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TITLE OF THE INVENTION
IGF-1R SPECIFIC ANTIBODIES USEFUL IN THE DETECTION AND DIAGNOSIS OF

CELLULAR PROLIFERATIVE DISORDERS

FIELD OF THE INVENTION
This invention 1s related to the field of the biotechnology and in particular with

new recombinant monoclonal antibodies, which recognize epitopes expressed on the insulin-like
growth factor 1 receptor 1(IGF-1R), preferably human IGF-1R

BACKGROUND OF THE INVENTION
The present invention relates to novel antibodies that are selective for the IGF-1R

cell surface receptor. Also included 1s derivation of recombinant antibodies, e.g., chimeric,
humanized or veneered versions including single chain Fv fragments (scFv) from the
mammalian antibodies detailed herein and designated "12B1". The invention likewise comprises
utilization of the murine or recombinant antibodies derived therefrom in detecting and
diagnosing pathological hyperproliferative oncogenic disorders associated with expression of
IGF-1R. In certain embodiments, the disorders are oncogenic disorders associated with
increased expression of IGF-1R polypeptide relative to normal or any other pathology connected
with the overexpression of IGF-1R. Use of the recombinant antibodies as a prognostic marker
and kits for diagnosis of illnesses connected with the overexpression of the IGF-IR receptor are
also disclosed. The amino acid and nucleic acid sequences coding for these antibodies as well as
methods of assessing the therapeutic efficacy of a treatment regiment comprising an IGF-1R
specific modulating moiety is also disclosed. |

Various growth factors, including insulin-like growth factors (IGF), e.g., insulin-
like growth factor —I and insulin-like growth factor — II have been implicated in exerting
mitogenic activity on various cell types such as tumor cells. IGFs are structurally similar to
insulin, and have been implicated as a therapeutic tool in a variety of diseases and injuries.
Insulin-like growth factor-I (IGF-I) is a 7649-dalton polypeptide with a pl of 8.4 that circulates
in plasma in high concentrations and is detectable in most tissues(Rinderknecht and Humbel,
Proc. Natl. Acad. Sci1. USA, 73: 2365 (1976); Rinderknecht and Humbel, J. Biol. Chem., 253:
2769 (1978)). IGF-I stimulates cell differentiation and cell proliferation, and is required by most
mammalian cell types for sustained proliferation. These cell types include, among others, human
diploid fibroblasts, epithelial cells, smooth muscle cells, T lymphocytes, neural cells, myeloid
cells, chondrocytes, osteoblasts and bone marrow stem cells. Each of these growth factors exerts
1ts mitogenic effects by binding to a common receptor named the insulin-like growth factor
receptor-1 (IGF1R) (Sepp-Lorenzino, (1998) Breast Cancer Research and Treatment 47:235).
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See also Klapper, et al., (1983) Endocrinol. 112:2215 and Rinderknecht, et al., (1978) Febs. Lett.
89:283. There 1s a large body of literature on the actions and activities of IGFs (IGF-1, IGF-2,
and IGF vanants). See Van Wyk et al., Recent Prog. Horm. Res., 30: 259 (1974); Binoux, Ann.
Endocrinol., 41: 157 (1980); Clemmons and Van Wyk, Handbook Exp. Pharmacol., 57: 161
(1981); Baxter, Adv. Clin. Chem., 25:49 (1986); U.S. Pat. No. 4,988.675; WO 91/03253; WO
93/23071).

The IGF system is also composed of membrane-bound receptors for IGF-1, 1GF-
2, and insulin. The Type 1 IGF receptor (IGF-1R) is closely related to the insulin receptor (IR) in
structure and shares some of its signaling pathways (Jones and Clemmons, Endocr. Rev., 16: 3-
34 (1995);Ullrnich et al., Cell 61: 203 212, 1990), and 1s structurally similar to the insulin receptor
(Ullnnch et al., EMBO J. 5: 2503 2512, 1986)). Since IGF-1 and IGF-2 bind to IGF-1R with a
much higher affinity than to the insulin receptor, it is most likely that most of the effects of IGF-
1 and IGF-2 are mediated by IGF-1R (Humbel, Eur. J. Biochem. 190:445-462 (1990); Ballard et
al., "Does IGF-I ever act through the insulin receptor?”, in Baxter et al. (Eds.), The Insulin-Like
Growth Factors and Their Regulatory Proteins, (Amsterdam: Elsevier, 1994), pp. 131-138). The
crystal structure of the first three domains of IGF-1R has been determined (Garrett et al., Nature,
394, 395-399 (1998)). While similar in structure, IGF-1R and IR serve different physiological
functions in that IR is primarily involved in metabolic functions whereas IGF-1R mediates
growth and differentiation. For a review of the wide variety of cell types for which IGF-I/IGF-I
receptor interaction mediates cell proliferation, see Goldring et al., Eukar. Gene Express., 1:31
326 (1991). The IGF-2 receptor, on the other hand, is a clearance receptor that appears not to
transmit an intracellular signal (Jones and Clemmons, supra).

The insulin-like growth factor I receptor (IGF-1R) is a glycoprotein of molecular
weight approximately 350,000. It is a hetero-tetrameric receptor of which each half -linked by
disulfide bridges- is composed of an extracellular a-subunit and of a transmembrane B-subunit.
The IGF-I receptor is composed of two types of subunits: an alpha subunit (a 130 135 kD protein
that 1s entirely extracellular and functions in ligand binding) and a beta subunit (a 95-kD
transmembrane protein, with transmembrane and cytoplasmic domains). The IGF-IR is initially
synthesized as a single chain proreceptor polypeptide which is processed by glycosylation,
proteolytic cleavage, and covalent bonding to assemble into a mature 460-kD heterotetramer
comprising two alpha-subunits and two beta-subunits. The beta subunit(s) possesses ligand-
activated tyrosine kinase activity. This activity is implicated in the signaling pathways
mediating ligand action which involve autophosphorylation of the beta-subunit and
phosphorylation of IGF-IR substrates.

IGF-IR binds IGF I and IGF II with nanomolar affinity, e.g., Kd of 1 x 10°nM
but is capable of binding to insulin with an affinity 100 to 1000 times less. . Representative
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nanomolar affinity values may be found in FEBS Letters, vol. 565, pages 19-22 (2004), the
entire content of which 1s incorporated by reference herein. Conversely, the IR binds insulin
with a very high affinity although the IGFs only bind to the insulin receptor with a 100 times
lower affinity. The tyrosine kinase domain of IGF-IR and of IR has a very high sequence
homology although the zones of weaker homology respectively concern the cysteine-rich region
situated on the a-subunit and the C-terminal part of the B-subunit. The sequence differences
observed in the a-subunit are situated in the binding zone of the ligands and are therefore at the
origin of the relative affinities of IGF-IR and of IR for the IGFs and insulin respectively. The
differences in the C-terminal part of the B-subunit result in a divergence in the signalling
pathways of the two receptors; IGF-IR mediating mitogenic, differentiation and antiapoptosis
effects, while the activation of the IR principally involves effects at the level of the metabolic
pathways (Baserga et al., Biochim. Biophys. Acta, 1332: F105-126, 1997; Baserga R., Exp. Cell.
Res., 253:1-6, 1999).

The first step in the transduction pathway leading to IGF-I-stimulated cellular
proliferation or differentiation is binding of IGF-I or IGF-II (or insulin) at physiological
concentrations to the IGF-I receptor. Interaction of IGFs with IGF1R activates the receptor by
triggering autophosphorylation of the receptor on tyrosine residues (Butler, et al., (1998)
Comparative Biochemistry and Physiology 121:19). Once activated, IGFIR, in turn,
phosphorylates intracellular targets to activate cellular signaling pathways. This receptor
activation i1s critical for stimulation of tumor cell growth and survival. Therefore, inhibition of
IGFIR activity represents a valuable potential method to treat or prevent growth of human
cancers and other proliferative diseases.

There 1s considerable evidence for a role for IGF-I and/or IGF-IR in the
maintenance of tumor cells in vifro and in vivo. For example, individuals with "high normal”
levels of IGF-I have an increased risk of common cancers compared to individuals with IGF-I
levels in the "low normal" range (Rosen et al., Trends Endocrinol. Metab. 10: 136 41, 1999).
For a review of the role IGF-I/IGF-I receptor interaction plays in the growth of a variety of
human tumors, see Macaulay, Br. J. Cancer, 65: 311 320, 1992. In addition to playing a key role
in normal cell growth and development, IGF-1R signaling has also been implicated as playing a
critical role in growth of tumor cells, cell transformation, and tumorigenesis. See Baserga,
Cancer Res., 55:249-252 (1995); for a review, see Khandwala et al., Endocr. Rev. 21: 215-244
(2000)); Daughaday and Rotwein, Endocrine Rev., 10:68-91 (1989). Recent data impel the
conclusion that IGF-IR 1s expressed in a great variety of tumors and of tumor lines and the IGFs
amplify the tumor growth via their attachment to IGF-IR. Indeed, the crucial discovery which
has clearly demonstrated the major role played by IGF-IR in the transformation has been the
demonstration that the R- cells, in which the gene coding for IGF-IR has been inactivated, are
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totally refractory to transtformation by different agents which are usually capable of transforming
the cells, such as the ES protein of bovine papilloma virus, an overexpression of EGFR or of
PDGFR, the T antigen of SV 40, activated ras or the combination of these two last factors (Sell
C. et al., Proc. Natl. Acad. Sci., USA, 90: 11217-11221, 1993; Sell C. et al., Mol. Cell. Biol.,
14:3604-3612, 1994; Morrione A. J., Virol., 69:5300-5303, 1995; Coppola D. et al., Mol. Cell.
Biol., 14:4588-4595, 1994; DeAngelis T etal., J. Cell. Physiol., 164:214-221, 1995). Other key
examples supporting this hypothesis include loss of metastatic phenotype of murine carcinoma
cells by treatment with antisense RNA to the IGF-1R (Long et al., Cancer Res., 55:1006-1009
(1995)) and the in vitro inhibition of human melanoma cell motility (Stracke et al., J. Biol.
Chem., 264:21554-21559 (1989)) and of human breast cancer cell growth by the addition of
IGF-1R antibodies (Rohlik et al., Biochem. Biophys. Res. Commun., 149:276-281 (1987)).

Other arguments 1n favor of the role of IGF-IR in carcinogenesis come from
studies using murine monoclonal antibodies directed against the receptor or using negative
dominants of IGF-IR. In effect, murine monoclonal antibodies directed against IGF-IR inhibit
the proliferation of numerous cell lines in culture and the growth of tumor cells in vivo (Arteaga
C. et al., Cancer Res., 49:6237-6241, 1989; Li et al., Biochem. Biophys. Res. Com., 196:92-98,
1993; Zia F et al., J. Cell. Biol., 24:269-275, 1996; Scotlandi K et al., Cancer Res., 58:4127-
4131, 1998). It has likewise been shown in the works of Jiang et al. (Oncogene, 18:6071-6077,
1999) that a negative dominant of IGF-IR 1is capable of inhibiting tumor proliferation.

Using antisense expression vectors or antisense oligonucleotides to the IGF-IR
RNA, 1t has been shown that interference with IGF-IR leads to inhibition of IGF-I-mediated or
IGF-II-mediated cell growth (see, e.g., Wraight et al., Nat. Biotech. 18: 521 526, 2000). The
antisense strategy was successful in inhibiting cellular proliferation in several normal cell types
and 1n human tumor cell lines. Growth has also been inhibited using peptide analogues of IGF-I
(Pietrzkowski et al., Cell Growth & Diff. 3: 199 205, 1992; and Pietrzkowski et al., Mol. Cell.
Biol., 12: 3883 3889, 1992), or a vector expressing an antisense RNA to the IGF-I RNA (Trojan
et al., Science 259: 94 97, 1992.

IGF-IR levels are elevated in tumors of lung (Kaiser et al., J. Cancer Res. Clin.
Oncol. 119: 665 668, 1993; Moody et al., Life Sciences 52: 1161 1173, 1993; Macauley et al.,
Cancer Res., 50: 2511 2517, 1990), breast (Pollak et al., Cancer Lett. 38: 223 230, 1987;
Foekens et al., Cancer Res. 49: 7002 7009, 1989; Cullen et al., Cancer Res. 49: 7002 7009, 1990;
Arteaga et al., J. Clin. Invest. 84: 1418 1423, 1989), prostate and colon (Remaole-Bennet et al.,
J. Clin. Endocrinol. Metab. 75: 609 616, 1992; Guo et al., Gastroenterol. 102: 1101 1108, 1992).

Elevated serum levels of IGF-1 have been shown to be associated with increased

risks of prostate cancer, and may be an earlier predictor of onset than prostate-specific antigen
(PSA; J. M. Chan et al., 1998, Science 279:563-566).
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There also appears to be a relationship between high levels of IGF-1 and/or IGF-
1R and breast cancer (L. C. Happerfield et al., 1997, J. Pathol. 183:412-417). Breast cancers
express IGF-2 and IGF-1R, providing all the required effectors for an autocrine-loop-based
proliferation paradigm (Quinn et al., J. Biol. Chem., 271:11477-11483 (1996); Steller et al.,
Cancer Res., 56:1761-1765 (1996)). Indeed, IGF-1R 1s overexpressed in 40% of all breast cancer
cell lines (Pandini, et al., (1999) Cancer Res. 5:1935) and in 15% of lung cancer cell lines. In
breast cancer tumor tissue, IGF1R 1s oi/erexpressed 6-14 fold and IGF1R exhibits 2-4 fold higher
kinase activity as compared to normal tissue (Webster, et al., (1996) Cancer Res. 56:2781 and
Pekonen, et al., (1998) Cancer Res. 48:1343). In fact, a positive correlation was observed
between circulating IGF-1 and breast cancer among pre-menopausal women (S. E. Hankinson et
al., 1998, Lancet 351:1393-1396). A poor prognosis for breast cancer patients was correlated to
the expression of IGF-1R positive and estrogen receptor (ER) negative cells (A. A. Butler et al.,
1998, Cancer Res. 58:3021-3027). Recently, investigators have identified hybrid IGF-1R/IR
receptors found in several breast cancer cell lines (G. Pandini et al., 1999, Chin. Cancer Res.
5:1935-1944; E. M. Bailyes et al., 1997, Biochem. J. 327(Pt 1):209-2135; see below).

Ninety percent of colorectal cancer tissue biopsies exhibit elevated IGF1R levels
wherein the extent of IGF1R expression is correlated with the severity of the disease. Analysis of
primary cervical cancer cell cultures and cervical cancer cell lines revealed 3- and 5-fold
overexpression of IGF1R, respectively, as compared to normal ectocervical cells (Steller, et al.,
(1996) Cancer Res. 56:1762). Expression of IGF1R in synovial sarcoma cells also correlated
with an aggressive phenotype (i.e., metastasis and high rate of proliferation; Xie, et al., (1999)
Cancer Res. 59:3588). |

Recent studies have also shown a connection between IGF-1 levels and ovarian
cancer.

Potential strategies for inducing apoptosis or for inhibiting cell proliferation
associated with increased IGF-I, increased IGF-II and/or increased IGF-IR receptor levels
include suppressing IGF-I levels or IGF-II levels or preventing the binding of IGF-I to the IGF-
IR. Anti-IGF-1R specific antibodies are contemplated to achieve this objective.

The association of expression levels of IGF-1R expressing cells with increased
risk for one of breast, colon, pancreas, lung or ovarian cancer has been a consistent finding in a
majority of epidemiologic studies. The progress in the understanding of cancer progression and
early detection has been slow and frustrating due to the complex multifactorial nature and
heterogeneity of the cancer syndrome. One of the challenges in drug development is to show 1n
pre-clinical development, in clinical trials and with an approved agent that the anti-IGF-1R
therapeutic is effective. One way to do this is to have suitable biomarkers that indicate when
IGF-1R activity is inhibited. Currently employed diagnostic techniques such as medical
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imaging, tissue biopsy and bioanalytical assay of body fluids by enzyme linked immunosorbent
assay (ELISA) are insufficiently sensitive and specific to detect most types of early-stage
cancers. Moreover, these assays are labour intensive, time consuming, expensive and don’t have
multiplexing capability. To date, reliable diagnostic or prognostic IGF-1R specific markers have
not been identified for any one or more of various IGF-1R mediated pathologies that could be
effective in not only detecting tumors bearing IGF-1R expressing cells but also in monitoring
treatment and gauging tumor aggressiveness. Indeed, the paucity of reliable biomarkers that
show efficacy in detecting IGF-1R has hampered industry efforts in evaluating the efficacy of
numerous anti-IGF-1R therapeutic protocols.

The present invention aims to provide at least one reagent that can be used as a
diagnostic or prognostic biomarker for detecting and/or monitoring oncogenic disorders
especially those characterized by expression of IGF-1R or those that are mediated by aberrant
IGFO-1R expression.

Previous attempts to develop an antibody that can be used as a diagnostic or
prognostic tool have not been reported. Described herein are novel antibodies that meet this
criteria.

Other features and advantages of the invention will be apparent from the detailed

description and examples that follow.

SUMMARY OF THE INVENTION
Provided herein are monoclonal antibodies that bind to the insulin-like growth

factor 1 receptor (IGF-1R) preferably human IGF-1R, with high affinity and can thus be usetul
in methods to treat or diagnose pathological hyperproliferative oncogenic disorders mediated by
IGF-1R expression or dysplastic cells associated with increased expression of IGF-1R relative to
normal. More preferably, the invention concerns the use of the herein described antibodies,
designated 12B1, to diagnose or detect IGF-1R bearing cells as well as identify patients at risk of
a pathological effect of an oncogenic disorder associated with expression of IGF-1R, particularly
carcinomas and sarcomas. Use of the antibodies as biomarker is also disclosed. The methods
may be used for detecting or diagnosing various hyperproliferative oncogenic disorders
associated with expression of IGF-1R exemplified by, but not limited to, ovarian, breast, renal,
colorectal, lung, endometrial, or brain cancer or any other cancer associated with expression of
IGF-1R. The antibodies of the invention may also be used to diagnose various pediatric soft
tissue cancers, including, but not limited to, osteosarcoma, Ewing sarcoma, rhabdomyosarcoma
and neuroblastoma. As would be recognized by one of ordinary skill in this art, the level of
antibody expression associated with a particular disorder will vary depending on the nature

and/or the severity of the pre-existing condition.
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Administration of the antibodies of the present invention in any of the
conventional ways known to one skilled in the art (e.g., topical, parenteral, intramuscular, etc.),
will provide an extremely useful method of detecting dysplastic cells in a sample as well as
allowing a clinician to monitor the therapeutic regiment of a patient undergoing treatment for a
hyperproliferative disorder associated with or mediated by expression of IGF-1R

In a broad aspect, the invention comprises an antibody or a fragment thereof that
comprises a light chain comprising at least one complementarity determining region CDR having
an amino acid sequence selected from the group consisting of chosen from the CDRs of amino
acid sequence SEQ ID NOS. 1, 2 or 3, or at least one CDR whose sequence has at least 80%,
preferably 85%, 90%, 95% and 98% identity, after optimum aiignment, with the sequence one of
SEQ ID NOS. 1, 2, or 3, or a heavy chain comprising at least one CDR comprising an amino
acid sequence selected from the group consisting of SEQ ID NOS. 4, 5 or 6, or at least one CDR
whose sequence has at least 80%, preferably 85%, 90%, 95% and 98% identity, after optimum
alignment, with one of SEQ ID NO. 4, 5 or 6.

The light chain may comprise the amino acid sequence as set forth in SEQ ID
NO. 7, while the heavy chain may comprise the amino acid sequence as set forth in SEQ ID NO.
8.

In another aspect, the invention provides the functional fragments according to
the present invention include Fv, scFv, Fab, (Fab’)2, Fab’, scFv-Fc or diabodies, or any
functional fragment whose half-life would have been increased by a chemical moditication,
especially by PEGylation, or by incorporation in a liposome. Antibodies that bind IGF-1R and
thereby are internalized by the host cells are particularly useful in treating IGF-1R mediated
disorders.

The term "antibodies" as used herein includes monoclonal, polyclonal, chimeric,
single chain, bispecific, and humanized or optimized antibodies as well as Fab fragments, such
as those fragments which maintain the binding specificity of the antibodies to the IGF-1R
proteins, including fragments thereof that express the same epitope as that bound by the
antibodies of the invention. Accordingly, the invention also contemplates the use of single chains
such as the variable heavy and light chains of the antibodies. Generation of any of these types of
antibodies or antibody fragments is well known to those skilled in the art. In the present case,
monoclonal antibodies to IGF-1R proteins have been generated and have been isolated and

shown to have high affinity to IGF-1R.
Antibodies that compete with 12B1 for binding with IGF-1R are also within the

scope of the invention.
The present invention is also directed to an anti-IGF-1R chimeric antibody

comprising two light chains and two heavy chains, each of the chains comprising at least part of
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a human constant region and at least part of a variable (V) region of non-human origin having
specificity to human IGF-1R, said antibody binding with high affinity to a inhibiting and/or
neutralizing epitope of human IGF-1R, such as an antibody derived from murine 12B1. The
invention also includes a fragments or a derivative of such an antibody, such as one or more
portions of the antibody chain, such as the heavy chain constant, joining, diversity or variable
regions, or the light chain constant, joining or variable regions.

In certain embodiments, the inventive antibodies may be "humanized" by
transplanting the complimentarity determining regions (CDR's) of the hybridoma-derived
antibody into a human monoclonal antibody as described, e.g., by Jones et al., Nature 321:522-
525 (1986) or Tempest et al. Biotechnology 9:266-273 (1991) or "veneered" by changing the
surface exposed murine framework residues in the immunoglobulin variable regions to mimic a
homologous human framework counterpart as described, e.g., by Padlan, Molecular 1mm.
28:489-498 (1991) and U.S. Pat. No. 6,797492, all of these references incorporated herein by
reference. Consequently, in accordance with this embodiment, the humanized antibody derived
from 12B1 is characterized in that said antibody comprises a light chain and/or a heavy chain in
which the skeleton segments FR1 to FR4 of said light chain and/or heavy chain are respectively
derived from skeleton segments FR1 to FR4 of human antibody light chain and/or heavy chain.

Even further, the invention relates to a murine hybridoma capable of secreting a
monoclonal antibody according to the present invention, especially the hybridoma of murine
origin such as deposited at the Centre National de Culture De Microorganisme (CNCM, National
Center of Microorganism Culture) (Institut Pasteur, Paris, France) on December 7, 2005 under
the number [-3538.

A related aspect of the invention provides monoclonal antibodies or functional
fragments thereof that specifically binds human IGF-1R with great affinity. In certain
embodiments, these antibodies bind human IGF-1R with an ED50 1n the range of about 10 pM to
about 500 nM. As used herein the term "about" is defined to encompass variations of £15%.

The invention further provides: isolated nucleic acid encoding the inventive
antibodies disclosed herein including the heavy and/or light chain or antigen-binding portions
thereof. Thus, an aspect of the invention provides isolated nucleic acid molecules selected from:
(a) a nucleic aid molecule encoding the sequence of amino acids as set forth in one of SEQ ID
NOS. 1-8 ;or (b) the nucleotide sequence that hybridizes to the nucleotide sequence of (a) under
moderately stringent conditions, or (¢) a nucleic acid molecule comprising a nucleotide sequence
that is a degenerate sequence with respect to either (a) or (b) above, or (d) splice variant cDNA
sequences thereof or (e) a nucleic acid of at least 18 nucleotides capable of hybridizing under
conditions of great stringency with at least one of the CDRs of nucleic acid sequence SEQ ID
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NOS. 9, 10 or 11, or with a sequence having at least 80%, preferably 85%, 90%, 95% and 98%,
identity after optimum alignment with the sequence as set forth in SEQ ID NOS. 9, 10 or 11.

A vector comprising the nucleic acid molecule described above, optionally,
operably linked to control sequences recognized by a host cell transformed with the vector 1s also
provided as 1s a host cell transformed with the vector. The cells transformed according to the
invention can be used in processes for preparation of recombinant antibody disclosed herein. A
variety of host cells can be transformed with the nucleic acid molecules encoding the antibody or
a fragment thereof. The host cell can be chosen from prokaryotic or eukaryotic systems, for
example bacterial cells but likewise yeast cells or animal cells, in particular mammalian cells. It
is likewise possible to use insect cells or plant cells.

In accordance with the above objective, there is provided a process for production
of an antibody, or one of its functional fragments, comprising the steps of culturing a host cells
transtormed with the nucleic acid molecules disclosed herein under conditioned favoring
expression of the polypeptide; and recovering the antibody from the host cell culture media.

The invention also provides an isolated cell line, such as a hybridoma, that
produces an anti-IGF-]R antibody as described herein.

~ In one aspect, the invention provides 1solated, purified or recombinant
polypeptides having an amino acid sequence that is at least 90%, 95%, 98% or 99% identical to
an amino acid sequence as set forth in one or more of SEQ ID Nos: 1,2,3,4,5,6,7,0r8. Ina

more preferred embodiment, the application provides an amino acid sequence that is at least

90%, 95%, 98%., 99%., 99.3%., 99.5% or 99.7% identical to the amino acid sequence as set forth

in one of SEQ ID Nos:1-8.
The invention likewise concerns animals, except man, which comprise at least

one cell transformed according to the invention. Thus, non-human transgenic animals that
express the heavy and/or light chain or antigen-binding portions thereof of an anti-IGF-IR
antibody are also provided. |

According to one preferred embodiment, the antibodies of this invention are
synthesized by recombinant methods rather than produced directly from a hybridoma or derived
from an antibody sequence from a hybridoma.

Antibodies to IGF-1R as described above may also be used in production
facilities or laboratories to isolate additional quantities of the proteins, such as by affinity
chromatography. For example, the antibodies of the invention may also be utilized to isolate
additional amounts of IGF-1R.

A method for generating the antibodies described herein is also provided. The
method comprises (a) administering to a mouse an amount of an immunogenic composition

comprising an effective immunogen effective to stimulate a detectable immune response; (b)
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obtaining antibody-producing cells from the mouse and fusing the antibody-producing cells with
myeloma cells to obtain antibody-producing hybridomas; (c¢) culturing a hybridoma cell culture
that produces the monoclonal antibody; and (d) obtaining the monoclonal antibody from the cell
culture. Preferably, the immunogen comprises the human IGF-1R polypeptide or a fragment
thereof that 1s sufficient to provoke an immune response, €.g., extra-cellular domain. The amino
cid sequence of the entire human IGF-1R 1s known. See Riedmann et al., Endocrine-Related
Cancer, 13: S33-S43 (2006) and Baserga, R., Cancer Research, 55: 249-252 (1995), the entire
content of each of which 1s incorporated by reference herein 1n its entirety.

The invention likewise provides a pharmaceutical composition comprising the
antibody or one of its functional fragments according to the invention and a pharmaceutically
acceptable carrier. The pharmaceutical composition may further comprise another component,
such as an anti-tumor agent or an 1maging reagent.

In another embodiment, the invention relates to a pharmaceutical composition for
in vivo 1imaging of an oncogenic disorder associated with expression of IGF-1R comprising the
above monoclonal antibody or fragment thereof which 1s labeled and which binds IGF-1R ir
vivo; and a pharmaceutically acceptable carrier.

As will be appreciated by one skilled in the art, the antibodies of the invention or
binding fragments thereof will find use 1n various medical or research purposes, including the
detection, diagnosis, and staging of various pathologies associated with expression of IGF-1R.
Indeed, laboratory research may also be facilitated through use of such antibodies.

Stage determination has potential prognostic value and provides criteria for
designing optimal therapy. Simpson et al., J. Clin. Oncology 18:2059 (2000). Generally,
pathological staging of breast cancer for example, is preferable to clinical staging because the
former gives a more accurate prognosis. However, clinical staging would be preferred if it were
as accurate as pathological staging because i1t does not depend on an invasive procedure to obtain
tissue for pathological evaluation.

When used with suitable labels or other appropriate detectable biomolecule or
chemicals, the antibodies described herein are particularly useful for in vitro and in vivo
diagnostic and prognostic applications. Suitable conditions for which the antibody of the
invention will find particular use for include the detection and diagnosis of neoplasias, such as,
but not limited to ovarian, breast, renal, colorectal, lung cancer or sarcomas exemplified by

Ewings sarcoma, rhabdomyosarcoma, osteosarcoma and neuroblastoma.
Labels for use in immunoassays are generally known to those skilled in the art

and include enzymes, radioisotopes, and fluorescent, luminescent and chromogenic substances,
including colored particles such as colloidal gold or latex beads. Suitable immunoassays include
enzyme-linked immunosorbent assays (ELISA). Various types of labels and methods of
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conjugating the labels to the antibodies of the invention are well known to those skilled in the
art, such as the ones set forth below.

As used herein, the term "an oncogenic disorder associated with expression of
IGF-1R” 1s intended to include diseases and other disorders in which the presence of high levels
or abnormally low levels of IGF-IR (aberrant) in a subject suffering from the disorder has been
shown to be or 1s suspected of being either responsible for the pathophysiology of the disorder or
a factor that contributes to a worsening of the disorder. Thus, "neoplastic cells" or "neoplasia
associated with expression of IGF-1R" or "dysplastic cells associated with expression of IGF-
1R" which are used interchangeably refer to abnormal cells or cell growth characterized by
increased or decreased expression levels of IGF-1R relative to normal. Such transformed cells
proliferate without normal homeostatic growth control resulting in a condition marked by
abnormal proliferation of cells of a tissue, cancer. Alternatively, such disorders may be
evidenced, for example, by an increase in the levels of IGF-IR on the cell surface or in increased
tyrosine autophosphorylation of IGF-IR in the affected cells or tissues of a subject suffering from
the disorder. The increase in IGF-IR levels may be detected, for example, using an anti-IGF-IR
antibody as described above. More, it refers to cells which exhibit relatively autonomous growth,
so that they exhibit an aberrant growth phenotype characterized by a significant loss of control of
cell proliferation. Alternatively, the cells may express normal levels of IGF-1R but are marked
by abnormal proliferation. Not all neoplastic cells are necessarily replicating cells at a given
time point. The set defined as neoplastic cells consists of cells in benign neoplasms and cells in
malignant (or frank) neoplasms. Frankly neoplastic cells are frequently referred to as cancer,
typically termed carcinoma if originating from cells of endodermal or ectodermal histological
origin, or sarcoma if originating from cell types derived from mesoderm. Examples of neoplasia
that may be diagnosed by methods of the invention include Ewings sarcoma,
Rhabdomyosarcoma, Neuroblastoma and Osteosarcoma.

In certain embodiments, “increased expression” as it relates to IGF-1R refers to
protein or gene expression levels that demonstrate a statistically significant increase in
expression (as measured by RNA expression or protein expression) relative to a control.

Indeed, a broad aspect of the invention provides for identification and quantification of
dysplastic cells or neoplastic tissue associated with expression of IGF-1R.

Another broad aspect in accordance with the invention concerns a method of
diagnosing pathological hyperproliferative oncogenic disorder or a susceptibility to a
pathological condition associated with expression of IGF-1R in a subject comprising: (a)
determining the presence or absence of IGF-1R bearing cells in a sample; and (b) diagnosing a
pathological condition or a susceptibility to a pathological condition based on the presence or
absence of said IGF-1R bearing cells. The diagnostic uses of the antibodies according to the
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present invention embrace primary tumors and cancers, as well as metastases. Preferably, the
antibody, or one of its functional fragments, can be present in the form of an immunoconjugate
or of a labeled antibody so as to obtain a detectable and/or quantifiable signal.

As will be apparent to the skilled artisan human IGF-1R may be detected in a
number of ways such as by various assays. Although any means for carrying out the assays is
compatible with the invention, a preferred method brings into play immunoenzymatic processes
according to the ELISA technique, by immunofluorescence, or radio-immunoassay (RIA)
technique or equivalent.

In accordance therewith, an embodiment of the invention is drawn to a method of
diagnosis, preferably in vitro, of illnesses connected with an overexpression or an under
expression, preferably overexpression of the IGF-IR receptor. Samples are taken from the
patient and subject to any suitable immunoassay with IGF-1R specific antibodies to detect the
presence of IGF-1R. Preferably, the biological sample is formed by a biological fluid, such as
serum, whole blood, cells, a tissue sample or biopsies of human origin. The sample, may for
example include, biopsied tissue, which can be conveniently assayed for the presence of a
pathological hyperproliferative oncogenic disorder associated with expression of IGF-1R.

Once a determination 1s made of the amount of IGF-1R present in the test
sample, the results can be compared with those of control samples, which are obtained in a
manner similar to the test samples but from individuals that do not have or present with a
hyperproliferative oncogenic disorder associated with expression of IGF-1R, e.g., ovarian
cancer. If the level of the IGF-1R polypeptide is significantly elevated in the test sample, it may
be concluded that there is an increased likelihood of the subject from which it was derived has or
will develop said disorder, e.g., ovarian cancer.

A speciftic in vitro method of according to the invention comprises obtaining a
biological sample suspected of having IGF-1R bearing cells, contacting said sample with an
antibody or a biologically active fragment thereof of the invention under conditions favoring
formation f an antibody/IGF-1R complex, and detecting said complex as indicating presence of
IGF-1R bearing cells 1n said sample. The presence of expression of IGF-1R levels relative to
normal provides an indication of the presence of cancer.

In the clinical diagnosis or monitoring of patients with an IGF-1R mediated
neoplastic disease, the detection of IGF-1R expressing cells or an increase in the levels of IGF-
IR, in comparison to the levels in a corresponding biological sample from a normal subject or
non-cancerous tissue 1s generally indicative of a patient with or suspected of presenting with an
IGF-1R mediated disorder.

In accordance with the above, the invention provides for a method for predicting

susceptibility to cancer comprising detecting the expression level of IGF-1R in a tissue sample,
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its presence indicating susceptibility to cancer, wherein the degree of IGF-1R expression
correlates to the degree of susceptibility. Thus, in specific embodiments, the expression of IGF-
1R 1n, for example, pancreatic tissue, colon tissue, breast tissue, ovarian tissues, or any other
tissue suspected of cells expressing IGF-1R 1s examined, with the presence of IGF-1R in the
sample providing an indication of cancer susceptibility or the emergence or existence of a tissue
specific tumor.

Methods for gauging tumor aggressiveness are also provided as are methods for
observing the progression of a malignancy in an individual over time. In one embodiment,
methods for observing the progression of a malignancy in an individual over time comprise
determining the level of IGF-1R expressed by cells in a sample of the tumor, comparing the level
so determined to the level of IGF-1R expressed in an equivalent tissue sample taken from the
same individual at a different time, wherein the degree of IGF-1R expression in the tumor
sample over time provides information on the progression of the cancer.

In yet another embodiment, the application provides methods for determining the
appropriate therapeutic protocol for a subject. Specifically, the antibodies of the invention will
be very useful for monitoring the course of amelioration of malignancy in an individual,
especially 1n those circumstances where the subject is being treated with an IGF-1R antibody
that does not compete with the antibodies of the invention for binding IGF-1R. Methods of
epitope mapping are well known. The presence or absence or a change 1n the level of IGF-1R 1n
accordance with the invention may be indicative that the subject 1s likely to have a relapse or a
progressive, or a persistent neoplasias such as cancer associated with IGF-1R. Thus, by
measuring an increase in the number of cells expressing IGF-1R or changes in the concentration
of IGF-1R present 1n various tissues or cells, it 1s possible to determine whether a particular
therapeutic regimen aimed at ameliorating a malignancy associated with IGF-1R 1s effective.

One of the major challenges facing the pharmaceutical industry in drug
development is to show efficacy associated with a potential therapeutic candidate. This
drawback applies equally to the numerous efforts underway in the pharmaceutical industry to
generate anti-IGF-1R inhibitory antibodies as anti-cancer therapeutics. One way to do this is to
have a suitable marker that indicates when IGF-1R activity 1s inhibited. Ideally, where a
candidate IGF-1R antagonist moiety is effective, one should observe a decrease 1n the expression
levels of IGF-1R following treatment with the IGF-1R antagonist moiety. It thus follows that
favorable treatment with an IGF-1R antagonistic moiety would predict a decrease in IGF-1R
expression levels on tumor cells or any other cells that express this cell surface receptor, while an
unfavorable outcome would predict either no change in the expression levels or an increase 1n
expression levels of IGF-1R. Thus, by measuring IGF-1R protein expression on a tumor cell, for

example, with a suitable marker, decreased expression levels may be detected as an indicator of
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suppressed IGF-1R activity. The present invention exploits the ability of the IGF-1R antibodies
of the invention to bind IGF-1R with high affinity to be utilized in a "biomarker strategy" for
measuring IGF-1R activity and/or expression or tumorigenic status by specifically measuring the
expression levels of IGF-1R on tumor/cancer cells. Specifically, the present invention provides a
rapid means, e.g., high affinity anti-IGF-1R antibodies, for assessing the nature, severity and
progression of a pathological hyperproliferative oncogenic disorder associated with expression
of IGF-1R.

In furtherance of the "biomarker strategy"” noted above, the invention provides a
method for determining onset, progression, or regression, of neoplasias associated with
expression of IGF-1R 1n a subject, comprising: obtaining from a subject a first biological sample
at a first time point, contacting the first sample with a effective amount of the 12B1 antibody
under conditions allowing for binding of the antibody or a fragment thereof to IGF-1R suspected
to be contained in the sample and determining specific binding between the antibody 1n the first
sample and IGF-1R bearing cells to thereby obtain a first value, obtaining subsequently from the
subject a second biological sample at a second time point, and contacting the second biological
sample with the 12B1 antibody and determining specific binding between the antibody and 1Gf-
Ir 1n said sample to obtain a second value, and comparing the determination of binding in the
first sample to the determination of specific binding in the second sample as a determination of
the onset, progression, or regression of the colon cancer, wherein an increase 1n expression level
of IGF-1R 1n said second or subsequent sample relative to the first sample indicative of the
progression of said neoplasias, and wherein decrease in indicative of regression of neoplasias in
said sample.

The above diagnostic approaches can be combined with any one of a wide variety
of prognostic and diagnostic protocols known in the art. For example, another embodiment of
the 1nvention 1s directed to methods for observing a coincidence between the expression of IGF-
1R and a factor that is associated with malignancy, as a means for diagnosing and
prognosticating the status of a tissue sample. A wide variety of factors associated with
malignancy can be utilized, such as the expression of genes or gene products associated with
malignancy (e.g. PSA, PSCA and PSM expression for prostate cancer, HER2 expression for
beast cancer etc.) as well as gross cytological observations (see, e.g., Bocking et al., 1984, Anal.
Quant. Cytol. 6(2):74-88; Epstein, 1995, Hum. Pathol. 26(2):223-9; Thorson et al., 1998, Mod.
Pathol. 11(6):543-51; Baisden et al., 1999, Am. J. Surg. Pathol. 23(8):918-24). Methods for
observing a coincidence between the expression of IGF-1R and another factor that 1s associated
with malignancy are useful, for example, because the presence of a set of specific factors that
coincide with disease provides information crucial for diagnosing and prognosticating the status

of a tissue sample.
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In certain embodiments, detection of dysplastic cells or neoplastic tissue
assoclated with expression of IGF-1R 1s made poséible by exposing cells expressing IGF-1R to a
conventional IGF-1R antagonist moiety (treated cells) and then contacting the treated cells to the
antibodies disclosed herein to assess the ability of the conventional IGF-1R antagonist moiety in
down-regulating cell surface expression of IGF-1R. The step of contacting the treated cells to
the anti-IGF-1R antibodies of the invention may be carried out simultaneously with the
antibodies disclosed herein or at a subsequent time point. Alternatively, IGF-1R expression in
treated cells may be assayed over several time points post treatment to ascertain whether the
patient is responding to treatment. This entails the same steps as above except over time. Thus,
a down regulation of IGF-1R expression as indicated by low binding of the treated cells with the
12B1 antibody may indicate that the patient is responding favorably to treatment with the
conventional IGF-1R specific treatment, while no change in expression levels or an increase in
expression levels of IGF-1R as determined by the binding of the antibodies of the invention to
IGF-1R on treated cells may indicate that the patient 1s not responding favorably to treatment
with the conventional IGF-1R antagonist moiety. A consequence of the above assay is that it
will provide the treating physician valuable information in determining whether intensive or
invasive protocols such as colonoscopy, surgery or chemotherapy would be needed for effective
diagnosis or treatment. Such detection would be helpful not only for patients not previously
diagnosed with a hyperproliferative oncogenic disorder such as cancer but also in those cases
where a patient has previously received or is currently receiving therapy for a pathological effect
of any oncogenic disorder associated with expression of IGF-1R.

In certain embodiments, the conventional IGF-1R antagonistic moiety 1s the anti-
IGF-1R antibody designated 7C10 and described 1in pending application US 20050084906, filed
December 16, 2003, which 1s a CIP of PCT/FR03/00178, filed Jan. 20, 2003, the contents of
each of which 1s incorporated by reference in its entirety. The fact that the IGF-1R antibody
disclosed herein binds an 'epitOpe other than that bound by 7C10 renders the anti-IGF-1R
antibodies of the invention ideal for assessing the therapeutic efficacy of the 7C10 antibodies.
For the proposed use in assessing the therapeutic efficacy, the antibodies of the invention can be
used simultaneously with 7C10 or after treatment with 7C10 to assess whether 7C10 1s effective
1s down regulating IGF-1R expression. The fact that the IGF-1R antibodies of the invention do
not have ADCC activity 1s another factor that is useful in assessing the efficacy of conventional
antibodies like 7C10. In yet other embodiments, the efficacy of any IGF-1R specific antibody
may be assessed so long as the antibody does not compete with the antibody of the invention for
binding IGF-1R at the same epitope.

Another subject of the invention is an in vivo method of imaging an oncogenic

disorder associated with expression of IGF-1R. Such methods can be useful to diagnose or
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confirm diagnosis of an oncogenic disorder associated with expression of IGF-1R or
susceptibility thereof. For example, the methods can be used on a patient presenting with
symptoms of an oncogenic disorder. If the patient has, for example increased expression levels
of IGF-1R, then the patient is likely suffering from a cancerous disorder. The methods can also
be used ion asymptomatic patients. Presence of IGF-1R may indicate for example susceptibility
to future symptomatic disease. As well, the methods are useful for monitoring progression
and/or response to treatment in patients who have been previously diagnosed with an IGF-1r
mediated cancer.

In accordance with the above objective, the invention provides an in vivo imaging
reagent comprising an antibody according to the invention, or one of its functional fragments,
preferably labeled, especially radiolabeled, and its use in medical imaging, in particular for the
detection of IGF-1R mediated disorders e.g., cancer characterized by over expressing IGF-1R or
other pathologies in which cells over express IGF-1R.

The imaging reagents, e.g., diagnostic reagents can be administered by
intravenous injection into the body of the patient, or directly into a tissue suspected of harboring
IGF-1R bearing cells, e.g., colon or ovary or the pancreas. The dosage of reagent should be
within the same ranges as for treatment methods. Typically, the reagent 1s labeled, although 1n
some methods, the primary reagent with affinity for IGF-1R 1s unlabelled and a secondary
labeling agent is used to bind to the primary reagent. The choice of label depends on the means
of detection. For example, a fluorescent label is suitable for optical detection. Use of
paramagnetic labels is suitable for tomographic detection without surgical intervention.
Radioactive labels can also be detected using PET or SPECT.

Diagnosis is performed by comparing the number, size, and/or intensity of labeled
loci, to corresponding baseline values. The base line values can, as an example, represent the
mean levels in a population of undiseased individuals. Baseline values can also represent
previous levels determined in the same patient. For example, baseline values can be determined
in a patient before beginning treatment, and measured values thereafter compared with the
baseline values. A decrease in values relative to baseline signals a positive response to treatment.

Thus, a general method in accordance with the invention works by administering
to a patient an imaging-effective amount of an imaging reagent such as the above described
monoclonal antibodies or antigen-binding fragments which are labeled and a pharmaceutically
effective carrier and then detecting the agent after it has bound to IGF-1R present in the sample.
In certain embodiments, the method works by administering an imaging-effective amount of an
imaging agent comprising a targeting moiety and an active moiety. The targeting moiety may be
an antibody, Fab, FAb'2, a single chain antibody or other binding agent that interacts with an

epitope present in IGF-1R. The active moiety may be a radioactive agent, such as radioactive
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technetium, radioactive indium, or radioactive iodine. The imaging agent i1s administered in an
amount effective for diagnostic use in a mammal such as a human and the localization and
accumulation of the imaging agent is then detected. The localization and accumulation of the
imaging agent may be detected by radionuclide imaging, radioscintigraphy, nuclear magnetic
resonance imaging, computed tomography, positron emission tomography, computerized axial
tomography, X-ray or magnetic resonance imaging method, fluorescence detection, and
chemiluminescent detection.

The in vivo imaging methods of the present invention are also useful for
providing prognoses to cancer patients. For example, the presence of IGF-1R 1ndicative of an
aggressive cancer likely to metastasize or likely to respond to a certain treatment can be detected.
The in vivo imaging methods of the present invention can further be used to detect IGF-1R
mediated cancers e.g., one that has metastasized in other parts of the body.

The antibodies disclosed herein may also be used in methods of identifying
human tumors that can escape anti-IGF-1R treatment by observing or monitoring the growth of
the tumor implanted into a rodent or rabbit after treatment with a conventional anti-IGF-1R
antibodies.

The antibodies of the invention can also be used to study and evaluate
combination therapies with anti-IGF-1R antibodies of this invention and other therapeutic
agents. The antibodies and polypeptides of this invention can be used to study the role of IGF-
1R in other diseases by administering the antibodies or polypeptides to an animal suffering from
the disease of a similar disease and determining whether one or more symptoms of the disease
are alleviated.

The present invention also provides kits for determining whether an embedded
biological sample contains human IGF-1R protein comprising: (a) an IGF-1R -binding agent that
specifically binds with an embedded human IGF-1R protein to form a binding complex; and (b)
an indicator capable of signaling the formation of said binding complex, wherein said IGF-1R
binding agent is a monoclonal antibody or a binding fragment thereof as set forth in the
application. Diagnostic procedures using anti-IGF-1R antibody of the invention can be
performed by diagnostic laboratories, experimental laboratories, practitioners, or private
individuals. The clinical sample is optionally pre-treated for enrichment of the target being
tested for. The user then applies a reagent contained in the kit in order to detect the changed
level or alteration 1n the diagnostic component

In a further embodiment, the invention concerns an article of manufacture,
comprising: a container; a label on the container; and composition comprising an active agent
contained within the container; wherein the composition is effective for the detection, diagnosis

or prognosis of neoplasia associated with expression of IGF-1R and the label on the container
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indicates that the composition can be used for the diagnosis or the prognosis of conditions
characterized by overexpression of the IGF-1R protein receptor.
Other characteristics and advantages of the invention appear 1n the continuation of

the description with the examples and the figures whose legends are represented below.

BRIEF DESCRIPTION OF THE DRAWINGS

The file of this patent contains at least one drawing executed in color. Copies of
this patent with color drawing(s) will be provided by the Patent and Trademark Office upon
request and payment of the necessary fee.

Figure 1 shows a histogram of a FACS analysis detailing binding of various IGF-
1R specific antibodies to IGF-1R.

Figure 2A-C depict histograms detailing the characterization of non-infected and
infected S19 cells with IGF-1R specific antibodies.

Figure 3 depicts Western blots analysis of NIH 3T3 IGF-1R+ membrane extract
and recombinant extracellular domains of IGF-1R and IR probed with monoclonal antibody
12B1 after SDS-PAGE electrophoresis under non reducing and reducing conditions.

Figure 4 shows '“'IGF-1 binding inhibition experiments. Total specific ' IGF-1
binding (in %) was plotted as a function of ligand concentration on a semilog graph. Specific
binding values are the means of experiments performed in triplicate.

Figure 5 shows sonograms obtained by a sequential injection of the 2 mouse mAb
anti-IGF1R 7C10 and 12B1. Series 1 : first injection (5 minutes) : 7C10 (8.24ug/ml), second
injection (1 minute) : 7C10 (8.24pug/ml), and third injection (1 minute) : 12B1 (7.4ug/ml), and
series 2 : first injection (5 minutes) : 12B1 (7.4ug/ml), second injection (1 minute) : 12B1
(7.4ug/ml), and third injection (1 minute) : 7C10 (8.24ug/ml). 7C10 injections are stressed in
blue, and 12B1 injections are stressed in red. Experiment done on a Biocore X at 25°C at a flow
rate of 10ul/min using a CM4 sensochip with 439RU of soluble IGF1R coupled on the FC2.

Figure 6 details the results of competitive assay(s) using various IGF-1R
antibodies including 12B1 to ascertain the binding affinity of the antibodies for IGF-1R. The
data show that 12B1 does not inhibit the binding of 7C10 to IGF-1r expressing MCF-7 cells, thus
corroborating the observation that 12bl antibody binds an epitope other than that bound by
7C10.

Figure 7 shows results of immunohistochemical studies (IHC) using a control Ab
(Ig(G) and the 12B1 on various cell lines. Data show that 12B1 differentially stained the cell

membranes of various cell lines.
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Figures 8 — 15 collectively detail the results of various immunohistochemical
studies using mouse monoclonal 12B1 antibodies specific for IGF-1R and a commercially
available goat polyclonal antibody on various human tissue.

Figure 8A. Top: Goat Polyclonal IGF-1R IHC (@ 1.0pug/ml) in Tonsil. Both at
40X objective. Top Left: The goat IGF-1R antibody labels the cells of the epithelial crypts with a
plasma membrane localization. Top Right: There is increased plasma membrane staining of
basal cells of the tonsil epithelium (arrows). Bottom: 12B1 IGF-1R IHC (@ 0.75ug/ml) in
Tonsil. Both at 40X objective. Bottom Left: The 12B1 IGF-1R antibody labels the cells of the
epithelial crypts with a plasma membrane with a similar pattern and intensity as the goat
polyclonal shown above. Bottom Right: There 1s increased plasma membrane staining of basal
cells of the tonsil epithelium (arrows). Staining is less intense compared to the goat polyclonal
IGF-1R. Hematoxylin counterstain.

Figure 8B. Top: Goat IgG Negative Control IHC (@ 1.0pg/ml) in Tonsil. Both
at 40X objective. The same areas of the tonsil shown in Figure 9A are shown here. No staining
1s detected. Bottom: 12B1 IGF-1R antibodies IHC (@ 0.75ug/ml) in Tonsil. Both at 40X
objective. The same areas of the tonsil shown in Figure 9A are shown here. No staining is

detected. Hematoxylin counterstain.
Figure 9A. Top: Goat Polyclonal IGF-1R THC (@ 1.0pg/ml) in Breast

Carcinomas #1, #2. Both at 20X objective. Top Left: Breast Carcinoma #2. There is light

membrane staining of most tumor cells. Top Right: Breast Carcinoma #1. There 1s intense

membrane staining of most tumor cells.
Bottom: 12B1 nonoclonal IGF-1R THC (@ 0.75ug/ml) in Breast Carcinomas #1, #2. Slide
#352. Both at 20X objective. The 12B1 antibody labels the tumors similar to the pattern shown
above. The two tumors show membrane staining with very different intensities. 12B1 staining
of tumor #2 1s slightly lighter than the goat poly. Tumor #1 (right) appears identical.

Figure 9B. Top: Goat IgG Negative Control IHC (@ 1.0pg/ml) in Breast
Carcinomas #1, and #2. Both at 20X objective. The same areas of the breast carcinomas shown
in Figure 10A are shown here. No staining is detected.
Bottom: 12B1 monoclonal IGF-1R IHC (@ 0.75pg/ml) in Breast Carcinomas #1, and #2. Both
at 20X objective. The same areas of the breast carcinomas shown 1n Figure 10A (bottom
images) are shown here. No staining is detected. Hematoxylin counterstain

Figure 10A. Top: Goat Polyclonal IGF-1R IHC (@ 1.0pg/ml) in Colon
Carcinoma. 20X (left) and 40X (right — higher magnification image of inset) objective lenses.
There is variable membrane staining of tumor cells. Bottom: 12B1 monoclonal IGF-1R IHC (@
0.75pg/ml) in Colon Carcinoma. 20X (left) and 40X (right- higher magnification image of inset)
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objective lenses. Membrane staining is similar to the goat polyclonal IGF-1R; however, there is
also an apical granular/globular, golgi-like cytoplasmic staining. Hematoxylin counterstain

Figure 10B. Left: Goat IgG Negative Control IHC (@ 1.0pg/ml) in Colon
Carcinoma in the same area of tissue shown in Figure 10A. 20X objective. No staining 1s
detected. Right: Murine IgG Neg Control IHC (@ 0.75ug/ml) in Colon Carcinoma in the same
area of tissue shown in Figure 10A. 20X objective. No staining is detected.

Figure 11. Left: Goat Poly IGF-1R IHC (@ 1.0pg/ml) in Colon Carcinoma #2.
40X objective. There 1s plasma membrane staining of tumor cells. Right: 12B1 monoclonal
IGF-1R (@ 0.75pg/ml) in Colon Carcinoma #2 1n the same area of tumor shown at left. 40X
objective. There 1s plasma membrane as well as apical globular, golgi-like staining in tumor
cells. No stamning 1s detected 1n the goat IgG neg. control and only diffuse cytoplasmic staining

in the mouse IgG negative control (not- shown).

Figure 12. Top: Goat Polyclonal IGF-1R IHC (@ 1.0pug/ml) in Lung
Adenocarcinomas #2, #3. Both at 40X objective. Top Left: Lung Adenocarcinoma #3. There 1s
strong membrane staining of most tumor cells 1n this area of the tumor. Top Right: Lung
Adenocarcinoma #2. There is membrane staining of tumor cells in the basal areas (periphery
facing stroma) of the tumor (arrows). Other adjacent tumor cells located toward the inner parts
of the tumor do not label or label only lightly. Bottom: 12B1 monoclonal IGF-1R IHC (@
0.75ug/ml) 1n the same areas of the Lung Adenocarcinomas (#2, 3) shown above. Both at 40X
objective. Bottom Left: Lung Adenocarcinoma #3. There is strong membrane staining of most
tumor cells — very similar reactivity to the goat poly shown above. Bottom Right: Lung
Adenocarcinoma #2. There is similar membrane staining of the stroma facing tumor cells seen
with the goat polyclonal IGF-1R (bold/thick arrows). In addition to the membrane staining there
1s very strong golgi-like cytoplasmic staining of tumor cells (thin arrows). Hematoxylin |

counterstain.

Figure 13. Lung Squamous Cell Carcinoma. Top: Goat Polyclonal IGF-1R IHC
(@ 1.0png/ml). 40X objective. There is strong membrane staining of most tumor cells. Stromal
staining 1s also detected. Bottom: 12B1 monoclonal IGF-1R THC (@ 0.75ug/ml) in the same
areas of the Squamous Cell Lung Carcinoma shown above. 40X objective. Staining is very
similar to the goat polyclonal shown above. Tumor cells label with a strong plasma membrane

localization and stromal staining is also detected.
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Figure 14. Top: Goat Polyclonal IGF-1R IHC (@ 1.0pg/ml) in Pancreatic
Carcinomas #2, #3. Both at 40X objective. Left: Marginal membrane staining of tumor cells;
stromal staining. Diffuse cytoplasmic and marginal membrane staining of islet cells (not
shown). Right: Light, intermittent membrane staining of tumor cells; some stromal staining.
Cytoplasmic and membrane staining of islet cells (not shown). Bottom: 12B1 monoclonal IGF-
1R [HC (@ 0.75png/ml) in the same areas of the Pancreatic Carcinomas (#2 & #3) shown above.
Both at 40X objective. Left: Light, intermittent membrane staining of some tumor cells; minor
stromal staining. Membrane staining of islet cells (not shown). Right: Light, intermittent
membrane staining of some tumor cells; some stromal staining. There 1s also granular
cytoplasmic staining of most tumor cells. There 1s membrane and cytoplasmic staining of islet

cells (not shown). Hematoxylin counterstain

Figure 15. Top Left: Goat Polyclonal IGF-1R ITHC (@ 2.0ug/ml) in Normal Skin
#3. 40X objective. There is membrane staining of epithelial cells lining the outer part of the hair
follicle (Light/thin arrows). Lighter, intermittent membrane staining 1s detected on the basal
epithelial cells of the epidermis (bold/thick arrows). Top Right: Goat IgG negative control IHC
(@ 2.0png/ml) in Normal Skin #3. 40X objective. No staining is detected. Bottom Left: Mouse
clone 12B1 IGF-1R IHC (@ 0.75pg/ml) in Normal Skin #3. 40X objective. Similar to the goat
polyclonal shown above, there is membrane staining of epithelial cells of the hair follicle with
lighter, intermittent membrane staining of the basal epithelial cells of the epidermis. 12B1
monoclonal staining is lighter than the goat poly. Bottom Right: Mouse IgG negative control
IHC (@ 0.75ng/ml) in Normal Skin #3. 40X objective. No staining 1s detected.

DETAILED DESCRIPTION OF THE INVENTION
The present invention provides monoclonal antibodies and binding fragments

thereof that specifically recognize and bind to a cell surface antigen expressed by various human
tumor cells or cancer cells. The surface antigens are either exclusively present, or highly
expressed, on the cancer cells, but are absent from, or less highly expressed or displayed, on

developmentally related cells. The newly discovered IGF-1R specific antibodies will be usetul

as potential therapeutic as well as for diagnostic and cell purification purposes.

Definitions and General Techniques
The reference works, patents, patent applications, and scientific literature,

including accession numbers to GenBank database sequences that are referred to herein establish
the knowledge of those with skill in the art and are hereby incorporated by reference in their

entirety to the same extent as if each was specifically and individually indicated to be
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incorporated by reference. Any contlict between any reference cited herein and the specific
teachings of this specification shall be resolved in favor of the latter. Likewise, any conflict
between an art-understood definition of a word or phrase and a definition of the word or phrase
as specifically taught in this specification shall be resolved in favor of the latter. It is also to be
understood that the terminology used herein is for the purpose of describing particular
embodiments only, and is not intended to limit the scope of the present invention which will be
limited only by the appended claims.

It must be noted that as used herein and in the appended claims, the singular
forms "a", "and", and "the" include plural referents unless the context clearly dictates otherwise.
Thus, for example, reference to "a genetic alteration" includes a plurality of such alterations and
reference to "a probe" includes reference to one or more probes and equivalents thereof known to
those skilled 1n the art, and so forth.

All publications mentioned herein are incorporated herein by reference to disclose
and describe the methods and/or materials in connection with which the publications are cited.
Publications cited herein are cited for their disclosure prior to the filing date of the present
application. Nothing here is to be construed as an admission that the inventors are not entitled to
antedate the publications by virtue of an earlier priority date or prior date of invention. Further

the actual publication dates may be different from those shown and require independent

verification.
Unless otherwise defined herein, scientific and technical terms used in connection

with the present invention shall have the meanings that are commonly understood by those of
ordinary skill in the art. Further, unless otherwise required by context, singular terms shall
include pluralities and plural terms shall include the singular. Generally, nomenclatures used in
connection with, and techniques of, cell and tissue culture, molecular biology, immunology,
microbiology, genetics and protein and nucleic acid chemistry and hybridization described
herein are those well known and commonly used in the art. The methods and techniques of the
present invention are generally performed according to conventional methods well known in the
art and as described in various general and more specific references that are cited and discussed
throughout the present specification unless otherwise indicated. See, e.g., Sambrook et al.
Molecular Cloning: A Laboratory Manual, 2d ed., Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y. (1989) and Ausubel et al., Current Protocols in Molecular Biology, Greene
Publishing Associates (1992), and Harlow and Lane Antibodies: A Laboratory Manual Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. (1990), which are incorporated
herein by reference. Enzymatic reactions and purification techniques are performed according to
manufacturer's specifications, as commonly accomplished in the art or as described herein. The

nomenclatures used in connection with, and the laboratory procedures and techniques of,
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analytical chemistry, synthetic organic chemistry, and medicinal and pharmaceutical chemistry
described herein are those well known and commonly used 1n the art. Standard techniques are
used for chemical syntheses, chemical analyses, pharmaceutical preparation, formulation, and
delivery, and treatment of patients.

The following terms, unless otherwise indicated, shall be understood to have the
following meanings:

For the purposes herein a "section” of a tissue sample 1s meant a single part or
piece of a tissue sample, e.g. a thin slice of tissue or cells cut from a tissue sample. It is
understood that multiple sections of tissue samples may be taken and subjected to analysis
according to the present invention.

"Cancer" or "malignancy" are used as synonymous terms and refer to any of a
number of diseases that are characterized by uncontrolled, abnormal proliferation of cells, the
ability of affected cells to spread locally or through the bloodstream and lymphatic system to
other parts of the body (i.e., metastasize) as well as any of a number of characteristic structural
and/or molecular features. A "cancerous" or "malignant cell" is understood as a cell having
specific structural properties, lacking differentiation and being capable of invasion and

metastasis. Examples of cancers are kidney, colon, breast, prostate and liver cancer. (see
DeVita, V. et al. (eds.), 2001, CANCER PRINCIPLES AND PRACTICE OF ONCOLOGY,

6.sup.th Ed., Lippincott Williams & Wilkins, Philadelphia, Pa.; this reference 1s herein
incorporated by reference 1n its entirety for all purposes). More specifically, cancer 1s
envisioned to mean cancer associated with expression of IGF-1R relative to normal.

The terms "cancerous cell” or "cancer cell”, used either in the singular or plural
form, refer to cells that have undergone a malignant transformation that makes them pathological
to the host organism. Malignant transformation 1s a single-or multi-step process, which involves
in part an alteration in the genetic makeup of the cell and/or the gene expression profile.
Malignant transformation may occur either spontaneously, or via an event or combination of
events such as drug or chemical treatment, radiation, fusion with other cells, viral infection, or
activation or inactivation of particular genes. Malignant transformation may occur in vivo or in
vitro, and can if necessary be experimentally induced. Malignant cells may be found within the
well-defined tumor mass or may have metastasized to other physical locations.

A feature of cancer cells is the tendency to grow in a manner that 1s
uncontrollable by the host, but the pathology associated with a particular cancer cell may take
any form. Primary cancer cells (that 1s, cells obtained from near the site of malignant
transformation) can be readily distinguished from non-cancerous cells by well-established
pathology techniques, particularly histological examination. The definition of a cancer cell, as

used herein, includes not only a primary cancer cell, but any cell derived from a cancer cell
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ancestor. This includes metastasized cancer cells, and in vitro cultures and cell lines derived
from cancer cells.

Cell line--A "cell line" or "cell culture” denotes higher eukaryotic cells grown or
maintained 1n vitro. It 1s understood that the descendants of a cell may not be completely
identical (either morphologically, genotypically, or phenotypically) to the parent cell. Cells
described as "uncultured"” are obtained directly from a living organism, and have been
maintained for a limited amount of time away from the organism: not long enough or under
conditions for the cells to undergo substantial replication.

As used herein, the term "sample” 1s intended to mean any biological fluid, cell,
tissue, organ or portion thereof, that includes or potentially includes a neoplastic cell, such as a
cell from the colon, rectum, breast, ovary, prostate, kidney, lung, blood, brain or other organ or
tissue that contains or 1s suspected to contain a neoplastic cell. The term includes samples
present 1n an individual as well as samples obtained or derived from the individual. For
example, a sample can be a histologic section of a specimen obtained by biopsy, or cells that are
placed in or adapted to tissue culture. A sample further can be a subcellular fraction or extract,
or a crude or substantially pure nucleic acid molecule or protein preparation.

Clinical Sample 1s intended to encompass a variety of sample types obtained from
a subject and useful 1n the procedure of the invention, such as for example, a diagnostic or
monitoring test of determining or detecting IGF-1R expression levels. The definition
encompasses solid tissue samples obtained by surgical removal, a pathology specimen, an
archived sample, or a biopsy specimen, tissue cultures or cells derived therefrom and the
progeny thereof, and sections or smears prepared from any of these sources. Non-limiting
examples are samples obtained from breast tissue, lymph nodes, colon, pancreas, prostate etc.
The definition also encompasses liquid samples of biologic origin, and may refer to either the
cells or cell fragments suspended therein, or to the liquid medium and its solutes.

"Diagnosing" a disease as used in the application 1s intended to include, for
example, diagnosing or detecting the presence of a pathological hyperproliferative oncogenic
disorder associated with or mediated by expression of IGF-1R, monitoring the progression of the
disease, and identifying or detecting cells or samples that are indicative of a disorder associated
wit expression of IGF-1R. The terms diagnosing, detecting, identifying etc. are used
interchangeably herein.

A "diagnostic method" may include, but is not limited to determining the
metastatic potential of a tumor or determining a patient's prognosis following discovery of an
IGF-1R mediated tumor. Such diagnostic methods may also be used for determining the

effectiveness of a therapeutic regime used to treat cancer or other disease involving the presence
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of IGF-1R or detecting/determining the level of IGF-1R expression. The terms "diagnostic
method"” or "monitoring method" are often used interchangeably.

"Differential Result" as used herein is generally obtained from an assay in which
a comparison is made between the findings of two different assay samples, such as a cancerous
cell line and a control cell line or a cancerous tissue and a control tissue. Thus, for example,
"differential levels" of a marker protein, such as IGF-1R are observed when the level of IGF-1R
1s higher 1n one tissue sample than another.

"Disease-free survival" should be understood to mean living free of the disease
being monitored. For example, if IGF-1R expression level is used to diagnose or monitor a
cancer mediated by this protein — IGF-1R, e.g., breast cancer, disease-free survival would mean
free from detectable breast cancer.

Metastatic Potential - "Metastasis" refers to the condition of spread of cancer from
the organ of origin to additional sites in the patients. Therefore, "metastatic potential” as it
relates to for example, an IGF-1R mediated oncogenic disorder such as pancreatic cancer may
be considered to be the risk of progression from localized disease to disseminated, metastatic
disease.

A "monitoring method" may include, but is not limited to, following a patient's
progress or response to a therapeutic regime after discovery of an oncogenic disorder mediated
by IGF-1R, e.g., breast tumor. Such rnom'torian methods may also be used for determining the
effectiveness of a therapeutic regime used to treat cancer or other diseases involving the presence
of IGF-1R. An example of such a therapeutic treatment is the use anti-IGF-1R specific
antibodies. The terms "diagnostic method" or "monitoring method" are often used
interchangeably.

"Pathology" as used herein -- The "pathology" caused by cancer cells within a
host 1s anything that compromises the well-being or normal physiology of the host. This may
involve, but is not limited to abnormal or uncontrollable growth of the cancer cell, metastasis,
increase in expression levels of IGF-1R bearing cells, or other products at an inappropriate level,
manifestation of a function inappropriate for its physiological milieu, interference with the
normal function of neighboring cells, aggravation or suppression of an inflammatory or
immunological response, or the harboring of undesirable chemical agents or invasive organisms.

"Prognosis" as used in this application means the likelihood of recovery from a
disease or the prediction of the probable development or outcome of a disease. For example, if a
sample from a patient with an IGF-1R mediated oncogenic disorder such as breast cancer 1s
positive for nuclear staining with an antibody to IGF-1R, then the "prognosis" for that patient i1s
better than if the sample was negative for IGF-1R staining. Samples may be scored for IGF-1R
expression levels on a scale from 0-4 for levels of antibody staining, where O 1s negative and 1-4
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represents positive staining at four semiquantitative steps of increasing intensity. Scores 1-4 can
be recoded as positive because each positive score may be associated with significantly reduced
risk for relapse and fatal disease when compared to score 0 (negative), but increasing intensity
among the positive scores may provide additional risk reduction. Any conventional hazard
analysis method may be used to estimate the prognostic value of IGF-1R. Representative
analysis methods include Cox regression analysis, which is a semiparametric method for
modeling survival or time-to-event data in the presence of censored cases (Hosmer and
Lemeshow, 1999; Cox, 1972). In contrast to other survival analyses, e.g. Life Tables or Kaplan-
Meyer, Cox allows the inclusion of predictor variables (covariates) in the models. Using a
convention analysis method, e.g., Cox one may be able to test hypotheses regarding the
correlation of IGF-1R expression status of in a primary tumor to time-to-onset of either disease
relapse (disease-free survival time, or time to metastatic disease), or time to death from the
disease (overall survival time). Cox regression analysis is also known as Cox proportional
hazard analysis. This method is standard for testing the prognostic value of a tumor marker on
patient survival time. When used in multivariate mode, the effect of several covariates are tested
in parallel so that individual covanates that have independent prognostic value can be identified,
1.e. the most useful markers. The term positive or negative "IGF-1R status" of tumors refers to
scores 0 or scores 1-4, respectively.

Scoring--A sample may be "scored" during the diagnosis or monitoring of breast
cancer. In its simplest form, scoring may be categorical negative or positive as judged by visual
examination of samples by immunohistochemistry. More quantitative scoring involves judging
the two parameters intensity of staining and the proportion of stained ("positive") cells that are
sampled. Based on these two parameters numbers may be assigned that reflect increasing levels
of positive staining. Allred et al (Allred, Harvey et al. 1998) have described one way of
achieving this, which involved scoring both parameters on a scale from 0 (negative) to 4, and
summarizing the scores of the individual parameters to an overall score. This results in a scale
with possible scores 0f 0, 2, 3, 4, 5, 6, 7 or 8. (Note that a score of 1 1s not possible on Allred's
scale). A somewhat simpler scoring method integrates the intensity of nuclear staining and the
proportion of cells that display stained nuclei into a combined scale from 0 to 4. In practice, the
scores 7 and 8 of Allred's scale correspond to 4 on the simplified scale. In the same way, scores
> and 6 correspond to 3, scores 3 and 4 to score 2, score 2 corresponds to 1, and, O corresponds
to 0 on both scales. Either scoring method may be applied to scoring intensity and proportion of
staining of activated Stat5 1n the cell nuclei. The terms positive or negative "IGF-1R status" of
tumors used in the present description refers to levels of levels of IGF-1R that correspond to

scores 0 or 1-4 on the simplified scale, respectively.
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Generally, the results of a test or assay according to the invention can be
presented in any of a variety of formats. The results can be presented in a qualitative fashion.
For example, the test report may indicate only whether or not a particular polypeptide was
detected, perhaps also with an indication of the limits of detection. The results may be presented
in a semi-quantitative fashion. For example, various ranges may be defined, and the ranges may
be assigned a score (e.g., 1+ to 4+) that provides a certain degree of quantitative information.
Such a score may retlect various factors, e.g., the number of cells in which IGF-1R 1is detected,
the intensity of the signal (which may indicate the level of expression of IGF-1R or IGF-1R
bearing cells), etc. The results may be presented in a quantitative fashion, e.g., as a percentage
of cells in which the polypeptide (IGF-1R) is detected, as a protein concentration, etc. As will be
appreciated by one of ordinary skill in the art, the type of output provided by a test will vary
depending upon the technical limitations of the test and the biological significance associated
with detection of the polypeptide. For example, in the case of certain polypeptides a purely
qualitative output (e.g., whether or not the polypeptide is detected at a certain detection level)
provides significant information. In other cases a more quantitative output (e.g., a ratio of the
level of expression of the polypeptide in the sample being tested versus the normal level) is
necessary.

"Treatment" of an individual or a cell is any type of intervention in an attempt to
alter the non-treated course of the individual or cell. For example, treatment of an individual
may be undertaken to decrease or limit the pathology caused by a cancer harbored in the
individual. Treatment includes but is not limited to a) administration of a composition, such as a
pharmaceutical composition comprising an IGF-1R specific mAb, b) administration of a surgical
procedure (such as lumpectomy or modified radical mastectomy), or ¢) administration of
radiation therapy, and may be performed either prophylactically, subsequent to the initiation of a
pathologic event or contact with an etiologic agent.

A "biomarker" 1s any gene or protein whose level of expression in a tissue or cell
1s altered compared to that of a normal or healthy cell or tissue. Biomarker, for the purposes of
the present invention is IGF-1R. Consequently, expression levels of IGF-1R are selective for
underlying oncogenic disorders associated with IGF-1R. By "selectively overexpressed" or
"expression” as i1t relates to disorders associated with expression of IGF-1R is intended that the
biomarker of interest (IGF-1R) is overexpressed in selective disorders but is not overexpressed in
conditions without any dysplasia present, immature metaplastic cells, and other conditions that
are not considered to be clinical disease. Thus, detection of IGF-1R permits the differentiation
of samples indicative of the propensity for presenting with a particular oncogenic disorder such
as cancer from samples that are indicative of benign proliferation, early stage or mild dysplasia.
By "early-stage" 1s intended a pathological condition that has not progressed to a disease stage
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requiring clinical intervention. The methods of the invention also distinguish cells indicative of
high-grade disease from normal cells, immature metaplastic cells, and other cells that are not
indicative of clinical disease. In this manner, the methods of the invention permit the accurate
identification of high-grade pathological hyperproliferative oncogenic disorders associated wit
expression of IGF-1R or oncogenic disorders associated with expression of IGF-1R, even in
cases mistakenly classified as normal by conventional diagnostic methods ("false negatives"). In
some embodiments, the methods for diagnosing oncogenic disorders associated with expression
of IGF-1R, for example, colon cancer, are performed as a reflex to an abnormal or atypical
colonoscopy. That is, the methods of the invention may be performed in response to a patient
having an abnormal colonoscopy, in the case of colon cancer. In other aspects of the invention,
the methods are performed as a primary screening test for an oncogenic disorder associated with
expression of IGF-1R in the general population, just as the conventional colonoscopy 1s
performed currently or a mammeogram.

By "correlate" or "correlating” 1s meant comparing, in any way, the performance
and/or results of a first analysis with the performance and/or results of a second analysis. For
example, one may use the results of a first analysis in carrying out the second analysis and/or one
may use the results of a first analysis to determine whether a second analysis should be
performed and/or one may compare the results of a first analysis with the results of a second
analysis. With respect to the embodiment(s) pertaining to immunohistochemical (IHC) analysis
one may use the results obtained upon staining to determine area(s) of a tissue section which are

normal and/or area(s) which are cancerous.
The term "primary antibody" herein refers to an antibody which binds specifically

to the target protein antigen 1n a tissue sample, e.g., 12B1. A primary antibody 1s generally the
first antibody used in an immunohistochemical procedure. In one embodiment, the primary

antibody is the only antibody used in an IHC procedure.
The term "secondary antibody" herein refers to an antibody which binds

specifically to a primary antibody, thereby forming a bridge between the primary antibody and a
subsequent reagent, if any. The secondary antibody 1s generally the second antibody used in an

immunohistochemical procedure.
In the context of the invention, the term "transformation" refers to the change that

a normal cell undergoes as 1t becomes malignant. In eukaryotes, the term "transformation” can
be used to describe the conversion of normal cells to malignant cells in cell culture.
The term "preventing" refers to decreasing the probability that an organism

contracts or develops an abnormal condition.
The term "treating" refers to having a therapeutic effect and at least partially

alleviating or abrogating an abnormal condition in the organism. Treating includes inhibition of
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tumor growth, maintenance of inhibited tumor growth, and induction of remission.

As used herein, the term "about" refers to an approximation of a stated value
within an acceptable range. Preferably the range 1s +/-5% of the stated value.

The term "or" is used herein to mean, and is used interchangeably with, the term
"and/or", unless context clearly indicates otherwise.

The terms "healthy", "normal" and "non-neoplastic" are used interchangeably
herein to refer to a subject or particular cell or tissue that is devoid (at least to the limit of
detection) of a disease condition, such as a neoplasia, that is associated with increased cell-
surface expression of IGF-1R. These terms are often used herein in reference to tissues and cells
of cancerous origin. Thus, for the purposes of this application, a patient with severe heart
disease but lacking an IGF-1R-associated or mediated disease would be termed "healthy".

The term "polypeptide" encompasses native or artificial proteins, protein
fragments and polypeptide analogs of a protein sequence.

The term "isolated protein" or "isolated polypeptide" is a protein or polypeptide
that by virtue of its origin or source of derivation (1) is not associated with naturally associated
components that accompany it in its native state, (2) is free of other proteins from the same
species (3) is expressed by a cell from a different species, or (4) does not occur 1n nature. Thus,
a polypeptide that is chemically synthesized or synthesized in a cellular system different from
the cell from which it naturally originates will be "isolated" from its naturally associated
components. A protein may also be rendered substantially free of naturally associated
components by isolation, using protein purification techniques well known 1n the art.

A protein or polypeptide is "substantially pure,” "substantially homogeneous" or
"substantially purified" when at least about 60% to 75% of a sample exhibits a single species of
polypeptide. The polypeptide or protein may be monomeric or multimeric. A substantially pure
polypeptide or protein will typically comprise about 50%, 60%, 70%, 80% or 90% W/W of a
protein sample, more usually about 95%, and preferably will be over 99% pure. Protein purity or
homogeneity may be indicated by a number of means well known in the art, such as
polyacrylamide gel electrophoresis of a protein sample, followed by visualizing a single
polypeptide band upon staining the gel with a stain well known in the art. For certain purposes,
higher resolution may be provided by using HPLC or other means well known 1n the art for
purification.

The term "polypeptide analog" as used herein refers to a polypeptide that 1s
comprised of a segment of at least 25 amino acids that has substantial identity to a portion of an
amino acid sequence and that has at least one of the following properties: (1) specific binding to
IGF-IR under suitable binding conditions, (2) ability to block IGF-I or IGF-II binding to IGF-IR,
or (3) ability to reduce IGF-IR cell surface expression or tyrosine phosphorylation in vifro or in
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vivo. Typically, polypeptide analogs comprise a conservative amino acid substitution (or
insertion or deletion) with respect to the naturally-occurring sequence. Analogs typically are at
least 20 amino acids long, preferably at least 50, 60, 70, 80, 90, 100, 150 or 200 amino acids
long or longer, and can often be as long as a full-length naturally-occurring polypeptide.

Preferred amino acid substitutions are those which: (1) reduce susceptibility to
proteolysis, (2) reduce susceptibility to oxidation, (3) alter binding affinity for forming protein
complexes, (4) alter binding affinities, and (4) confer or modify other physicochemical or
functional propeﬁies of such analogs. Analogs can include various muteins of a sequence other
than the naturally-occurring peptide sequence. For example, single or multiple amino acid
substitutions (preferably conservative amino acid substitutions) may be made in the naturally-
occurring sequence (preferably in the portion of the polypeptide outside the domain(s) forming
intermolecular contacts. A conservative amino acid substitution should not substantially change
the structural characteristics of the parent sequence (e.g., a replacement amino acid should not
tend to break a helix that occurs in the parent sequence, or disrupt other types of secondary
structure that characterizes the parent sequence). Examples of art-recognized polypeptide
secondary and tertiary structures are described 1n Proteins, Structures and Molecular Principles
(Creighton, Ed., W. H. Freeman and Company, New York (1984)); Introduction to Protein
Structure (C. Branden and J. Tooze, eds., Garland Publishing, New York, N.Y. (1991)); and
Thornton et at. Nature 354:105 (1991), which are each incorporated herein by reference.

As used herein, the twenty conventional amino acids and their abbreviations
follow conventional usage. See Immunology--A Synthesis (2nd Edition, E. S. Golub and D. R.
Gren, Eds., Sinauer Associates, Sunderland, Mass. (1991)), which is incorporated herein by
reference. Stereoisomers (e.g., D-amino acids) of the twenty conventional amino acids, unnatural
amino acids such as .alpha.-, .alpha.-disubstituted amino acids, N-alkyl amino acids, lactic acid,
and other unconventional amino acids may also be suitable components for polypeptides of the
present invention. Examples of unconventional amino acids include: 4-hydroxyproline, .gamma.-
carboxyglutamate, .epsilon.-N,N,N-trimethyllysine, .epsilon.-N-acetyllysine, O-phosphoserine,
N-acetylserine, N-formylmethionine, 3-methylhistidine, 5-hydroxylysine, s-N-methylarginine,
and other similar amino acids and imino acids (e.g., 4-hydroxyproline). In the polypeptide
notation used herein, the lefthand direction is the amino terminal direction and the righthand
direction is the carboxy-terminal direction, in accordance with standard usage and convention.

Non-peptide analogs are commonly used in the pharmaceutical industry as drugs
with properties analogous to those of the template peptide. These types of non-peptide
compound are termed "peptide mimetics" or "peptidomimetics". Fauchere, J. Adv. Drug Res.
15:29 (1986); Veber and Freidinger TINS p. 392 (1985); and Evans et al. J. Med. Chem. 30:1229

(1987), which are incorporated herein by reference. Such compounds are often developed with
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the aid of computerized molecular modeling. Peptide mimetics that are structurally similar to
therapeutically useful peptides may be used to produce an equivalént therapeutic or prophylactic
effect. Generally, peptidomimetics are structurally similar to a paradigm polypeptide (i.e., a
polypeptide that has a desired biochemical property or pharmacological activity), such as a
human antibody, but have one or more peptide linkages optionally replaced by a linkage selected
from the group consisting of: --CH,NH--, --CH,S--, --CH,-CH,--, --CH=CH-(cis and trans), --
COCH;--, --CH(OH)CH;--, and --CH,SO--, by methods well known in the art. Systematic
substitution of one or more amino acids of a consensus sequence with a D-amino acid of the
same type (e.g., D-lysine in place of L-lysine) may also be used to generate more stable peptides.
In addition, constrained peptides comprising a consensus sequence or a substantially identical
consensus sequence variation may be generated by methods known in the art (Rizo and Gierasch
Ann. Rev. Biochem. 61:387 (1992), incorporated herein by reference), for example, by adding
internal cysteine residues capable of forming intramolecular disulfide bridges which cyclize the
peptide.

The term "polypeptide fragment” as used herein refers to a polypeptide that has an
amino-terminal and/or carboxy-terminal deletion, but where the remaining amino acid sequence
1s 1dentical to the corresponding positions in the naturally-occurring sequence. Fragments
typically are at least 5, 6, 8 or 10 amino acids long, preferably at least 14 amino acids long, more
preferably at least 20 amino acids long, usually at least 50 amino acids long, even more

preferably at least 70, 80, 90, 100, 150 or 200 amino acids long.
The terms "IGF1R", "IGFR1", "Insulin-like Growth Factor Receptor-1" and

"Insulin-like Growth Factor Receptor, type I" are well known in the art. Although IGF-1R may
be from any organism, it is preferably from an animal, more preferably from a mammal (e.g.,
mouse, rat, rabbit, sheep or dog) and most preferably from a human. The nucleotide and amino
acid sequence of a typical human IGF-1R precursor is available at Genbank , eg. Gene ID 3480
or NMygog75. Cleavage of the precursor (e.g., between amino acids 710 and 711) produces an o.-
subunit and a B-subunit which associate to form a mature receptor.

An "immunoglobulin” is a tetrameric molecule. In a naturally-occurring
immunoglobulin, each tetramer is composed of two identical pairs of polypeptide chains, each
pair having one "light" (about 25 kDa) and one "heavy" chain (about 50 70 kDa). The amino-
terminal portion of each chain includes a variable region of about 100 to 110 or more amino
acids primarily responsible for antigen recognition. The carboxy-terminal portion of each chain
defines a constant region primarily responsible for effector function. Human light chains are
classified as .kappa. and .lamda. light chains. Heavy chains are classified as .mu., . DELTA.,
.gamma., .alpha., or .epsilon., and define the antibody's isotype as IgM, IgD, IgG, IgA, and IgE,
respectively. Within light and heavy chains, the variable and constant regions are joined by a "J"
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region of about 12 or more amino acids, with the heavy chain also including a "D" region of
about 10 more amino acids. See generally, Fundamental Immunology Ch. 7 (Paul, W, ed., 2nd
ed. Raven Press, N.Y. (1989)) (incorporated by reference in its entirety for all purposes). The
variable regions of each light/heavy chain pair form the antibody binding site such that an intact
immunoglobulin has two binding sites.

Immunoglobulin chains exhibit the same general structure of relatively conserved
framework regions (FR) joined by three hypervariable regions, also called complementarity
determining regions or CDRs. The CDRs from the two chains of each pair are aligned by the
framework regions, enabling binding to a specific epitope. From N-terminus to C-terminus, both
light and heavy chains comprise the domains FR1, CDR1, FR2, CDR2, FR3, CDR3 and FR4.
The assignment of amino acids to each domain 1s in accordance with the definitions of Kabat
Sequences of Proteins of Immunological Interest (National Institutes of Hea<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>