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ABSTRACT

The invention also provides antibodies that bind to human
PDGFR&agr; and neutralize activation of the receptor. The invention further
provides a methods for neutralizing activation of PDGFR&agr; and methods of

treating a mammal with a neoplastic disease using the antibodie alone or In

combination with other agents.
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RECEPTOR ANTAGONISTS FOR
TREATMENT OF METASTATIC BONE CANCER

FIELD OF THE INVENTION

[0002] The invention provides methods of treating bone cancer, particularly
metastatic bone cancer, by administeriﬁg an IGF-IR antagonist and/or a PDGFR« antagonust.
The invention also provides antibodies that bind to human PDGFRa and neutralize activation
of the receptor. The invention further provides a methods for nentrahzing activation of
PDGFRa, and a methods of treating a mammal with a neoplastic disease using the antibodies

alone or in combination with other agents.

BACKGROUND OF THE INVENTION

[0003]  Prostate cancer is the most common cancer among men, with approximately
220,000 cases and 29,000 deaths annually in the United States. A significant proportion of
men diagnosed with prostate cancer have metastatic disease. Further, metastases eventually
develop in many other prostate cancer patients despite treatment with surgery or
radiotherapy. Bone is the most common site of prostate cancer metastasis, and 1s also a site
to which breast cancers and lung cancefs often metastasize. Most prostate cancer metastases
arc androgen-dependent, so that there is a rapid response to surgical or medical castration, but
in virtually all patients, the tumor eventually becomes androgen-independent, leading to
significant morbidity and mortality. Once bone metastases occur, currently available
therapies have limited effect. The most effective approved therapy that has been described

for metastatic prostate cancer (administration of docetaxel) extends median survival
approximately three months. (Petrylak et al., 2004, N. Engl. J. Med. 351:1513; Tannock et

al., 2004, N. Engl. J. Med. 351:1502) Accordingly, new therapies for metastatic bone cancers
are urgently needed.

[0004] The insulin-like growth factor receptor (IGF-IR) 1s a ubiquitous
transmembrane tyrosine kinase receptor that is essential for normal fetal and post-natal
growth and development. IGF-IR is located on the cell surface of most cell types and serves
as the signaling molecule for growth factors IGF-I and IGF-II (collectively termed henceforth
IGFs). IGF-IR can stimulate cell proliferation, cell differentiation, changes in cell size, and

protect cells from apoptosis. It has also been considered to be quasi-obligatory for cell
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transformation (reviewed in Adams et al., Cell. Mol. Life Sci. 57:1050-93 (2000); Baserga,
Oncogene 19:5574-81 (2000)). High levels of expression of IGF-IR have been reported 1n
tissue samples from prostate cancer bone metastases. Bone contains the largest store of IGFs
in the body.

[0005] IGF-IR is a pre-formed hetero-tetramer containing two alpha and two beta
chains covalently linked by disulfide bonds. The receptor subunits are synthesized as part of
a single polypeptide chain of 180kd, which is then proteolytically processed into alpha
(130kd) and beta (95kd) subunits. The entire alpha chain is extracellular and contains the site
for ligand binding. The beta chain possesses the transmembrane domain, the tyrosine kinase
domain, and a C-terminal extension that is necessary for cell differentiation and
transformation, but is dispensable for mitogen signaling and protection from apoptosis.

[0006] IGF-IR is highly similar to the insulin receptor (IR), particularly within the
beta chain sequence (70% homology). Because of this homology, recent studies have
demonstrated that these receptors can form hybrids containing one IR dimer and one IGF-IR
dimer (Pandini et al., Clin. Canc. Res. 5:1935-19 (1999)). The formation of hybrids occurs in
both normal and transformed cells and the hybnd content is dependent upon the
concentration of the two homodimer receptors (IR and IGF-IR) within the cell. Although
hybrid receptors are composed of IR and IGF-IR pairs, the hybrids bind selectively to IGFS,
with affinity similar to that of IGF-IR, and only weakly bind insulin (Siddle and Soos, The
IGF System. Humana Press. pp. 199-225. 1999). These hybrids therefore can bind IGFs and
transduce signals in both normal and transformed cells.

[0007] A second IGF receptor, IGF-IIR, or mannose-6-phosphate (M6P) receptor,
also binds JGF-II ligand with high affinity, but lacks tyrosine kinase activity (Oates et al.,
Breast Cancer Res. Treat. 47:269-81 (1998)). Becanse it results in the degradation of IGF-II,
it is considered a sink for IGF-II, antagonizing the growth promoting effects of this ligand.
I.oss of the IGF-IIR in tumor cells can enhance growth potential through release of its
antagonistic effect on the binding of IGF-II with the IGF-IR (Byrd et al., J. Biol. Chem.

. 274:24408-16-(1999)).- - - - - o = o

[0008] Platelet derived growth factor receptors alpha and beta (PDGFRa and
PDGFR) are type III receptor tyrosine kinases. PDGFRais critical for development and
fulfills important functions into adulthood. For example, mice homozygous for a null

mutation die during embryogenesis. At later stages of development, PDGFR« is expressed in



CA 02680945 2009-03-27

many mesenchymal structures, whereas adjacent epithelial cells produce platelet derived
growth factors (PDGFs). Tissue samples from normal or hyperplastic prostate glands test .
negative for PDGFRe, whereas primary prostate tumors and skeletal masses from matched
subjects express PDGFRo. Further, of prostate cell lines obtained from different metastatic
sites, PDGFRa is found in bone metastasis-derived PC3 cells, but not in cell lines obtained
from lymph node (LN CaP) and brain (DU-145) metastases.

[0009] = The platelet-derived growth factor family of growth factors consists of five
different disulphide-linked dimers, PDGF-AA, -BB, -AB, -CC, and -DD, that act via
PDGFRa and PDGFRS. These growth factors are dimeric molecules composed of disulfide-
linked polypeptide chains that bind to two receptor proteins simultancously and induce
receptor dimerization, autophosphorylation, and intracellular signaling. PDGFR« and
PDGFRS are structurally similar and can form heterodimers as well as homodimers. Because
PDGFRS does not bind the PDGF-A chain with high affinity, PDGF-AA. activates only ox
receptor diIﬁers, whereas PDGF-AB and PDGFE-CC activates o and of receptor
heterodimers.

BRIEF SUMMARY OF THE INVENTION

[0010] This invention relates to treatment of primary and metastatic bone tumors,
including tumors that originate from prostate, breast, or lung and express insulin-like growth
factor-I receptor (IGF-IR) and/or the alpha platelet derived growth factor receptor (PDGFRoz).

[0011] The tumors to be treated can be hormone/androgen-dependent or
hormone/androgen independent, and can have originated, for example, from prostate, breast,
or lung. |

[0012] The invention provides methods of treating a subject having a bone tumor, and
methods of inhibiting growth of a bone tumor. The methods comprise administering an
effective amount of an IGF-IR antagonist or an effective amount of a PDGFRa antagonist.

The receptor antagonists include antibodies and antibody fragments as well as intracellular
small molecule mmhibitors.

[0013] The invention providés anti-IGF-IR or anti-PDGFRa antibodies that bind to
their target receptor and inhibit ligand binding. The invention also provides antibodies and
other antagonists that neutralize activation of IGF-IR or PDGFRa. Further certain antibodies

promotes down-regulation of their target receptor, for example by internalization and/or
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degradation. Accordingly, the antibodies and small molecule antagonists function to nhibit
activation of downstream signaling molecules such as Akt, p42/p44, and MAPK.

[0014]  The methods include use of IGF-IR or PDGFRa antagonists alone, in
combination with each other or in combination with other cancer therapeutics, such as
chemothérapeutics and radiation.

[0015] The ‘invention also provides antibodies and anfibody fragments that bind to
PDGFRe as well as nucleotides and host cell for production of the antibodies. The antibodies
block ligand binding and neutralize receptor activation. The invention also provides for use
of the antibodies alone, in combination with other receﬁtor antagonists or antineoplastic
agents, or as conjugates for treatment of neoplastic disease. Anti-PDGFRo antibodies are
used to treat, for example, ovarian tumors, breast tumors, lung tumors, hepatocellular tumors,
gastrointestinal stromal tumors, melanomas, renal cell carcinomas, prostate tumors, and sofl

tissue sarcomas.

DESCRIPTION OF THE FIGURES

[0016]  Figure 1 depicts growth of LuCaP 35V subcutaneous xenograft tumors in
castrated SCID mice during a treatment period initiated when the tumors had reached 150-
200 mm-. Panel A: unireated controls; Panel B: animals were treated for four weeks with
docetaxel (either 10 mg/kg or 20 mg/kg) alone, or in combination with anti-IGF-IR
antibodies (40 mg/kg IMC-A12); Panel C: serum PSA levels in untreated and treated SCID
mice carrying subcutaneous LuCaP 35V xenograft tumors. Treated mice received docetaxel
(20 mg/kg) alone or docetaxel (either 10 mg/kg or 20 mg/kg) in combination with anti-IGF-
IR antibodies (40 mg/kg IMC-A12). Treatment was initiated when tumors had reached 150-
200 mm’ and terminated after four weeks.

]0017])  Figure 2 shows single cell suspensions of LuCaP 35V xenograft tumors
treated with docetaxel (10 mg/kg) alone (Panel A) or in combination with anti-IGF-IR
antibodies (40 mg/kg IMC-A12) (Panel B). The field labeled R1 corresponds to apoptotic
cells with fragmented DNA (increased FITC labeling).

[0018] Figure 3 shows DNA syhﬂlesis (BrDu uptake) in tumor xenografts following
termination of treatment with docetaxel (10 mg/kg or 20 mg/kg) alone, and in combination
with anti-IGF-IR antibodies (40 mg/kg IMC-A12).

[0019] Figure 4 depicts differential expression of genes associated with prostate
tumor aggressiveness (TUBB), resistance to antiandrogen therapy (BIRC 5), and apoptosis

4
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induction (IGFBP3) in prostate tumor cells in response to treatment with docetaxel and A12

and docetaxel alone.

[0020]  Figure 5 shows Al2 serum levels following cessation of treatment.

[0021] Figure 6 shows body weight (a measure of overall cytotoxicity) of undiseased
animals treated continuously with docetaxel (either 10 mg/kg or 20 mg/kg) alone, or in
combination with anti-IGF-IR antibodies (40 mg/kg IMC-A12).

[0022]  Figure 7 shows the effect of treatment with an anti-IGF-IR antibody (IMC-
A12) on xenograft-produced PSA i SCID mice engrafied with LuCaP 23.1 cells,

[0023] Figure 8 shows a series of X-ray photographs of SCID mice engrafted with
LuCaP 23.1 cells. Al2 mice received 40 mg/n;l IMC-A12 1.p. three times a week for six
weeks. X-ray photographs were made ét the time of sacrifice.

[0024]  Figure 9 shows PSA levels (a) and representative radiographs (b) from SCID
mice with intratibial xenografts of LuCaP 23.1 human prostate cells.

[0025] Figure 10 depicts the effect of human bone marrow aspirate on Akt activity in
prostate cancer cells. Cell lysates were subject to SDS-PAGE. For Western blot analysis,
membranes were blotted with antibodies targeting phospho-Akt (S er-473, cell signaling
Technology), PDGFRa (R&D Sysstems) and actin (Sigma). Primary antibody binding was
detected using HRP-conjugated protein A or protein G (Sigma).

[0026] Figure 11 depicts induction and inhibition of AKT-phopimryIation in PC3-ML
. cells. Panel A shows the AG-1296 dose dependent inhibition of Akt phosphorylation in cells
exposed to 30 ng/ml PDFG-BB. Panel B shows bone aspirate Akt phosphorylation and
inhibition by 20 uM AG-1296. Panel C show the potency of bone marrow aspirate to induce
Akt phosphorylation as compared to the potency of a combination of 100 pg/ml PDGF-AA
and 100 pg/ml PDGF-BB. Panel D compares the magnitudes of bone marrow aspirate
induced Akt-phosphorylation, inhibition of bone marrow induced Akt-phosphorylation by
AG-1296, and Akt-phosphorylation induced by PDFG-AA + PDFG-BB.

[0027]  Figure 12 depicts inhibition of Akt phosphorylation in PC3-ML cells by
PDGFRao antagonists. Panel A shows the dose dependent effect of monoclonal antibody
IMC-3G3 on Akt phosphorylation induced by 30 ng/ml of PDGF-BB. Panels B and C
provide a comparison of the effects of IMC-3G3 and AG1296 on bone marrow induced Akt
phosphorylation. Panel D shows that inhibition of Akt phosphorylation is dependent on
IMC-3G3 preincubation time.



CA 02680945 2009-03-27

[0028] Figures 13 shows binding of antibody to PDGFRa. A: direct binding of anti-
PDGFRa antibody to the immobilized extracellular domain of PDGFR«. B: inhibition of
['*[JPDGF-AA binding to immobilized PDGFRo.

[0029] l Figure 14 shows specific inhibition of phosphorylation of PDGFR« and
downstream effector molecules.

[0030] Figure 15 sh.ows inhibition of PDGF-AA-stimulated [°H]thymidine
incorporation in PAE .Ra cells by mAbs.

[0031]  Figure 16 shows inhibition of PDGF-AA-induced downstream-effector
molecule activation in SKLMS-1 (A) and U118 (B) cells.

[0032] Figure 17 shows inhibition of PDGF-AA-stimulated [*H]thymidine
incorporation in U118 (A) and SKLMS-1 (B) cells by mAbs. Inhibition of PDGF-BB-
stimulated ["H]thymidine incorporation is also shown for SKLMS-1 (C) and U118 (D) cells.

[0033] Figure 18 shows dose dependent effects for treétmcnt of established U118
(glioblastoma; panel A) and SKLLMS-1 (leiomyosarcoma; panel B) tumor xenografis in nude
IMICe.

[0034] Figure 19 shows reduction of PDGFRa phosphorylation iz vivo in U118
tumors treated with anti-PDGFRo antiﬁody, as compared fo treatment with nonspecific
human IgG.

[0035] Figure 20 depicts the GS expression vectors used for cloning hybridoma
derived human VH and Vk vanable regions genes and expression of complete human heavy
(IgG1) and light chain proteins. The two vectors were recombined as explained in the

Examples and the combined vector was transfected into NSO cells.

DETAILED DESCRIPTION OF THE INVENTION

[0036] The present invention relates to treatment of bone tumors with antibodies or
antibody fragments that bind to mnsulin-like growth factor-I feceptor (IGF-IR). Endocrine
expression of IGF-I is regulated primarily by growth hormone and produced in the liver, but
other tissue types are also capable of expressing IGF-I, including bone which contains a large
store of growth factors. Depending on‘tumor cell type, IGF-1 is involved in endocrine,
paracrine, and/or autocrine regulation (Yu, H. and Rohan, J., J. Natl. Cancer Inst. 92:1472-89
(2000)).

[0037] It has been discovered that antibodies that bind IGF-IR are useful in therapies
for treatment of bone tumors that express IGF-IR. The antibodies can be use alone, or in

6
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combination with other cancer therapeutics, particularly chemotherapeutics. Anti-IGF-IR
therapy, alone or in combination with therapy with one or more anti-neoplastic agents (such
as, for example, chemotherapy or radiation therapy) has significant therapeutic efficacy.
Suppression of tumor growth is often accompanied with an increase in apoptosis and persists
after all treatment is discontinued and tumors have again begun to grow in animals treated
with chemotherapy alone.

[0038] It has also been discovered that PDGFRa plays an important role m growth of
bone tumors. For example, certain tumor cell lines that express PDGFRa preferentially
metastasize to bone. Such cell lines display increased PDGFRa« activation and
phosphorylation of downstream signaling molecules in response to soluble factors present in
bone marrow. PDGFRa activation by bone marrow is reduced or completely inhibited by
PDGFRo antagonists, and phosphorylation of downstream signaling molecules that are
commonly activated by sigﬁaling through PDGFRa and other receptor tyrosine kinase
systems 1s greatly reduced. Certain data suggest that the PI3K/Akt survival pathway is
activated by PDGFRa signaling not only by ligands that activate PDGFRo directly, but also
by factors present in bone marrow that cause transactivation of the receptor.

[0039] Primary bone tumors to be treated according to the invention include, but are
not limited to, osteosarcomas, chondrosarcomas, fibrosarcomas, and hemangiosarcomas.,
Notably, malignant secondary (metastastic) tumors are far more common than primary bone
tumors. Metastatic bone tumors to be treated according to the invention can arise from a
variety of sources, the most common of which are cancers of the prostate, breast, or lung.
The source of a metastatic bone cancer will usually be apparent from a patients history. The
tumors can be osteoblastic or osteolytic. The tumors may be dependent on IGF-IR
stimulation when they arise, or may transition to IGF-IR dependence. For example, prostate
cancers or metastases of prostate cancers that are initially hormone/androgen dependent and
controllable by physical or chemical treatments that suppress androgen or hormone
production, may become hormone/androgen-independent through increased sensitivity to
stimulation through IGF-IR. Further, in addition to providing for treatment of
hormone/androgen-independent tumors, the invention can be useful for treating
hormone/androgen-dependent bone tumors without reliance on suppression of androgen or
hormone production, for example, by coadministering IGF-IR antibodies with anti-neoplastic

agents. Such tumors would include metastatic bone tumors that are stimulated through IFG-
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IR in the IGF-rich environment of the bone, which may be sensitive to hormone stimulation
but not sensitive enough to grow without IGF involvement. Hormone ablation might not be
necessary for such fumors. |

[0040] Bone tm:ﬁors that are PDGF-dependent can also be treated according to the
invention, as well as tumors that are “bone marrow” dependent. Bone marrow dependent
tumors display PDGFRa activation in response to soluble factors present in bone marrow.
For example, as exemplified herein, a human metastatic PDGFRa-expressing cancer cell Iine
undergoes PDGFRa activation and Akt+ phosphorylation upon exposure to bone marrow
aspirate. An anti-PDGFRx antibody and a small niolecule PDGFR¢: antagonist each inhibit
PDGFRa activation and Akt+ phosphorylation in the cell line. Soluble bone marrow factors
that activate PDGFRa inchude, but are not limited to, PDGF-AA and —BB.

[0041] While such bone marrow dependence mvolves signaling through PDGFRo, it
may not involve only binding of PDGFRa of a PDGFRa ligand. For example, as exemplified
‘hereln, it is noted that PDGFR activation by defined ligands (PDGF-AA or —BB) is weaker
than activation by bone marrow aspirafe. Further, it is observed that in the presence of bone
marrow aspirate, Akt+ phosphorylation diminishes with increased incubation time. Taken
together, these results suggest that besides responding to binding of PDGFs, PDGFRo may be
transactivated (phosphorylated) by other signal transduction elements (e.g., other receptor
tyrosine kinases) sensitive to other bone marrow components. In any event, in a cell line
suited for metastatic growth in bone (i.e., a cell line that preferentially metastasizes to bone),
bone marrow-dependent PDGFR activation is observed, which is inhibited by PDGFRa
| antagoxﬁéts. Further, treatment with a PDGFRa antagonist inhibits bone marrow mduced
stimulation of the PI3K/Akt anti-apoptotic pathway and mitogen-activated protein kinase
(MAPK).

[0042] Bone tumors to be treated with a PDGFRo antagonist can arise as metastases
of prostate cancer cells, and, as above, may be hormone/androgen dependent, or have
transitioned to hormone/androgen independence. Such tumors can arise as metastases of
non-prostate cancers as well. One skilled 1n the art would easily be able to diagnose such
conditions and disorders using known, conventional tests.

[0043] Treatment means any treatment of a disease in an animal and includes:

(1) preventing the disease from occurring in a mammal which may be predisposed to the

disease but does not yet experience or display symptoms of the disease; e.g., prevention of
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the outbreak of the clinical symptoms; (2) inhibiting the disease, e.g., arresting its
development; or (3) relieving the disease, e.g., causing regression of the symptoms of the
disease. Inhibiting tumor growth includes slowing or stopping growth, as well as causing
tumor regression. An effective amount for the treatment of a diséase means that amount
which, when administered to a mammal in need thereof, is sufficient to effect treatment, as
defined above, for that disease. IGF-IR antagonists and PDGFRa antagonist of the invention
may be administered alone, in combination with one another, or in combination with one or
more antineoplastic agents such as, for example, a chemotherapeutic or radologic agent.

[0044] In an embodiment of the invention, it may be desirable to determine the level
of expression of IGF-IR and/or PDGFRa 1n a tumor to be treated. In such cases, tumor
biopsies can be collected and analyzed'by methods well known in the art, In another
embodiment of the mvention, an IGF-IR antagonist or PDGFR antagonist is administered on
the basis that the corresponding receptor is commonly expressed or activated in a particular
tumor type or invariably becomes expressed of activated as the disease progresses.

[0045] An IGF-IR antagonist can be an extracellular antagonist or an intracellular
antagonist and more than one antagonist may be employed. Extracellular antagonists include,
but are not limited to proteins or other biological molecules that bind to IGF-IR or one or
more of 1ts ligands (e.g, IGF-I and IGF-II are natural ligands of IGF-IR). In an embodiment
of the invention, an extracellular antagonist inhibits binding of IGF-IR to its ligands. In one
embodiment, the antagonist is an anti- IGF-IR antibody, such as, for example, IMC-A12. In
another embodiment, the antagonist is a soluble ligand binding fragment of IGF-IR.
Intracellular IGF-IR antagonists can be biological molecules, but are usually small molecules.
Examples include, but are not limited to, tyrosine kinase inhibitor AG1024 (Calbiochem),
insulin-like growth factor-I receptor kinase inhibitor NVP-AEW 541 (Novartis), and insulin-
like growth factor-I/insulin receptor inhibitor BMS-554417 (Bristol Myers Squibb). It will
be appreciated that useful small molecule to be used in the invention are inhibitors of IGF-IR,
but need not be completely specific for IGF-IR.

[0046] Anti-IGF-IR antibodies to be used according to the present invention exhibit
one or more of following properties:

[0047] 1) The antibodies bind to the external domain of IGF-IR and inhibit binding of
IGF-1 or IGF-II to IGF-IR. Inhibition can be determined, for example, by a direct binding

assay using purified or membrane bound receptor. In this embodiment, the antibodies of the
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present invention, or fragments thereof, preferably bind IGF-IR at least as strongly as the
natural ligands of IGF-IR (IGF-I and IGF-II).

[0048]  2) The antibodies neutralize IGF-IR. Binding of a ligand, e.g., IGF-I or IGF-
1], to an external, extracellular domain of IGF-IR stimulates autophosphorylation of the beta
subunit and downstream signaling molecules, including MAPK, Akt, and IRS-1.

[0049] Neutralization of IGF-IR includes inhibition, diminution, inactivation and/or
disruption of one or more of these activities normally associated with signal transduction.
Neutralization can be determined in vivo, ex vivo, or in vitro using, for example, tissues,
cultured cell, or purified cellular components. Neutralization includes inhibition of IGE-IR /
IR heterodimers as well as IGF-IR homodimers, Thus, neutralizing IGF-IR has various
effects, including inhibition, diminution, inactivation and/or disruption of growth
(prohiferation and differentiation), angiogenesis (blood vessel recruitment, invasion, and
metastasis), and cell motility and metastasis (cell adhesion and invasiveness).

[0050]  One measure of IGF-IR neutralization is inhibition of the tyrosine kinase
activity of the receptor. Tyrosine kinase inhibition can be determined using well-known
methods; for example, by measuring the autophosphorylation level of recombinant kinase
receptor, and/or phosphorylation of natural or synthetic substrates. Thus, phosphorylation
assays are useful in determining neutralizing antibodies in the context of the present
mvention. Phosphorylation can be detected, for example, using an antibody specific for
phosphotyrosine in an ELISA assay or on a western blot. Some assays for tyrosine kinase
activity are described in Panek et al., J. Pharmacol. Exp. Thera. 283: 1433-44 (1997) and
Batley et al., Life Sci. 62:143-50 (1998). Antibodies of the invention cause a decrease in

tyrosine phosphorylation of IGF-IR of at least about 75%, preferably at least about 85%, and
more preferably at least about 90% in cells that respond to ligand.

[0051]  Another measure of IGF-IR neutralization is inhibition of phosphorylation of
downstream substrates of IGF-IR. Accordingly, the level of phosphorylation of MAPK, Akt,
or IRS-1 can be measured. The decrease in phosphorylation is at least about 40%, and can be

at least about 60%, or at least about 80%.

[0052] In addition, methods for detection of protein expression can be utilized to
determine IGF-IR neutralization, wherein the proteins being measured are regulated by IGF-
IR tyrosine kinase activity. These methods include immunohistochemistry (THC) for

detection of protein expression, fluorescence in situ hybridization (FISH) for detection of

10



CA 02680945 2009-03-27

gene amplification, competitive radioligand binding assays, solid matrix blotting techmques,
such as Northern and Southemn blots, reverse transcriptase polymerase chain reaction (RT-
PCR) and ELISA. See, e.g., Grandis et al., Cancer, 78:1284-92 (1996); Shimizu et al., Japan
J. Cancer Res., 85:567-71 (1994); Sauter et al., Am. J. Path., 148:1047-53 (1996); Collins,
Glia 15:289-96 (1995); Radinsky et al., Clin, Cancer Res. 1:19-31 (1995); Petrides et al.,
Cancer Res. 50:3934-39 (1990); Hoffmann et al., Anticancer Res. 17:4419-26 (1997);
Wikstrand et al., Cancer Res. 55:3140-48 (1995).

[0053]  Ex vivo assays can also be utilized to determine IGF-IR neutralization. For
example, receptor tyrosine kinase inhibition can be observed by mitogenic assays using cell
lines stimulated with receptor ligand in the presence and absence of inhibitor. The MCF7
breast cancer line (American Type Culture Collection (ATCC), Rockville, MD) is such a cell
hine that expresses IGF-IR and is stimulated by IGF-] or IGF-II. Another method involves
testing for inhibition of growth of IGF-IR -expressing tumor cells or cells transfected to
express IGF-IR. Inhibition can also be observed using tumor models, for example, human
tumor cells injected into a mouse.

[0054] The antibodies of the present invention are not limited by any particular
mechanism of IGF-IR neutralization. The anti-IGF-IR antibodies of the present invention
can bind externally to the IGF-IR cell surface receptor, block binding of ligand (e.g., IGF-I or
IGF—II) and subsequent signal transduction mediated via the receptor-associated tyrosine
kinase, and prevent phosphorylation of the IGF-IR and other downstream proteins in the
signal transduction cascade.

- [0055]  3) The antibodies down modulate IGF-IR. The amount of IGF-IR present on
the surface of a cell depends on receptor protein production, internalization, and degradation.
The amount of IGF-IR present on the surface of a cell can be measured indirectly, by
detecting internalization of the receptor or a molecule bound to the receptor. For example,
receptor internalization can be measured by contacting cells that express IGF-IR with a
Jabeled antibody. Membrane-bound antibody is then stripped, collected and counted.
Internalized antibody is determined by lysing the cells and detecting label in the lysates.

[0056] Amnother way is to directly measure the amount of the receptor present on the
cell following treatment with an anti-IGF-IR antibody or other substance, for example, by
fluorescence-activated cell-sorting analysis of cells stained for surface expression of IGF-IR.

Stained cells are incubated at 37°C and fluorescence mtensity measured over time. Asa
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control, part of the stained population can be incubated at 4°C (conditions under which
receptor internalization is halted).

[0057]  Cell surface IGF-IR caﬁ be detected and measured using a different antibody
that 1s specific for IGF-IR and that does not block or compete with binding of the antibody
being tested. (Burtrum, et al. Cancer Res. 63:8912-21 (2003)) Treatment of an IGF-IR
expressing cell with an antibody of the invention results in reduction of cell surface IGF-IR.
In a preferred embodiment, the reduction is at least about 70%, more preferably at least about
80%, and even more preferably at least about 90% in response to treatment with an antibody
of the invention. A significant decrease can be observed in as little as four hours.

[0058]  Another measure of down-modulation is reduction of the total receptor protein
present in a cell, and reflects degradation of internal receptors. Accordingly, treatment of
cells (particularly cancer cells) with antibodies of the invention results in a reduction in total
cellular IGF-IR. In a preferred embodiment, the reduction is at least about 70%, more
preferably at least about 80%, and even more preferably at least about 90%.

[0059]  For treatment ;of human subjects, antibodies according to the invention are
preferably human. Alternatively, the antibodies can be from non-human primates or other
mammals, or be humanized or chimeric antibodies. In an embodiment of the invention, an
anti-JIGF-IR antibody comprises one, two, three, four, five, and/or six complementarity
determining regions (CDRs) selected from the group consisting of SEQ ID NO:35, SEQ ID
NO:37, SEQ ID NO:39, SEQ ID NO:4‘5, SEQ ID NO:47, and SEQ ID NO:49 (CDR1H,
CDR2H, CDR3H, CDR1L, CDR2L, CDR3L, respectively). In another embodiment, the anti-
IGF-IR antibody comprises one, two, three, four, five, and/or six complementarity
determining regions (CDRs) selected from the group consisting of SEQ ID NO:35, SEQ ID
NO:37, SEQ ID NO:39, SEQ ID NO: 55, SEQ ID NO:57, and SEQ ID NO:59 (CDR1H,
CDRZH, CDR3H, CDR1L, CDR2L, CDR3L, respectively). Preferably, the antibodies (or
fragments thereof) of the present invention have heavy chain CDRs of SEQ ID NO:35, SEQ
ID NO:37 and SEQ ID NO:39. Alternatively and also preferably, the present antibodies
includmg fragments thereof, have light chain CDRs of SEQ ID NO:45, SEQ ID NO:47 and
SEQ ID NO:49 or SEQ ID NO:55, SEQ ID NO:57 and SEQ ID NO:59. One such anti-IGE-
IR antibody is the human IgG1 antibody IMC-A12 (W02005016970), having a heavy chain
variable domain represented by SEQ ID NO:41 and a light chain variable domain represented
by SEQ ID NO:51. Another preferred human antibody is IMC-2F8 (W(02005016970),
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having a heavy chain variable domain identical to IMC-A12 and a light chain variable
domain represented by SEQ ID NO:61. Useful antibodies further include anti-IGF-IR
antibodies that compete with IMC-A12 or IMC-2F8 for binding to JIGF-IR, as well as
antibodies that bind to other epitopes (i.e., antibodies that bind to other epitopes and exhibit
properties as previously described such as igand blocking, receptor internalization, etc., but
do not compete with IMC-A12 or IMC-2F8).

[0060] According to the invention, PDGFR« antagonists can also be used for
treatment. A PDGFRo antagonist can be an extracellular antagonist or an intracellular
antagonist and more than one antagonist may be employed. Extracellular antagonists include,
but are not limited to proteins or other biological molecules that bind to PDGFRo or one or
more of 1ts ligands (e.g, PDGF-AA, -AB, -BB, -CC). In an embodiment of the invention, an
extracellular antagonist is inhibits binding of PDGFRx to its ligands. In one embodiment, the
antagonist 1s an anti-PDGFRa antibody, such as, for example, IMC-3G3. In another
embodiment, the binding protein 1s a soluble ligand binding fragment of PDGFRov.
Intracellular IGF-IR antagonists can be biological molecules, but are usually small molecules.
In one embodiment, the mtracellular PDGFRo antagonist is AG1296. AG1296 (Calbiochem)
1s an inhibitor of PDGFo, PDGEBs, and ¢-KIT, and also reacts with F1t3. Other small
molecules that target PDGFRs include STI-571 (imatinib mesylate, Gleevec®, Novartis) and
SU11248 (sunitinib malate, SUTENT®, Pfizer).

[0061] In an embodiment of thé invention, an anti-PDGFR« antibody comprises one,
two, three, four, five, and/or six complementarity determining regions (CDRs) selected from
the group consisting of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:10, SEQ
ID NO:12, and SEQ ID NO:14 (CDR1H, CDR2H, CDR3H, CDR1L, CDR2L, CDR3L,
respectively). Preferably, the antibodies (or fragments thereof) of the present invention have
CDRs of SEQ ID NO:2, SEQ ID NO:4 and SEQ ID NO:6. Alternatively and also preferably,
the present antibodies, or fragments thereof, have CDRs of SEQ ID NO:10, SEQ ID NO:12
and SEQ ID NO:14. The amino acid sequences of the CDRs are set forth below in Table 1.

13
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Table 1 -CDRs of IMC-3G3

Heavy Chain

CDR!  SSSYY SEQ 1D NO:2
CDR2  SFFYTGSTYYNPSLRS SEQ ID NO:4

CDR3 QSTYYYGSGNYYGWFDR SEQ ID NO:6

~ Light Chain
CDR1  RASQSVSSYLA SEQ ID NO:10
CDR2  DASNRAT SEQ ID NO:12
CDR3  QQRSNWPPA SEQ ID NO:14

[0062] In another embodiment, the anti-PDGFRe antibody, or fragment thereof, has a
human heavy chain variable region of SEQ ID NO:8 and/or a human light chain variable
region of SEQ ID NO:16. IMC-3G3 1s such an antibody and is exemplified in the present
invention. |

[0063]  Preferably, the antibodies, or fragments thereof, of the present invention
nentralize PDGFRa. Binding of a ligand, e.g., PDGF-AA, PDGF-AB, PDGF-BB or PDGF-
CC, to an extracellular domain of PDGFRa stimulates receptor dimerization,
autOphosphorylation, activation of the receptor's internal, cytoplasmic tyrosine kinase
domain, and mitiation of multiple signal transduction and transactivation pathways involved
in regulation of DNA synthesis (gene abtivation) and cell cycle progression or division. The
anti-PDGFRa antibodies typically block ligand binding and/or receptor dimerization, and
inhibit one or more of autophosphorylation, activation of tyrosine kinase activity and signal
transduction. The anti-PDGFRa antibodies of the present invention can be specific for the
extraqellular ligand binding region of PDGFR o and prevent binding of a ligand of PDGFRv.
Preferably, such anti- PDGFR« antibodies, or fragments thereof, bind PDGFR¢ at least as
strongly as the natural ligands of PDGFRo. Alternatively or additionally, the antibodies can
be specific for a region of the receptor monomer that would otherwise form a receptor dimer
interface. Such antibodies block dimer formation, though ligand binding to a receptor
monomer might or might not be blocked.

[0064]  As described above for anti-IGF-IR antibodies, receptor neutralization can be
determined by a variety of in vivo, in vitro, and ex vivo methods. In one embodiment of the

invention, the antt-PDGFR antibodies reduce phosphorylation of PDGFRa by at least about
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15%. In other embodiments, phosphorylation is reduced by at least about 85% or at least
about 90%. In an embodiment of the ii1vention, as a result of inhibition of PDGFRa signal
transduction, phosphorylation or a downstream signal transduction pathway component (e.g.,
Akt, p42/p44, etc.) is reduced by at least about 40%, at least about 60%, or at least about
80%. Receptor neutralization can be determined using defined ligands (e.g., PDGF-AA, -
AB, -BB, -CC), mixtures of such ligands, or preparations such as bone marrow aspirates that
comprise PDGFs as well as other stimulatory growth factors.

[0065]  Neutralization of PDGFRe includes inhibition, diminution, inactivation and/or
disruption of one or more of these activities normally associated with signal transduction.
Thus, neutralizing PDGFR has various effects, including inhibition, diminution, inactivation
and/or disruption of growth (proliferation and differentiation), angiogenesis (blood vessel
recruitment, invasion, and metastasis), and cell motility and meta}stasis (cell adhesion and
invasiveness). |

[0066]  EXx vivo assays, as described above, can also be utilized to determine PDGFRa
neutralization. For example, human SKLMS-1 leiomyosarcoma cells (American Type
Culture Collection (ATCC), Rockville, MD; ATCC HTB-8 8™) or U118 glioblastoma cells
(ATCC HTB-15™) stimulated with PDGF-AA can be used to assay PDGFRa inhibition.
Growth intubition can be ascertained using PDGFRa-expressing human tumor cells injected
into a SCID mouse. |

[0067]  The present invention is not limited by any particular mechanism of PDGFRo
neutralization. The anti-PDGFRa antibodies of the present invention bind externally to the
PDGFRa cell surface receptor, block binding of ligand (e.g., PDGF-AA, PDGF-AB, PDGF-
BB, PDGF-CC), inhibit phosphorylation of the PDGFR, inhibit s gnal transduction
mediated via the receptor-associated tyrosine kinase, and modulate activity of downstream
signal transduction components. The receptor-antibody complex can also be internalized and
degraded, resulting in cell surface receptor downregulation. Matrix metalloproteinases,
which function in tumor cell invasion and metastasis, can also be downregulated by the
antibodies of the present invention. Moreover, antibodies of the present invention may
exhibit inhibition of growth factor production and angiogenesis.

[0068]  As described above, PDGFRa antagonists of the invention are useful for
treating bone tumors, including metastatic bone tumors. Other tumor types that express

PDGFRa and can be treated according to the invention include, but are not limited to, ovarian
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tumors, breast tumors, lung tumors, hepatocellular tumors, gastromntestinal stromal tumors,
melanoma, renal cell carcinoma, prostate tumors, and soft tissue sarcomas. Soft tissué
sarcomas originate in such tissues as fat, muscles, nerves, tendons, and blood and lymph
vessels. Typically, the tumor cells overexpress PDGFRce. PDGFRo expression can be
determined, for example, by histochemistry or RNA analysts. For example, a scatchard
analysis of binding of radiolabeled IMC-3G3 to U118 cells and SKLMS-1 tumor cells
indicates the number of PDGFRa molecules on the cells to be about 500 and 2500,
respectively.

[0069] PDGFRax antagonists function by inhibiting signal transduction by PDGFRo
- expressed on the tumor cells themselves, or by inhibiting PDGFRo expressed on surrounding
stromal cells that otherwise undergo paracrine stimulation by PDGFs expressed from tumor
cells. Thus, antibodies such as IMC-3G3 and other PDGFR« antagonists are useful for
treating tumors characterized by autocrine and/or paracrine stimulation of PDGFRcv.

[0070] Antibody fragments according to the invention can be prodﬁced by cleaving a
whole antibody, or by expressing DNA that encodes the fragment. Fragments of antibodies
may be prepared by methods described by Lamoyi et al., J. Immunol. Methods, 56: 235-243
(1983) and by Parbham, J. Immunol. 131: 2895-2902 (1983). Such fragments may contain one
or both Fab fragments or the F(ab'), fragment. Such fragments may also contain single-chain
fragment variable region antibodies, i.e. scFv, dibodies, or other antibody fragments.
Methods of producing such functional equivalents are disclosed in PCT Application WO
93/21319, European Patent Application No. EP 239400; PCT Application WO 89/09622;
European Patent Application EP 338745; and European Patent Application EP 332424,

[0071] Preferred host cells for transformation of vectors and expression of the

antibodies of the present invention are mammalian cells, e.g., COS-7 cells, Chinese hamster
ovary (CHO) cells, and cell lines of lymphoid origin such as lymphoma, myeloma (e.g. NS0),
or hybridoma cells. Other eukaryotic hosts, such as yeasts, can be alternatively used.

[0072] Where it is desired to express a gene construct in yeast, a suitable selection
gene for use in yeast is the trpl gene present in the yeast plasmid YRp7. Stinchcomb et al.
Nature, 282: 39 (1979); Kingsman et al., Gene, 7: 141 (1979). The trp] gene provides a
selection marker for a mutant strain of yeast lacking the ability to grow in tryptophan, for
example, ATCC No. 44076 or PEP4-1. Jones, Genetics, 85: 12 (1977). The presence of the

trpl lesion in the yeast host cell genome then provides an effective environment for detecting
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transformation by growth 1n the absence of tryptophan. Similarly, Leu2-deficient yeast
strains (ATCC 20,622 or 38,626) are complemented by known plasmids bearing the Leu2
gene.

[0073] The transformed host cells are cultured by methods known 1n the art in a hqud
medium containing assimilable sources of carbon(carbohydrates such as glucose or lactose),
nitrogen (amino acids, peptides, proteins or their degradation products such as peptones,
ammonium salts or the like), and inorganic salts (sulfates, phOSphates and/or carbonates of
sodium, potassium, magnesium and calcium). The medium furthermore contains, for
example, growth-promoting substances, such as trace elements, for example iron, zinc,
manganese and the like.

[0074] High affinity anti-PDGFRa and ant1-IGF-IR antibodies according to the
present invention can be isolated from a phage display library constructed from human heavy
chain and light chain variable region genes. For example, a variable domain of the invention
can be obtained from a peripheral blood lymphocyte that contains a rearranged variable
region gene. Alternatively, variable domain portions, such as CDR and FW regions, can be
obtained from different sources and recombined. Further, portions of the variable domains
(e.g., FW regions) can be synthetic consensus sequences.

[0075] Antibodies and antibody fragments of the present invention can be obtained,
for example, from naturally occurring antibodies, or Fab or scFv phage display libraries. It is
underf;tood that, to make a single domain antibody from an antibody comprising a Vi and a
V1, domain, certain amino acid substitutions outside the CDRs can be desired to enhance
binding, expression or solubility. For example, it can be desirable to modify amino acid
residues that would otherwise be buried in the V-V interface.

[0076] Further, antibodies and antibody fragments of the invention can be obtained by
standard hybridoma technology (Harlow & Lane, ed., Antibodies: A Laboratory Manual,
Cold Spring Harbor, 211-213 (1998), which 1s incorporated by reference herein) using
transgenic mice (e.g., KM mice from Medarex, San Jose, Calif.) that produce human
immunoglobulin gamma heavy and kappa light chains. In a preferred embodiment, a
substantial portion of the human antibody producing genome is inserted into the genome of
the mouse, and is rendered deficient in the production of endogenous murine antibodies.
Such mice may be immunized subcutaneously (s.c.) with PDGFRx (usually in complete

Freund's adjuvant) with boosts as needed. Immunization methods are well known in the art.
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[0077] The protein used to identify IGF-IR binding antibodies of the invention is
preferably IGF-IR and, more preferably, is the extracellular domain of IGF-IR. The protein
used to identify PDGFRo binding antibodies of the invention 1is preferably PDGFR« and,
more preferably, is the extracellular domain of PDGFRa. Such extracellular domains can be
free or conjugated to other molecules.

[0078] The present invention also provides isolated polynucleotides encoding the
antibodies, or fragments thereof, described previously. Details of the IMC-A12 anti-IGF-IR

antibody are disclosed in W0O2005016970. Table 2 sets forth the nucleic acid sequences for
IMC-3G3. '

Table 2 — Nucleotide sequences encoding CDRs of IMC-3G3

Heavy Chain
CDR1 aptagtagtt actac SEQ ID NO:1
CDR2 agtitctttt atactggpag cacctactac aaccegtcee tcaggagt SEQ ID NO:3
CDR3 cagtccacgt attactatgg ttcgpppaat tattatgget ggttcgaccg e SEQ IS NO:5S
Light Chain
CDRI agggccagtés agagtgttag cagctactta gee SEQ ID NO:9
CDR2 gatgcatcca acaggg;::cac t SEQ ID NO:11
CDR3 cagcagcgta geaactggec tecggeg SEQ ID NO:13

[0079] DNA encoding human antibodies can be prepared by recombining DNA
encoding human constant regions and variable regions, other than the CDRs, derived
substanfially or exclusively from the corresponding human antibody regions and DNA
encoding CDRs derived from a human (SEQ ID NOS:1, 3, and 5 for the heavy chain variable
domain CDRs and SEQ ID NOS:9, 11, and 13 for the light chain variable domain CDRs).

[0080]  Suitable sources of DNAs that encode fragments of antibodies include any
cell, such as hybridomas and spleen cells, that express the full-length antibody. The
fragments may be used by themselves as antibody equivalents, or may be recombined into
equivalents, as described above. The DNA deletions and recombinations descnbed in this

section may be carried out by known methods, such as those described in the publications

listed above with regard to equivalents of antibodies and/or other standard recombinant DNA

18



CA 02680945 2009-03-27

techniques, such as those described below. Another source of DNAs are single chain
antibodies produced from a phage display library, as is known 1n the art.

(0081] Additionélly, the present invention provides expression vectors contaiming the
polynucleotide sequences previously described operably hinked to an expression sequence, a
promoter and an enhancer sequence. A variety of expression vectors for the efficient
synthesis of antibody polypeptide in prokaryotic, such as bacteria and eukaryotic systems,
including but not limited to yeast and mammalian cell culture systems have been developed.
The vectors of the present invention can comprise segments of chromosomal, non-
chromosomal and synthetic DNA sequences.

[0082] Any suitable expression vector can be used. For example, prokaryotic cloning
vectors include plasmids from E. coli, such as colEl, pCRI, pBR322, pMB9, pUC, pKSM,
and RP4. Prokaryotic vectors also include derivatives of phage DNA such as M3 and other
filamentous single-stranded DNA. phages. An example of a vector useful in yeast is the 2
plasmid. Suitable vectors for expression in mammalian cells include well-known derivatives
of SV40, adenovirus, retrovirus-derived DNA sequences and shuttle vectors derived from
combination of functional mammalian vectors, such as those described above, and functional
plasmids and phage DNA.

f0083] Additional eukaryotic eﬁ:pression vectors are known in the art (e.g., P.J. .
Southern and P. Berg, J. Mol. Appl. Genet., 1, 327-341 (1982); Subramani et al., Mol. Cell.
Biol., 1: 854-864 (1981); Kaufmann and Sharp, "Amplification And Expresston of Sequences
Cotransfected with a Modular Dihydrofolate Reductase Complementary DNA Gene," J. Mol.
Biol. 159, 601-621 (1982); Kaufmann and Sharp, Mol. Cell. Biol. 159, 601-664 (1982);
Scahill et al., "Expression And Characterization Of The Product Of A Human Immune
Interferon DNA Gene In Chinese Hamster Ovary Cells," Proc. Nat'l Acad. Sci. USA. 80,
4654-4659 (1983); Urlaub and Chasin, Proc. Nat'l Acad. Sci. USA 77, 4216-4220, (1980).

[0084] The expression vectors useful mn the present mvention contain at Jeast one
expression control sequence that is operatively linked to the DNA sequence or fragment to be
expressed. The control sequence is inserted in the vector in order to control and to regulate
the expression of the cloned DNA sequence. Examples of useful expression control
sequences are the lac system, the frp system, the fac system, the zrc system, major operator
and promoter regions of phage lambda, the control region of fd coat protein, the glycolytic

promoters of yeast, e.g., the promoter for 3-phosphoglycerate kinase, the promoters of yeast
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acid phosphatase, e.g., Pho3, the promoters of the yeast alpha-mating factors, and promoters
derived from polyoma, adenovirus, retrovirus, and simian virus, e.g., the early and late
promoters or SV40, and other sequences known to control the expression of genes of
prokaryotic or eukaryotic cells and their viruses or combinations thereof.

[0085] The present invention also provides recombinant host cells containing the
expression vectors previously described. Antibodies of the present mvention can be
expressed in cell lines other than in hybridomas. Nucleic acids, which comprise a sequence
encoding a polypeptide according to the invention, can be used for transformation of a
suitable mammalian host cell. '

[0086] Cell lines of particular preference are selected based on high level of
expression, constitutive expression of i)rotein of interest and minimal contamination from
host proteins. Mammalian cell lines available as hosts for expression are well known in the
art and include many immortalized cell lines, such as but not limited to, NSO cells, Chinese
Hamster Ovary (CHO) cells, Baby Hamster Kidney (BHK) cells and many others. Suitable
additional eukaryotic cells include yeast and other fungi. Useful prokaryotic hosts include,
for example, E. coli, such as E. coli SG-936, E. coli HB' 101, E. coli W3110, E. coli X1776,
E. coli X2282, E. coli DHI, and E. coli MRCI, Pseudomonas, Bacillus, such as Bacillus
subtilis, and Streptomyces.

[0087] These present recombinant host cells can be used to produce an antibody, or
fragment thereof, by culturing the cells under conditions permitting expression of the
antibody or fragment thereof and purifying the antibody or fragment thereof from the host
cell or medium surrounding the host cell. Targeting of the expressed antibody or fragment
for secretion in the recombinant host cells can be facilitated by inserting a signal or secretory
leader peptide-encoding sequence (see, Shokri et al., Appl Microbiol Biotechnol. 60(6):654-
64 (2003), Nielsen et al., Prot. Eng. 10:1-6 (1997) and von Heinje et al., Nucl. Acids Res.
14:4683-4690 (1986)) at the 5' end of the antibody-encoding gene of interest. These
secretory leader peptide elements can be derived from either prokaryotic or eukaryotic
sequences. Accordingly suitably, secrétory leader peptides are used, being amino acids
joined to the N-terminal end of a polypeptide to direct movement of the polypeptide out of
the host cell cytosol and secretion into the medium.

[0088] The antibodies of this invention can be fused to additional amino acid

residues. Such amino acid residues can be a peptide tag, perhaps to facilitate isolation. Other
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amino acid residues for homing of the antibodies to specific organs or tissues are also
contemplated.

[0089] In another embodiment, an antibody of the present ivention 1s made by
expressing a nudleic acid encoding the antibody in a transgenic animal, such that the antibody
is expressed and can be recovered. For example, the antibody can be expressed in a tissue
specific manner that facilitates recovery and purification. In one such embodiment, an
antibody of the invention is expressed in the mammary gland for secretion during lactation.
Transgenic anumnals, include but are not limited to mice, goat, and rabbit.

[0090] Antibodies that can be used according to the invention include complete
immunoglobulins, antigen binding fragments of immuﬁoglobulins, as well as antigen binding
proteins that comprise antigen binding domains of immunoglobulins. Antigen binding
fragments of immunoglobulins include, for example, Fab, Fab’, and F(ab’),. Other antibody
formats have been developed which retain binding specificity, but have other characteristics
that may be desirable, including for example, bispecificity, multivalence (more than two-
binding sites), compact size (e.g., binding domains alone). |

[0091] Single chain antibodies lack some or all of the constant domains of the whole
antibodies from which they are derived. Therefore, they can overcome some of the problems
associated with the use of whole antibodies. For example, single-chain antibodies tend to be
free of certain undesired interactions between heavy-chain constant regions and other
- biological molecules. Additionally, single-chain antibodies are considerably smaller than
whole antibodies and can have greater permeability than whole antibodies, allowing single-
chain antibodies to localize and bind to target antigen-binding sites more efficiently.

Furthermore, the relatively small size of single-chain antibodies makes them less likely to

provoke an unwanted immune response in a recipient than whole antibodies.

[0092] Multiple single chain antibodies, each single chain having one Vyand one Vi
domain covalently linked by a first peptide linker, can be covalently linked by at least one or
more peptide linker to form a multivalent single chain antibodies, which can be monospecific
or multispecific. Each chain of a multivalent single chain antibody includes a variable hight
chain fragment and a variable heavy chain fragment, and is linked by a peptide linker to at
least one other chain. The peptide linker is composed of at least fifteen amino acid residues.

The maximum number of amino acid restdues 1s about one hundred.
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[0093]  Two single chain antibodies can be combined to form a diabody, also known
as a bivalent dimer. Diabodies have two chains and two binding sites, and can be
monospecific or bispecific. Each chain of the diabody includes a Vi domain connected to a
Vi domain. The domains are connected with linkers that are short enough to prevent pairing
between domains .on t'he same chain, thus driving the pairing between complementary
domains on different chains to recreate the two antigen-binding sites.

[0094]  Three single chain antibodies can be combined to form triabodies, also known
as trivalent trimers. Triabodies are constructed with the amino acid terminus of a:Vy or Vy
domain directly fused to the carboxyl terminus of a Vi, or Vy domain, i.e., without any linker
sequence. The triabody has three Fv heads with the polypeptides arranged in a cyclic, head-
to-tail fashion. A possible conformation of the triabody 1s planar with the three binding sites
located in a plane at an angle of 120 degrees from one another. Triabodies can be
monospecific, Bispeciﬁc or trispecific.

[0095]  Thus, antibodies of the invention and fragments thert.aof include, but are not
limited to, naturally occurring antibodies, bivalent fragments such as (Fab');, monovalent
fragments such as Fab, single chain antibodies, single chain Fv (scFv), single domain
antibodies, multivalent single chain antibodies, diabodies, triabodies, and the like that bind
specifically with antigens.

[0096] The anti-IGF-IR and anti-PDGFRo antibodies or antibody fragments, which
may be internahized upon binding to cells bearing IGF-IR (W02005016970) or PDGFRa, can
be chemically or biosynthetically linked to anti-tumor agents. Anti-tumor agents linked to
such an antibody mclude any agents which destroy or damage a tumor to which the antibody
has bound or m the environment of the cell to which the antibody has bound. For example,
an anti-tumor agent is a toxic agent such as a chemotherapeutic agent or a radioisotope.
Suitable chemotherapeutic agents are known to those skilled in the art and include
anthracyclines (e.g. daunomycin and doxorubicin), methotrexate, vindesine, neocarzinostatin,
cis-platinum, chlorambucil, cytosine arabinoside, S-fluorouridine, melphalan, ricin and
calichcamicin. The chemotherapeutic agents are conjugated to the antibody using
conventional methods (See, e.g., Hermentin and Seiler, Behring Inst. Mitt. 82:197-
215(1988)).

[0097]  Suitable radioisotopes for use as anti-tumor agents are also known to those

skilled in the art. For example, >'I or **' At is used. These 1sotopes are attached to the
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antibody using conventional techniques (See, e.g., Pedley et al., Br. J. Cancer 68, 69-
73(1993)). .

[0098] Altematively, the anti-tumor agent which is attached to the antibody is an
enzyme which activates a prodrug. In this way, a prodrug is administered which remains in
its inactive form until it reaches the target site where it is converted to its cytotoxin form. In
practice, the antibody-enzyme conjugate is administered to the patient and allowed to localize
in the region of the tissue to be treated. The prodrug is then administered to the patient so
that conversion to the cytotoxic drug occurs in the region of the tissue to be treated.

[0099]  Other anti-tumor agents include cytokines such as interleukin-2 (I1.-2),
interleukin-4 (IL-4) or tumor necrosis factor alpha (TNF-c). The antibody targets the
cytokine to the tumor so that the cytokine mediates damage to or destruction of the tumor
without affecting other tissues. The cytokine can be conjugated to the antibody at the DNA
level using conventional recombinant DNA techniques.

[0100] In certain embodiments of the invention, anti-IGF-IR or anti-PDGFRx
antibodies are administered in combination with one or more anti-neoplastic agents. For
examples of combination therapies, see, e.g., U.S. Patent No. 6,217,866 (Schlessinger et al.)
'(Anti-EGFR antibodies 1n combination with anti-neoplastic agents); WO 99/60023 (Waksal
et al.) (Ant1-EGFR antibodies in combination with radiation). Any suitable anti-neoplastic
agent can be used, such as a chemotherapeutic agent, radiation or combinations thereof. The
anti-neoplastic agent can be an alkylating agent or an anti-metabolite. Examples of alkylating
agents include, but are not limited to, cisplatin, cyclophosphamide, melphalan, and
dacarbazine. Examples of anti-metabolites include, but not limited to, doxorubicin,
daunorubicin, and paclitaxel, gemcitabine.

[0101] Useful anti-neoplastic agents also include mitotic inibitors, such as taxanes
docetaxe] and pachitaxil. Topoisomerase inhibitors are another class of anti-neoplastic agents
that can be used in combination with antibodies of the invention. These include inhibitors of
topoisomerase I or topoisomerase II. Topoisomerase I inhibitors include irinotecan (CPT-
11), aminocamptothecin, camptothecin, DX-8951f, topotecan. Topoisomerase I inhibitors
include etoposide (VP-16), and teniposide (VM-26). Other substances are currently being
evaluated with respect to topoisomerase mhibitory activity and effectiveness as anti-
neoplastic agents. In a preferred embodiment, the topoisomerase inhibitor is irinotecan
(CPT-11).
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[0102] In an particular embodiment of the inventton, an anti-IGF-IR antibody is
administered in combination with docetaxel. In another embodiment of the invention, an
anti-PDGFRa antibody 1s administered in combination with doxorubicin.

[0103] When the anti-neoplastic agent is radiation, the source of the radiation can be
either external (external beam radiation therapy — EBRT) or intetnal (brachytherapy — BT) to
the patient being treated. The dose of anti-neoplastic agent administered depends on
numerous factors, including, for example, the type of agent, the type and severity tumor being
treated and the route of administration of the agent. It should be emphasized, however, that
the present invention is not limited to any particular dose.

[0104] The antibody (anti-IGF-IR or anti-PDGFR0) and antibody plus anti-neoplastic
agent treatments can also be used for patients who receive adjuvant hormonal therapy (e.g.,
for breast cancer) or androgen-deprivation therapy (e.g., for prostate cancer).

[0105] Anti-IGF-IR and anti-PDGFR« antagonists of the invention can be
coadministered, or administered with receptor antagomsts that neutralize other receptors
involved in tumor growth or angiogenesis. For example in an embodiment of the invention,
an anti-IGF-IR antibody and an anti-PDGFR antibody are coadministered. In one
emmbodiment, in which a target tumor cell expresses both IGF-IR and PDGFRo, common
signal transduction elements are activated by signal transduction through each receptor.
Although inhibition of one receptor will generally result in decreased activation of the
common downstream components, inhibition of both receptors will decrease activation
further. In another embodiment, certain cells in a tumor or surrounding tissue express
significant amounts of one receptor, and other cells express significant amounts of the second

receptor. Coadministration of the antagonists reduces growth of the tumor cell and paracrine

stimulation of surroundmg cells.

[0106] A bispecific antibody can be provided as an alternatative to coadministration.
A variety of bispecific antibodies exist that are designed to incorporate various desirable
characteristic. For example, bispecific diabodies have minimal size. Bispecific antibodies
with four antigen binding sites (two for each binding specificity) have binding avidities that
are similar to those of corresponding natural antibodies. Certain bispecific antibodies
incorporate Fc regions, thus retaining effector functions (e.g., complement dependent

cytoxicity (CDC) and antibody dependent cellular cytoxicity (ADCC)) of natural antibodies.
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WO 01/90192 describes IgG-like tetravalent antibodies W0O2006/020258 describes a
tetravalent antibody that incorporates two diabodies and retains effector functions.

[0107] In another embodiment, an anti-IGF-IR antibody or an anti-PDGFRa antibody
or other antagonist is used in combination with a receptor antagonist that binds specifically to
an epidermal growth factor receptor (e.g., EGFR, Her2/erbB2, erbB3, erbB4). Particularly
preferred are antigen-binding proteins that bind to the extracellular domain of EGFR and
block binding of one or more of its ligands and/or neutralize ligand-induced activation of
EGFR. EGFR antagonists also include antibodies that bind to a ligand of EGFR and inhibits
binding of EGFR to its ligand. Ligands for EGFR include, for example, EGF, TGF-¢,
amphiregulin, heparin-binding EGF (HB-EGF) and betacellulin. BEGF and TGF-a are thought
to be the main endogenous ligands that result in EGFR-mediated stimulation, although TGF-
a has been shown to be more potent in promoting angiogenesis. EGFR antagonists also
include substances that inhibit EGFR dimerization with other EGFR receptor subunits (i.e.,
EGFR homodimers) or heterodimerization with other growth factor receptors (e.g., HER2).
EGFR antagonists further include biological molecules and small molecules, such as
synthetic kinase inhibitors that act directly on the cytoplasmic domain of EGFR to inhibit
EGFR-mediated signal transduction. Erbitux® (cetuximab) is an example of an EGFR
antagonist that binds to EGFR and blocks ligand binding. One example of a small molecule
EGFR antagonist is IRESSA™ (ZD1939), which is a quinozaline derivative that functions.as
an ATP-mimetic t6 inhibit EGFR. See U.S. Patent No. 3,616,582 (Zeneca Limited); WO
96/33980 (Zeneca Limited) at p. 4; see also, Rowmsky et al., Abstract 5 presented at the 37th
Annual Meeting of ASCO, San Francisco, CA, 12-15 May 2001; Anido et al., Abstract 1712

presented at the 37th Annual Meeting of ASCO, San Francisco, CA, 12-15 May 2001.
Another example of a small molecule EGFR antagonist is Tarceva® (OSI-774), which is a 4-

(substitutedphenylamino)quinozaline derivative [6,7-Bis(2-methoxy-ethoxy)-quinazolin-4-
yl]- (3-cthynyl-phenyl)amine hydrochloride] EGFR mhibitor. See WO 96/30347 (Pfizer Inc.)
at, for example, page 2, line 12 through page 4, line 34 and page 19, lines 14-17. See also
Moyer et al., Cancer Res., S7: 4838-48 (1997); Pollack et al., J. Pharmacol., 291: 739-48
(1999). Tarceva® may function by inhibiting phosphorylation of EGFR and its downstream
PI3/Akt and MAP (mitogen activated protein) kinase signal transduction pathways resulting
in p27-mediated cell-cycle arrest. See Hidalgo et al., Abstract 281 presented at the 37th
Annual Meeting of ASCO, San Francisco, CA, 12-15 May 2001.
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[0108] Other small molecules are also reported to inhibit EGFR, many of which are
thought to be specific to the tyrosine kinase domain of an EGFR. Some examples of such
small molecule EGFR antagonists are described in WO 91/116051, WO 96/30347, WO
96/33980, WO 97/27199 (Zeneca Limited). WO 97/30034 (Zeneca Limited), WO 97/42187
(Zeneca Limited), WO 97/49688 (Pfizer Inc.), WO