertion 
numbered as 106A) 

103-113 
as 100A, B, C, D, E, F, G, H, I, J, K) 

The Kabat numbering system is used for the light chain and heavy chain variable region 
polypeptides of the different versions of the EM164 Ab. The amino acid residues are 
grouped into Framework (FR) and Complementarity Determining Regions (CDR) according 
to position in the polypeptide chain. 
Taken from Kabat et al. Sequences of Proteins of Immunological Interest, Fifth Edition, 
1991, NIH Publication No. 91–3242 

0204 J. Process of Providing Improved Anti-IGF-1-Re 
ceptor Antibodies Starting from the Murine and Humanized 
Antibody Sequences Described Herein: 

0205 The amino acid and nucleic acid sequences of the 
anti-IGF-I receptor antibody EM164 and its humanized 
variants were used to develop other antibodies that have 
improved properties and that are also within the Scope of the 
present invention. Such improved properties include 
increased affinity for the IGF-I receptor. Several studies have 
Surveyed the effects of introducing one or more amino acid 
changes at various positions in the Sequence of an antibody, 
based on the knowledge of the primary antibody Sequence, 
on its properties Such as binding and level of expression 

anti-IGF-I receptor antibodies with improved functions, 
Such as antibodies having Suitable groupS Such as free amino 
groups or thiols at convenient attachment points for covalent 
modification for use, for example, in the attachment of 
therapeutic agents. 

0208 K. Alternative Expression System for Murine, Chi 
meric and Other Anti-IGF-I Receptor Antibodies 
0209 The murine anti IGF-I receptor antibody was also 
expressed from mammalian expression plasmids Similar to 
those used to express the humanized antibody (above). 
Expression plasmids are known that have murine constant 
regions including the light chain kappa and heavy chain 
gamma-1 sequences (McLean et al., 2000, Mol Immunol., 
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37, 837-845). These plasmids were designed to accept any 
antibody variable region, Such as for example the murine 
anti-IGF-I receptor antibody, by a simple restriction digest 
and cloning. Additional PCR of the anti-IGF-I receptor 
antibody was usually required to create the restriction com 
patible with those in the expression plasmid. 
0210. An alternative approach for expressing the fully 
murine anti-IGF-I receptor antibody was to replace the 
human constant regions in the chimeric anti-IGF-I receptor 
antibody expression plasmid. The chimeric expression plas 
mid (FIG. 16) was constructed using cassettes for the 
variable regions and for both the light and heavy chain 
constant regions. Just as the antibody variable Sequences 
were cloned into this expression plasmid by restriction 
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digests, Separate restriction digests were used to clone in any 
constant region Sequences. The kappa light chain and 
gamma-1 heavy chain cDNAS were cloned, for example, 
from murine hybridoma RNA, such as the RNA described 
herein for cloning of the anti-IGF-1 antibody variable 
regions. Similarly, Suitable primers were designed from 
sequences available in the Kabat database (see Table 10). 
For example, RT-PCR was used to clone the constant region 
Sequences and to create the restriction sites needed to clone 
these fragments into the chimeric anti-IGF-I receptor anti 
body expression plasmid. This plasmid was then used to 
express the fully murine anti-IGF-I receptor antibody in 
Standard mammalian expression Systems. Such as the CHO 
cell line. 

TABLE 10 

Primers designed to clone the murine gamma-1 constant 
region and murine kappa constant region respectively. 

Murine Constant Region Primers 

Primer name Primer Sequence SEQ ID NO : 

MuIgGl C3endX TTTTGAGCTCTTATTTACCAGGAGAGTGGGAGA 45 
GGCTCTT 

MuIgGl C5endH TTTTAAGCTTGCCAAAACGACACCCCCATCTGTCTAT 46 

MuIgKap C3 endB TTTTGGATCCTAACACTCATTCCTGTTGAAGC 47 

MuIgKap C5 endE TTTTGAATTCGGGCTGATGCTGCACCAACTG 48 

The primers were designed from sequences available in the Kabat 
database (Johnson, G and Wu, T.T. (2001) Nucleic Acids Research, 
29: 205-206). 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 96 

<210> SEQ ID NO 1 
&2 11s LENGTH 5 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&22O > FEATURE 

Statement of Deposit 
0211 The hybridoma that makes murine EM164 anti 
body was deposited with the American Type Culture Col 
lection, PO Box 1549, Manassas, Va. 20108, on Jun. 14, 
2002, under the Terms of the Budapest Treaty and assigned 
ATCC accession number PTA-4457. 

0212 Certain patents and printed publications have been 
referred to in the present disclosure, the teachings of which 
are hereby each incorporated in their respective entireties by 
reference. 

0213 While the invention has been described in detail 
and with reference to specific embodiments thereof, it will 
be apparent to one of skill in the art that various changes and 
modifications can be made thereto without departing from 
the Spirit and Scope thereof. 

<223> OTHER INFORMATION: antibody heavy chain complementarity 
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-continued 

determining region 

<400 SEQUENCE: 1 

Ser Tyr Trp Met His 
1 5 

<210> SEQ ID NO 2 
&2 11s LENGTH 17 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: antibody heavy chain complementarity 

determining region 

<400 SEQUENCE: 2 

Glu Ile Asn Pro Ser Asn Gly Arg Thr Asn Tyr Asn. Glu Lys Phe Lys 
1 5 10 15 

Arg 

<210> SEQ ID NO 3 
&2 11s LENGTH 15 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: antibody heavy chain complementarity 

determining region 

<400> SEQUENCE: 3 

Gly Arg Pro Asp Tyr Tyr Gly Ser Ser Lys Trp Tyr Phe Asp Val 
1 5 10 15 

<210> SEQ ID NO 4 
&2 11s LENGTH 16 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: antibody light chain complementarity 

determining region 

<400 SEQUENCE: 4 

Arg Ser Ser Glin Ser Ile Val His Ser Asn Val Asn Thr Tyr Leu Glu 
1 5 10 15 

<210 SEQ ID NO 5 
&2 11s LENGTH 7 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: antibody light chain complementarity 

determining region 

<400 SEQUENCE: 5 

Lys Val Ser Asn Arg Phe Ser 
1 5 

<210> SEQ ID NO 6 
&2 11s LENGTH 9 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: antibody light chain complementarity 

determining region 

<400 SEQUENCE: 6 
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-continued 

Phe Glin Gly Ser His Val Pro Pro Thr 
1 5 

<210 SEQ ID NO 7 
<211& LENGTH 124 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: antibody heavy chain 

<400 SEQUENCE: 7 

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

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

Trp Met His Trp Val Lys Glin Arg Pro Gly Glin Gly Leu Glu Trp Ile 
35 40 45 

Gly Glu Ile Asin Pro Ser Asn Gly Arg Thr Asn Tyr Asn. Glu Lys Phe 
50 55 60 

Lys Arg Lys Ala Thr Lieu. Thr Val Asp Llys Ser Ser Ser Thr Ala Tyr 
65 70 75 8O 

Met Glin Leu Ser Ser Leu Thir Ser Glu Asp Ser Ala Val Tyr Tyr Phe 
85 90 95 

Ala Arg Gly Arg Pro Asp Tyr Tyr Gly Ser Ser Lys Trp Tyr Phe Asp 
100 105 110 

Val Trp Gly Ala Gly Thr Thr Val Thr Val Ser Ser 
115 120 

<210 SEQ ID NO 8 
&2 11s LENGTH 113 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: antibody light chain 

<400 SEQUENCE: 8 

Asp Val Leu Met Thr Glin Thr Pro Leu Ser Leu Pro Val Ser Leu Gly 
1 5 10 15 

Asp Glin Ala Ser Ile Ser Cys Arg Ser Ser Glin Ser Ile Val His Ser 
2O 25 30 

Asn Val Asn Thr Tyr Leu Glu Trp Tyr Leu Gln Lys Pro Gly Glin Ser 
35 40 45 

Pro Llys Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 
50 55 60 

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Lieu Arg Ile 
65 70 75 8O 

Ser Arg Val Glu Ala Glu Asp Leu Gly Ile Tyr Tyr Cys Phe Glin Gly 
85 90 95 

Ser His Val Pro Pro Thr Phe Gly Gly Gly. Thir Lys Leu Glu Ile Lys 
100 105 110 

Arg 

<210 SEQ ID NO 9 
&2 11s LENGTH 113 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
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-continued 

<223> OTHER INFORMATION: humanized light chain variable region 

<400 SEQUENCE: 9 

Asp Val Val Met Thr Glin Thr Pro Leu Ser Leu Pro Val Ser Leu Gly 
1 5 10 15 

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

Asn Val Asn Thr Tyr Leu Glu Trp Tyr Leu Gln Lys Pro Gly Glin Ser 
35 40 45 

Pro Arg Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 
50 55 60 

Asp Arg Phe Ser Gly Ser Gly Ala Gly Thr Asp Phe Thr Lieu Arg Ile 
65 70 75 8O 

Ser Arg Val Glu Ala Glu Asp Leu Gly Ile Tyr Tyr Cys Phe Glin Gly 
85 90 95 

Ser His Val Pro Pro Thr Phe Gly Gly Gly. Thir Lys Leu Glu Ile Lys 
100 105 110 

Arg 

<210> SEQ ID NO 10 
&2 11s LENGTH 113 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: humanized light chain variable region 

<400 SEQUENCE: 10 

Asp Val Leu Met Thr Glin Thr Pro Leu Ser Leu Pro Val Ser Leu Gly 
1 5 10 15 

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

Asn Val Asn Thr Tyr Leu Glu Trp Tyr Leu Gln Lys Pro Gly Glin Ser 
35 40 45 

Pro Llys Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 
50 55 60 

Asp Arg Phe Ser Gly Ser Gly Ala Gly Thr Asp Phe Thr Lieu Arg Ile 
65 70 75 8O 

Ser Arg Val Glu Ala Glu Asp Leu Gly Ile Tyr Tyr Cys Phe Glin Gly 
85 90 95 

Ser His Val Pro Pro Thr Phe Gly Gly Gly. Thir Lys Leu Glu Ile Lys 
100 105 110 

Arg 

<210> SEQ ID NO 11 
&2 11s LENGTH 113 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: humanized light chain variable region 

<400 SEQUENCE: 11 

Asp Val Leu Met Thr Glin Thr Pro Leu Ser Leu Pro Val Ser Leu Gly 
1 5 10 15 

Asp Pro Ala Ser Ile Ser Cys Arg Ser Ser Glin Ser Ile Val His Ser 
2O 25 30 
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-continued 

Asn Val Asn Thr Tyr Leu Glu Trp Tyr Leu Gln Lys Pro Gly Glin Ser 
35 40 45 

Pro Arg Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 
50 55 60 

Asp Arg Phe Ser Gly Ser Gly Ala Gly Thr Asp Phe Thr Lieu Arg Ile 
65 70 75 8O 

Ser Arg Val Glu Ala Glu Asp Leu Gly Ile Tyr Tyr Cys Phe Glin Gly 
85 90 95 

Ser His Val Pro Pro Thr Phe Gly Gly Gly. Thir Lys Leu Glu Ile Lys 
100 105 110 

Arg 

<210> SEQ ID NO 12 
&2 11s LENGTH 113 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: humanized light chain variable region 

<400 SEQUENCE: 12 

Asp Val Val Met Thr Glin Thr Pro Leu Ser Leu Pro Val Ser Leu Gly 
1 5 10 15 

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

Asn Val Asn Thr Tyr Leu Glu Trp Tyr Leu Gln Lys Pro Gly Glin Ser 
35 40 45 

Pro Llys Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 
50 55 60 

Asp Arg Phe Ser Gly Ser Gly Ala Gly Thr Asp Phe Thr Lieu Arg Ile 
65 70 75 8O 

Ser Arg Val Glu Ala Glu Asp Leu Gly Ile Tyr Tyr Cys Phe Glin Gly 
85 90 95 

Ser His Val Pro Pro Thr Phe Gly Gly Gly. Thir Lys Leu Glu Ile Lys 
100 105 110 

Arg 

<210> SEQ ID NO 13 
<211& LENGTH 124 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: humanized heavy chain variable region 

<400 SEQUENCE: 13 

Glin Val Glin Leu Val Glin Ser Gly Ala Glu Val Val Lys Pro Gly Ala 
1 5 10 15 

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

Trp Met His Trp Val Lys Glin Arg Pro Gly Glin Gly Leu Glu Trp Ile 
35 40 45 

Gly Glu Ile Asin Pro Ser Asn Gly Arg Thr Asn Tyr Asn Glin Lys Phe 
50 55 60 

Gln Gly Lys Ala Thr Leu Thr Val Asp Llys Ser Ser Ser Thr Ala Tyr 
65 70 75 8O 

Met Glin Leu Ser Ser Leu Thir Ser Glu Asp Ser Ala Val Tyr Tyr Phe 
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85 90 95 

Ala Arg Gly Arg Pro Asp Tyr Tyr Gly Ser Ser Lys Trp Tyr Phe Asp 
100 105 110 

Val Trp Gly Glin Gly Thr Thr Val Thr Val Ser Ser 
115 120 

<210> SEQ ID NO 14 
&2 11s LENGTH 46 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: degenerate 3" light chain PCR primer - HindKL 

<400 SEQUENCE: 14 

tatagagcto aagcttggat ggtgggaaga tiggatacagt toggtgc 46 

<210 SEQ ID NO 15 
&2 11s LENGTH 36 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: degenerate 3' heavy chain PCR primer- Bgl2IgG1 

<400 SEQUENCE: 15 

ggaagatcta tag acagatg g g g g totcgt tittggc 36 

<210> SEQ ID NO 16 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: poly C 5' PCR primer - EcoPolyC 

<400 SEQUENCE: 16 

tatatotaga attccc.cccc ccc.ccccc.cc 30 

<210 SEQ ID NO 17 
&2 11s LENGTH 32 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: degenerate 5' light chain PCR primer - Sac1MK 

<400 SEQUENCE: 17 

gggagctoga yattgttgmits acmcarwictim ca. 32 

<210> SEQ ID NO 18 
&2 11s LENGTH 32 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: degenerate 5' heavy chain PCR primer - EcoR1 MH1 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (18) . . (18) 
<223> OTHER INFORMATION: "n" may be any nucleic acid 

<400 SEQUENCE: 18 

cittc.cggaat to sargtnima gctgs agsag to 32 

<210 SEQ ID NO 19 
&2 11s LENGTH 35 
&212> TYPE DNA 
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<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: degenerate 5' heavy chain PCR primer - EcoR1 MH2 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (18) . . (18) 
<223> OTHER INFORMATION: "n" may be any nucleotide 

<400 SEQUENCE: 19 

cittc.cggaat to sargtnima gctgs agsag towgg 35 

<210> SEQ ID NO 20 
&2 11s LENGTH 10 
&212> TYPE PRT 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 20 

Asp Val Leu Met Thr Glin Thr Pro Leu Ser 
1 5 10 

<210> SEQ ID NO 21 
&2 11s LENGTH 10 
&212> TYPE PRT 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 21 

Gly Arg Pro Asp Tyr Tyr Gly Ser Ser Lys 
1 5 10 

<210> SEQ ID NO 22 
<211& LENGTH 24 
&212> TYPE PRT 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 22 

Ser Ser Ser Thr Ala Tyr Met Gln Leu Ser Ser Leu Thir Ser Glu Asp 
1 5 10 15 

Ser Ala Val Tyr Tyr Phe Ala Arg 
2O 

<210> SEQ ID NO 23 
&2 11s LENGTH 57 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: PCR primer 

<400 SEQUENCE: 23 

caggtgtaca citcc.cagg to caactggtgc agtctggggc tigaagtggtg aag cotg 57 

<210> SEQ ID NO 24 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: PCR primer 

<400 SEQUENCE: 24 

caatcagaag titcCagggga aggccacac 29 

<210> SEQ ID NO 25 
&2 11s LENGTH 34 
&212> TYPE DNA 
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<400 

cct tcc ccto gaacttctga ttgtagittag tacg 

<400 

caggtgtaca citc.cgatgtt gtgatgaccc aaacticc 

<400 

caggtgtaca citc.cgatgtt ttgatgaccc aaacticc 

<400 

gacitagat.ct gcaa.gagatg gaggctggat citccalagac 

<400 

ttgcagatct agt cagagca tagtacatag taatg 

<400 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: PCR primer 

SEQUENCE: 25 

SEQ ID NO 26 
LENGTH 37 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: PCR primer 

SEQUENCE: 26 

SEQ ID NO 27 
LENGTH 37 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: PCR primer 

SEQUENCE: 27 

SEQ ID NO 28 
LENGTH 39 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: PCR primer 

SEQUENCE: 28 

SEQ ID NO 29 
LENGTH 35 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: PCR primer 

SEQUENCE: 29 

SEQ ID NO 30 
LENGTH 48 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: PCR primer 

SEQUENCE: 30 

28 

-continued 

gaatggtacct gcagaalacc aggccagtict coaaggctoc to atctac 

SEQ ID NO 31 
LENGTH 2.8 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: PCR primer 

34 

37 

37 

39 

35 

48 
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<400 SEQUENCE: 31 

gtgg cagtgg agcagggiaca gattt cac 28 

<210> SEQ ID NO 32 
&2 11s LENGTH 2.8 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: PCR primer 

<400 SEQUENCE: 32 

gaaatctgtc. cct gcticcac toccactg 28 

<210 SEQ ID NO 33 
&2 11s LENGTH 19 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 33 

Asp Lieu. Thir Lieu Lleu Gln Pro Gly Glin Lys Gly Asp Ser Arg Glu Lys 
1 5 10 15 

Lys Arg Ala 

<210> SEQ ID NO 34 
&2 11s LENGTH 18 
&212> TYPE PRT 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 34 

Asp Val Thir Lieu Lleu Pro Pro Gly Glin Arg Gly Asp Ala Arg Glu Lys 
1 5 10 15 

Lys Arg 

<210 SEQ ID NO 35 
&2 11s LENGTH 19 
&212> TYPE PRT 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 35 

Asp Glin Ser Lieu. Ile Pro Pro Gly Glin Lys Gly Asp Ser Arg Asp Lys 
1 5 10 15 

Lys Arg Ala 

<210 SEQ ID NO 36 
&2 11s LENGTH 18 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 36 

Asp Met Ser Ser Val Arg Pro Gly Glin Lys Gly Ser Ser Ser Asp Lys 
1 5 10 15 

Lys Arg 

<210 SEQ ID NO 37 
&2 11s LENGTH 18 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 37 
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Glu Val Ser Gly Pro Arg Pro Gly Glin Arg Gly Asp Ser Arg Glu Lys 
1 5 10 15 

Lys Arg 

<210 SEQ ID NO 38 
&2 11s LENGTH 18 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 38 

Glu Val Ser Gly Pro Arg Pro Gly Glin Arg Gly Asp Ser Arg Glu Lys 
1 5 10 15 

Lys Arg 

<210 SEQ ID NO 39 
&2 11s LENGTH 25 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 39 

Glin Glin Glin Ala Leu Lys Pro Gly Lys Lys Thr Pro Gly Glin Glu Lys 
1 5 10 15 

Lys Arg Lys Ser Ser Ser Glu Ala Ser 
2O 25 

<210> SEQ ID NO 40 
&2 11s LENGTH 25 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 40 

Glin Glin Val Ala Wall Lys Pro Gly Lys Lys Thr Pro Gly Glin Gln Lys 
1 5 10 15 

Glin Gly Lys Ser Ser Ser Glu Glin Ser 
2O 25 

<210> SEQ ID NO 41 
&2 11s LENGTH 25 
&212> TYPE PRT 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 41 

Glin Glin Glin Pro Leu Lys Pro Gly Lys Lys Thr Pro Gly Lys Asp Asp 
1 5 10 15 

Lys Gly. Thir Ser Asn. Asn. Glu Glin Ser 
2O 25 

<210> SEQ ID NO 42 
&2 11s LENGTH 25 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 42 

Glin Glin Val Ala Wall Lys Pro Gly Lys Lys Thr Pro Gly Glin Gln Lys 
1 5 10 15 

Lys Gly Lys Ser Ser Ser Glu Glin Ser 
2O 25 

<210> SEQ ID NO 43 
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<211& LENGTH 24 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 43 

Glin Val Ala Wall Lys Pro Gly Lys Lys Thr Pro Gly Glin Glin Lys Glin 
1 5 10 15 

Gly Lys Ser Ser Ser Glu Glin Ser 
2O 

<210> SEQ ID NO 44 
<211& LENGTH 24 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 44 

Glin Val Ala Wall Lys Pro Gly Lys Lys Thr Pro Gly Glin Glin Lys Glin 
1 5 10 15 

Gly Glu Ser Ser Ser Glu Gln Ser 
2O 

<210> SEQ ID NO 45 
<211& LENGTH: 40 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: PCR primer 

<400 SEQUENCE: 45 

ttittgagotc ttatttacca ggaga.gtggg agaggct citt 40 

<210> SEQ ID NO 46 
&2 11s LENGTH 37 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: PCR primer 

<400 SEQUENCE: 46 

ttittaagctt gccaaaacga caccoccatc tdtctat 37 

<210> SEQ ID NO 47 
&2 11s LENGTH 32 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: PCR primer 

<400 SEQUENCE: 47 

ttittggatcc taacactcat tcctgttgaa go 32 

<210> SEQ ID NO 48 
&2 11s LENGTH: 31 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: PCR primer 

<400 SEQUENCE: 48 

ttittgaattic gggctgatgc tigcaccaact g 31 

<210 SEQ ID NO 49 
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-continued 

&2 11s LENGTH 396 
&212> TYPE DNA 
<213> ORGANISM: Mus musculus 
&220s FEATURE 
<221 NAME/KEY: CDS 
<222> LOCATION: (1) . . (396) 
&223> OTHER INFORMATION: 

<400 SEQUENCE: 49 

atg aag ttg cct gtt agg citg ttg gtg citg atg titc togg att cot got 48 
Met Lys Leu Pro Val Arg Leu Leu Val Leu Met Phe Trp Ile Pro Ala 
1 5 10 15 

toc agit agt gat gtt ttg atg acc caa act coa citc. tcc ctg. cct gtc 96 
Ser Ser Ser Asp Val Leu Met Thr Glin Thr Pro Leu Ser Leu Pro Val 

2O 25 30 

agt citt gga gat caa goc toc atc. tct toc aga. tct agt cag agc att 144 
Ser Lieu Gly Asp Glin Ala Ser Ile Ser Cys Arg Ser Ser Glin Ser Ile 

35 40 45 

gta cat agt aat gta aac acc tat tta gaa togg tac citg cag aaa coa 192 
Val His Ser Asn Val Asn Thr Tyr Leu Glu Trp Tyr Leu Gln Lys Pro 

50 55 60 

ggc cag tot coa aag citc citg atc tac aaa gtt toc aac cqa ttt tot 240 
Gly Glin Ser Pro Lys Lieu Lleu. Ile Tyr Lys Val Ser Asn Arg Phe Ser 
65 70 75 8O 

ggg gtc. cca gac agg titc agt ggc agt gga to a ggg aca gat titc aca 288 
Gly Val Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr 

85 90 95 

citc agg atc agc aga gtg gag got gag gat cto gga att tat tac toc 336 
Leu Arg Ile Ser Arg Val Glu Ala Glu Asp Leu Gly Ile Tyr Tyr Cys 

100 105 110 

titt caa ggit to a cat gtt cott cog acg titc ggt gga ggc acc aag citg 384 
Phe Glin Gly Ser His Val Pro Pro Thr Phe Gly Gly Gly Thr Lys Leu 

115 120 125 

gala atc aaa cqg 396 
Glu Ile Lys Arg 

130 

<210 SEQ ID NO 50 
<211& LENGTH 132 
&212> TYPE PRT 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 50 

Met Lys Leu Pro Val Arg Leu Leu Val Leu Met Phe Trp Ile Pro Ala 
1 5 10 15 

Ser Ser Ser Asp Val Leu Met Thr Glin Thr Pro Leu Ser Leu Pro Val 
2O 25 30 

Ser Lieu Gly Asp Glin Ala Ser Ile Ser Cys Arg Ser Ser Glin Ser Ile 
35 40 45 

Val His Ser Asn Val Asn Thr Tyr Leu Glu Trp Tyr Leu Gln Lys Pro 
50 55 60 

Gly Glin Ser Pro Lys Lieu Lleu. Ile Tyr Lys Val Ser Asn Arg Phe Ser 
65 70 75 8O 

Gly Val Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr 
85 90 95 

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

Phe Glin Gly Ser His Val Pro Pro Thr Phe Gly Gly Gly Thr Lys Leu 
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115 120 

Glu Ile Lys Arg 
130 

<400 

SEQ ID NO 51 
LENGTH 429 
TYPE DNA 
ORGANISM: Mus musculus 
FEATURE: 

NAME/KEY: CDS 
LOCATION: (1) ... (429) 
OTHER INFORMATION: 

SEQUENCE: 51 

atg gga togg agc tat atc atc ctic 
Met Gly Trp Ser Tyr Ile Ile Leu 
1 5 

gto: cac toc cag gtc. caa citg cag 
Wal His Ser Glin Wall Glin Leu Glin 

cct ggg gct tca gtg aag citg to c 
Pro Gly Ala Ser Val Lys Lieu Ser 

35 40 

acc agc tac tog atg cac tog gtg 
Thr Ser Tyr Trp Met His Trp Val 

50 55 

gag togg att gga gag attaat cot 
Glu Trp Ile Gly Glu Ile Asin Pro 
65 70 

gag aag titc aag agg aag gcc aca 
Glu Lys Phe Lys Arg Lys Ala Thr 

85 

aca goc tac at g caa citc agc agc 
Thr Ala Tyr Met Gln Leu Ser Ser 

100 

tat tac titt goa aga gga aga coa 
Tyr Tyr Phe Ala Arg Gly Arg Pro 

115 120 

tac titc gat gttctgg ggc gca ggg 
Tyr Phe Asp Val Trp Gly Ala Gly 

130 135 

<210> SEQ ID NO 52 

<400 

LENGTH 143 
TYPE PRT 
ORGANISM: Mus musculus 

SEQUENCE: 52 

Met Gly Trp Ser Tyr Ile Ile Leu 
1 5 

Wal His Ser Glin Wall Glin Leu Glin 

Pro Gly Ala Ser Val Lys Lieu Ser 
35 40 

Thr Ser Tyr Trp Met His Trp Val 
50 55 

Glu Trp Ile Gly Glu Ile Asin Pro 
65 70 

titt 
Phe 

Cag 
Glin 
25 

tgt 
Cys 

aag 
Lys 

agc 
Ser 

citg 
Telu 

citg 
Telu 
105 

gat 
Asp 

acc 

Thr 

Phe 

Glin 
25 

Cys 

Lys 

Ser 

ttg 
Telu 
10 

tot 
Ser 

aag 
Lys 

Cag 
Glin 

aac 

Asn 

act 
Thr 
90 

aca 

Thr 

tac 
Tyr 

acg 
Thr 

Telu 
10 

Ser 

Glin 

Asn 

gta 
Wall 

ggg 
Gly 

gct 
Ala 

agg 
Arg 

ggit 
Gly 
75 

gta 
Wall 

tot 
Ser 

tac 

gto 
Wall 

Wall 

Gly 

Ala 

Arg 

Gly 
75 

33 

-continued 

gCa 
Ala 

gct 
Ala 

tot 
Ser 

cost 
Pro 
60 

cgt. 
Arg 

gac 
Asp 

gag 
Glu 

ggit 
Gly 

acc 

Thr 
1 4 0 

Ala 

Ala 

Ser 

Pro 
60 

Arg 

125 

a Ca 

Thr 

gaa 
Glu 

ggC 
Gly 
45 

gga 
Gly 

act 
Thr 

a.a.a. 

gac 
Asp 

agt 
Ser 
125 

gto 
Wall 

Thr 

Glu 

Gly 
45 

Gly 

Thr 

gct 
Ala 

citg 
Telu 
30 

tac 
Tyr 

Cala 

Glin 

aac 

Asn 

to c 
Ser 

tot 
Ser 
110 

agc 
Ser 

to c 
Ser 

Ala 

Telu 
30 

Tyr 

Glin 

Asn 

aca 

Thr 
15 

gtg 
Wall 

acc 

Thr 

ggC 
Gly 

tac 

to c 
Ser 
95 

gCg 
Ala 

aag 
Lys 

toa 
Ser 

Thr 
15 

Wall 

Thr 

Gly 

gaa 
Glu 

aag 
Lys 

titc. 
Phe 

citt 
Telu 

aat 
Asn 
8O 

agc 
Ser 

gtc 
Wall 

tgg 
Trp 

Glu 

Phe 

Telu 

48 

96 

144 

192 

240 

288 

336 

384 

429 
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Glu Lys Phe Lys Arg Lys Ala Thr Lieu 
85 

Thr Ala Tyr Met Gln Leu Ser Ser Leu 
100 105 

Tyr Tyr Phe Ala Arg Gly Arg Pro Asp 
115 120 

Tyr Phe Asp Val Trp Gly Ala Gly Thr 
130 

<210 SEQ ID NO 53 
&2 11s LENGTH 10 
&212> TYPE PRT 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 53 

135 

Thr 
90 

Thr 

Tyr 

Thr 

Gly Tyr Thr Phe Thr Ser Tyr Trp Met His 
1 5 

<210> SEQ ID NO 54 
&2 11s LENGTH 10 
&212> TYPE PRT 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 54 

10 

Glu Ile Asn Pro Ser Asn Gly Arg Thr Asn 
1 5 

<210 SEQ ID NO 55 
&2 11s LENGTH 15 
&212> TYPE PRT 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 55 

10 

Wall 

34 

-continued 

Asp Lys Ser Ser 
95 

Ser Glu Asp Ser Ala 
110 

Tyr Gly Ser Ser Lys 

Wall 

125 

Thr Wal Ser Ser 
1 4 0 

Gly Arg Pro Asp Tyr Tyr Gly Ser Ser Lys Trp Tyr Phe Asp Val 
1 5 

<210 SEQ ID NO 56 
&2 11s LENGTH 100 
&212> TYPE PRT 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 56 

Asp Val Leu Met Thr 
1 5 

Asp Glin Ala Ser Ile 
2O 

Asn Gly Asn Thr Tyr 
35 

Pro Llys Lieu Lieu. Ile 
50 

Asp Arg Phe Ser Gly 
65 

Ser Arg Val Glu Ala 
85 

Ser His Wall Pro 
100 

<210 SEQ ID NO 57 

Glin 

Ser 

Teu 

Tyr 

Ser 
70 

Glu 

Thr 

Cys 

Glu 

Lys 
55 

Gly 

Pro 

Trp 
40 

Wall 

Ser 

Telu 

Telu 

Ser 
25 

Tyr 

Ser 

Gly 

Gly 

10 

Ser 
10 

Ser 

Telu 

Asn 

Thr 

Wall 
90 

Teu 

Glin 

Glin 

Arg 

Asp 
75 

Pro 

Ser 

Phe 
60 

Phe 

Wall 

Ile 

Pro 
45 

Ser 

Thr 

Cys 

Ser 

Wall 
30 

Gly 

Gly 

Telu 

Phe 

15 

Telu 
15 

His 

Glin 

Wall 

Glin 
95 

Ser 

Wall 

Trp 

Gly 

Ser 

Ser 

Pro 

Ile 

Gly 
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-continued 

&2 11s LENGTH 98 
&212> TYPE PRT 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 57 

Glin Val Glin Leu Glin Glin Pro Gly Ala Glu Lieu Val Lys Pro Gly Ala 
1 5 10 15 

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

Trp Met His Trp Val Lys Glin Arg Pro Gly Glin Gly Leu Glu Trp Ile 
35 40 45 

Gly Glu Ile Asin Pro Ser Asn Gly Arg Thr Asn Tyr Asn. Glu Lys Phe 
50 55 60 

Lys Ser Lys Ala Thr Leu Thr Val Asp Llys Ser Ser Ser Thr Ala Tyr 
65 70 75 8O 

Met Glin Leu Ser Ser Pro Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys 
85 90 95 

Ala Arg 

<210 SEQ ID NO 58 
&2 11s LENGTH 113 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: synthetic antibody structure 

<400 SEQUENCE: 58 

Asp Val Leu Met Thr Glin Thr Pro Leu Ser Leu Pro Val Ser Leu Gly 
1 5 10 15 

Asp Glin Ala Ser Ile Ser Cys Arg Ser Ser Glin Ser Ile Val His Ser 
2O 25 30 

Asn Val Asn Thr Tyr Leu Glu Trp Tyr Leu Gln Lys Pro Gly Glin Ser 
35 40 45 

Pro Llys Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 
50 55 60 

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Lieu Arg Ile 
65 70 75 8O 

Ser Arg Val Glu Ala Glu Asp Leu Gly Ile Tyr Tyr Cys Phe Glin Gly 
85 90 95 

Ser His Val Pro Pro Thr Phe Gly Gly Gly. Thir Lys Leu Glu Ile Lys 
100 105 110 

Arg 

<210 SEQ ID NO 59 
&2 11s LENGTH 113 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: synthetic antibody structure 

<400 SEQUENCE: 59 

Asp Val Leu Met Thr Glin Thr Pro Leu Ser Leu Pro Val Ser Leu Gly 
1 5 10 15 

Asp Glin Ala Ser Ile Ser Cys Arg Ser Ser Glin Ser Ile Val His Ser 
2O 25 30 

Asn Gly Asn. Thir Tyr Lieu Glu Trp Tyr Lieu Gln Lys Pro Gly Glin Ser 
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-continued 

35 40 45 

Pro Llys Leu Leu Ile Tyr Ser Ile Ser Ser Arg Phe Ser Gly Val Pro 
50 55 60 

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Lieu Lys Ile 
65 70 75 8O 

Ser Arg Val Glin Ala Glu Asp Leu Gly Val Tyr Tyr Cys Phe Glin Gly 
85 90 95 

Ser His Val Pro Tyr Thr Phe Gly Gly Gly. Thir Lys Leu Glu Ile Lys 
100 105 110 

Arg 

<210 SEQ ID NO 60 
&2 11s LENGTH 113 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic antibody structure 

<400 SEQUENCE: 60 

Asp Val Leu Met Thr Glin Thr Pro Leu Ser Leu Pro Val Ser Leu Gly 
1 5 10 15 

Asp Glin Ala Ser Ile Ser Cys Arg Ser Ser Gln Thr Ile Val His Ser 
2O 25 30 

Asn Gly Asn Thr Tyr Leu Glu Trp Tyr Leu Gln Lys Pro Gly Glin Ser 
35 40 45 

Pro Llys Leu Leu Ile Tyr Lys Val Thr Asn Arg Phe Ser Gly Val Pro 
50 55 60 

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Lieu Lys Ile 
65 70 75 8O 

Ser Arg Val Glu Ala Glu Asp Leu Gly Val Tyr Tyr Cys Phe Glin Gly 
85 90 95 

Thr His Ala Pro Tyr Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys 
100 105 110 

Arg 

<210> SEQ ID NO 61 
&2 11s LENGTH 113 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic antibody structure 

<400 SEQUENCE: 61 

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

Asp Glin Ala Ser Ile Ser Cys Arg Ser Ser Glin Ser Ile Val His Ser 
2O 25 30 

Asn Gly Asn. Thir Tyr Lieu Glu Trp Tyr Lieu Gln Lys Pro Gly Glin Ser 
35 40 45 

Pro Llys Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 
50 55 60 

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Lieu Lys Ile 
65 70 75 8O 

Ser Arg Val Glu Ala Glu Asp Leu Gly Val Tyr Tyr Cys Phe Glin Gly 
85 90 95 
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Ser His Val Pro Tyr Thr Phe Gly Gly Gly. Thir Lys Leu Glu Ile Lys 
100 105 110 

Arg 

<210> SEQ ID NO 62 
&2 11s LENGTH 113 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic antibody structure 

<400 SEQUENCE: 62 

Asp Val Leu Met Thr Glin Thr Pro Leu Ser Leu Pro Val Ser Leu Gly 
1 5 10 15 

Asp Glin Ala Ser Ile Ser Cys Arg Phe Ser Glin Ser Ile Val His Ser 
2O 25 30 

Asn Gly Asn. Thir Tyr Lieu Glu Trp Tyr Lieu Gln Lys Ser Gly Glin Ser 
35 40 45 

Pro Llys Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 
50 55 60 

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Lieu Lys Ile 
65 70 75 8O 

Ser Arg Val Glu Ala Glu Asp Leu Gly Val Tyr Tyr Cys Phe Glin Gly 
85 90 95 

Ser His Val Pro Arg Thr Phe Gly Gly Gly. Thir Lys Leu Glu Ile Lys 
100 105 110 

Arg 

<210 SEQ ID NO 63 
&2 11s LENGTH 113 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic antibody structure 

<400 SEQUENCE: 63 

Glu Leu Val Met Thr Glin Thr Pro Leu Ser Leu Pro Val Ser Leu Gly 
1 5 10 15 

Asp Glin Ala Ser Ile Ser Cys Arg Ser Ser Gln Thr Ile Val His Ser 
2O 25 30 

Asn Gly Asp Thr Tyr Lieu. Asp Trp Phe Leu Gln Lys Pro Gly Glin Ser 
35 40 45 

Pro Llys Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 
50 55 60 

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Lieu Lys Ile 
65 70 75 8O 

Ser Arg Val Glu Ala Glu Asp Leu Gly Val Tyr Tyr Cys Phe Glin Gly 
85 90 95 

Ser His Val Pro Pro Thr Phe Gly Gly Gly. Thir Lys Leu Glu Ile Lys 
100 105 110 

Arg 

<210> SEQ ID NO 64 
&2 11s LENGTH 113 
&212> TYPE PRT 
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-continued 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic antibody structure 

<400 SEQUENCE: 64 

Asp Val Leu Met Thr Glin Thr Pro Leu Ser Leu Pro Val Ser Leu Gly 
1 5 10 15 

Asp Glin Ala Ser Ile Ser Cys Arg Ser Asn. Glin Thr Ile Leu Lleu Ser 
2O 25 30 

Asp Gly Asp Thr Tyr Lieu Glu Trp Tyr Lieu Gln Lys Pro Gly Glin Ser 
35 40 45 

Pro Llys Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 
50 55 60 

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Lieu Lys Ile 
65 70 75 8O 

Ser Arg Val Glu Ala Glu Asp Leu Gly Val Tyr Tyr Cys Phe Glin Gly 
85 90 95 

Ser His Val Pro Pro Thr Phe Gly Gly Gly. Thir Lys Leu Glu Ile Lys 
100 105 110 

Arg 

<210 SEQ ID NO 65 
&2 11s LENGTH 113 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: synthetic antibody structure 

<400 SEQUENCE: 65 

Asp Val Leu Met Thr Glin Thr Pro Leu Ser Leu Pro Val Ser Leu Gly 
1 5 10 15 

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

Ser Gly Asn Thr Tyr Phe Glu Trp Tyr Leu Gln Lys Pro Gly Glin Ser 
35 40 45 

Pro Llys Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 
50 55 60 

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Lieu Lys Ile 
65 70 75 8O 

Ser Arg Val Glu Ala Glu Asp Leu Gly Val Tyr Tyr Cys Phe Glin Gly 
85 90 95 

Ser His Ile Pro Phe Thr Phe Gly Ser Gly. Thir Lys Leu Glu Ile Lys 
100 105 110 

Arg 

<210 SEQ ID NO 66 
&2 11s LENGTH 113 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic antibody structure 

<400 SEQUENCE: 66 

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

Asp Glin Ala Ser Ile Ser Cys Arg Ser Ser Glin Ile Ile Val His Asn 
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2O 25 30 

Asn Gly Asn. Thir Tyr Lieu Glu Trp Tyr Lieu Gln Lys Pro Gly Glin Ser 
35 40 45 

Pro Glin Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 
50 55 60 

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Lieu Lys Ile 
65 70 75 8O 

Ser Arg Val Glu Ala Glu Asp Leu Gly Val Tyr Tyr Cys Phe Glin Gly 
85 90 95 

Ser His Val Pro Phe Thr Phe Gly Ser Gly. Thir Lys Leu Glu Ile Lys 
100 105 110 

Arg 

<210 SEQ ID NO 67 
&2 11s LENGTH 113 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic antibody structure 

<400 SEQUENCE: 67 

Asp Val Leu Met Thr Glin Thr Pro Val Ser Leu Ser Val Ser Leu Gly 
1 5 10 15 

Asp Glin Ala Ser Ile Ser Cys Arg Ser Ser Gln Ser Ile Val His Ser 
2O 25 30 

Thr Gly Asn Thr Tyr Leu Glu Trp Tyr Leu Gln Lys Pro Gly Glin Ser 
35 40 45 

Pro Llys Lieu Lieu. Ile Tyr Lys Ile Ser Asn Arg Phe Ser Gly Val Pro 
50 55 60 

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Lieu Lys Ile 
65 70 75 8O 

Ser Arg Val Glu Ala Glu Asp Leu Gly Val Tyr Tyr Cys Phe Glin Ala 
85 90 95 

Ser His Ala Pro Arg Thr Phe Gly Gly Gly Thr Lys Lieu Glu Ile Lys 
100 105 110 

Arg 

<210 SEQ ID NO 68 
&2 11s LENGTH 113 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: synthetic antibody structure 

<400 SEQUENCE: 68 

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

Asp Glin Ala Ser Ile Ser Cys Arg Ser Ser Glin Ile Ile Val His Asn 
2O 25 30 

Asn Gly Asn. Thir Tyr Lieu Glu Trp Tyr Lieu Gln Lys Pro Gly Glin Ser 
35 40 45 

Pro Glin Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 
50 55 60 

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Lieu Lys Ile 
65 70 75 8O 
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Ser Arg Val Glu Ala Glu Asp Leu Gly Val Tyr Tyr Cys Phe Glin Gly 
85 90 95 

Ser His Val Pro Phe Thr Phe Gly Ser Gly. Thir Lys Leu Glu Ile Lys 
100 105 110 

Arg 

<210 SEQ ID NO 69 
&2 11s LENGTH 113 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: synthetic antibody structure 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (28) ... (28) 
<223> OTHER INFORMATION: "X" may be any amino acid 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (101) . . (101) 
<223> OTHER INFORMATION: "X" may be any amino acid 

<400 SEQUENCE: 69 

Asp Val Leu Met Thr Glin Thr Pro Leu Ser Leu Pro Val Ser Leu Gly 
1 5 10 15 

Asp Glin Ala Ser Ile Ser Cys Arg Ser Ser Glin Xaa Ile Val His Ser 
2O 25 30 

Asn Gly Asn. Thir Tyr Lieu Glu Trp Tyr Lieu Gln Lys Pro Gly Glin Ser 
35 40 45 

Pro Llys Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 
50 55 60 

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Lieu Lys Ile 
65 70 75 8O 

Ser Arg Val Glu Ala Glu Asp Leu Gly Val Tyr Tyr Cys Phe Glin Gly 
85 90 95 

Ser His Val Pro Xaa Thr Phe Gly Gly Gly. Thir Lys Leu Glu Ile Lys 
100 105 110 

Arg 

<210 SEQ ID NO 70 
<211& LENGTH 124 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic antibody structure 

<400 SEQUENCE: 70 

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

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

Trp Met His Trp Val Lys Glin Arg Pro Gly Glin Gly Leu Glu Trp Ile 
35 40 45 

Gly Glu Ile Asin Pro Ser Asn Gly Arg Thr Asn Tyr Asn. Glu Lys Phe 
50 55 60 

Lys Arg Lys Ala Thr Lieu. Thr Val Asp Llys Ser Ser Ser Thr Ala Tyr 
65 70 75 8O 

Met Glin Leu Ser Ser Leu Thir Ser Glu Asp Ser Ala Val Tyr Tyr Phe 
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85 90 95 

Ala Arg Gly Arg Pro Asp Tyr Tyr Gly Ser Ser Lys Trp Tyr Phe Asp 
100 105 110 

Val Trp Gly Ala Gly Thr Thr Val Thr Val Ser Ser 
115 120 

<210 SEQ ID NO 71 
<211& LENGTH: 120 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic antibody structure 

<400 SEQUENCE: 71 

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

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

Trp Met His Trp Val Lys Glin Arg Pro Gly Arg Gly Lieu Glu Trp Ile 
35 40 45 

Gly Arg Ile Asp Pro Asn. Ser Gly Gly. Thir Lys Tyr Asn. Glu Lys Phe 
50 55 60 

Lys Ser Lys Ala Thr Leu Thr Val Asp Llys Pro Ser Ser Thr Ala Tyr 
65 70 75 8O 

Met Glin Leu Ser Ser Leu Thir Ser Glu Asp Ser Ala Val Tyr Tyr Cys 
85 90 95 

Ala Arg Tyr Asp Tyr Tyr Gly Ser Ser Tyr Phe Asp Tyr Trp Gly Glin 
100 105 110 

Gly. Thir Thr Val Thr Val Ser Ser 
115 120 

<210 SEQ ID NO 72 
<211& LENGTH: 120 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic antibody structure 

<400 SEQUENCE: 72 

Glin Val Glin Leu Glin Glin Pro Gly Ala Glu Lieu Val Lys Pro Gly Ala 
1 5 10 15 

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

Trp Met His Trp Val Lys Glin Arg Pro Gly Arg Gly Lieu Glu Trp Ile 
35 40 45 

Gly Arg Ile Asp Pro Asn. Ser Gly Gly. Thir Lys Tyr Asn. Glu Lys Phe 
50 55 60 

Lys Ser Lys Ala Thr Leu Thr Val Asp Llys Pro Ser Ser Thr Ala Tyr 
65 70 75 8O 

Met Glin Leu Ser Ser Leu Thir Ser Glu Asp Ser Ala Val Tyr Tyr Cys 
85 90 95 

Ala Arg Tyr Asp Tyr Tyr Gly Ser Ser Tyr Phe Asp Tyr Trp Gly Glin 
100 105 110 

Gly. Thir Thr Leu Thr Val Ser Ser 
115 120 
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<210 SEQ ID NO 73 
<211& LENGTH 122 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic antibody structure 

<400 SEQUENCE: 73 

Glin Val Glin Leu Glin Glin Pro Gly Ala Glu Lieu Val Lys Pro Gly Ala 
1 5 10 15 

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

Trp Met His Trp Val Lys Glin Gly Pro Gly Glin Gly Leu Glu Trp Ile 
35 40 45 

Gly Glu Ile Asp Pro Ser Asp Ser Tyr Pro Asn Tyr Asn. Glu Lys Phe 
50 55 60 

Lys Gly Lys Ala Thr Lieu. Thr Val Asp Llys Ser Ser Ser Thr Ala Tyr 
65 70 75 8O 

Met Glin Leu Ser Ser Leu Thir Ser Glu Asp Ser Ala Val Tyr Tyr Cys 
85 90 95 

Ala Ser Leu Tyr Tyr Tyr Gly. Thir Ser Tyr Gly Val Leu Asp Tyr Trp 
100 105 110 

Gly Glin Gly Thr Ser Val Thr Val Ser Ser 
115 120 

<210> SEQ ID NO 74 
<211& LENGTH: 120 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic antibody structure 

<400 SEQUENCE: 74 

Glin Val Glin Leu Gln Glin Pro Gly Ser Val Leu Val Arg Pro Gly Ala 
1 5 10 15 

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

Trp Ile His Trp Ala Lys Glin Arg Pro Gly Glin Gly Lieu Glu Trp Ile 
35 40 45 

Gly Glu Ile His Pro Asn. Ser Gly Asn. Thir Asn Tyr Asn. Glu Lys Phe 
50 55 60 

Lys Gly Lys Ala Thr Leu Thr Val Asp Thr Ser Ser Ser Thr Ala Tyr 
65 70 75 8O 

Val Asp Leu Ser Ser Leu Thir Ser Glu Asp Ser Ala Val Tyr Tyr Cys 
85 90 95 

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

Gly. Thir Thr Leu Thr Val Ser Ser 
115 120 

<210 SEQ ID NO 75 
&2 11s LENGTH 118 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic antibody structure 
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<400 SEQUENCE: 75 

Glin Val Glin Phe Glin Glin Ser Gly Ala Glu Lieu Val Lys Pro Gly Ala 
1 5 10 15 

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

Leu Met His Trp Ile Lys Glin Arg Pro Gly Arg Gly Lieu Glu Trp Ile 
35 40 45 

Gly Arg Ile Asp Pro Asn. Asn Val Val Thir Lys Phe Asn. Glu Lys Phe 
50 55 60 

Lys Ser Lys Ala Thr Leu Thr Val Asp Llys Pro Ser Ser Thr Ala Tyr 
65 70 75 8O 

Met Glu Leu Ser Ser Leu Thir Ser Glu Asp Ser Ala Val Tyr Tyr Cys 
85 90 95 

Ala Arg Tyr Ala Tyr Cys Arg Pro Met Asp Tyr Trp Gly Glin Gly Thr 
100 105 110 

Thr Wall Thr Wal Ser Ser 
115 

<210 SEQ ID NO 76 
&2 11s LENGTH 117 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: synthetic antibody structure 

<400 SEQUENCE: 76 

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

Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr 
2O 25 30 

Tyr Ile His Trp Val Lys Glin Arg Pro Gly Glu Gly Lieu Glu Trp Ile 
35 40 45 

Gly Trp Ile Tyr Pro Gly Ser Gly Asn Thr Lys Tyr Asn Glu Lys Phe 
50 55 60 

Lys Gly Lys Ala Thr Leu Thr Val Asp Thr Ser Ser Ser Thr Ala Tyr 
65 70 75 8O 

Met Glin Leu Ser Ser Leu Thir Ser Glu Asp Ser Ala Val Tyr Phe Cys 
85 90 95 

Ala Arg Gly Gly Lys Phe Ala Met Asp Tyr Trp Gly Glin Gly. Thir Ser 
100 105 110 

Wall Thr Wal Ser Ser 
115 

<210 SEQ ID NO 77 
<211& LENGTH: 120 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic antibody structure 

<400 SEQUENCE: 77 

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

Ser Val Lys Ile Ser Cys Lys Ala Thr Gly Tyr Thr Phe Ser Ser Phe 
2O 25 30 
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Trp Ile Glu Trp Val Lys Glin Arg Pro Gly His Gly Lieu Glu Trp Ile 
35 40 45 

Gly Glu Ile Leu Pro Gly Ser Gly Gly Thr His Tyr Asn Glu Lys Phe 
50 55 60 

Lys Gly Lys Ala Thr Phe Thr Ala Asp Llys Ser Ser Asn. Thir Ala Tyr 
65 70 75 8O 

Met Glin Leu Ser Ser Leu Thir Ser Glu Asp Ser Ala Val Tyr Tyr Cys 
85 90 95 

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

Gly Thr Ser Val Thr Val Ser Ser 
115 120 

<210 SEQ ID NO 78 
<211& LENGTH: 120 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: synthetic antibody structure 

<400 SEQUENCE: 78 

Glin Ile Glin Leu Glin Glin Ser Gly Pro Glu Lieu Val Lys Pro Gly Ala 
1 5 10 15 

Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr 
2O 25 30 

Tyr Ile Asn Trp Met Lys Gln Lys Pro Gly Glin Gly Lieu Glu Trp Ile 
35 40 45 

Gly Trp Ile Asp Pro Gly Ser Gly Asn. Thir Lys Tyr Asn. Glu Lys Phe 
50 55 60 

Lys Gly Lys Ala Thr Leu Thr Val Asp Thr Ser Ser Ser Thr Ala Tyr 
65 70 75 8O 

Met Glin Leu Ser Ser Leu Thir Ser Glu Asp Thr Ala Val Tyr Phe Cys 
85 90 95 

Ala Arg Glu Lys Thr Thr Tyr Tyr Tyr Ala Met Asp Tyr Trp Gly Glin 
100 105 110 

Gly Thr Ser Val Thr Val Ser Ala 
115 120 

<210 SEQ ID NO 79 
<211& LENGTH: 120 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: synthetic antibody structure 

<400 SEQUENCE: 79 

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

Ser Val Lys Ile Ser Cys Lys Ala Thr Gly Tyr Thr Phe Ser Ser Phe 
2O 25 30 

Trp Ile Glu Trp Val Lys Glin Arg Pro Gly His Gly Lieu Glu Trp Ile 
35 40 45 

Gly Glu Ile Leu Pro Gly Ser Gly Gly Thr His Tyr Asn Glu Lys Phe 
50 55 60 

Lys Gly Lys Ala Thr Phe Thr Ala Asp Llys Ser Ser Asn. Thir Ala Tyr 
65 70 75 8O 
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Met Glin Leu Ser Ser Leu Thir Ser Glu Asp Ser Ala Val Tyr Tyr Cys 
85 90 95 

Ala Arg Gly. His Ser Tyr Tyr Phe Tyr Asp Gly Asp Tyr Trp Gly Glin 
100 105 

Gly Thr Ser Val Thr Val Ser Ser 

<400 

1 

50 

65 

115 

SEQ ID NO 80 
LENGTH 115 
TYPE PRT 

120 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic antibody 

SEQUENCE: 80 

Wal Ser Ser 

Val Glin Leu Glin Glin Ser Gly Ala Glu 
5 

Wall Lys Ile Ser Cys Lys Ala Ser Gly 
2O 25 

Ile Glu Trp Wall Lys Glin Arg Pro Gly 
35 40 

Glu Ile Leu Pro Gly Ser Gly Ser Thr 
55 

Gly Lys Ala Thr Phe Thr Ala Asp Thr 
70 

Glin Lieu. Asn. Ser Lieu. Thir Ser Glu Asp 
85 

His Gly Asn Tyr Asp Phe Asp Gly Trp 
100 105 

115 

SEQ ID NO 81 
LENGTH 121 
TYPE PRT 

ORGANISM: Artificial Sequence 
FEATURE 
OTH 
FEATURE 
NAMEAKEY: MISC FEATURE 
LOCATION: (20) . . (20) 
OTHER INFORMATION: "X" may be 
FEATURE 
NAME/KEY: MISC FEATURE 
LOCATION: (34) . . (34) 
OTHER INFORMATION: "X" may be 
FEATURE 
NAME/KEY: MISC FEATURE 
LOCATION: (43) . . (43) 
OTHER INFORMATION: "X" may be 
FEATURE 

NAME/KEY: MISC FEATURE 
LOCATION: (50) . . (50) 
OTHER INFORMATION: "X" may be 
FEATURE 

NAME/KEY: MISC FEATURE 
LOCATION: (52 ) . . (52) 
OTHER INFORMATION: "X" may be 
FEATURE 

NAME/KEY: MISC FEATURE 
LOCATION: (54) . . (54) 
OTHER INFORMATION: "X" may be 
FEATURE 

Telu 
10 

Tyr 

His 

Asn 

Ser 

Ser 
90 

Gly 

any amino 

any 

any 

any 

any 

any 

Met 

Thr 

Gly 

Ser 
75 

Gly 

Glin 

amino 

amino 

amino 

amino 

amino 

110 

structure 

Phe 

Teu 

His 
60 

Ser 

Wall 

Gly 

Pro 

Ser 

Glu 
45 

Glu 

Thr 

Thr 

acid 

acid 

acid 

acid 

acid 

acid 

Gly 

Asp 
30 

Trp 

Arg 

Ala 

Thr 
110 

ER INFORMATION: synthetic antibody structure 

Ala 
15 

Ile 

Phe 

Cys 
95 

Telu 

Ser 

Trp 

Gly 

Met 
8O 

Telu 

Thr 

Aug. 25, 2005 
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<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (57) . . (57) 
<223> OTHER INFORMATION: "X" may be any amino acid 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (59) . . (59) 
<223> OTHER INFORMATION: "X" may be any amino acid 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (99).. (99) 
<223> OTHER INFORMATION: "X" may be any amino acid 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (100) . . (100) 
<223> OTHER INFORMATION: "X" may be any amino acid 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (103) . . (108) 
<223> OTHER INFORMATION: "X" may be any amino acid 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (116) . . (116) 
<223> OTHER INFORMATION: "X" may be any amino acid 

<400 SEQUENCE: 8 

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

Ser Val Lys Xaa Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr 
2O 25 30 

Trp Xaa His Trp Val Lys Glin Arg Pro Gly Xaa Gly Leu Glu Trp Ile 
35 40 45 

Gly Xaa Ile Xaa Pro Xaa Ser Gly Xaa Thr Xaa Tyr Asn Glu Lys Phe 
50 55 60 

Lys Gly Lys Ala Thr Lieu. Thr Val Asp Llys Ser Ser Ser Thr Ala Tyr 
65 70 75 8O 

Met Glin Leu Ser Ser Leu Thir Ser Glu Asp Ser Ala Val Val Tyr Cys 
85 90 95 

Ala Arg Xaa Xala Tyr Tyr Xaa Xala Xala Xala Xala Xaa Asp Tyr Trp Gly 
100 105 110 

Gln Gly. Thr Xaa Val Thr Val Ser Ser 
115 120 

<210> SEQ ID NO 82 
&2 11s LENGTH 113 
&212> TYPE PRT 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 82 

Asp Val Leu Met Thr Glin Thr Pro Leu Ser Leu Pro Val Ser Leu Gly 
1 5 10 15 

Asp Glin Ala Ser Ile Ser Cys Arg Ser Ser Glin Ser Ile Val His Ser 
2O 25 30 

Asn Val Asn Thr Tyr Leu Glu Trp Tyr Leu Gln Lys Pro Gly Glin Ser 
35 40 45 

Pro Llys Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 
50 55 60 

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Lieu Arg Ile 
65 70 75 8O 

Ser Arg Val Glu Ala Glu Asp Leu Gly Ile Tyr Tyr Cys Phe Glin Gly 
85 90 95 
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Ser His Val Pro Pro Thr Phe Gly Gly Gly. Thir Lys Leu Glu Ile Lys 
100 105 110 

Arg 

<210 SEQ ID NO 83 
&2 11s LENGTH 113 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: humanized EM164 antibody 

<400 SEQUENCE: 83 

Asp Val Val Met Thr Glin Thr Pro Leu Ser Leu Pro Val Ser Leu Gly 
1 5 10 15 

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

Asn Val Asn Thr Tyr Leu Glu Trp Tyr Leu Gln Lys Pro Gly Glin Ser 
35 40 45 

Pro Arg Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 
50 55 60 

Asp Arg Phe Ser Gly Ser Gly Ala Gly Thr Asp Phe Thr Lieu Arg Ile 
65 70 75 8O 

Ser Arg Val Glu Ala Glu Asp Leu Gly Ile Tyr Tyr Cys Phe Glin Gly 
85 90 95 

Ser His Val Pro Pro Thr Phe Gly Gly Gly. Thir Lys Leu Glu Ile Lys 
100 105 110 

Arg 

<210> SEQ ID NO 84 
&2 11s LENGTH 113 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: humanized EM164 antibody 

<400 SEQUENCE: 84 

Asp Val Leu Met Thr Glin Thr Pro Leu Ser Leu Pro Val Ser Leu Gly 
1 5 10 15 

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

Asn Val Asn Thr Tyr Leu Glu Trp Tyr Leu Gln Lys Pro Gly Glin Ser 
35 40 45 

Pro Llys Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 
50 55 60 

Asp Arg Phe Ser Gly Ser Gly Ala Gly Thr Asp Phe Thr Lieu Arg Ile 
65 70 75 8O 

Ser Arg Val Glu Ala Glu Asp Leu Gly Ile Tyr Tyr Cys Phe Glin Gly 
85 90 95 

Ser His Val Pro Pro Thr Phe Gly Gly Gly. Thir Lys Leu Glu Ile Lys 
100 105 110 

Arg 

<210 SEQ ID NO 85 
&2 11s LENGTH 113 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
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&220s FEATURE 

<223> OTHER INFORMATION: humanized EM164 antibody 

<400 SEQUENCE: 85 

Asp Val Leu Met Thr Glin Thr Pro Leu Ser Leu Pro Val Ser Leu Gly 
1 5 10 15 

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

Asn Val Asn Thr Tyr Leu Glu Trp Tyr Leu Gln Lys Pro Gly Glin Ser 
35 40 45 

Pro Arg Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 
50 55 60 

Asp Arg Phe Ser Gly Ser Gly Ala Gly Thr Asp Phe Thr Lieu Arg Ile 
65 70 75 8O 

Ser Arg Val Glu Ala Glu Asp Leu Gly Ile Tyr Tyr Cys Phe Glin Gly 
85 90 95 

Ser His Val Pro Pro Thr Phe Gly Gly Gly. Thir Lys Leu Glu Ile Lys 
100 105 110 

Arg 

<210 SEQ ID NO 86 
&2 11s LENGTH 113 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: humanized EM164 antibody 

<400 SEQUENCE: 86 

Asp Val Val Met Thr Glin Thr Pro Leu Ser Leu Pro Val Ser Leu Gly 
1 5 10 15 

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

Asn Val Asn Thr Tyr Leu Glu Trp Tyr Leu Gln Lys Pro Gly Glin Ser 
35 40 45 

Pro Llys Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 
50 55 60 

Asp Arg Phe Ser Gly Ser Gly Ala Gly Thr Asp Phe Thr Lieu Arg Ile 
65 70 75 8O 

Ser Arg Val Glu Ala Glu Asp Leu Gly Ile Tyr Tyr Cys Phe Glin Gly 
85 90 95 

Ser His Val Pro Pro Thr Phe Gly Gly Gly. Thir Lys Leu Glu Ile Lys 
100 105 110 

Arg 

<210 SEQ ID NO 87 
<211& LENGTH: 123 
&212> TYPE PRT 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 87 

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

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

Trp Met His Trp Val Lys Glin Arg Pro Gly Glin Gly Leu Glu Trp Ile 
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35 40 45 

Gly Glu Ile Asin Pro Ser Asn Gly Arg Thr Asn Tyr Asn. Glu Lys Phe 
50 55 60 

Lys Arg Lys Ala Thr Lieu. Thr Val Asp Llys Ser Ser Ser Thr Ala Tyr 
65 70 75 8O 

Met Glin Leu Ser Ser Leu Thir Ser Glu Asp Ser Ala Val Tyr Tyr Phe 
85 90 95 

Ala Arg Gly Arg Pro Asp Tyr Tyr Gly Ser Ser Lys Trp Tyr Phe Asp 
100 105 110 

Val Trp Gly Ala Gly Thr Thr Val Thr Val Ser 
115 120 

<210 SEQ ID NO 88 
<211& LENGTH: 123 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: humanized EM164 antibody 

<400 SEQUENCE: 88 

Glin Val Glin Leu Val Glin Ser Gly Ala Glu Val Val Lys Pro Gly Ala 
1 5 10 15 

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

Trp Met His Trp Val Lys Glin Arg Pro Gly Glin Gly Leu Glu Trp Ile 
35 40 45 

Gly Glu Ile Asin Pro Ser Asn Gly Arg Thr Asn Tyr Asn Glin Lys Phe 
50 55 60 

Gln Gly Lys Ala Thr Leu Thr Val Asp Llys Ser Ser Ser Thr Ala Tyr 
65 70 75 8O 

Met Glin Leu Ser Ser Leu Thir Ser Glu Asp Ser Ala Val Tyr Tyr Phe 
85 90 95 

Ala Arg Gly Arg Pro Asp Tyr Tyr Gly Ser Ser Lys Trp Tyr Phe Asp 
100 105 110 

Val Trp Gly Glin Gly Thr Thr Val Thr Val Ser 
115 120 

<210 SEQ ID NO 89 
&2 11s LENGTH 339 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: variable region of humanized EM164 antibody - 

light chain 
&220s FEATURE 
<221 NAME/KEY: CDS 
<222> LOCATION: (1) . . (339) 
&223> OTHER INFORMATION: 

<400 SEQUENCE: 89 

gat gtt gtg at g acc caa act coa citc. tcc ctd cott gtc agt citt gga 48 
Asp Val Val Met Thr Glin Thr Pro Leu Ser Leu Pro Val Ser Leu Gly 
1 5 10 15 

gat coa gC c toc atc. tct toc aga tot agt cag agc ata gta cat agt 96 
Asp Pro Ala Ser Ile Ser Cys Arg Ser Ser Glin Ser Ile Val His Ser 

2O 25 30 

aat gta aac acc tat tta gaa togg tac citg cag aaa cca ggc cag tot 144 
Asn Val Asn Thr Tyr Leu Glu Trp Tyr Leu Gln Lys Pro Gly Glin Ser 
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35 40 45 

cca agg ctic ct g atc tac aaa gtt to c aac cqa titt tot gg g g to coa 192 
Pro Arg Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 

50 55 60 

gac agg titc agt ggc agt gga goa ggg aca gat titc aca citc agg atc 240 
Asp Arg Phe Ser Gly Ser Gly Ala Gly Thr Asp Phe Thr Lieu Arg Ile 
65 70 75 8O 

agc aga gtg gag got gag gat citg gga att tat tac togc titt caa ggit 288 
Ser Arg Val Glu Ala Glu Asp Leu Gly Ile Tyr Tyr Cys Phe Glin Gly 

85 90 95 

to a cat gtt cot cog acg titc ggt gga ggc acc aaa citg gala atc aaa 336 
Ser His Val Pro Pro Thr Phe Gly Gly Gly. Thir Lys Leu Glu Ile Lys 

100 105 110 

cgt. 339 
Arg 

<210 SEQ ID NO 90 
&2 11s LENGTH 113 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: variable region of humanized EM164 antibody - 
light chain 

<400 SEQUENCE: 90 

Asp Val Val Met Thr Gln Thr Pro Leu Ser Leu Pro Val Ser Leu Gly 
1 5 10 15 

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

Asn Val Asn Thr Tyr Leu Glu Trp Tyr Leu Gln Lys Pro Gly Glin Ser 
35 40 45 

Pro Arg Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 
50 55 60 

Asp Arg Phe Ser Gly Ser Gly Ala Gly Thr Asp Phe Thr Lieu Arg Ile 
65 70 75 8O 

Ser Arg Val Glu Ala Glu Asp Leu Gly Ile Tyr Tyr Cys Phe Glin Gly 
85 90 95 

Ser His Val Pro Pro Thr Phe Gly Gly Gly. Thir Lys Leu Glu Ile Lys 
100 105 110 

Arg 

<210 SEQ ID NO 91 
&2 11s LENGTH 369 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: variable region of humanized EM164 antibody - 

heavy chain 
&220s FEATURE 
<221 NAME/KEY: CDS 
<222> LOCATION: (1) . . (369) 
&223> OTHER INFORMATION: 

<400 SEQUENCE: 91 

Cag gtc. Cala Ctg gtg Cag tot ggg gct gala gtg gtg aag CCt ggg gct 48 
Glin Val Glin Leu Val Glin Ser Gly Ala Glu Val Val Lys Pro Gly Ala 
1 5 10 15 

to a gtg aag citg toc tot aag got tot ggc tac acc titc acc agc tac 96 
Ser Val Lys Leu Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr 
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2O 25 30 
tgg at g cac togg gtg aag Cag agg cct gga caa gC Ctt gag togg att 144 

Trp Met His Trp Val Lys Glin Arg Pro Gly Glin Gly Leu Glu Trp Ile 
35 40 45 

gga gag att aat cott agc aac ggit cqt act aac tac aat cag aag titc 192 
Gly Glu Ile Asin Pro Ser Asn Gly Arg Thr Asn Tyr Asn Glin Lys Phe 

50 55 60 
cag ggg aag goc aca citg act gta gac aaa toc toc agc aca gcc tac 240 

Gln Gly Lys Ala Thr Leu Thr Val Asp Llys Ser Ser Ser Thr Ala Tyr 
65 70 75 8O 

atg caa citc agc agc citg aca tot gag gac toit gc g g to tat tac titt 288 
Met Glin Leu Ser Ser Leu Thir Ser Glu Asp Ser Ala Val Tyr Tyr Phe 

85 90 95 
gca aga gga aga cca gat tac tac ggt agt agc aag togg tac titc gat 336 

Ala Arg Gly Arg Pro Asp Tyr Tyr Gly Ser Ser Lys Trp Tyr Phe Asp 
100 105 110 

gto: to g g g c caa gogg acc acg gtc. acc gtc. tcc 369 
Val Trp Gly Glin Gly Thr Thr Val Thr Val Ser 

115 120 

<210 SEQ ID NO 92 
<211& LENGTH: 123 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: variable region of humanized EM164 antibody - 

heavy chain 

<400 SEQUENCE: 92 

Glin Val Glin Leu Val Glin Ser Gly Ala Glu Val Val Lys Pro Gly Ala 
1 5 10 15 

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

Trp Met His Trp Val Lys Glin Arg Pro Gly Glin Gly Leu Glu Trp Ile 
35 40 45 

Gly Glu Ile Asin Pro Ser Asn Gly Arg Thr Asn Tyr Asn Glin Lys Phe 
50 55 60 

Gln Gly Lys Ala Thr Leu Thr Val Asp Llys Ser Ser Ser Thr Ala Tyr 
65 70 75 8O 

Met Glin Leu Ser Ser Leu Thir Ser Glu Asp Ser Ala Val Tyr Tyr Phe 
85 90 95 

Ala Arg Gly Arg Pro Asp Tyr Tyr Gly Ser Ser Lys Trp Tyr Phe Asp 
100 105 110 

Val Trp Gly Glin Gly Thr Thr Val Thr Val Ser 
115 120 

<210 SEQ ID NO 93 
&2 11s LENGTH 339 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: light chain variable region of humanized EM164 
v1.1 antibody 

&220s FEATURE 
<221 NAME/KEY: CDS 
<222> LOCATION: (1) . . (339) 
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&223> OTHER INFORMATION: 

<400 SEQUENCE: 93 

gat gtt ttg at g acc caa act coa citc. tcc ctd cott gtc agt citt gga 48 
Asp Val Leu Met Thr Glin Thr Pro Leu Ser Leu Pro Val Ser Leu Gly 
1 5 10 15 

gat coa gC c toc atc. tct toc aga tot agt cag agc ata gta cat agt 96 
Asp Pro Ala Ser Ile Ser Cys Arg Ser Ser Glin Ser Ile Val His Ser 

2O 25 30 

aat gta aac acc tat tta gaa togg tac citg cag aaa cca ggc cag tot 144 
Asn Val Asn Thr Tyr Leu Glu Trp Tyr Leu Gln Lys Pro Gly Glin Ser 

35 40 45 

cca aag ctic ct g atc tac aaa gtt to c aac cqa titt tot gg g g to coa 192 
Pro Llys Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 

50 55 60 

gac agg titc agt ggc agt gga goa ggg aca gat titc aca citc agg atc 240 
Asp Arg Phe Ser Gly Ser Gly Ala Gly Thr Asp Phe Thr Lieu Arg Ile 
65 70 75 8O 

agc aga gtg gag got gag gat citg gga att tat tac togc titt caa ggit 288 
Ser Arg Val Glu Ala Glu Asp Leu Gly Ile Tyr Tyr Cys Phe Glin Gly 

85 90 95 

to a cat gtt cot cog acg titc ggt gga ggc acc aaa citg gala atc aaa 336 
Ser His Val Pro Pro Thr Phe Gly Gly Gly. Thir Lys Leu Glu Ile Lys 

100 105 110 

cgt. 339 
Arg 

<210 SEQ ID NO 94 
&2 11s LENGTH 113 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: light chain variable region of humanized EM164 
v1.1 antibody 

<400 SEQUENCE: 94 

Asp Val Leu Met Thr Glin Thr Pro Leu Ser Leu Pro Val Ser Leu Gly 
1 5 10 15 

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

Asn Val Asn Thr Tyr Leu Glu Trp Tyr Leu Gln Lys Pro Gly Glin Ser 
35 40 45 

Pro Llys Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 
50 55 60 

Asp Arg Phe Ser Gly Ser Gly Ala Gly Thr Asp Phe Thr Lieu Arg Ile 
65 70 75 8O 

Ser Arg Val Glu Ala Glu Asp Leu Gly Ile Tyr Tyr Cys Phe Glin Gly 
85 90 95 

Ser His Val Pro Pro Thr Phe Gly Gly Gly. Thir Lys Leu Glu Ile Lys 
100 105 110 

Arg 

<210 SEQ ID NO 95 
&2 11s LENGTH 339 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: light chain variable region of humanized EM164 
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v1.2 antibody 

<400 SEQUENCE: 95 

gatgttittga tigacccaaac tocactcitcc ctdcctdtca gtc.ttggaga to cagccitcc 60 

atctottgca gatctagtica gag catagta catagtaatg taalacaccita tittagaatgg 120 

tacct gcaga aaccaggcca gtc.tccaagg citcct gatct acaaagtttc caa.ccgattit 18O 

totggggtoc cagacaggitt cagtggcagt ggagcaggga cagatttcac acticaggatc 240 

agcagagtgg aggctgagga totgg gaatt tattact gct ttcaaggttc acatgttcct 3OO 

cc.gacgttcg gtggaggcac caaactggaa atcaaacgt. 339 

<210 SEQ ID NO 96 
&2 11s LENGTH 339 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: light chain variable region of humanized EM164 
v1.3 antibody 

<400 SEQUENCE: 96 

gatgttgttga tigacccaaac tocactcitcc ctdcctdtca gtc.ttggaga to cagccitcc 60 

atctottgca gatctagtica gag catagta catagtaatg taalacaccita tittagaatgg 120 

tacct gcaga aaccaggcca gtc.tccaaag citcct gatct acaaagtttc caa.ccgattit 18O 

totggggtoc cagacaggitt cagtggcagt ggagcaggga cagatttcac acticaggatc 240 

agcagagtgg aggctgagga totgg gaatt tattact gct ttcaaggttc acatgttcct 3OO 

cc.gacgttcg gtggaggcac caaactggaa atcaaacgt. 339 

1.-31. (canceled) 
32. Isolated antibody, or one of its functional fragments, 

Said antibody or one of Said fragments being able to bind to 
the human insulin-like growth factor I receptor (IGF-IR), 
and when applicable, to inhibit the natural adhesion of its 
ligands IGF1 and/or IGF2, and/or able to specifically inhibit 
the tyrosine kinase activity of said IGF-IR receptor, char 
acterized in that it includes one light chain with at least one 
CDR region determining the complementarity chosen from 
among the CDRs of sequence SEQ ID no. 2, 4 or 6, or at 
least one CDR whose sequence has at least an 80% match 
when optimally aligned with sequence SEQ ID no. 2, 4 or 6, 
or in that it includes at least one heavy chain with at least one 
CDR chosen from among the CDRs of sequence SEQID no. 
8, 10 and 12, or at least one CDR whose sequence has at 
least an 80% match when optimally aligned with Sequence 
SEQ ID no. 8, 10 and 12. 

33. Antibody, or one of its functional fragments, as 
described in claim 32, characterized in that it includes one 
heavy chain with at least one CDR of sequence SEQ ID no. 
12 or a sequence with at least an 80% match when optimally 
aligned with sequence SEQ ID no. 12. 

34. Antibody, or one of its functional fragments, as 
described in claims 32 or 33, characterized in that it includes 
one heavy chain with at least two of the three CDRs or the 
three CDRs of sequence SEQ ID no. 8, 10 and 12, or at least 
two of three CDRs or three CDRs of a sequence with at least 

an 80% match when optimally aligned with sequence SEQ 
ID no. 8, 10 and 12, respectively. 

35. Antibody, or one of its functional fragments, as 
described in claims 32 to 34, characterized in that it includes 
one light chain with at least one CDR chosen from among 
the CDRs of sequence SEQ ID no. 2, 4 or 6, or one CDR 
whose Sequence has at least an 80% match when optimally 
aligned with sequence SEQ ID no. 2, 4 or 6. 

36. Antibody, or one of its functional fragments, as 
described in claims 32 to 35, characterized in that it includes 
one light chain with at least two of the three CDRs or the 
three CDRs of sequence SEQ ID no. 2, 4 and 6, or at least 
two of three CDRs or three CDRs of a sequence with at least 
an 80% match when optimally aligned with sequence SEQ 
ID no. 2, 4 and 6, respectively. 

37. Antibody, or one of it functional fragments, as 
described in claims 32 to 36, characterized in that it does not 
adhere significantly to the human insulin receptor IR. 

38. Antibody as described in claims 32 to 37, character 
ized in that Said functional fragment is chosen from among 
fragments Fv, Fab, (Fab"), Fab', scFv, scFv-Fc and the 
diabodies, or any fragment of which the half-life would have 
been increased like pegylated fragments. 

39. Mouse hybridoma capable of secreting an antibody as 
described in one of claims 32 to 37. 

40. Mouse hybridoma as described in claim 39 registered 
with the CNCM (Collection nationale de cultures de micro 
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Organismes French National Collection of Microorganism 
Cultures), Institut Pasteur, Paris, on Sep. 19, 2001 under 
number I-2717. 

41. Antibody, or one of its functional fragments, charac 
terized in that said antibody is secreted by the hybridoma 
described in claim 40. 

42. Antibody, or one of its function fragments, as 
described in claims 32 to 38, characterized in that said 
antibody includes one light chain with a Sequence that 
includes amino acid Sequence SEQ ID no. 54, or a sequence 
with at least an 80% match when optimally aligned with 
sequence SEQID no. 54, and/or in that it includes one heavy 
chain with a sequence including amino acid Sequence SEQ 
ID no. 69, or a sequence with at least an 80% match when 
optimally aligned with sequence SEQ ID no. 69. 

43. Antibody, or one of its functional fragments, as 
described in claim 42, characterized in that said antibody is 
a chimeric antibody and also includes the constant light 
chain and heavy chain regions derived from an antibody 
from a Species that is Xenogeneic to a mouse. 

44. Chimeric antibody, or one of its functional fragments, 
as described in claim 43, characterized in that Said Xenoge 
neic Species is a human being. 

45. Chimericantibody, or one of its function fragments, as 
described in claim 44, characterized in that the constant light 
chain and heavy chain regions derived from a human 
antibody are the kappa region, and the gamma-1, gamma-2 
or gamma-4 region, respectively. 

46. Antibody, or one of its functional fragments, as 
described in claims 32 to 38, characterized in that said 
antibody is a humanized antibody and includes one light 
chain and/or one heavy chain in which the skeletal Segments 
FR1 to FR4 of said light chain and/or heavy chain are 
derived from human antibody light chain and/or heavy chain 
skeletal segments FR1 to FR4, respectively. 

47. Humanized antibody, or one of its functional frag 
ments, as described in claim 46, characterized in that Said 
antibody includes one light chain with amino acid Sequence 
SEQ ID no. 61 or 65, or a sequence with at least an 80% 
match when optimally aligned with sequence SEQ ID no. 61 
or 65, and/or in that it includes one heavy chain with amino 
acid sequence SEQ ID no. 75, 79 or 83, or a sequence with 
at least an 80% match when optimally aligned with Sequence 
SEQ ID no. 75, 79 or 83. 

48. Humanized antibody, or one of its functional frag 
ments, as described in claim 46 or 47, characterized in that 
Said antibody includes one heavy chain with amino acid 
sequence SEQ ID no. 65, and in that it includes one 
Sequenced heavy chain with amino acid Sequence SEQ ID 
no. 79 or 83, and preferably SEQ ID no. 83. 

49. Isolated nucleic acid characterized in that it is chosen 
from among the following nucleic acids: 

a) a nucleic acid, DNA or RNA, coding for an antibody, 
or one of its functional fragments, as described in 
claims 32 to 37 and 41 to 48; 

b) a nucleic acid that is complementary to a nucleic acid 
as defined in a); and 

c) a nucleic acid of at least 18 nucleotides capable of 
hybridizing under highly Stringent conditions with at 
least one of the CDRs of sequence SEQ ID no. 1, 3, 5, 
7, 9 or 11, or with a sequence that has at least an 80% 
match when optimally aligned with sequence SEQ ID 
no. 1, 3, 5, 7, 9 or 11. 
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50. Vector with a nucleic acid as described in claim 49. 
51. Host cell with a vector as described in claim 50. 
52. Transgenic animal, with the exception of a human 

being, with at least one cell transformed by a vector as 
described in claim 50. 

53. Procedure for producing an antibody, or one of its 
functional fragments, as described in claims 32 to 38 and 41 
to 48, characterized in that it includes the following Steps: 

a) the culture, in an appropriate culture medium and under 
appropriate conditions, of a cell as described in claim 
51; and 

b) the collection of said antibodies, or one of its functional 
fragments, produced from the culture medium or Said 
cultivated cells. 

54. Antibody, or one of its functional fragments, that can 
be obtained through a process as described in claim 53. 

55. Antibody, or one of its functional fragments, as 
described in any one of claims 32 to 38, 41 to 48 and 54, 
characterized in that it is, additionally, capable of adhering 
Specifically to the human epidermal growth factor receptor 
(EGFR) and/or capable of specifically inhibiting the tyrosine 
kinase activity of said EGFR receptor. 

56. Antibody as described in claim 55, characterized in 
that it consists of one bispecific antibody, and in that it 
includes a Second motive that Specifically inhibits the adhe 
sion of the EGF to the human epidermal growth factor 
receptor and/or that Specifically inhibits the tyrosine kinase 
activity of said EGFR receptor. 

57. Antibody as described in claim 56, characterized in 
that it is bivalent or tetravalent. 

58. Antibody as described in claims 56 or 57, character 
ized in that Said Second motive is Selected from among 
fragments Fv, Fab, (Fab"), Fab', Fab'PEG, scEv, scFv-Fc 
and the diabodies, or any form for which the half-life would 
be increased. 

59. Antibody as described in any of claims 56 to 58, 
characterized in that said second anti-EGFR motive comes 
from mouse monoclonal antibody 225, its human-mouse 
chimeric derivative C225, or a humanized antibody derived 
from this antibody 225. 

60. Antibody, or one of its functional fragments, as 
described in any one of claims 32 to 38, 41 to 48 and 54 to 
58, as a medication. 

61. Substance, the active principle of which includes a 
compound consisting of an antibody, or one of its functional 
fragments, as described in claims 32 to 38, 41 to 48 and 54 
to 60. 

62. Substance as described in claim 61, characterized in 
that it includes a Second compound chosen from among the 
compounds that are able to specifically inhibit the adhesion 
of the EGF to the human epidermal growth factor receptor 
EGFR and/or able to specifically inhibit the tyrosine kinase 
activity of said EGFR receptor. 

63. Substance as described in claim 62, characterized in 
that Said Second compound is chosen from among the 
isolated anti-EGFR antibodies, or their functional frag 
ments, capable of inhibiting, through competition, the adhe 
Sion of the EGF to the EGFR. 

64. Substance as described in claim 63, characterized in 
that said anti-EGFR antibody is chosen from among the 
chimeric or humanized monoclonal anti-EGFR antibodies, 
or their functional fragments. 
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65. Substance as described in one of claims 63 or 64, 
characterized in that Said functional fragments of the anti 
EGFR antibody are chosen from among the fragments Fv, 
Fab, (Fab"), Fab', scFv-Fc and the diabodies, or any frag 
ment for which the half-life would be increased like pegy 
lated fragments. 

66. Substance as described in claims 63 to 65, character 
ized in that said anti-EGFR antibody is mouse monoclonal 
antibody 225, its human-mouse chimeric derivative C225, or 
a humanized antibody derived from this antibody 225. 

67. Substance as described in any one of claims 61 to 66, 
characterized in that it includes, additionally, as a combining 
chemical for use Simultaneously, Separately or Spread out 
over time, a cytotoxic/cytostatic agent and/or a tyrosine 
kinase activity inhibitor for IGF-I and/or EGF receptors, 
respectively. 

68. Substance as described in claim 67, characterized in 
that Said cytotoxic/cytostatic agent is chosen from among 
agents that interact with DNA, antimetabolites, topoi 
Somerase I or II inhibitors, or agents that inhibit or stabilize 
the Spindle or even any agent that can be used in chemo 
therapy. 

69. Substance as described in claim 67 or 68, character 
ized in that said cytotoxic/cytostatic agent is chemically 
bonded to at least one of the elements of Said Substance for 
Simultaneous use. 

70. Substance as described in claim 68 or 69, character 
ized in that Said cytotoxic/cytostatic agent is chosen from 
among agents that inhibit or Stabilize the Spindle, preferably 
vinorelbine, Vinflunine or Vincristine. 

71. Substance as described in one of claims 67 to 70, 
characterized in that Said tyrosine kinase activity inhibitor of 
the IGF-I and/or EGF receptors, respectively, is selected 
from the group consisting of natural derivative agents, 
dianilinophthalimides, pyrazolo- or pyrrolo-pyridopyrim 
idines or even quinazolines. 

72. Substance as described in any one of claims 61 to 71, 
characterized in that it includes, additionally, another anti 
body compound directed against the extracellular region of 
the HER2/neu receptor, as a combining chemical for use 
Simultaneously, Separately or spread out over time, intended 
to prevent and treat cancer. 

73. Substance as described in claim 72, characterized in 
that Said antibody directed against the extramembrane 
region of the HER2/neu receptor is Trastuzumab, or one of 
its functional fragments. 

74. Substance as described in claims 61 to 73, character 
ized in that at least one of Said antibodies, or one of their 
functional fragments, is combined with a cellular toxin 
and/or a radioactive element. 

75. Substance as described in claims 61 to 74, as a 
medication. 

76. Use of an antibody, or one of its functional fragments, 
as described in claims 32 to 38, 41 to 48 and 54 to 60 and/or 
a Substance as described in any one of claims 61 to 75, for 
the preparation of a medication intended to prevent or treat 
an illness related to an over-expression and/or an abnormal 
activation of the IGF-IR and/or EGFR receptor, and/or 
related to a hyperactivation of the transduction path of the 
signal mediated by the interaction of the IGF1 or IGF2 with 
the IGF-IR and/or of the EGF with the EGFR. 

77. Use as described in claim 76, characterized in that the 
administration of Said medication causes no or few side 
effects related to the inhibition of the insulin receptor (IR). 
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78. Use as described in claim 76 or 77, for the preparation 
of a medication intended to inhibit the transformation of 
normal cells into cells of a tumoral nature, preferably IGF, 
particularly dependent IGF1 and/or IGF2, and/or dependent 
EGF and/or dependent HER2/neu. 

79. Use as described in any of claims 76 to 78 for the 
preparation of a medication intended to inhibit the growth 
and/or proliferation of tumoral cells, preferably IGF, par 
ticularly dependent IGF1 and/or IGF2, and/or dependent 
EGF and/or estrogens and/or dependent HER2/neu. 

80. Use as described in one of claims 76 to 79, for the 
preparation of a medication intended to prevent or treat 
CCC. 

81. Use as described in claim 80, characterized in that said 
cancer is a cancer chosen from among prostate cancer, 
Osteosarcoma, lung cancer, breast cancer, endometrium can 
cer or colon cancer. 

82. Use as described in claims 76 to 79, for the prepara 
tion of a medication intended to prevent or treat psoriasis. 

83. In vitro diagnostic method for illnesses caused by an 
over-expression or an under-expression of the IGF-IR and/or 
the EGFR receptor, based on a biological sample in which 
the abnormal presence of an IGF-IR and/or EGFR receptor 
is Suspected, characterized in that Said biological Sample is 
put in contact with an antibody as described in claims 32 to 
38, 41 to 48 and 54 to 60, where said antibody can be 
marked, when necessary. 

84. Kit or necessary materials for the implementation of 
a method for diagnosing illnesses caused by an over-expres 
sion or an under-expression of the IGF-IR and/or EGFR 
receptor, or for the implementation of a proceSS intended to 
detect and/or quantify an over-expression or an under 
expression of the IGF-IR and/or EGFR receptor in a bio 
logical Sample, preferably an over-expression of Said recep 
tor, characterized in that Said kit or necessary materials 
include the following items: 

a) an antibody, or one of its functional fragments, as 
described in claims 32 to 38, 41 to 48 and 54 to 60; 

b) when applicable, the reagents for the creation of a 
medium that is favorable for the immunological reac 
tion; 

c) when applicable, the reagents that highlight the IGF 
IR/antibody and/or EGFR/antibody compounds pro 
duced by the immunological reaction. 

85. Use of an antibody, or one of its functional fragments, 
as described in claims 32 to 38, 41 to 48 and 54 to 60, for 
the preparation of a medication intended to specifically aim 
a biologically active compound toward cells that express or 
over-express the IGF-IR and/or EGFR receptor. 

86. A humanized, chimeric or human monoclonal anti 
body or antigen-binding portion thereof that specifically 
binds to insulin-like growth factor I receptor (IGF-IR). 

87. The antibody or portion thereof according to claim 86, 
wherein the IGF-IR is human. 

88. The antibody or antigen-binding portion thereof 
according to any one of claims 86 or 87, wherein the 
antibody or portion thereof has at least one property Selected 
from the group consisting of: a) does not bind to mouse, rat, 
dog or rabbit IGF-IR; b) binds to cynomologous or rhesus 
IGF-IR but not to marmoset IGF-IR; c) inhibits the binding 
of IGF-I or IGF-II to IGF-IR. d) has a selectivity for IGF-IR 
that is at least 50 times greater than its Selectivity for insulin 
receptor; e) inhibits tumor growth in vivo, f) causes IGF-IR 
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disappearance from the cell Surface when incubated with a 
cell expressing IGF-IR; g) inhibits IGF-IR-induced tyrosine 
phosphorylation; h) binds to IGF-IR with a Ka of 8x10 M 
or less; and i) has an off rate for IGF-IR of K of 10" or 
Smaller. 

89. The antibody or antigen-binding portion thereof 
according to claim 88, wherein the antibody or portion 
thereof has all of Said properties. 

90. The antibody or antigen-binding portion thereof 
according to any one of claims 86 or 87, wherein the 
antibody or portion thereof has at least one property Selected 
from the group consisting of: a) cross-competes for binding 
to IGF-IR with an antibody selected from the group con 
sisting of 2.12.1, 2.13.2, 2.14.3, 3.1.1, 4.9.2 and 4.17.3; b) 
binds to the same epitope of IGF-IR as an antibody selected 
from the group consisting of 2.12.1, 2.13.2, 2.14.3, 3.1.1, 
4.9.2 and 4.17.3; c) binds to the same antigen as that bound 
by the antibody Selected from the group consisting of 2.12.1, 
2.13.2, 2.14.3, 3.1.1, 4.9.2 and 4.17.3; d) binds to IGF-IR 
with Substantially the Same K. as an antibody Selected from 
the group consisting of 2.12.1, 2.13.2, 2.14.3, 3.1.1, 4.9.2 
and 4.17.3; and e) binds to IGF-IR with substantially the 
Same off rate as an antibody Selected from the group 
consisting of 2.12.1, 2.13.2, 2.14.3, 3.1.1, 4.9.2 and 4.17.3. 

91. The antibody or antigen-binding portion thereof 
according to claim 90, wherein the antibody or portion 
thereof comprises all of Said properties. 

92. The antibody or antigen-binding portion thereof 
according to any one of claims 86-91, wherein said antibody 
or portion thereof inhibits binding between IGF-IR and 
IGF-I or IGF-II with an ICs of less than 100 nM. 

93. The antibody or antigen-binding portion thereof 
according to any one of claims 86-92, wherein said antibody 
or antigen-binding portion thereof comprises a variable 
region of a kappa. light chain, wherein the Sequence of Said 
variable region of Said kappa. light chain comprises no 
more than ten amino acid changes from the amino acid 
Sequence encoded by a germline VKA30, A27 or O12 gene. 

94. The antibody or antigen-binding portion thereof 
according to claim 93, wherein the variable region of the 
kappa. light chain comprises an amino acid Sequence 
Selected from the group consisting of the amino acid 
sequence of SEQID NO: 2, SEQ ID NO: 6, SEQID NO: 10, 
SEQ ID NO: 14, SEQ ID NO: 18 and SEQ ID NO: 22, or 
an amino acid Sequence having 1-10 amino acid insertions, 
deletions or Substitutions therefrom. 

95. The antibody or antigen-binding portion thereof 
according to any one of claims 86-92, wherein said antibody 
or antigen-binding portion thereof comprises a variable 
region of a heavy chain, wherein the Sequence of Said 
variable region comprises no more than eight amino acid 
changes from the amino acid Sequence encoded by a germ 
line V DP47, DP35, DP71 or VIV-4 gene. 

96. The antibody or antigen-binding portion thereof 
according to claim 95, wherein the variable region of the 
heavy chain comprises an amino acid Sequence Selected 
from the group consisting of the amino acid Sequence of 
SEQ ID NO: 4, SEQ ID NO: 8, SEQ ID NO: 12, SEQ ID 
NO: 16, SEQ ID NO: 20 and SEQ ID NO: 24, or an amino 
acid Sequence having 1-10 amino acid insertions, deletions 
or Substitutions therefrom. 

97. The antibody or antigen-binding portion thereof 
according to any one of claims 86-96 that is a) an immu 
noglobulin G (IgG), an IgM, an IgE, an IgA or an Ig|D 
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molecule, or is derived therefrom; or b) an Fab fragment, an 
F(ab') fragment, an F fragment, a single chain antibody, a 
humanized antibody, a chimeric antibody or a bispecific 
antibody. 

98. The antibody or antigen-binding portion thereof 
according to any one of claims 86-97, wherein the antibody 
or portion thereof comprises an amino acid Sequence of at 
least one CDR region from a variable region, wherein Said 
variable region is selected from the group consisting of: a) 
a variable region of the light chain of an antibody Selected 
from the group consisting of 2.12.1, 2.13.2, 2.14.3, 3.1.1, 
4.9.2 and 4.17.3; b) a variable region of a light chain 
comprising an amino acid Sequence Selected from SEQ ID 
NO: 2, SEQ ID NO: 6, SEQ ID NO: 10, SEQ ID NO: 14, 
SEQ ID NO: 18 and SEQ ID NO: 22, or an amino acid 
Sequence having 1-10 amino acid insertions, deletions or 
Substitutions therefrom; c) a variable region of the heavy 
chain of an antibody Selected from the group consisting of 
2.12.1, 2.13.2, 2.14.3, 3.1.1, 4.9.2 and 4.17.3; and d) a 
variable region of a heavy chain comprising an amino acid 
sequence selected from SEQ ID NO: 4, SEQ ID NO: 8, SEQ 
ID NO: 12, SEQ ID NO: 16, SEQ ID NO: 20 and SEQ ID 
NO: 24, or an amino acid Sequence having 1-10 amino acid 
insertions, deletions or Substitutions therefrom. 

99. The antibody or antigen-binding portion thereof 
according to claim 98, wherein the antibody or portion 
thereof comprises all of the amino acid Sequences of the 
CDR regions a variable region, wherein Said variable region 
is Selected from the group consisting of Selected from the 
group consisting of: a) a variable region of the light chain of 
an antibody Selected from the group consisting of 2.12.1, 
2.13.2, 2.14.3, 3.1.1, 4.9.2 and 4.17.3; b) a variable region 
of a light chain comprising an amino acid Sequence Selected 
from SEQ ID NO: 2, SEQ ID NO: 6, SEQ ID NO: 10, SEQ 
ID NO: 14, SEQ ID NO: 18 and SEQ ID NO: 22, or an 
amino acid Sequence having 1-10 amino acid insertions, 
deletions or Substitutions therefrom; c) a variable region of 
the heavy chain of an antibody Selected from the group 
consisting of 2.12.1, 2.13.2, 2.14.3, 3.1.1, 4.9.2 and 4.17.3; 
d) a variable region of a heavy chain comprising an amino 
acid sequence selected from SEQ ID NO: 4, SEQ ID NO: 8, 
SEQ ID NO: 12, SEQ ID NO: 16, SEQ ID NO: 20 and SEQ 
ID NO: 24, or an amino acid Sequence having 1-10 amino 
acid insertions, deletions or Substitutions; and e) the variable 
regions of the light chain and the heavy chain of an antibody 
Selected from the group consisting of 2.12.1, 2.13.2, 2.14.3, 
3.1.1, 4.9.2 and 4.17.3. 

100. The antibody according to claim 86, wherein the 
antibody is Selected from the group consisting of 2.12.1, 
2.13.2, 2.14.3, 3.1.1, 4.9.2 and 4.17.3. 

101. The antibody according to claim 86, wherein said 
antibody comprises a heavy chain and a light chain, and 
wherein the amino acid Sequences of the light chain and 
heavy chain are Selected from the group consisting of: a) the 
amino acid Sequence of the heavy chain and the amino acid 
Sequence of the light chain of 2.12.1; b) the amino acid 
Sequence of the heavy chain and the amino acid Sequence of 
the light chain of 2.13.2; c) the amino acid Sequence of SEQ 
ID NO: 45 and the amino acid sequence of SEQ ID NO: 47; 
and d) the amino acid sequence of SEQ ID NO: 49 and the 
amino acid sequence of SEQ ID NO: 51. 

102. The antibody according to claim 86, wherein said 
antibody has an amino acid Sequence comprising the amino 
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acid sequences of the CDRs of antibodies 2.12.1 or 2.13.2, 
or CDRs of that antibody having no more than 5 conserva 
tive amino acid changes. 

103. A pharmaceutical composition comprising the anti 
body or portion thereof according to any one of claims 
86-102 and a pharmaceutically acceptable carrier. 

104. The pharmaceutical composition according to claim 
103, further comprising an antineoplastic, chemotherapeutic 
or anti-tumor agent. 

105. A process for making an antibody that binds to 
IGF-IR, comprising the steps of: a) immunizing a non 
human mammal with an immunogen comprising IGF-IR, 
wherein the mammal is capable of expressing human anti 
bodies in B cells of the animal; b) isolating B cells from the 
mammal; c) Screening said B cells, or cell lines derived 
therefrom, to identify a cell line that produces antibodies that 
bind to IGF-IR; d) culturing the cell line that expresses 
antibodies that bind to IGF-IR; and e) isolating antibodies 
that bind to IGF-IR from the cell line. 

106. An isolated cell line that produces the antibody 
according to any one of claims 86-102. 

107. The cell line according to claim 105 that produces an 
antibody Selected from the group consisting of 2.12.1, 
2.13.2, 2.14.3, 3.1.1, 4.9.2 and 4.17.3, or wherein the 
antibody has the same amino acid Sequences thereof 

108. A method of diagnosing the presence or location of 
an IGF-IR-expressing tumor in a Subject in need thereof, 
comprising the steps of a) injecting the antibody according 
to any one of claims 86-102 into the subject, b) determining 
the expression of IGF-IR in the subject by localizing where 
the antibody has bound, c) comparing the expression in part 
(b) with that of a normal reference Subject or standard, and 
d) diagnosing the presence or location of the tumor. 

109. A method of treating cancer in a human with an 
antibody or antigen-binding portion thereof that specifically 
binds to IGF-IR, comprising the Step of administering to the 
human an amount of the antibody effective to treat Said 
CCC. 

110. A method of treating a patient in need thereof with 
the antibody or antigen-binding portion thereof according to 
any one of claims 86-102, comprising the Step of adminis 
tering to the patient an effective amount of the antibody. 

111. The method according to either of claims 109 or 110, 
further comprising the Step of administering an anti-neo 
plastic, anti-tumor, anti-angiogenic or chemotherapeutic 
agent. 

112. An isolated nucleic acid molecule that comprises a 
nucleic acid Sequence that encodes a heavy chain or antigen 
binding portion thereof or a light chain or antigen-binding 
portion thereof of an antibody according to any one of 
claims 86-102. 

113. The isolated nucleic acid molecule according to 
claim 112, wherein the nucleic acid molecule comprises a 
nucleic acid Sequence Selected from the group consisting of: 
a) a nucleic acid sequence encoding at least one CDR region 
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from the heavy chain of the antibody selected from the group 
consisting of 2.12.1, 2.13.2, 2.14.3, 3.1.1, 4.9.2 and 4.17.3; 
b) a nucleic acid sequence encoding the three CDR regions 
from the heavy chain of the antibody selected from the group 
consisting of 2.12.1, 2.13.2, 2.14.3, 3.1.1, 4.9.2 and 4.17.3; 
c) a nucleic acid Sequence encoding the amino acid Sequence 
of the heavy chain or the antigen-binding portion thereof of 
the antibody Selected from the group consisting of 2.12.1, 
2.13.2, 2.14.3, 3.1.1, 4.9.2 and 4.17.3; d) a nucleic acid 
Sequence encoding at least one CDR Sequence from the light 
chain of the antibody Selected from the group consisting of 
2.12.1, 2.13.2, 2.14.3, 3.1.1, 4.9.2 and 4.17.3; e) a nucleic 
acid Sequence encoding the three CDR Sequences from the 
heavy chain of the antibody Selected from the group con 
sisting of 2.12.1, 2.13.2, 2.14.3, 3.1.1, 4.9.2 and 4.17.3; f) a 
nucleic acid Sequence encoding the amino acid Sequence of 
the light chain or the antigen-binding portion thereof of the 
antibody Selected from the group consisting of 2.12.1, 
2.13.2, 2.14.3, 3.1.1, 4.9.2 and 4.17.3; g) a nucleic acid 
Sequence encoding the amino acid Sequence of Selected from 
the group consisting of SEQ ID NOS: 2, 4, 6, 8, 10, 12, 14, 
16, 18, 20 and 22; and h) a nucleic acid Sequence Selected 
from the group consisting of SEQ ID NOS: 1, 3, 5, 7, 9, 11, 
13, 15, 17, 19, 21 and 23; wherein said nucleic acid molecule 
optionally comprises a nucleic acid Sequence encoding the 
amino acid sequence of SEQID NO: 28 or SEQ ID NO: 26. 

114. A vector comprising the nucleic acid molecule 
according to either of claims 112 or 113, wherein the vector 
optionally comprises an expression control sequence oper 
ably linked to the nucleic acid molecule. 

115. A host cell comprising the Vector according to claim 
114 or the nucleic acid molecule according to either of 
claims 112 or 113. 

116. A method of making an anti-IGF-IR antibody or 
antigen-binding portion thereof, comprising culturing the 
host cell according to claim 115 or the cell line according to 
claim 106 under Suitable conditions and recovering Said 
antibody or antigen-binding portion. 

117. A non-human transgenic animal comprising the 
nucleic acid according to either of claims 112 or 113, 
wherein the non-human transgenic animal expresses Said 
nucleic acid. 

118. A method of treating a subject in need thereof with 
an antibody or antigen-binding portion thereof that Specifi 
cally binds to IGF-IR, comprising the Steps of (a) adminis 
tering an effective amount of an isolated nucleic acid mol 
ecule encoding the heavy chain or the antigen-binding 
portion thereof, an isolated nucleic acid molecule encoding 
the light chain or the antigen-binding portion thereof, or both 
the nucleic acid molecules encoding the light chain and the 
heavy chain or antigen-binding portions thereof, and (b) 
expressing the nucleic acid molecule. 


