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MONOSPECIFIC AND BISPECIFIC ANTI-IGF-1R AND ANTI-ERBB3 ANTIBODIES

RELATED APPLICATIONS

This application claims priority to U.S. Provisional Application No: 61/477,089, filed
April 19, 2011; U.S. Provisional Application No: 61/539,297, filed September 26, 2011; U.S.
Provisional Application No: 61/558,192, filed November 10, 2011 and U.S. Provisional
Application No: 61/619,244, filed April 2, 2012. Where permitted, the foregoing applications

are incorporated by reference, each in its entirety, for any and all purposes.

SEQUENCE LISTING

The instant application contains a Sequence Listing which has been submitted in ASCII
format via EFS-Web and is hereby incorporated by reference in its entirety. Said ASCII copy,
created on April 5, 2012, is named 1141PCO1.txt and is 950,611 bytes in size.

BACKGROUND

Tumor cells express receptors for growth factors and cytokines that stimulate
proliferation of the cells. Antibodies to such receptors can be effective in blocking the
stimulation of cell proliferation mediated by growth factors and cytokines and can thereby
inhibit tumor cell proliferation and tumor growth. Commercially available therapeutic
antibodies that target receptors on cancer cells include, for example, trastuzumab which targets
the HER2 receptor (also known as ErbB2) for the treatment of breast cancer, and cetuximab
which targets the epidermal growth factor receptor (EGFR, also known as HER1 or ErbB1) for
the treatment of colorectal cancer and head and neck cancer.

Monoclonal antibodies have significantly advanced our ability to treat cancers, yet
clinical studies have shown that many patients do not adequately respond to monospecific
therapy. This is in part due to the multigenic nature of cancers, where cancer cells rely on
multiple and often redundant pathways for proliferation. Bi- or multi- specific antibodies capable
of blocking multiple growth and survival pathways at once have a potential to better meet the
challenge of blocking cancer growth, and indeed many of them are advancing in clinical
development. However, bispecific antibodies present significant design challenges, due to the
greatly increased number of variables that need to be considered in their design and
optimization, as well as to their structural differences from naturally occurring antibodies.

Monoclonal antibodies such as trastuzumab, cetuximab, bevacizumab and panitumumab
have significantly improved patient outcomes in the clinic, and over two hundred therapeutic
monoclonal antibodies are currently being tested in clinical development. However, it has

become apparent that tumors driven by single oncogenes are not the norm, and treatment often
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results in activation of resistance mechanisms, which in turn also require targeted intervention.
For example, in multiple pre-clinical models of trastuzumab resistance, inhibition of IGF-1R
restores sensitivity to trastuzumab. Combination of targeted agents has been attempted in the
clinic, but so far they have had limited clinical success and in combination can be prohibitively
expensive. The need to inhibit multiple targets either due to resistance or to tumors being driven
by multiple growth factor pathways has led to increased interest in bispecific antibodies.
Currently developed bispecific antibodies were typically designed in empirical fashion. Further,
the pharmaceutical properties of these bispecific antibodies were almost invariably inferior to
those of monoclonal antibodies. These factors present a major challenge to the development of
bispecific anti-cancer therapies. Significant added benefit from targeting multiple cancer
survival pathways can be derived from increased work up front to identify and engineer a
bispecific antibody with optimal characteristics. This requires an iterative approach consisting of
computational simulation to identify optimal targeting strategies and design specifications,
engineering of inhibitors that possess these characteristics, and experimental validation of the
therapeutic hypothesis. We separate this engineering framework into two categories: selection of
appropriate molecular format with robust pharmaceutical properties and computational
simulation to identify the best targets and optimal therapeutic design characteristics, e.g., in an
IgG-like bispecific antibody (Fig. 8).

One of the main advantages of antibodies is their ability to bind tightly to virtually any
extracellular target. This property is driven by two features of antibody variable regions (VRs):
the large flat surface of six complementarity determining regions (CDRs) and the fact that
antibodies have two binding arms that can target two molecules simultaneously. In bispecific
antibodies, dual target binding results in tighter affinity because once one arm of the antibody is
bound to an extracellular target, the second arm is restricted to a narrow region above the plasma
membrane (about 100 angstroms), and is, therefore, concentrated near the cell surface. This
results in a much faster secondary binding event that is not limited by diffusion. The acceleration
of a secondary binding event is called. Both affinity and avidity are rationally engineerable
properties, as the former can be improved via in silico affinity maturation and the latter can be
enhanced by engineering additional targeting arms to the same or different antigen present on the
cell surface. In addition to their binding capabilities, antibodies may possess multiple effector
functions mediated by their Fc domain: antibody-dependent cellular cytotoxicity (ADCC) and
antibody-dependent cellular phagocytosis (ADCP) that in humans are determined by interactions
with activating FcyRI, FeyRIla/c, FcyRIlla and inhibitory FcyRIIb receptors; complement-
dependent cytotoxicity (CDC) that is triggered by antibody binding to the components of the

complement system; and long half-life that is mediated via active recycling by the neonatal Fc
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receptor (FcRn). All of these functions can be tuned to optimize the effectiveness of an anti-
cancer therapy and are may be retained to advantage in a bispecific protein.

The variable fragment (Fv), composed of the variable heavy (VH) and variable light
(VL) domains of an IgG antibody, is a minimal antibody fragment that displays full antigen
binding. These variable domains can be successfully fused into a single chain construct (scFv),
although affinity is often reduced to some extent compared to a whole native antibody. A
majority of current bispecific formats feature one or several scFv modules attached to the N- or
C-terminus of an IgG heavy chain or IgG light chain via a low complexity linker. Another
bispecific antibody format is dual variable domain immunoglobulin (DVD-Ig). DVD-Ig consists
of a first IgG heavy chain with a second VH domain linked to its N-terminus by a short linker,
and a first IgG light chain with a second VL domain similarly linked to its N-terminus. The
second VH/VL domains form a pair with specificity for one antigen while the first VH/VL form
a separate binding site with specificity for a different antigen.

Bivalent formats of IgG-like antibodies have one potential limitation; they can cross-link
cell surface antigens, some of which are activated by dimerization, triggering undesirable
signaling events in an uncontrolled manner. To address this challenge, tunable monovalent
bispecific antibody formats have been developed. MetMab, a one armed anti-c-Met therapeutic
antibody created by incorporating asymmetric “knobs and holes” into the Fc fragment, has been
shéwn to be effective in models of pancreatic cancer and is being investigated in multiple
clinical trials. This “knobs and holes” format has been recently extended to incorporate an
antibody fragment targeting EGFR, giving rise to a functionally monovalent bispecific protein
targeting EGFR/ErbB1 and c-Met/HGFR. Gunasekaran et al. have described an alternative
implementation of the “knobs and holes “concept by engineering complementary charged
surfaces into the Fc fragment. Davis et al. have described a “SEED” approach that used modified
asymmetric Fc containing fragments from human IgG and IgA to form heteromeric monovalent
antibodies. Finally, Bostrom et al. has described a novel engineering approach to construct
bifunctional Fab fragment that can bind either HER2 or VEGF with high affinity. When
combined in a canonical antibody molecule, these Fab fragments will engage HER2 or VEGF
with different valences that will depend on the cellular environment and growth factor
concentration.

Another important component of a bispecific antibody design is the optimization of
pharmaceutical properties. To be clinically useful, a therapeutic protein must be stable, remain
soluble over an extended period of time and possess a robust manufacturability profile.
Bispecific antibodies are typically less stable than monoclonal antibodies, and initially may not

possess adequate pharmaceutical properties for development. They can be stabilized through
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molecular engineering, through downstreém formulation activities, or, as most commonly
practiced, through the combination of both approaches.

The importance of minimizing chemical manufacturing and control liabilities in small
molecule drug candidates has been long recognized and the rules to predict drug-likeness have
been proposed. Many groups have used conceptually similar approaches to assess the fitness of
IgG based proteins by evaluating unfavorable sequence features such as: non-canonical
disulfides or unpaired cysteines, extra glycosylation sites, tyrosine sulfation motifs, solvent
accessible methionines, asparagine deamidation motifs, and acid cleavage sites. Extra
glycosylation sites and asparagine deamidation sites are quite common features of natural
antibodies sequences. In fact over 20% of variable domains of heavy chains are reported to be
glycosylated and over 5% of germline genes contain asparagine-glycine deamidation motifs.
Deamidation rates in antibodies can be reliably estimated using the method proposed by
Robinson that suggests that structurally constrained loop's do not form a succinimide
intermediate efficiently and therefore are stable.

While the canonical N-linked glycosylation motif (NXS and NXT, where X is any aa
but proline) can be easily detected in antibody sequence, O-linked sites, which are liabilities in
that they can also negatively impact pharmaceutical properties, are more difficult to recognize.
Recently several O-linked modifications of variable domains of antibody light chains have been
reported, mostly in the proximity of GS rich sequence motifs. Many approaches to improve the
affinity and stability of a candidate protein at the discovery stage exist including structure-
guided design, focused library screening and yeast display; therefore, we find it beneficial to
remove such potential liabilities at risk in the early proof-of-concept proteins.

Other liabilities, such as aggregation and immunogenicity are more challenging from an
engineering perspective. Not only are both multifaceted properties, but it is also very difficult to
adequately evaluate them in small scale biochemical and biophysical testing and, therefore, they
tend to first be detected late in development. Arguably the best approach to reduce antibody
immunogenicity is through humanization. This approach has been extensively validated by a
number of humanized antibodies that have been well-tolerated in the clinic. A recently proposed
“superhumanization” approach introduces human germline sequences into the CDRs to yield
‘fully human’ antibodies. This approach requires each amino acid (“aa”) in the CDRs to be
mutated in order to determine its contribution to antigen binding; the resulting antibody may be
less immunogenic. Aside from sequen.ce-based features, immunogenicity of antibodies and
antibody-like proteins can be dependent on their aggregation stability. Interestingly, the
“humanness” and the stability in an antibody module, such as scFv, can be co-engineered via a

knowledge-based approach.
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Engineering of protein antibody solubility is another daunting task, as the property is
also a composite of several physico-chemical parameters. Nevertheless, a number of methods to
combat insolubility have been proposed. Pepinsky et al. have used glycoengineering, isotype
switching, and structure-guided mutagenesis, to increase the solubility of a monoclonal antibody.
Chennamsetty et al. have described an unbiased approach to improving stability with respect to
aggregation that relies on molecular dynamics simulations to calculate a parameter called surface
aggregation propensity and applied this technique to introduce stabilizing amino acids (“aas”) in
the aggregation-prone regions of antibodies. Interestingly, in their analysis of antibodies,
aggregation prone regions often co-locate with functionally important regions that confer Fc
receptor or antigen binding and, therefore, cannot be easily removed.

Such a coupling between molecular function and pharmaceutical properties in antibodies
is common. It can significantly complicate optimization of the bispecific antibodies, as even
larger parts of their sequences are located in the functionally important regions. Therefore, to
enable successful engineering it is important to identify critical molecular functions and optimal

design characteristics.

Computational simulation to identify best targets and optimal therapeutic design characteristics

Computational simulation is a valuable tool for guiding drug development decisions,
both in the laboratory and in the clinic. Population pharmacokinetic modeling is a mature
example of the use of models to optimize dose scheduling and clinical trial designs. For
therapies with known targets it is possible to utilize computational simulation much earlier in the
design process. Advances in multiplex, high-throughput quantitative protein measurement
technologies have enabled observation of the complex dynamics that occur in cellular signaling
networks. These data permit the creation of network models which capture the mechanistic
behaviors of biological systems that are relevant to diseases such as cancer. By simulating
potential therapeutics through network modeling it is possible to design more effective
therapeutics at an accelerated pace and more accurately predict design paramelérs.

Traditionally, selection of a pharmaceutical agent for a targeted therapy begins with a
known target which is selected from a multitude of molecular, biological and physiological data.
However, even in well-studied and heavily targeted biological systems there are opportunities
for new discoveries, which can be aided by simulation of pathway or network models.

Accordingly, additional therapeutic approaches for cancer treatment, and in particular
polyspecific antibody-based proteins that are engineered to have superior biophysical and
therapeutic properties are difficult to obtain, but are needed to overcome limitations of current

antibody therapies and to provide other benefits.
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SUMMARY

Provided herein are polyvalent bispecific antibodies (PBA), which antibodies are
proteins comprising two pairs of polypeptide chains, each pair of said two pairs comprising a
heavy chain joined to a light chain by at least one heavy-light chain bond; wherein (a) each pair
comprises at least one anti-IGF-1R binding site and at least one anti-ErB3 binding site; and (b)
each pair comprises a first binding site that comprises an N-terminal portion of the heavy chain
of the PBA and an N-terminal portion of the light chain of the PBA, and a second binding site
that is a C-terminal scFv that is entirely comprised by the heavy chain of the PBA, said C-
terminal scFv containing a heavy chain VR joined to a light chain VR by an scFv linker; and the
anti-IGF-1R binding site is linked to the anti-ErbB3 binding site through a heavy chain
immunoglobulin (HC Ig) constant region (CR) comprised by the heavy chain of the PBA, and
the two pairs are conjoined by at least one bond between the HC Ig CRs of each pair. In
preferred embodiments, the anti-IGF-1R binding site comprises a heavy chain variable (VH)
domain comprising a set of three VH Complementarity Determining Regions (CDRs)
comprising either (a) VHCDR1 (aa numbers 26-35), VHCDR?2 (aa numbers 51-66), and
VHCDR3 (aa numbers 99-111), of a heavy chain having an aa sequence comprising the aa
sequence of (set forth in) a SEQ ID NO selected from the group consisting of SEQ ID NO:1,
SEQ ID NOs:8-31 and SEQ ID NOs:384-385; or (b) a set of three VH Complementarity
Determining Regions (CDRs) comprising VHCDR1 comprising SEQ ID NO:302, VHCDR2
comprising SEQ ID NO:303 and VHCDR3 comprising SEQ ID NO:304, and a light chain
variable (VL) domain comprising a set of three VLCDRs comprising either (c) VLCDR1 (aa
numbers 24-34), VLCDR2 (aa numbers 50-56) and VLCDR3 (aa numbers 89-97) of a light
chain having an aa sequence comprising the aa sequence of a SEQ ID NOselected from the
group consisting of SEQ ID NOs:2-3, SEQ ID NOs:32-133, and SEQ ID NOs:386-387; or (d) a
set of three VLCDRs comprising VLCDR1 comprising SEQ ID NO:305, VLCDR2 comprising
SEQ ID NO:306 and VLCDR3 comprising SEQ ID NO:307 or SEQ ID NO:308, and each CDR
further comprising an amino terminus and a carboxy terminus, wherein the CDRs of each set of
CDRs are arranged in the corresponding heavy or light chain in a linear amino to carboxy order
of CDR1, CDR2 and CDR3, or wherein the sequences of VHCDR1, VHCDR?2 and VHCDR3
comprise variable aas, which independently represent any aa set forth at the corresponding
position in Fig. 1, and the sequences of VLCDR1, VLCDR?2 and VLCDR3 comprise variable
aas, which independently represent any aa set forth at the corresponding position in Fig. 2, with
the proviso that the PBA (i) does not comprise both the anti-IGF-1R SF module and the anti-
ErbB3 C8 module; or (ii) comprises at least one CDR or FR that differs in one or more aas from
a CDR or FR, respectively, of the SF or C8 module. In certain embodiments, the anti-ErbB3

binding site comprises a VH domain comprising a set of three VH CDRs comprising either (e)
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VHCDRI1 (aa numbers 26-35), VHCDR2 (aa numbers 51-66) and VHCDR3 (aa numbers 99-
111).of a heavy chain having an aa sequence comprising the aa sequence of a SEQ ID
NOselected from the group consisting of SEQ ID NOs:4-5, SEQ ID NOs: 134-165, and SEQ ID
NO:388, or (f) a set of three VH CDRs comprising VHCDR1 comprising SEQ ID NO:309,
VHCDR2 comprising SEQ ID NO:310 and VHCDR3 comprising SEQ ID NO:311, and a light
chain variable (VL) domain comprising a set of three VLCDRs comprising either (g) VLCDR1
(aa numbers 23-33), VLCDR?2 (aa numbers 49-55) and VL.CDR3 (aa numbers 88-98), of a light
chain having an aa sequence comprising the aa sequence of a SEQ ID NOselected from the
group consisting of SEQ ID NOs:6-7 and SEQ ID NOs: 166-200; or (h) a light chain variable
(VL) domain comprising a set of three VLCDRs comprising VLCDR1 comprising SEQ ID
NO:312, VLCDR2 comprising SEQ ID NO:313 and VLCDR3 comprising SEQ ID NO:314 or
SEQ ID NO:315, and each CDR further comprises an amino terminus and a carboxy terminus,
wherein the CDRs of each set of CDRs are arranged in the antibody in a linear amino to carboxy
order of CDR1, CDR2 and CDR3, or wherein the sequences of the VHCDR1, VHCDR?2 and
VHCDR3 comprise variable aas, which independently represent any aa set forth at the
corresponding position in Fig. 3, and the sequences of the VLCDR1, VLCDR2 and VLCDR3
comprise variable aas, which independently represent any aa set forth at the corresponding
position in Fig. 4, wherein the PBA (i) does not comprise both the anti-IGF-1R module
comprising a light chain comprising SEQ ID NO:35 and a heavy chain comprising SEQ ID
NO:11 and the b) an anti-ErbB3 C8 module comprising a light chain comprising SEQ ID
NO:175 and a heavy chain comprising SEQ ID NO:145. In certain embodiments, the anti-IGF-
1R VLCDR3 comprises SEQ ID NO:308 or the anti-ErbB3 VLCDR3 comprises SEQ ID
NO:315. In certain embodiments, the two pairs of polypeptide chains are have essentially
identical sequences. At least one of at least one bonds between the HC Ig CRs bonds is a
disulfide bond and may be a disulfide bond or a van der Waals bond or at least one of said at
least one heavy-light chain bonds is a disulfide bond and may be a disulfide bond or a van der
Waals bond. In certain embodiments, the anti-ErbB3 binding site is the C-terminal scFv and in
certain embodiments, the anti-IGF-1R binding site is the C-terminal scFv. The anti-IGF-1R
binding site, the HC Ig CR and the anti-ErbB3 binding site of a PBA may comprise the heavy
chain of that pair, which is comprised by a single, contiguous polypeptide chain.

A PBA may (i) inhibit growth of tumor cells in vitro at a concentration of 1 pM or less,
or 100 nM or less, or 10 nM or less, or 1 nM or less, or ii) inhibits either or both of heregulin and
IGF1 induced signal transduction with an IC50 of 10nM or less or 1nM or less or 100 pM or
less, or a maximal percent inhibition of at least 70% or at least 80% or at least 90%, as indicated
by inhibition of phosphorylation of either or both of pErbB3 and pIGF-1R. Growth inhibition

may be measured with a CTG assay in DU145 cells in culture. Inhibition of signal transduction



WO 2012/145507 PCT/US2012/034244

10

15

20

25

30

35

may be determined in BXPC-3 cells in culture following stimulation with IGF-1 at 80 ng/ml and
heregulin at 20 ng/ml for 15 minutes.

In certain embodiments, each HC Ig CR of a PBA comprises a CH3 domain that
mediates conjunction with the CH3 domain of the other pair. Each HC Ig CR may also
comprise a CH2 domain, a hinge, and a CHI domain. In certain embodiments, the CH1 domain
of a PBA is linked at its C-terminus to the N-terminus of a hinge, which is linked at its C-
terminus to the N-terminus of a CH2 domain, which is linked at its C-terminus to the N-terminus
of a CH3 domain.

Each first binding site may comprise a first VH domain, and each CH1 domain of a PBA may be
linked at its N-terminus to the C-terminus of the first VH domain. Each CH3 domain of a PBA
may be linked at its C-terminus to the N-terminus of the scFv. Each CH3 domain of a PBA may
be linked at its C terminus to the N-terminus of a connecting linker, which is linked at its C-
terminus to the N-terminus of the scFv. Each light chain may comprise a first VL domain that
associates with the first VH domain to form the first binding site. Each first VL domain may be
linked at its C-terminus to the N-terminus of a CL domain. Each first binding site may be an
anti-IGF-1R binding site and each scFv may be an anti-ErbB3 scFv. Each first binding site may
be an anti-ErbB3 binding site and each scFv may be an anti-IGF-1R scFv. The HC Ig CR of a
PBA may be an IgG CR, e.g., an IgG1 or IgG2 CR.

In certain embodiments, the anti-IGF-1R VHCDR1, VHCDR2, VHCDR3 of a PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:8 and the anti-IGF-1R
VLCDR1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:32. In certain embodiments, the anti-IGF-1R VHCDRI1, VHCDR?2,
VHCDR3 of a PBA comprise the aa sequence of the corresponding CDRs of SEQ ID NO:9 and
the anti-IGF-1R VLCDR1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the
corresponding CDRs of SEQ ID NO:33. In certain embodiments, the anti-IGF-1R VHCDR1,
VHCDR?2, VHCDR3 of a PBA comprise the aa sequence of the corresponding CDRs of SEQ ID
NO:10 and the anti-IGF-1R VLCDR1, VLCDR2 and VLCDR3 of the PBA comprise the aa
sequence of the corresponding CDRs of SEQ ID NO:34. In certain embodiments, the anti-IGF-
1R VHCDR1, VHCDR2, VHCDR3 of a PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:11 and the anti-IGF-1R VLCDR1, VLCDR2 and VLCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:35. In certain
embodiments, the anti-IGF-1R VHCDR1, VHCDR?2, VHCDR3 of a PBA comprise the aa
sequence of the corresponding CDRs of SEQ ID NO:8 and the anti-IGF-1R VLCDR1, VLCDR2
and VLCDR3 of the PBA comprise the aa sequence of the corresponding CDRs of SEQ ID
NO:33. In certain embodiments, the anti-IGF-1R VHCDR1, VHCDR2, VHCDR3 of a PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:10 and the anti-IGF-1R
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VLCDRI1, VLCDR?2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:32.

In certain embodiments, the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of a PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:134 and the anti-ErbB3
VLCDRI, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:166. In certain embodiments, the anti-ErbB3 VHCDR1, VHCDR2,
VHCDRS3 of a PBA comprise the aa sequence of the corresponding CDRs of SEQ ID NO:135
and the anti-ErbB3 VLCDR1, VLCDR?2 and VLCDR3 of the PBA comprise the aa sequence of
the corresponding CDRs of SEQ ID NO:167. In certain embodiments, the anti-ErbB3
VHCDR1, VHCDR2, VHCDR3 of a PBA comprise the aa sequence of the corresponding CDRs
of SEQ ID NO:136 and the anti-ErbB3 VLCDR1, VLCDR2 and VLCDR3 of the PBA comprise
the aa sequence of the corresponding CDRs of SEQ ID NO:168. In certain embodiments, the
anti-ErbB3 VHCDR1, VHCDR?2, VHCDR3 of a PBA comprise fhe aa sequence of the
corresponding CDRs of SEQ ID NO:137 and the anti-ErbB3 VLCDR1, VLCDR?2 and VLCDR3
of the PBA comprise the aa sequence of the corresponding CDRs of SEQ ID NO:169. In certain
embodiments, the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of a PBA comprise the aa
sequence of the corresponding CDRs of SEQ ID NO:138 and the anti-ErbB3 VLCDR1,
VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding CDRs of
SEQ ID NO:170. In certain embodiments, the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of a
PBA comprise the aa sequence of the corresponding CDRs of SEQ ID NO:139 and the anti-
ErbB3 VLCDR1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the
corresponding CDRs of SEQ ID NO:171. In certain embodiments, the anti-ErbB3 VHCDRI,
VHCDR2, VHCDR3 of a PBA comprise the aa sequence of the corresponding CDRs of SEQ ID
NO:140 and the anti-ErbB3 VLCDR1, VLCDR?2 and VLCDR3 of the PBA comprise the aa
sequence of the corresponding CDRs of SEQ ID NO:172. In certain embodiments, the anti-
ErbB3 VHCDRI1, VHCDR2, VHCDR3 of a PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:141 and the anti-ErbB3 VLCDR1, VLCDR2 and VLCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NOs: 173. In certain
embodiments, the anti- ErbB3 VHCDR1, VHCDR2, VHCDR3 of a PBA comprise the aa
sequence of the corresponding CDRs of SEQ ID NO:142 and the anti-ErbB3 VLCDR1,
VLCDR?2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding CDRs of
SEQ ID NO:174. In certain embodiments, the anti- ErbB3 VHCDRI1, VHCDR2, VHCDR3 of a
PBA comprise the aa sequence of the corresponding CDRs of SEQ ID NO:143 and the anti-
ErbB3 VLCDR1, VLCDR2 and VLCDR?3 of the PBA comprise the aa sequence of the
corresponding CDRs of SEQ ID NO:175. In certain embodiments, the anti- ErbB3 VHCDRI1,
VHCDR2, VHCDR3 of a PBA comprise the aa sequence of the corresponding CDRs of SEQ ID
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NO:136 and the anti-ErbB3 VLCDR1, VLCDR2 and VLCDR3 of the PBA comprise the aa
sequence of the corresponding CDRs of SEQ ID NO:169.

In certain embodiments, the anti-IGF-1R VHCDR1, VHCDR2, VHCDR3 of a PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:8 and the anti-IGF-1R
VLCDR1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:32; and (a) the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:134 and the anti-ErbB3
VLCDR1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:166; or (b) the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresbonding CDRs of SEQ ID NO:135 and the anti-ErbB3
VLCDRI, VLCDR?2 and VLCDR3 of the PBA comprise the aa‘sequence of the corresponding
CDRs of SEQ ID NO:167; or (¢) the anti-ErbB3 VHCDR1, VHCDR?2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:136 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:168; or (d) the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:137 and the anti-ErbB3
VLCDR1, VLCDR2 and VLCDRS3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:169; or () the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:138 and the anti-ErbB3
VLCDR1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:170; or (f) the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:139 and the anti-ErbB3
VLCDR1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:171; or (g) the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:140 and the anti-ErbB3
VLCDR1, VLCDR2 and VLCDRS3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:172; or (h) the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:141 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NOs: 173; or (i) the anti- ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:142 and the anti-ErbB3
VLCDR1, VLCDR2 and VLCDRS3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:174; or (j) the anti- ErbB3 VHCDR1, VHCDR?2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:143 and the anti-ErbB3
VLCDR1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:175; or (k) the anti- ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
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comprise the aa sequence of the corresponding CDRs of SEQ ID NO:136 and the anti-ErbB3
VLCDR1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:169.

In certain embodiments, the anti-IGF-1R VHCDR1, VHCDR2, VHCDR3 of a PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:9 and the anti-IGF-1R
VLCDRI1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:33; and (a) the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:134 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:166; or (b) the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:135 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:167; or (c) the anti-ErbB3 VHCDR1, VHCDR?2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:136 and the anti-ErbB3
VLCDR1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:168; or (d) the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:137 and the anti-ErbB3
VLCDR1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:169; or (e) the anti-ErbB3 VHCDR1, VHCDR?2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:138 and the anti-ErbB3
VLCDRI1, VLCDR2 and VL.CDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:170; or (f) the anti-ErbB3 VHCDR1, VHCDR?2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:139 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:171; or (g) the anti-ErbB3 VHCDR1, VHCDR?2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:140 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:172; or (h) the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:141 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NOs: 173; or (i) the anti- ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:142 and the anti-ErbB3
VLCDR1, VLCDR?2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:174; or (j) the anti- ErbB3 VHCDRI1, VHCDR?2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:143 and the anti-ErbB3
VLCDR1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
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CDRs of SEQ ID NO:175; or (k) the anti- ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:136 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDRS3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:169.

In certain embodiments, the anti-IGF-1R VHCDR1, VHCDR?2, VHCDR3 of a PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:10 and the anti-IGF-1R
VLCDRI1, VLCDR?2 and VLCDRS3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:34; and (a) the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:134 and the anti-ErbB3
VLCDRI1, VLCDR? and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:166; or (b) the anti-ErbB3 VHCDR1, VHCDR?2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:135 and the anti-ErbB3
VLCDRI1, VLCDR?2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:167; or (c) the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:136 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:168; or (d) the anti-ErbB3 VHCDR1, VHCDR?2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:137 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:169; or (e) the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:138 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:170; or (f) the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:139 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:171; or (g) the anti-ErbB3 VHCDR1, VHCDR?2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:140 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:172; or (h) the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:141 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NOs: 173; or (i) the anti- ErtbB3 VHCDRI1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:142 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:174; or (j) the anti- ErbB3 VHCDR1, VHCDR?2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:143 and the anti-ErbB3
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VLCDRI1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:175; or (k) the anti- ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:136 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:169.

In certain embodiments, the anti-IGF-1R VHCDR1, VHCDR2, VHCDR3 of a PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:11 and the anti-IGF-1R .
VLCDRI1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:35; and (a) the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:134 and the anti-ErbB3
VLCDR1, VLCDR?2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:166; or (b) the anti-ErbB3 VHCDR1, VHCDR?2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:135 and the anti-ErbB3
VLCDRI1, VL.CDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:167; or (c) the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:136 and the anti-ErbB3
VLCDR1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:168; or (d) the anti-ErbB3 VHCDR1, VHCDR2, VHCDRS3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:137 and the anti-ErbB3
VLCDR1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:169; or (e) the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:138 and the anti-ErbB3
VLCDR1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:170; or (f) the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:139 and the anti-ErbB3
VLCDR1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:171; or (g) the anti-ErbB3 VHCDRI1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:140 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:172; or (h) the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:141 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NOs: 173; or (i) the anti- ErtbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:142 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:174; or (j) the anti- ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
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comprise the aa sequence of the corresponding CDRs of SEQ ID NO:136 and the anti-ErbB3
VLCDRI1, VLCDR2 and VL.CDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:169.

In certain embodiments, the anti-IGF-1R VHCDR1, VHCDR2, VHCDR3 of a PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:8 and the anti-IGF-1R
VLCDR1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:33; and (a) the anti-ErbB3 VHCDR1, VHCDR?2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:134 and the anti-ErbB3
VLCDR1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:166; or (b) the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:135 and the anti-ErbB3
VLCDRI1, VLCDR?2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:167; or (c) the anti-ErbB3 VHCDR1, VHCDR?2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:136 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:168; or (d) the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:137 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:169; or (¢) the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:138 and the anti-ErbB3
VLCDRI1, VLCDR?2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:170; or (f) the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:139 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:171; or (g) the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:140 and the anti-ErbB3
VLCDRI1, VLCDR?2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:172; or (h) the anti-ErbB3 VHCDR 1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:141 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NOs: 173; or (i) the anti- ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:142 and the anti-ErbB3
VLCDRI, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:174; or (§) the anti- ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:143 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
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CDRs of SEQ ID NO:175; or (k) the anti- ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:136 and the anti-ErbB3
VLCDR1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:169.

In certain embodiments, the anti-IGF-1R VHCDR1, VHCDR2, VHCDR3 of a PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:10 and the anti-IGF-1R
VLCDRI1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:32; and (a) the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:134 and the anti-ErbB3
VLCDR1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:166; or (b) the anti-ErbB3 VHCDR1, VHCDR?2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:135 and the anti-ErbB3
VLCDR1, VLCDR?2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:167; or (c) the anti-ErbB3 VHCDR1, VHCDR?2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:136 and the anti-ErbB3
VLCDRI1, VLCDR?2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:168; or (d) the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:137 and the anti-ErbB3
VLCDR1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:169; or (e) the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:138 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:170; or (f) the anti-ErbB3 VHCDR1, VHCDR2, VHCDR?3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:139 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:171; or (g) the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:140 and the anti-ErbB3
VLCDRI, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:172; or (h) the anti-ErbB3 VHCDR1, VHCDR?2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:141 and the anti-ErbB3
VLCDRI, VLCDR?2 and VLCDR3 of the PBA ‘comprise the aa sequence of the corresponding
CDRs of SEQ ID NOs: 173; or (i) the anti- ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:142 and the anti-ErbB3
VLCDRI, VLCDR?2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:174; or (j) the anti- ErbB3 VHCDR1, VHCDR?2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:143 and the anti-ErbB3
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VLCDRI1, VLCDR?2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:175; or (k) the anti- ErbB3 VHCDR1, VHCDR2, VHCDR3 of the PBA
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:136 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 of the PBA comprise the aa sequence of the corresponding
CDRs of SEQ ID NO:169.

In certain embodiments, each anti-IGF-1R binding site of a PBA comprises a VH
domain comprising the sequence of SEQ ID NO:1, wherein the sequence comprises variable aas,
which independently represent any aa set forth at the corresponding position in Fig. 1 and/or
each anti-IGF-1R binding site of a PBA comprises a VL. domain comprising the sequence of
SEQ ID NO:2 (or 3), wherein the sequence comprises variable aas, which independently
represent any aa set forth at the corresponding position in Fig. 2.

~ In certain embodiments, each anti-ErbB3 binding site of a PBA comprises a VH domain
comprising the sequence of SEQ ID NO:4 (or 5), wherein the sequence comprises variable aas,
which independently represent any aa set forth at the corresponding position in Fig. 3 and/or
each anti-ErbB3 binding site of a PBA comprises a VL. domain comprising the sequence of SEQ
ID NO:6 (or 7), wherein the sequence comprises variable aas, which independently represent
any aa set forth at the corresponding position in Fig. 4.

In certain embodiments, each anti-IGF-1R binding site of a PBA comprises a VH
domain comprising the sequence of SEQ ID NO:1 and a VL. domain comprising the sequence of
SEQ ID NO:2 (or 3) and each anti-ErbB3 binding site of the PBA comprises a VH domain
comprising the sequence of SEQ ID NO:4 (or 5) and a VL domain comprising the sequence of
SEQ ID NO:6 (or 7).

In certain embodiments, each anti-IGF-1R binding site of a PBA comprises a VH
domain comprising the aa sequence of SEQ ID NO:1, wherein X1 is not T, X2 is not V, X6 is
not R, X8 is not D or X10 is not I, or a VL domain comprising the aa sequence of SEQ ID NO:3
or each anti-ErbB3 binding site of a PBA coxhprises a VH domain comprising the aa sequence of
SEQ ID NO:5 or a VL. domain comprising the sequence of SEQ ID NO:7. In certain
embodiments, each anti-IGF-1R binding site of a PBA comprises a VH domain comprising the
aa sequence of SEQ ID NO:1, wherein X1 is not T, X2 is not V, X6 is not R, X8 is not D or X10
is not I, a VL domain comprising the sequence of SEQ ID NO:3; and each anti-ErbB3 binding
site of the PBA comprises a VH domain comprising the aa sequence of SEQ ID NO:5 and a VL
domain comprising the sequence of SEQ ID NQO:7.

In certain embodiments, each anti-IGF-1R binding site of a PBA comprises. a VH
domain comprising an aa sequence selected from the group consisting of SEQ ID NOs: 8-31
and/or a VL domain comprising an aa sequence selected from the group consisting of SEQ ID

NOs: 32-133 and/or each anti-ErbB3 binding site comprises a VH aa sequence selected from the
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group consisting of SEQ ID NOs: 134-165; and/or a VL aa sequence selected from the group
consisting of SEQ ID NOs: 166-200. In certain embodiments, (a) each first VH domain
comprises an aa sequence selected from the group comprising SEQ ID NOs: 8-31, each first VL
domain comprises an aa sequence selected from the group consisting of SEQ ID NOs: 32-133,
each second VH domain comprises an aa sequence selected from the group consisting of SEQ
ID NOs: 134-165 and each second VL domain comprises an aa sequence selected from the
group comprising SEQ ID NOs: 166-200, or (b) each first VH domain comprises an aa
sequence selected from the group comprising SEQ ID NOs: 134-165, each first VL domain
comprises an aa sequence selected from the group consisting of SEQ ID NOs: 166-200, each
second VH domain comprises an aa sequence selected from the group comprising SEQ ID NOs:
8-31 and each second VL domain consisting of an aa sequence selected from the g-roup
comprising SEQ ID NOs: 32-133.

In certain embodiments, each anti-IGF-1R VH domain of a PBA comprises the aa
sequence of SEQ ID NO:8 and each anti-IGF-1R VL domain of the PBA comprises the aa
sequence of SEQ ID NO:32. In certain embodiments, each anti-IGF-1R VH domain of a PBA
comprises the aa sequence of SEQ ID NO:9 and each anti-IGF-1R VL domain of the PBA
comprises the aa sequence of SEQ ID NO:33. In certain embodiments, each anti-IGF-1R VH
domain of a PBA comprises the aa sequence of SEQ ID NO:10 and each anti-IGF-1R VL
domain of the PBA comprises the aa sequence of SEQ ID NO:34. In certain embodiments, each
anti-IGF-1R VH domain of a PBA comprises the aa sequence of SEQ ID NO:11 and each anti-
IGF-1R VL domain of the PBA comprises the aa sequence of SEQ ID NO:35. In certain
embodiments, each anti-IGF-1R VH domain of a PBA comprises the aa sequence of SEQ ID
NO:8 and each anti-IGF-1R VL domain of the PBA comprises the aa sequence of SEQ ID
NO:33. In certain embodiments, each anti-IGF-1R VH domain’of a PBA comprises the aa
sequence of SEQ ID NO:10 and each anti-IGF-1R VL domain of the PBA comprises the aa
sequence of SEQ ID NO:32.

In certain embodiments, each anti-ErbB3 VH domain of a PBA comprises the aa
sequence of SEQ ID NO:134 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:166. In certain embodiments, each anti-ErbB3 VH domain of a PBA
comprises the aa sequence of SEQ ID NO:135 and the anti- ErbB3 VL domain of the PBA
comprise the aa sequence of SEQ ID NO:167. In certain embodiments, each anti-ErbB3 VH
domain of a PBA comprises the aa sequence of SEQ ID NO:136 and each anti-ErbB3 VL.
domain of the PBA comprises the aa sequence of SEQ ID NO:168. In certain embodiments,
each anti-ErbB3 VH domain of a PBA comprises the aa sequence of SEQ ID NO:137 and each
anti-ErbB3 VL domain of the PBA comprises the aa sequence of SEQ ID NO:169. In certain
embodiments, each anti-ErbB3 VH domain of a PBA comprises the aa sequence of SEQ ID
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NO:138 and each anti-ErbB3 VL domain of the PBA comprises the aa sequence of SEQ ID
NO:170. In certain embodiments, each anti-ErbB3 VH domain of a PBA comprises the aa
sequence of SEQ ID NO:139 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:171. In certain embodiments, each anti-ErbB3 VH domain of a PBA
comprises the aa sequence of SEQ ID NO:140 and each anti-ErbB3 VL domain of the PBA
comprises the aa sequence of SEQ ID NO:172. In certain embodiments, each anti-ErbB3 VH
domain of a PBA comprises the aa sequence of SEQ ID NO:141 and each anti-ErbB3 VL
domain of the PBA comprises the aa sequence of SEQ ID NO:173. In certain embodiments,
each anti- ErbB3 VH domain of a PBA comprises the aa sequence of SEQ ID NO:142 and each
anti-ErbB3 VL domain of the PBA comprises the aa sequence of SEQ ID NO:174. In certain
embodiments, each anti- ErbB3 VH domain of a PBA comprises the aa sequence of SEQ ID
NO:143 and each anti-ErbB3 VL domain of the PBA comprises the aa sequence of SEQ ID
NO:175. In certain embodiments, each anti- ErbB3 VH domain of a PBA comprises the aa
sequence of SEQ ID NO:136 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NOs: 169.

In certain embodiments, each anti-IGF-1R VH domain of a PBA comprises the aa
sequence of SEQ ID NO:8 and each anti-IGF-1R VL domain of the PBA comprises the aa
sequence of SEQ ID NO:32; and (a) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:134 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:166; or (b) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:135 and the anti- ErbB3 VL domain of the PBA comprise the aa
sequence of SEQ ID NO:167; or (c¢) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:136 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:168; or (d) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:137 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:169; or (e) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:138 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:170; or (f) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:139 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:171; or (g) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:140 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:172; or (h) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:141 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:173; or (i) each anti- ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:142 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:174; or (§) each anti- ErbB3 VH domain of the PBA comprises the aa
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sequence of SEQ ID NO:143 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:175; or (k) each anti- ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:136 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NOs: 169.

In certain embodiments, each anti-IGF-1R VH domain of a PBA comprises the aa
sequence of SEQ ID NO:9 and each anti-IGF-1R VL domain of the PBA comprises the aa
sequence of SEQ ID NO:33; and (a) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:134 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:166; or (b) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:135 and the anti- ErbB3 VL domain of the PBA comprise the aa
sequence of SEQ ID NO:167; or (c) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:136 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:168; or (d) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:137 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:169; or (e) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:138 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:170; or (f) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:139 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:171; or (g) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:140 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:172; or (h) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:141 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:173; or (i) each anti- ErtbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:142 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:174; or (§) each anti- ErtbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:143 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:175; or (k) each anti- ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:136 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NOs: 169.

In certain embodiments, each anti-IGF-1R VH domain comprises the aa sequence of
SEQ ID NO:10 and each anti-IGF-1R VL domain comprises the aa sequence of SEQ ID NO:34;
and (a) each anti-ErbB3 VH domain of the PBA comprises the aa sequence of SEQ ID NO:134
and each anti-ErbB3 VL domain of the PBA comprises the aa sequence of SEQ ID NO:166; or
(b) each anti-ErbB3 VH domain of the PBA comprises the aa sequence of SEQ ID NO:135 and
the anti- ErbB3 VL domain of the PBA comprise the aa sequence of SEQ ID NO:167; or (c)
each anti-ErbB3 VH domain of the PBA comprises the aa sequence of SEQ ID NO:136 and each
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anti-ErbB3 VL domain of the PBA comprises the aa sequence of SEQ ID NO:168; or (d) each
anti-ErbB3 VH domain of the PBA comprises the aa sequence of SEQ ID NO:137 and each anti-
ErbB3 VL domain of the PBA comprises the aa sequence of SEQ ID NO:169; or (e) each anti-
ErbB3 VH domain of the PBA comprises the aa sequence of SEQ ID NO:138 and each anti-
ErbB3 VL domain of the PBA comprises the aa sequence of SEQ ID NO:170; or (f) each anti-
ErbB3 VH domain of the PBA comprises the aa sequence of SEQ ID NO:139 and each anti-
ErbB3 VL domain of the PBA comprises the aa sequence of SEQ ID NO:171; or (g) each anti-
ErbB3 VH domain of the PBA comprises the aa sequence of SEQ ID NO:140 and each anti-
ErbB3 VL domain of the PBA comprises the aa sequence of SEQ ID NO:172; or (h) each anti-
ErbB3 VH domain of the PBA comprises the aa sequence of SEQ ID NO:141 and each anti-
ErbB3 VL domain of the PBA comprises the aa sequence of SEQ ID NO:173; or (i) each anti-
ErbB3 VH domain of the PBA comprises the aa sequence of SEQ ID NO:142 and each anti-
ErbB3 VL domain of the PBA comprises the aa sequence of SEQ ID NO:174; or (j) each anti-
ErbB3 VH domain of the PBA comprises the aa sequence of SEQ ID NO:143 and each anti-
ErbB3 VL domain of the PBA comprises the aa sequence of SEQ ID NO:175; or (k) each anti-
ErbB3 VH domain of the PBA comprises the aa sequence of SEQ ID NO:136 and each anti-
ErbB3 VL domain of the PBA comprises the aa sequence of SEQ ID NOs: 169.

In certain embodiments, each anti-IGF-1R VH domain of a PBA comprises the aa
sequence of SEQ ID NO:11 and each anti-IGF-1R VL domain of the PBA comprises the aa
sequence of SEQ ID NO:35; and (a) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:134 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:166; or (b) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:135 and the anti- ErbB3 VL domain of the PBA comprise the aa
sequence of SEQ ID NO:167; or (c) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:136 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:168; or (d) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:137 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:169; or (¢) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:138 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:170; or (f) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:139 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:171; or (g) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:140 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:172; or (h) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:141 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:173; or (i) each anti- ErbB3 VH domain of the PBA comprises the aa
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sequence of SEQ ID NO:142 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:174; or (j) each anti- ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:136 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NOs: 169.

In certain embodiments, each anti-IGF-1R VH domain of the PBA comprises the aa
sequence of SEQ ID NO:8 and each anti-IGF-1R VL domain of the PBA comprises the aa
sequence of SEQ ID NO:33; and (a) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:134 and each anti-ErbB3 VL domain-of the PBA comprises the aa
sequence of SEQ ID NO:166; or (b) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:135 and the anti- ErbB3 VL domain of the PBA comprise the aa
sequence of SEQ ID NO:167; or (¢) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:136 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:168; or (d) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:137 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:169; or (e) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:138 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:170; or (f) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:139 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:171; or (g) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:140 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:172; or (h) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:141 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:173; or (i) each anti- ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:142 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:174; or (j) each anti- ErtbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:143 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:175; or (k) each anti- ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:136 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NOs: 169.

In certain embodiments, each anti-IGF-1R VH domain of a PBA comprises the aa
sequence of SEQ ID NO:10 and each anti-IGF-1R VL domain of the PBA comprises the aa
sequence of SEQ ID NO:32; and (a) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:134 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:166; or (b) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:135 and the anti- ErbB3 VL domain of the PBA comprise the aa
sequence of SEQ ID NO:167; or (c) each anti-ErbB3 VH domain of the PBA comprises the aa
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sequence of SEQ ID NO:136 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:168; or (d) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:137 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:169; or (e) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:138 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:170; or (f) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:139 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:171; or (g) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:140 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:172; or (h) each anti-ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:141 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:173; or (i) each anti- ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:142 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:174; or (j) each anti- ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:143 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NO:175; or (k) each anti- ErbB3 VH domain of the PBA comprises the aa
sequence of SEQ ID NO:136 and each anti-ErbB3 VL domain of the PBA comprises the aa
sequence of SEQ ID NOs: 169.

In certain embodiments, (a) each heavy chain of a PBA comprises an aa sequence
selected from the group consisting of SF-G1-P1 (SEQ ID NO:212); SF-G1-M1.3 (SEQ ID
NO:214); SE-G1-M27 (SEQ ID NO:216); SF-G1-P6 (SEQ ID NO:218); SF-G1-B69 (SEQ ID
NO:220); P4-G1-C8 (SEQ ID NO:222); P4-G1-P1 (SEQ ID NO:224); P4-G1-M1.3 (SEQ ID
NO:226); P4-G1-M27 (SEQ ID NO:228); P4-G1-P6 (SEQ ID NO:230); P4-G1-B69 (SEQ ID
NO:232); M78-G1-C8 (SEQ ID NO:234); M78-G1-P1 (SEQ ID NO:236); M78-G1-M1.3 (SEQ
ID NO:238); M78-G1-M27 (SEQ ID NO:240);, M78-G1-P6 (SEQ ID NO:242); M78-G1-B69
(SEQ ID NO:244); M57-G1-C8 (SEQ ID NO:246); M57-G1-P1 (SEQ ID NO:248); M57-G1-
M1.3 (SEQ ID NO:250); M57-G1-M27 (SEQ ID NO:252); M57-G1-P6 (SEQ ID NO:254) and
M57-G1-B69 (SEQ ID NO:256) and/or each light chain of the PBA comprises an aa sequence
selected from the group consisting of SF kappa light chain (SEQ ID NO:202); P4 kappa light
chain (SEQ ID NO:204); M78 kappa light chain (SEQ ID NO:206); and M57 kappa light chain
(SEQ ID NO:208); or (b) each heavy chain of a PBA comprises an aa sequence selected from
the group comprising P1-G1-P4 (SEQ ID NO:268); P1-G1-M57 (SEQ ID NO:270); P1-G1-M78
(SEQ ID NO:272); M27-G1-P4 (SEQ ID NO:274); M27-G1-M57 (SEQ ID NO:276); M27-G1-
M78 (SEQ ID NO:278); M7-G1-P4 (SEQ ID NO:280); M7-G1-M57 ((SEQ ID NO:282); M7-
G1-M78 (SEQ ID NO:284); B72-G1-P4 (SEQ ID NO:286); B72-G1-M57 (SEQ ID NO:288);
B72-G1-M78 (SEQ ID NO:290); B60-G1-P4 (SEQ ID NO:292); B60-G1-M57 (SEQ ID
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NO:294); B60-G1-M78 (SEQ ID NO:296); B60-G2-M78 (SEQ ID NO:355) and M7-G2-M78
(SEQ ID NO:357) and/or each light chain of the PBA comprises an aa sequence selected from
the group consisting of P1 lambda light chain (SEQ ID NO:258); M27 lambda light chain (SEQ
D NO:260); M7 lambda light chain (SEQ ID NO:262); B72 lambda light chain (SEQ ID
NO:264); and B60 lambda light chain (SEQ ID NO:266).

In certain embodiments, (a) each heavy chain of a PBA comprises an aa sequence
differing in at least one aa addition, deletion or substitution from an aa sequence selected from
the group consisting of SF-G1-P1 (SEQ ID NO:212); SF-G1-M1.3 (SEQ ID NO:214); SF-G1-
M27 (SEQ ID NO:216); SF-G1-P6 (SEQ ID NO:218); SF-G1-B69 (SEQ ID NO:220); P4-G1-
C8 (SEQ ID NO:222); P4-G1-P1 (SEQ ID NO:224); P4-G1-M1.3 (SEQ ID NO:226); P4-G1-
M27 (SEQ ID NO:228); P4-G1-P6 (SEQ ID NO:230); P4-G1-B69 (SEQ ID NO:232); M78-G1-
C8 (SEQ ID NO:234); M78-G1-P1 (SEQ ID NO:236); M78-G1-M1.3 (SEQ ID NO:238); M78-
G1-M27 (SEQ ID NO:240); M78-G1-P6 (SEQ ID NO:242); M78-G1-B69 (SEQ ID NO:244);
M57-G1-C8 (SEQ ID NO:246); M57-G1-P1 (SEQ ID NO:248); M57-G1-M1.3 (SEQ ID
NO:250); M57-G1-M27 (SEQ ID NO:252); M57-G1-P6 (SEQ ID NO:254) and M57-G1-B69
(SEQ ID NO:256) and each light chain of the PBA comprises an aa sequence selected from the
group consisting of SF kappa light chain (SEQ ID NO:202); P4 kappa light chain (SEQ ID
NO:204); M78 kappa light chain (SEQ ID NO:206); and M57 kappa light chain (SEQ ID
NO:208); or (b) each heavy chain of a PBA comprises an aa sequence selected from the group
consisting of SF-G1-P1 (SEQ ID NO:212); SF-G1-M1.3 (SEQ ID NO:214); SF-G1-M27 (SEQ
ID NO:216); SF-G1-P6 (SEQ ID NO:218); SF-G1-B69 (SEQ ID NO:220); P4-G1-C8 (SEQ ID
NO:222); P4-G1-P1 (SEQ ID NO:224); P4-G1-M1.3 (SEQ ID NO:226); P4-G1-M27 (SEQ ID
NO:228); P4-G1-P6 (SEQ ID NO:230); P4-G1-B69 (SEQ ID NO:232); M78-G1-C8 (SEQ ID -
NO:234); M78-G1-P1 (SEQ ID NO:236); M78-G1-M1.3 (SEQ ID NO:238); M78-G1-M27
(SEQ ID NO:240); M78-G1-P6 (SEQ ID NO:242); M78-G1-B69 (SEQ ID NO:244); M57-G1-
C8 (SEQ ID NO:246); M57-G1-P1 (SEQ ID NO:248); M57-G1-M1.3 (SEQ ID NO:250); M57-
G1-M27 (SEQ ID NO:252); M57-G1-P6 (SEQ ID NO:254) and M57-G1-B69 (SEQ ID
NO:256); and each light chain of the PBA comprises an aa sequence differing in at least one aa
addition, deletion or substitution from an aa sequence selected from the group consisting of SF
kappa light chain (SEQ ID NO:202); P4 kappa light chain (SEQ ID NO:204); M78 kappa light
chain (SEQ ID NO:206); and M57 kappa light chain (SEQ ID NO:208); or (c) each heavy chain
of a PBA comprises an aa sequence differing in at least one aa additionl deletion or substitution
from an aa sequence selected from the group comprising P1-G1-P4 (SEQ ID NO:268); P1-G1-
MS57 (SEQ ID NO:270); P1-G1-M78 (SEQ ID NO:272); M27-G1-P4 (SEQ ID NO:274); M27-
G1-M57 (SEQ ID NO:276); M27-G1-M78 (SEQ ID NO:278); M7-G1-P4 (SEQ ID NO:280);
M7-G1-M57 ((SEQ ID NO:282); M7-G1-M78 (SEQ ID NO:284); B72-G1-P4 (SEQ ID
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NO:286); B72-G1-M57 (SEQ ID NO:288); B72-G1-M78 (SEQ ID NO:290); B60-G1-P4 (SEQ
ID NO:292); B60-G1-M57 (SEQ ID NO:294); B60-G1-M78 (SEQ ID NO:296); B60-G2-M78
(SEQ ID NO:355) and M7-G2-M78 (SEQ ID NO:357) and each light chain of the PBA
comprises an aa sequence selected from the group consisting of P1 lambda light chain (SEQ ID
NO:258); M27 lambda light chain (SEQ ID NO:260); M7 lambda light chain (SEQ ID NO:262);
B72 lambda light chain (SEQ ID NO:264); and B60 lambda light chain (SEQ ID NO:266); or
(d) each heavy chain of a PBA comprises an aa sequence selected from the group comprising
P1-G1-P4 (SEQ ID NO:268); P1-G1-M57 (SEQ ID NO:270); P1-G1-M78 (SEQ ID NO:272);
M27-G1-P4 (SEQ ID NO:274); M27-G1-M57 (SEQ ID NO:276); M27-G1-M78 (SEQ ID
NO:278); M7-G1-P4 (SEQ ID NO:280); M7-G1-M57 ((SEQ ID NO:282); M7-G1-M78 (SEQ
ID NO:284); B72-G1-P4 (SEQ ID NO:286); B72-G1-M57 (SEQ ID NO:288); B72-G1-M78
(SEQ ID NO:290); B60-G1-P4 (SEQ ID NO:292); B60-G1-M57 (SEQ ID NO:294); B60-G1-
M78 (SEQ ID NO:296); B60-G2-M78 (SEQ ID NO:355) and M7-G2-M78 (SEQ ID NO:357)
and each light chain of the PBA comprises an aa sequence differing in at least one aa addition,
deletion or substitution from an aa sequence selected from the group consisting of P1 lambda
light chain (SEQ ID NO:258); M27 lambda light chain (SEQ ID NO:260); M7 lambda light
chain (SEQ ID NO:262); B72 lambda light chain (SEQ ID NO:264); and B60 lambda light chain
(SEQ ID NO:266), wherein the PBA differs from 16F in at least one aa, CDR or variable
domain.

In certain embodiments, (a) each heavy chain of a PBA, bound to the other heavy chain
of the PBA by at least one bond, comprises an aa sequence that is at least 90% identical to one of
the following aa sequences or differs from one of the following aa sequences in 1-30 aa
substitutions, deletions and/or additions: SF-G1-P1 (SEQ ID NO:212); SF-G1-M1.3 (SEQ ID
NO:214); SF-G1-M27 (SEQ ID NO:216); SF-G1-P6 (SEQ ID NO:218); SF-G1-B69 (SEQ ID
NO:220); P4-G1-C8 (SEQ ID NO:222); P4-G1-P1 (SEQ ID NO:224), P4-G1-M1.3 (SEQ ID
NO:226); P4-G1-M27 (SEQ ID NO:228); P4-G1-P6 (SEQ ID NO:230); P4-G1-B69 (SEQ ID
NO:232); M78-G1-C8 (SEQ ID NO:234); M78-G1-P1 (SEQ ID NO:236); M78-G1-M1.3 (SEQ
ID NO:238); M78-G1-M27 (SEQ ID NO:240); M78-G1-P6 (SEQ ID NO:242); M78-G1-B69
(SEQ ID NO:244); M57-G1-C8 (SEQ ID NO:246); M57-G1-P1 (SEQ ID NO:248); M57-G1-
M1.3 (SEQ ID NO:250); M57-G1-M27 (SEQ ID NO:252); M57-G1-P6 (SEQ ID NO:254) and
M57-G1-B69 (SEQ ID NO:256) and (b) each light chain of the PBA, bound to one heavy chain
of (a) by at least one bond, comprises an aa sequence that is at least 90% identical to one of the
following aa sequences or differs from one of the following aa sequences in 1-30 aa
substitutions, deletions and/or additions: SF kappa light chain (SEQ ID NO:202); P4 kappa light
chain (SEQ ID NO:204); M78 kappa light chain (SEQ ID NO:206); and M57 kappa light chain
(SEQ ID NO:208); or (c) each heavy chain of a PBA, bound to the other heavy chain of the PBA
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by at least one bond, comprises an aa sequence that is at least 90% identical to one of the
following aa sequences or differs from one of the following aa sequences in 1-30 aa
substitutions, deletions and/or additions: P1-G1-P4 (SEQ ID NO:268); P1-G1-M57 (SEQ ID
NO:270); P1-G1-M78 (SEQ ID NO:272); M27-G1-P4 (SEQ ID NO:274); M27-G1-M57 (SEQ
ID NO:276); M27-G1-M78 (SEQ ID NO:278); M7-G1-P4 (SEQ ID NO:280); M7-G1-M57
((SEQ ID NO:282); M7-G1-M78 (SEQ ID NO:284); B72-G1-P4 (SEQ ID NO:286); B72-G1-
M57 (SEQ ID NO:288); B72-G1-M78 (SEQ ID N0:290); B60-G1-P4 (SEQ ID NO:292); B60-
G1-M57 (SEQ ID NO:294); and B60-G1-M78 (SEQ ID NO:296), ); B60-G2-M78 (SEQ ID
NO:355) and M7-G2-M78 (SEQ ID NO:357) and (d) each light chain of the PBA, bound to one
heavy chain of (c) by at least one bond, comprises an aa sequence that is at least 90% identical to
one of the following aa sequences or which differs from one of the following aa sequences in 1-
30 aa substitutions, deletions and/or additions: P1 lambda light chain (SEQ ID NO:258); M27
lambda light chain (SEQ ID NO:260); M7 lambda light chain (SEQ ID NO:262); B72 lambda
light chain (SEQ ID NO:264); and B60 lambda light chain (SEQ ID NO:266).

In certain embodiments, (a) each heavy chain of a PBA comprises an aa sequence that
is at least 95% identical to one of the following aa sequence or differs from one of the following
aa sequences in 1-10 aa substitutions, deletions and/or additions: SF-G1-P1 (SEQ ID NO:212);
SF-G1-M1.3 (SEQ ID NO:214); SF-G1-M27 (SEQ ID NO:216); SF-G1-P6 (SEQ ID NO:218);
SF-G1-B69 (SEQ ID NO:220); P4-G1-C8 (SEQ ID NO:222); P4-G1-P1 (SEQ ID NO:224); P4-
G1-M1.3 (SEQ ID NO:226); P4-G1-M27 (SEQ ID NO:228); P4-G1-P6 (SEQ ID NO:230); P4-
G1-B69 (SEQ ID NO:232); M78-G1-C8 (SEQ ID NO:234); M78-G1-P1 (SEQ ID NO:236);
M78-G1-M1.3 (SEQ ID NO:238); M78-G1-M27 (SEQ ID NO:240); M78-G1-P6 (SEQ ID
NO:242); M78-G1-B69 (SEQ ID NO:244); M57-G1-C8 (SEQ ID NO:246); M57-G1-P1 (SEQ
ID NO:248); M57-G1-M1.3 (SEQ ID NO:250); M57-G1-M27 (SEQ ID NO:252); M57-G1-P6
(SEQ ID NO:254) and M57-G1-B69 (SEQ ID NO:256), and (b) each light chain of the PBA
comprises an aa sequence that is at least 95% identical to one of the following aa sequences or
differs from one of the following aa sequences in 1-10 aa substitutions, deletions and/or
additions: SF kappa light chain (SEQ ID NO:202); P4 kappa light chain (SEQ ID NO:204); M78
kappa light chain (SEQ ID NO:206); and M57 kappa light chain (SEQ ID NO:208); or (c) each
heavy chain of a PBA comprises an aa sequence that is at least 95% identical to one of the
following aa sequences or differs from one of the following aa sequences in 1-10 aa
substitutions, deletions and/or additions: P1-G1-P4 (SEQ ID NO:268); P1-G1-M57 (SEQ ID
NO:270); P1-G1-M78 (SEQ ID NO:272); M27-G1-P4 (SEQ ID NO:274); M27-G1-M57 (SEQ
ID NO:276); M27-G1-M78 (SEQ ID NO:278); M7-G1-P4 (SEQ ID NO:280); M7-G1-M57
((SEQ ID NO:282); M7-G1-M78 (SEQ ID NO:284); B72-G1-P4 (SEQ ID NO:286); B72-G1-
M57 (SEQ ID NO:288); B72-G1-M78 (SEQ ID NO:290); B60-G1-P4 (SEQ ID NO:292); B60-
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G1-M57 (SEQ ID NO:294); and B60-G1-M78 (SEQ ID NO:296); B60-G2-M78 (SEQ ID
NO:355) and M7-G2-M78 (SEQ ID NO:357) and (d) each light chain of the PBA comprises an
aa sequence that is at least 95% identical to one of the following aa sequences or differs from
one of the following aa sequences in 1-10 aa substitutions, deletions and/or additions: P1 lambda
light chain (SEQ ID NO:258); M27 lambda light chain (SEQ ID NO:260); M7 lambda light
chain (SEQ ID NO:262); B72 lambda light chain (SEQ ID NO:264); B60 lambda light chain
(SEQ ID NO:266).

Exemplary PBA include the following: (a) an SF-G1-P1 PBA comprising: two heavy
chains, each comprising a heavy chain aa sequence of SEQ ID NO:212; and two light chains,
each comprising a light chain sequence of SEQ ID NO:202; (b) An SF-G1-M1.3 PBA
comprising: two heavy chains, each comprising a heavy chain aa sequence of SEQ ID NO:214;
and two light chains, each comprising a light chain aa sequence of SEQ ID NO:202; (c) an SF-
G1-M27 PBA comprising: two heavy chains, each -comprising a heavy chain aa sequence of
SEQ ID NO:216; and two light chains, each comprising a light chain aa sequence of SEQ ID
NO:202; (d) an SF-G1-P6 PBA comprising: two heavy chains, each comprising a heavy chain aa
sequence of SEQ ID NO:218; and two light chains, each comprising a light chain aa sequence of
SEQ ID NO:202; (e) an SF-G1-B69 PBA comprising: two heavy chains, each comprising a
heavy chain aa sequence of SEQ ID NO:220; and two light chains, each comprising a light chain
aa sequence of SEQ ID NO:202; (f) a P4-G1-C8 PBA comprising: two heavy chains, each
comprising a heavy chain aa sequence of SEQ ID NO:222; and two light chains, each
comprising a light chain aa sequence of SEQ ID NO:204 (g) a P4-G1-P1 PBA comprising: two
heavy chains, each comprising a heavy chain aa sequence of SEQ ID NO:224; and two light
chains, each comprising a light chain aa sequence of SEQ ID NO:204; (h) a P4-G1-M1.3 PBA
comprising: two heavy chains, each comprising a heavy chain aa sequence of SEQ ID NO:226;
and two light chains, each comprising a light chain aa sequence of SEQ ID NO:204; (i) a P4-G1-
M?27 PBA comprising: two heavy chains, each comprising a heavy chain aa sequence of SEQ ID
NQO:228; and two light chains, each comprising a light chain aa sequence of SEQ ID NO:204; (j)
a P4-G1-P6 PBA comprising: two heavy chains, each comprising a heavy chain aa sequence of
SEQ ID NO:230; and two light chains, each comprising a light chain aa sequence of SEQ ID
NO:204; (h) a P4-G1-B69 PBA comprising: two heavy chains, each comprising a heavy chain aa
sequence of SEQ ID NO:232; and two light chains, each comprising a light chain aa sequence of
SEQ ID NO:204; (i) an M78-G1-C8 PBA comprising: two heavy chains, each comprising a
heavy chain aa sequence of SEQ ID NO:234; and two light chains, each comprising a light chain
aa sequence of SEQ ID NO:206; (j) an M78-G1-P1 PBA comprising: two heavy chains, each
comprising a heavy chain aa sequence of SEQ ID NO:236; and two light chains, each
comprising a light chain aa sequence of SEQ ID NO:206; (k) an M78-G1-M1.3 PBA
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comprising: two heavy chains, each comprising a heavy chain aa sequence of SEQ ID NO:238;
and two light chains, each comprising a light chain aa sequence of SEQ ID NO:206; (1) an M78-
G1-M27 PBA comprising: two heavy chains, each éomprising a heavy chain aa sequence of
SEQ ID NO:240; and two light chains, each comprising a light chain aa sequence of SEQ ID
NO:206; (m) an M78-G1-P6 PBA comprising: two heavy chains, each comprising a heavy chain
aa sequence of SEQ ID NO:242; and two light chains, each comprising a light chain aa sequence
of SEQ ID NO:206; (n) an M78-G1-B69 PBA comprising: two heavy chains, each comprising a
heavy chain aa sequence of SEQ ID NO:244; and two light chains, each comprising a light chain
aa sequence of SEQ ID NO:206; (o) an M57—Gi-C8 PBA comprising: two heavy chains, each
comprising a heavy chain aa sequence of SEQ ID NO:246; and two light chains, each
comprising a light chain aa sequence of SEQ ID NO:208; (p) an M57-G1-P1 PBA comprising:
two heavy chains, each comprising a heavy chain aa sequence of SEQ ID NO:248; and two light
chains, each comprising a light chain aa sequence of SEQ ID NO:208; (r) an M57-G1-M1.3
PBA comprising: two heavy chains, each comprising a heavy chain aa sequence of SEQ ID
NO:250; and two light chains, each comprising a light chain aa sequence of SEQ ID NO:208; (s)
an M57-G1-M27 PBA comprising: two heavy chains, each comprising a heavy chain aa
sequence of SEQ ID NO:252; and two light chains, each comprising a light chain aa sequence of
SEQ ID NO:208; (t) an M57-G1-P6 PBA comprising: two heavy chains, each comprising a
heavy chain aa sequence of SEQ ID NO:254; and two light chains, each comprising a light chain
aa sequence of SEQ ID NO:208; (u) an M57-G1-B69 PBA comprising: two heavy chains, each
comprising a heavy chain aa sequence of SEQ ID NO:256; and two light chains, each
comprising a light chain aa sequence of SEQ ID NO:208; (v) a P1-G1-P4 PBA comprising: two
heavy chains, each comprising a heavy chain aa sequence of SEQ ID NO:268; and two light
chains, each comprising a light chain aa sequence of SEQ ID NO:258; (w) a P1-G1-M57 PBA
comprising: two heavy chains, each comprising a heavy chain aa sequence of SEQ ID NO:270;
and two light chains, each comprising a light chain aa sequence of SEQ ID NO:238; (x) a P1-
G1-M78 PBA comprising: two heavy chains, each comprising a heavy chain aa sequence of
SEQ ID NO:272; and two light chains, each comprising a light chain aa sequence of SEQ ID
NO:258; (y) an M27-G1-P4 PBA comprising: two heavy chains, each comprising a heavy chain
aa sequence of SEQ ID NO:274; and two light chains, each comprising a light chain aa sequence
of SEQ ID NO:260; (z) an M27-G1-M57 PBA comprising;: two heavy chains, each comprising a
heavy chain aa sequence of SEQ ID NO:276; and two light chains, each comprising a light chain
aa sequence of SEQ ID NO:260; (aa) an M27-G1-M78 PBA comprising: two heavy chains, each
comprising a heavy chain aa sequence of SEQ ID NO:278; and two light chains, each
comprising a light chain aa sequence of SEQ ID NO:260; (ab) an M7-G1-P4 PBA comprising:
two heavy chains, each comprising a heavy chain aa sequence of SEQ ID NO:280; and two light
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chains, each comprising a light chain aa sequence of SEQ ID NO:262; (ac) an M7-G1-M57 PBA
comprising: two heavy chains, each comprising a heavy chain aa sequence of SEQ ID NO:282;
and two light chains, each comprising a light chain aa sequénce of SEQ ID NO:262; (ad) an M7-
G1-M78 PBA comprising: two heavy chains, each comprising a heavy chain aa sequence of
SEQ ID NO:284; and two light chains, each comprising a light chain aa sequence of SEQ ID
NO:262; (ae) a B72-G1-P4 PBA comprising: two heavy chains, each comprising a heavy chain
aa sequence of SEQ ID NO:286; and two light chains, each comprising a light chain aa sequence
of SEQ ID NO:264; (af) a B72-G1-M57 PBA comprising: two heavy chains, each comprising a
heavy chain aa sequence of SEQ ID NO:288; and two light chains, each comprising a light chain
aa sequence of SEQ ID NO:264; (ag) a B72-G1-M78 PBA comprising: two heavy chains, each
comprising a heavy chain aa sequence of SEQ ID NO:290; and two light chains, each
comprising a light chain aa sequence of SEQ ID NO:264; (ah) a B60-G1-P4 PBA comprising:
two heavy chains, each comprising a heavy chain aa sequence of SEQ ID NO:292; and two light
chains, each comprising a light chain aa sequence of SEQ ID NO:266; (ai) a B60-G1-M57 PBA
comprising: two heavy chains, each comprising a heavy chain aa sequence of SEQ ID NO:294;
and two light chains, each comprising a light chain aa sequence of SEQ ID NO:266; and (aj) a
B60-G1-M78 PBA comprising: two heavy chains, each comprising a heavy chain aa sequence of
SEQ ID NO:296; and two light chains, each comprising a light chain aa sequence of SEQ ID
NO:266.

Also provided herein are monospecific antibodies. In certain embodiments, an anti-IGF-
1R monoclonal antibody comprises a first sequence comprising in amino to carboxy order a
VLCDRI1 sequence, a VLCDR2 sequence and a VLCDR3 sequence of SF kappa light chain as
indicated by dotted underlining in Fig. 5A, SEQ ID NO:202, antibody further comprising a
second sequence comprising in amino to carboxy order a VHCDR1 sequence, a VHCDR?2
sequence and a VHCDR3 séquence of SF heavy chain as indicated by the first three dotted
underlined sequences respectively in Fig. 5A, SEQ ID NO:210, wherein the first sequence and
the second sequence are non-overlapping. In certain embodiments, an anti- IGF-1R monoclonal
antibody comprises in amino to carboxy order a VLCDRI1 sequence, a VLCDR?2 sequence and a
VLCDR3 sequence of P4 kappa light chain as indicated by dotted underlining in Fig. 5A, SEQ
ID NO:204, antibody further comprising in amino to carboxy order a VHCDRI1 sequence, a
VHCDR2 sequence and a VHCDR3 sequence of P4 heavy chain as indicated by the first three
dotted underlined sequences respectively in Fig. 5A, SEQ ID NO:222. In certain embodiments,
an anti- IGF-1R monoclonal antibody comprises in amino to carboxy order a VLCDRI
sequence, a VLCDR? sequence and a VLCDR3 sequence of M78 kappa light chain as indicated
by dotted underlining in Fig. SA, SEQ ID NO:206, antibody further comprising in amino to
carboxy order a VHCDRI1 sequence, a VHCDR2 sequence and a VHCDR3 sequence of M78
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heavy chain as indicated by the first three dotted underlined sequences respectively in Fig. 5A,
SEQ ID NO:234. In certain embodiments, an anti- IGF-1R monoclonal antibody comprising in
amino to carboxy order a VLCDR1 sequence, a VLCDR2 sequence and a VLCDR3 sequence of
M57 kappa light chain as indicated by dotted underlining in Fig. 5A, SEQ ID NO:208, antibody
further comprising in amino to carboxy order a VHCDRI1 sequence, a VHCDR?2 sequence and a
VHCDR3 sequence of M57 heavy chain as indicated by the first three dotted underlined
sequences respectively in Fig. SA, SEQ ID NO:246.

In certain embodiments, an anti-IGF-1R antibody comprises a VH domain comprising a
set of three VH CDRs comprising VHCDR1, VHCDR2, VHCDR3, and/or a VL domain
comprising a set of three VL CDRs comprising VLCDR1, VLCDR?2 and VLCDR3, CDRs
comprising the sequences of SEQ ID NOs: 302, 303, 304, 305, 306, and 307, respectively, and
each CDR further comprising an amino terminus and a carboxy terminus, wherein the CDRs of
each set of CDRs are arranged in the antibody in a linear amino to carboxy order of CDR1,
CDR2, and CDR3, wherein the CDRs comprise variable aas, which independently represent any
aa set forth at the corresponding position in Fig. 1 (VH) or Fig. 2 (VL), and the antibody does
not comprise the SF module. In certain embodiments, the VHCDR1, VHCDR2, VHCDR3,
VLCDRI1, VLCDR2 and VLCDR3 of an anti-IGF-1R antibody comprise the sequences of SEQ
ID NOs: 302, 303, 304, 305, 306, and 308, respectively. In certain embodiments, the VHCDRI1,
VHCDR?2 and VHCDR3 domains of an anti-IGF-1R antibody comprise the corresponding aa
sequences of any one of SEQ ID NOs: 8-10 and 12-31, and the VLCDR1, VLCDR2 and
VLCDR3 domains of the anti-IGF-1R antibody comprise the corresponding aa sequences of any
one of SEQ ID NOs: 32-34 and 36-133. In certain embodiments, (a) the VHCDRI1, VHCDR2,
VHCDR3 of an anti-IGF-1R antibody comprise the aa sequence of the corresponding CDRs of
SEQ ID NO:8 and the VLCDR1, VLCDR2 and VLCDR3 of the anti-IGF-1R antibody comprise
the aa sequence of the corresponding CDRs of SEQ ID NO:32; or (b) the VHCDR1, VHCDR2,
VHCDR3 of the anti-IGF-1R antibody comprise the aa sequence of the corresponding CDRs of
SEQ ID NO:9 and the VLCDR1, VLCDR2 and VLCDR3 of the anti-IGF-1R antibody comprise
the aa sequence of the corresponding CDRs of SEQ ID NO:33; or (c) the VHCDR1, VHCDR?2,
VHCDR3 of the anti-IGF-1R antibody comprise the aa sequence of the corresponding CDRs of
SEQ ID NO:10 and the VLCDR1, VLCDR2 and VLCDR3 of the anti-IGF-1R antibody
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:34; or (d) the VHCDRI,
VHCDR2, VHCDR3 of the anti-IGF-1R antibody comprise the aa sequence of the
corresponding CDRs of SEQ ID NO:11 and the VL.CDR1, VLCDR?2 and VLCDR3 of the anti-
IGF-1R antibody comprise the aa sequence of the corresponding CDRs of SEQ ID NO:35; or (e)
the VHCDR1, VHCDR?2, VHCDR3 of the anti-IGF-1R antibody comprise the aa sequence of
the corresponding CDRs of SEQ ID NO:8 and the VLCDR1, VLCDR2 and VLCDR3 of the
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anti-IGF-1R antibody comprise the aa sequence of the corresponding CDRs of SEQ ID NO:33;
or (f) the VHCDR1, VHCDR2, VHCDR3 of the anti-IGF-1R antibody comprise the aa sequence
of the corresponding CDRs of SEQ ID NO:10 and the VLCDR1, VLCDR?2 and VLCDR3 of the
anti-IGF-1R antibody comprise the aa sequence of the corresponding CDRs of SEQ ID NO:32.

In certain embodiments, the VH domain of an anti-IGF-1R antibody comprises the aa
sequence of SEQ ID NO:1, which sequence comprises variable aas, which independently
represent any aa set forth at the corresponding position in Fig. 1; the VL domain of the anti-IGF-
1R antibody comprises the aa sequence of SEQ ID NO:2 (or 3), which sequence comprises
variable aas, which independently represent any aa set forth at the corresponding position in Fig.
2; or the VH domain of the anti-IGF-1R antibody comprises the aa sequence of SEQ ID NO:1
and the VL. domain of the anti-IGF-1R antibody comprises the aa sequence of SEQ ID NO:2 or
3. In certain embodiments, the VH domain of an anti-IGF-1R antibody comprises an aa
sequence selected from the group consisting of SEQ ID NOs: 8-10 and 12-31 and the VL
domain comprises an aa sequence selected from the group consisting of SEQ ID NOs: 32-34 and
36-133.

In certain embodiments, (a) the VH domain of an anti-IGF-1R antibody comprises an aa
sequence that is at least 90% identical to, or which differs in 1-30 aa aa substitutions, additions
or deletions from, an aa sequence of any of SEQ ID NOs: 8-10 and 12-31, and/or (b) the VL
domain of the anti-IGF-1R antibody comprises an aa sequence that is at least 90% identical to,
or which differs in 1-30 aa aa substitutions, additions or deletions from, an aa sequence of an aa
sequence of any of SEQ ID NOs: 32-34 and 36-133. In certain embodiments, (a) the VH
domain of an anti-IGF-1R antibody comprises an aa sequence that is at least 95% identical to, or
which differs in 1-10 aa aa substitutions, additions or deletions from, an aa sequence of any of
SEQ ID NOs: 8-10 and 12-31, and/or (b) the VL domain comprises an aa sequence that is at
least 95% identical to, or which differs in 1-10 aa aa substitutions, additions or deletions from,
an aa sequence of an aa sequence of any of SEQ ID NOs: 32-34 and 36-133.

An anti-IGF-1R antibody may be an IgG1 antibody, e.g., an isolated and/or a
monoclonal IgG1 antibody.

In certain embodiments, an anti-IGF-1R antibody is a protein comprising two pairs of
polypeptide chains, each pair comprising a heavy chain and a light chain; wherein (a) each heavy
chain comprises an aa sequence of SEQ ID NOs: 359, 360 or 361; and/or (b) each light chain
comprises an aa sequence of SEQ ID NOs: 204, 206 or 208. In certain embodiments, an anti-
IGF-1R antibody is a protein comprising two pairs of polypeptide chains, each pair comprising a
heavy chain and a light chain; wherein (a) each heavy chain comprises an aa sequence that is at
least 90% identical to, or which differs in 1-30 aa aa substitutions, additions or deletions from,

an aa sequence of any of SEQ ID NOs:359, 360 or 361, and/or (b) each light chain comprises an

30



WO 2012/145507 PCT/US2012/034244

20

25

30

35

aa sequence that is at least 90% identical to, or which differs in 1-30 aa aa substitutions,
additions or deletions from, an aa sequence of an aa sequence of any of SEQ ID NOs: 204, 206
or 208. In certain embodiments, (a) each heavy chain of an anti-IGF-1R antibody comprises an
aa sequence that is at least 95% identical to, or which differs in 1-10 aa aa substitutions,
additions or deletions from, an aa sequence of any of SEQ ID NOs:359, 360 or 361, and/or (b)
each light chain comprises an aa sequence that is at least 95% identical to, or which differs in 1-
10 aa aa substitutions, additions or deletions from, an aa sequence of an aa sequence of any of
SEQ ID NOs: 204, 206 or 208.

Exemplary antibodies include (a) an anti-IGF-R1 monoclonal IgG1 antibody P4
comprising two heavy chains, each comprising a heavy chain aa sequence of SEQ ID NO:359
and two light chains, each comprising a light chain aa sequence of SEQ ID NO:204; (b) an anti-
IGF-R1 monoclonal IgG1 antibody M78 comprising two heavy chains, each comprising a heavy
chain aa sequence of SEQ ID NO:360 and two light chains, each comprising a light chain aa
sequence of SEQ ID NO:206; (c) an anti-IGF-R1 monoclonal IgG1 antibody M57 comprising
two heavy chains, each comprising a heavy chain aa sequence of SEQ ID NO:361 and two light
chains, each comprising a light chain aa sequence of SEQ ID NO:208; (d) an anti-IGF-R1
monoclonal IgG1 antibody M57/M78 comprising two heavy chains, each comprising a heavy
chain aa sequence of SEQ ID NO:361 and two light chains, each comprising a light chain aa
sequence of SEQ ID NO:206; and (e) an anti-IGF-R1 monoclonal IgG1 antibody P4/M57
comprising two heavy chains, each comprising a heavy chain aa sequence of SEQ ID NO:359
and two light chains, each comprising a light chain aa sequence of SEQ ID NO:208.

Anti-IGF-1R antibodies may comprise one or more additional binding sites, e.g., an anti-
ErbB3 binding site.

Also provided are anti-ErbB3 monoclonal antibodies, e.g., monoclonal anti-ErbB3
antibodies. In certain embodiments, an anti-ErbB3 comprises in amino to carboxy order a
VLCDRI1 sequence, a VLCDR2 sequence and a VLCDR3 sequence of P1 lambda light chain as
indicated by dotted underlining in Fig. 5B, SEQ ID NO:258, antibody further comprising in
amino to carboxy order a VHCDR1 sequence, a VHCDR?2 sequence and a VHCDR3 sequence
of P1 heavy chain as indicated by the first three dotted underlined sequences respectively in Fig.
5B, SEQ ID NO:268. In certain embodiments, an anti-ErbB3 monoclonal antibody comprises in
amino to carboxy order a VLCDR1 sequence, a VLCDR2 sequence and a VLCDR3 sequence of
M27 lambda light chain as indicated by dotted underlining in Fig. 5B, SEQ ID NO:260,
antibody further comprising in amino to carboxy order a VHCDR1 sequence, a VHCDR?2
sequence and a VHCDR3 sequence of M27 heavy chain as indicated by the first three dotted
underlined sequences respectively in Fig. 5B, SEQ ID NO:274. In certain embodiments, an anti-

ErbB3 monoclonal antibody comprises in amino to carboxy order a VLCDRI1 sequence, a
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VLCDR2 sequence and a VLCDR3 sequence of M7 lambda light chain as indicated by dotted
underlining in Fig. 5B, SEQ ID NO:262, antibody further comprising in amino to carboxy order
a VHCDRI1 sequence, a VHCDR?2 sequence and a VHCDR3 sequence of M7 heavy chain as
indicated by the first three dotted underlined sequences respectively in Fig. SB, SEQ ID NO:280.
In certain embodiments, an anti-ErbB3 monoclonal antibody comprises in amino to carboxy
order a VLCDRI1 sequence, a VLCDR?2 sequence and a VLCDR3 sequence of B72 lambda light
chain as indicated by dotted underlining in Fig. 5B, SEQ ID NO:264, antibody further
comprising in amino to carboxy order a VHCDRI1 sequence, a VHCDR?2 sequence and a
VHCDR3 sequence of B72 heavy chain as indicated by the first three dotted underlined
sequences respectively in Fig. 5B, SEQ ID NO:286. In certain embodiments, an anti-ErbB3
monoclonal antibody comprises in amino to carboxy order a VLCDR1 sequence, a VLCDR2
sequence and a VLCDR3 sequence of B60 lambda light chain as indicated by dotted underlining
in Fig. 5B, SEQ ID NO:266, antibody further comprising in amino to carboxy order a VHCDRI
sequence, a VHCDR?2 sequence and a VHCDR3 sequence of B60 heavy chain as indicated by
the first three dotted underlined sequences respectively in Fig. 5B, SEQ ID NO:292.

In certain embodiments, an isolated anti-ErbB3 antibody binding specifically to human
ErbB3 comprises a VH domain comprising a set of three VH CDRs comprising VHCDRI1,
VHCDR2, VHCDR3, and/or a VL domain comprising a set of three VL CDRs comprising
VLCDRI1, VLCDR2 and VLCDR3, CDRs comprising the sequences of SEQ ID NOs: 309, 310,
311, 312, 313, and 314, respectively, and each CDR further comprises an amino terminus and a
carboxy terminus, wherein the CDRs of each set of CDRs are arranged in the antibody in a linear
amino to carboxy order of CDR1, CDR2, and CDR3, wherein the CDRs comprise variable aas,
which independently represent any aa set forth at the corresponding position in Fig. 3 (VH) or
Fig. 4 (VL), and the antibody does not comprise the C8 module. In certain embodiments, the
VHCDRI1, VHCDR2, VHCDR3, VLCDR1, VLCDR2 and VLCDR3 of an anti-ErbB3 antibody
comprise the sequences of SEQ ID NOs: 309, 310, 311, 312, 313, and 315, respectively. In
certain embodiments, the VHCDR1, VHCDR2 and VHCDR3 domains of an anti-ErbB3
antibody comprise the corresponding aa sequences of any one of SEQ ID NOs: 134-142 and
144-165, and the VLCDRI1, VLCDR?2 and VLCDR3 domains of the antibody comprise the
corresponding aa sequences of any one of SEQ ID NOs: 166-174 and 176-200.

In certain embodiments, the VHCDR1, VHCDR2, VHCDR3 of an anti-ErbB3 antibody
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:134 and the VLCDRI1,
VLCDR?2 and VLCDR3 of the anti-ErbB3 antibody comprise the aa sequence of the
corresponding CDRs of SEQ ID NO:166. In certain embodiments, the VHCDR1, VHCDR?2,
VHCDRS3 of an anti-ErbB3 antibody comprise the aa sequence of the corresponding CDRs of
SEQ ID NO:135 and the VLCDRI1, VLCDR2 and VLCDR3 of the anti-ErbB3 antibody
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comprise the aa sequence of the corresponding CDRs of SEQ ID NO:167. In certain
embodiments, the VHCDR1, VHCDR?2, VHCDR3 of an anti-ErbB3 antibody comprise the aa
sequence of the corresponding CDRs of SEQ ID NO:136 and the VLCDRI1, VLCDR2 and
VLCDR3 of the anti-ErbB3 antibody comprise the aa sequence of the corresponding CDRs of
SEQ ID NO:168. In certain embodiments, the VHCDR1, VHCDR2, VHCDR3 of an anti-ErbB3
antibody comprise the aa sequence of the corresponding CDRs of SEQ ID NO:137 and the
VLCDRI1, VLCDR2 and VLCDR3 of the anti-ErbB3 antibody comprise the aa sequence of the
corresponding CDRs of SEQ ID NO:169. In certain embodiments, the VHCDR1, VHCDR?2,
VHCDR3 of an anti-ErbB3 antibody comprise the aa sequence of the corresponding CDRs of
SEQ ID NO:138 and the VLCDR1, VLCDR2 and VLCDR3 of the anti-ErbB3 antibody
comprise the aa sequence of the corresponding CDRs of SEQ ID NO:170. In certain
embodiments, the VHCDR1, VHCDR2, VHCDR3 of the anti-ErbB3 antibody comprise the aa
sequence of the corresponding CDRs of SEQ ID NO:139 and the VLCDRI1, VLCDR?2 and
VLCDRS3 of the anti-ErbB3 antibody comprise the aa sequence of the corresponding CDRs of
SEQ ID NO:171. In certain embodiments, the VHCDR1, VHCDR2, VHCDR3 of an anti-ErbB3
antibody comprise the azli sequence of the corresponding CDRs of SEQ ID NO:140 and the
VLCDRI1, VLCDR2 and VLCDR3 of the antibody comprise the aa sequence of the
corresponding CDRs of SEQ ID NO:172. In certain embodiments, the VHCDR1, VHCDR?2,
VHCDRS3 of an anti-ErbB3 antibody comprise the aa sequence of the corresponding CDRs of
SEQ ID NO:141 and the VLCDR1, VLCDR2 and VLCDR3 of the anti-ErbB3 antibody
comprise the aa sequence of the corresponding CDRs of SEQ ID NOs: 173. In certain
embodiments,the VHCDR1, VHCDR?2, VHCDRS3 of an anti-ErbB3 antibody comprise the aa
sequence of the corresponding CDRs of SEQ ID NO:142 and the VLCDRI, VLCDR?2 and
VLCDRS3 of the anti-ErbB3 antibody comprise the aa sequence of the corresponding CDRs of
SEQ ID NO:174. In certain embodiments, the VHCDR1, VHCDR2, VHCDRS3 of an anti-ErbB3
antibody comprise the aa sequence of the corresponding CDRs of SEQ ID NO:136 and the
VLCDRI1, VLCDR2 and VLCDRS3 of the anti-ErbB3 antibody comprise the aa sequence of the
corresponding CDRs of SEQ ID NO:169.

In certain embodiments, the VH domain of an anti-ErbB3 antibody comprises the aa
sequence of SEQ ID NO:4 (or 5), which sequence comprises variable aas, which independently
represent any aa set forth at the corresponding position in Fig. 3 and/or the VL domain of the
anti-ErbB3 antibody comprises the aa sequence of SEQ ID NO:6 (or 7), which sequence
comprises variable aas, which independently represent any aa set forth at the corresponding
position in Fig. 4. In certain embodiments, The the VH domain of an anti-ErbB3 antibody

comprises an aa sequence selected from the group consisting of SEQ ID NOs: 134-142 and 144-
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165 and/or the VL domain of the anti-ErbB3 antibody comprises an aa sequence selected from
the group consisting of SEQ ID NOs: 166-174 and 176-200.
In certain embodiments, (a) the VH domain of an anti-ErbB3 antibody comprises an aa
sequence that is at least 90% identical to, or which differs in 1-30 aa aa substitutions, additions
5  ordeletions from, an aa sequence of any of SEQ ID NOs: 134-142 and 144-165, and/or (b) the
VL domain of the anti-ErbB3 antibody comprises an aa sequence that is at least 90% identical
to, or which differs in 1-30 aa aa substitutions, additions or deletions from, an aa sequence of an
aa sequence of any of SEQ ID NOs: 166-174 and 176-200. In certain embodiments, (a) the VH
domain of an anti-ErbB3 antibody comprises an aa sequence that is at least 95% identical to, or
10 which differs in 1-10 aa aa substitutions, additions or deletions from, an aa sequence of any of
SEQ ID NOs: 134-142 and 144-165, and/or (b) the VL domain comprises an aa sequence that is
at least 95% identical to, or which differs in 1-10 aa aa substitutions, additions or deletions from,
an aa sequence of an aa sequence of any of SEQ ID NOs: 166-174 and 176-200.
An anti-ErbB3 antibody may be an IgG1 antibody, e.g., an isolated monoclonal IgG1
15  antibody.

In certain embodiments, an anti-ErbB3 antibody is a protein comprising two pairs of
polypeptide chains, each pair comprising a heavy chain and a light chain; wherein (a) each heavy
chain comprises an aa sequence of SEQ ID NOs: 362, 363, 364, 365 or 366; and/or (b) each light
chain comprises an aa sequence of SEQ ID NOs: 258, 260, 262, 264 or 266. In certain

20  embodiments, an anti-ErbB3 antibody is a protein comprising two pairs of polypeptide chains,
each pair comprising a heavy chain and a light chain; wherein (a) each heavy chain comprises an
aa sequence that is at least 90% identical to, or which differs in 1-30 aa aa substitutions,
additions or deletions from, an aa sequence of any of SEQ ID NOs: 362, 363, 364, 365 or 366,
and/or .(b) each light chain comprises an aa sequence that is at least 90% identical to, or which

25 differs in 1-30 aa aa substitutions, additions or deletions from, an aa sequence of an aa sequence
of any of SEQ ID NOs: 258, 260, 262, 264 or 266. In certain embodiments, an anti-ErbB3
antibody is a protein comprising two pairs of polypeptide chains, each pair comprising a heavy
chain and a light chain; wherein (a) each heavy chain comprises an aa sequence that is at least
95% identical to, or which differs in 1-10 aa aa substitutions, additions or deletions from, an aa

30  sequence of any of SEQ ID NOs: 362, 363, 364, 365 or 366, and (b) each light chain comprises
an aa sequence that is at least 95% identical to, or which differs in 1-10 aa aa substitutions,
additions or deletions from, an aa sequence of an aa sequencé of any of SEQ ID NOs: 258, 260,
262, 264 or 266. '

An anti-ErbB3 antibody may comprise one or more other binding sites, e.g., an anti-

35  IGF-1R binding site.

Exemplary anti-ErbB3 antibodies include: (a) an anti-ErbB3 monoclonal IgG1 antibody
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P1 comprising two heavy chains, each comprising a heavy chain aa sequence of SEQ ID NO:362
and two light chains, each comprising a light chain aa sequence of SEQ ID NO:258; (b) an anti-
ErbB3 monoclonal IgG1 antibody M27 comprising two heavy chains, each comprising a heavy
chain aa sequence of SEQ ID NO:363 and two light chains, each comprising a light chain aa

5  sequence of SEQ ID NO:260; (c) an anti-ErbB3 monoclonal IgG1 antibody M7 comprising two
heavy chains, each comprising a heavy chain aa sequence of SEQ ID NO:364 and two light
chains, each comprising a light chain aa sequence of SEQ ID NO:262; (d) an anti-ErbB3
monoclonal IgG1 antibody B72 comprising two heavy chains, each comprising a heavy chain aa
sequence of SEQ ID NO:365 and two light chains, each comprising a light chain aa sequence of

10 SEQ ID NO:264; (e) an anti-ErbB3 monoclonal IgG1 antibody B60 comprising two heavy
chains, each comprising a heavy chain aa sequence of SEQ ID NO:366 and two light chains,
each comprising a light chain aa sequence of SEQ ID NO:266; and (f) an anti-ErbB3
monoclonal IgGl antibody M27/M7 comprising two heavy chains, each comprising a heavy
chain aa sequence of SEQ ID NO:363 and two light chains, each comprising a light chain aa

15  sequence of SEQ ID NO:262.

Also provided are scFvs, which may be monoclonal scFvs. Exemplary scFvs include (a)
anti-IGF-R1 scFv antibody P4 comprising an aa sequence of SEQ ID NO:367; (b) anti-IGF-R1
scFv antibody M57 comprising an aa sequence of SEQ ID NO:368; (c) anti-IGF-R1 scFv
antibody M78 comprising an aa sequence of SEQ ID NO:369; (d) anii-ErbB3 scFv antibody C8

20  comprising an aa sequence of SEQ ID NO:370; (e) anti-ErbB3 scFv antibody P1 comprising an
aa sequence of SEQ ID NO:371; (f) anti-ErbB3 scFv antibody M1.3 comprising an aa sequence
of SEQ ID NO:372; (g) anti-ErbB3 scFv antibody M27 comprising an aa sequence of SEQ ID
NO:373; (h) anti-ErbB3 scFv antibody P6 comprising an aa sequence of SEQ ID NO:374; and
(1) anti-ErbB3 scFv antibody B69 comprising an aa sequence of SEQ ID NO:375.

25 Also provided are compositions comprising a PBA; an anti-IGF-1R antibody; or an anti-
ErbB3 antibody and a pharmaceutically acceptable carrier. A composition comprising an anti-
IGF-1R antibody may further comprise an anti-ErbB3 antibody. A composition comprising an
anti-ErbB3 antibody may further comprise an anti-IGF-1R antibody.

Also provided are nucleic acid molecules, e.g., comprising at least one coding sequence, -

30 at least one coding sequence encoding an antibody or a chain thereof, as set forth herein. The
nucleic acid molecule may comprise either or both of a promoter nucleotide sequence and an
enhancer nucleotide sequence, which nucleotide sequence is operably linked to the at least one
coding sequence and promotes or enhances the expression of the anlibody. Also encompassed
are vectors, e.g., vectors comprising one or more nucleic acid molecﬁles provided herein, as well

35  as host cells comprising one or more vectors provided herein. Also provided are methods for

producing a PBA, an anti-IGF-1 antibody or an anti-ErbB3 antibody provided herein,
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comprising culturing a cell comprising one or more nucleic acids encoding the antibodies (e.g., a
PBA) or chains thereof provided herein under conditions suitable for the expression of the PBA,
anti-IGF-1 antibody or anti-ErbB3 antibody. Further provided are methods for treating a subject
having cancer, said method comprising administering to the subject a therapeutically effective
amount of one or more antibodies or PBAs or compositions provided herein.

Also provided here are anti-IGF-1R+anti-ErbB3 PBAs, wherein the PBA has a half-life
of at least 45 hours in a Cynomolgus monkey, when the PBA is administred intraveniously at
doses equal to or higher than 5mg/kg. In certain embodiments, a PBA has a half-life that is
statistically significantly longer (e.g., by 50%, 2 fold or more) in an organism that is a mouse or
a cynomolgus monkey than the half-life of another polyvalent bispecific ab in the same
organism, binding to the same epitopes, wherein the orientation of antigen binding specificities
is reversed between of the fab and of the scfv.

PBAs may suppress heregulin-induced pAKT signaling in a cell, e.g., a cancer cel, by at
least 10%, 20%, 30%, 40%, 50%, 60%, 710%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, 99% or
100%. PBAs may suppress IGF-1-induced pAKT signaling in a cell, e.g., a cancer cell, by at
least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, 99% or
100%. PBAs may suppress insulin-induced pAKT signaling in a cell, e.g., a cancer cell, by at
least 10%, 20%, 30%, 40%, 50%, 60%, 710%, 75%, 80%, 85%, 90%, 95%, 97%., 98%, 99% or
100%. PBAs may suppress the IGF-2-induced pAKT signaling in a cell, e.g., a cancer cell, by at
least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 15%, 80%, 85%, 90%, 95%%, 97%, 98%, 99% or
100%.

A PBA may inhibit mTOR activation (phosphorylation) in a tumor cell in vivo or in
vitro to a greater extent than monospecific anti-IGF-1R Ab# A or than a monospecific anti-IGF-
1R Ab that binds to the same epitope on IGF-1R as the PBA. PBAs may reduce mTOR pfotein
levels in a tumor cell in vivo or in vitro to a greater extent than monospecific anti-IGF-1R Ab#
A, or than a monospecific anti-IGF-1R Ab that binds to the same epitope on IGF-1R as the PBA.
In certain embodiments, a PBA reduces mTOR activation or mTOR protein levels in a tumor
cell in vivo or in vitro by a factor of at least 50%, or by 2, 3, 4 or 5 fold or greater than 5 fold
relative to monospecific anti-IGF-1R Ab# A or relative to a monospecific anti-IGF-1R Ab that
binds to the same epitope on IGF-1R as the PBA. In certain embodiments, a PBA is more
effective at inhibiting tumor growth in a human xenograft model in nu/nu mice than is an
equimolar amount of an anti-IGF-1R IgG. In some embodiments the xenograft models comprise
human DU145, BxPC-3, SK-ES-1, or Caki-1 cell xenografts. In another embodiment, a
polyvalent bispecific antibody is more effective at inhibiting tumor growth in a human xenograft
model in nu/nu mice than is a combination of an equimolar amount of an anti-IGF-1R IgG

combined with an equimolar amount of an anti-ErbB3 IgG.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A-B: an alignment of exemplary IGF-1R VH sequences (SEQ ID NOs:8-31 and
384-385, numbered consecutively from top to bottom) and a consensus sequence (SEQ ID
NO:1) derived therefrom. The CDRs are underlined and the SEQ ID NOs of the CDRs are
provided above the CDRs as a number in square brackets (e.g., “[S.302]”).

Fig. 2A-E: an alignment of exemplary IGF-1R VL sequences (SEQ ID NOs:32-133 and
386-387, numbered consecutively from top to bottom) and two consensus sequences (SEQ ID
NOs:2 and 3) derived therefrom. SEQ ID NO:2 includes the VL domain of 16F, whereas SEQ
ID NO:3 does not. The CDRs are underlined and the SEQ ID NOs of the CDRs are provided
above the CDRs as a number in square brackets.

Fig. 3A-B: an alignment of exemplary ErbB3 VH sequences (SEQ ID NOs:134-165 and
388, numbered consecutively from top to bottom) and two consensus sequences (SEQ ID NOs:4
and 5) derived therefrom. SEQ ID NO:4 includes the VH domain of 16F, whereas SEQ ID NO:5
does not. The CDRs are underlined and the SEQ ID NOs of the CDRs are provided above the
CDRs as a number in square brackets.

Fig. 4A-B: an alignment of exemplary ErbB3 VL sequences (SEQ ID NOs:166-200,
numbered consecutively from top to bottom) and two consensus sequences (SEQ ID NOs:6 and
7) derived therefrom. SEQ ID NO:6 includes the VL domain of 16F, whereas SEQ ID NO:7
does not. The CDRs are underlined and the SEQ ID NOs of the CDRs are provided above the
CDRs as a number in parenthesis.

Fig. 5: Aa sequences of the light and heavy chains of exemplary anti-IGF-1R-IgG1-anti-
ErbB3 (Fig. 5 A) and anti-ErbB3-IgG1- anti-IGF-1R (Fig. 5B) polyvalent bispecific antibodies.

Fig. SA shows the aa sequences of the following anti-IGF-1R-IgG1-anti-ErbB3 hybrid
heavy chains: SF-G1-C8 (i.e., 16F - SEQ ID NO:210); SF-G1-P1 (SEQ ID NO:212); SF-G1-
M1.3 (SEQ ID NO:214); SF-G1-M27 (SEQ ID NO:216); SF-G1-P6 (SEQ ID NO:218); SF-G1-
B69 (SEQ ID NO:220); P4-G1-C8 (SEQ ID NO:222); P4-G1-P1 (SEQ ID NO:224); P4-G1-
M1.3 (SEQ ID NO:226); P4-G1-M27 (SEQ ID NO:228); P4-G1-P6 (SEQ ID NO:230); P4-G1-
B69 (SEQ ID NO:232); M78-G1-C8 (SEQ ID NO:234); M78-G1-P1 (SEQ ID NO:236); M78-
G1-M1.3 (SEQ ID NO:238); M78-G1-M27 (SEQ ID NO:240); M78-G1-P6 (SEQ ID NO:242);
M78-G1-B69 (SEQ ID NO:244); M57-G1-C8 (SEQ ID NO:246); M57-G1-P1 (SEQ ID
NO:248); M57-G1-M1.3 (SEQ ID NO:250); M57-G1-M27 (SEQ ID NO:252); M57-G1-P6
(SEQ ID NO:254) and M57-G1-B69 (SEQ ID NO:256).

Fig. 5B shows the aa sequences of the following anti-ErbB3-IgG1- anti-IGF-1R hybrid
heavy chains: P1-G1-P4 (SEQ ID NO:268); P1-G1-M57 (SEQ ID NO:270); P1-G1-M78 (SEQ
ID NO:272); M27-G1-P4 (SEQ ID NO:274); M27-G1-M57 (SEQ ID NO:276); M27-G1-M78
(SEQ ID NO:278); M7-G1-P4 (SEQ ID NO:280); M7-G1-M57 ((SEQ ID NO:282); M7-G1-
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M78 (SEQ ID NO:284); B72-G1-P4 (SEQ ID NO:286); B72-G1-M57 (SEQ ID NO:288); B72-
G1-M78 (SEQ ID NO:290); B60-G1-P4 (SEQ ID NO:292); B60-G1-M57 (SEQ ID NO:294);
B60-G1-M78 (SEQ ID NO:296); B60-G2-M78 (SEQ ID NO:355) and M7-G2-M78 (SEQ ID
NO:357).

Each of these hybrid heavy chains of Fig.Figs. 5A and 5B comprises three named
modules and each is named according to its modular composition (see Fig. 8), with, on the left,
the name of a first, amino-terminal module, in the middle, the name of the second, middle
module (always G1 or G2, as indicated, in the polyvalent bispecific antibodies whose sequences
are provided in Fig.Figs. SA and 5B) and on the right, the name of the third, carboxy-terminal
module. Each first, amino-terminal module comprises a heavy chain VR comprising from left to
right a VHCDRI1, a VHCDR?2 and a VHCDR3, each indicated by dotted underlining. Each
second, frﬁddle module is named G1 or G2 and comprises an IgG1 CR, and does not form an
antigen binding site in a polyvalent bispecific antibody. The hinge, CH2 and CH3 portions of the
G1 or G2 module sequence is single underlined. The CH1 portion starts at ASTK (SEQ ID
NO:392). A Gly-Ser linker sequence linking the G1 module with the third module is double
underlined. Each third, carboxy-terminal module appears to the right of this Gly-Ser linker
sequence and comprises an scFv that comprises a heavy chain VR comprising from left to right a
VHCDRI1, a VHCDR?2 and a VHCDR3 (each dotted underlined), a Gly-Ser scFv linker (double
wavy underlined), and a light chain VR comprising a VLCDR1, a VLCDR2 and a VLCDR3
(each dotted underlined).

The binding specificity of each amino or carboxy-terminal heavy chain module is the
same as the correspondingly named light chain of Fig. 5A or 5B.

Fig. 5A shows aa (“‘aa”) sequences of the following mature anti-IGF-R1 kappa light
chains: SF (SEQ ID NO:202), P4 (SEQ ID NO:204), M78 (SEQ ID NO:206), and M57 (SEQ ID
NO:208).

Fig. 5B shows aa sequences of the following mature anti-ErbB3 lambda light chains: P1
(SEQ ID NO:258), M27 (SEQ ID NO:260), M7 (SEQ ID NO:262), B72 (SEQ ID NO:264), and
B60 (SEQ ID NO:266).

Each light chain of Fig.Figs. 5A and 5B comprises, from left to right, a VLCDR1, a
VLCDR2 and a VLCDR3 (each dotted underlined). The CL domain starts at “RTVAA” (SEQ
ID NO:393) in the anti-IGF-1R VL domain and at “QPKAA” (SEQ ID NO:394) in the anti-
ErbB3 VL domain.

To form an entire polyvalent bispecific antibody comprising the heavy and light chains
of Fig.Figs. 5A and 5B, each heavy chain is co-expressed with a light chain which shares the
name of the amino-terminal module of the heavy chain. Each of the resultant polyvalent

bispecific antibodies takes the form of an IgG antibody (which comprises, as do native IgG
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antibodies, two essentially identical antigen binding sites) with an scFv appended to the carboxy
terminus of each of the two heavy chains of the IgG.

Fig. 6: Aa sequences of the heavy chains of exemplary 6A) anti-IGF-1R IgG1 antibodies
and 6B) anti-ErbB3 IgG1 antibodies; and aa sequences of 6C) anti-IGF-1R scFvs, and 6D) anti-
ErbB3 scFvs.

Fig. 7. Aa sequences of 7A) the heavy chains and 7B) the light chains, of SF-G1-C8
(16F), each with a leader sequence that is absent in the mature antibody. The heavy chain aa
sequence (SEQ ID NO:300) is that of SF-G1-C8 (SEQ ID NO:210) with an added N-terminal
leader sequence. The light chain aa sequence (SEQ ID NO:298) is that of SF kappa light chain
(SEQ ID NO:202) with an added N-terminal leader sequence. The leader sequences are in
boldface and underlined; the dotted underlined sequences are CDRs as indicated above each; the
linkers (hinge, connecting linker and scFv linker) are indicated above their boldfaced sequences,
and the individual CH3 aa residues E356 and M358 are in bold (these are aas that can be
substituted as follows E356D and M358L). The identities of the CH1, CH2, CH3, VH and VL
domains in Fig. 7A and the CL domain in Fig. 7B are indicated above each domain, with the
start point of each indicated by a right-angled arrow.

Fig. 8: Schematic view showing the derivation of modules of an Ig-like tetravalent
bispecific antibody. The antibodies from which the binding domains (“N-terminal module” and
“C-terminal module”) are derived are labeled monoclonal antibody 1 and monoclonal antibody
2. The diagrams and modules are conceptual in nature; the actual DNA fragments that are
joined together to prepare such a bispecific antibody may not coincide with the limits of the
modules, but the end result is essentially as shown. Furthermore, monoclonal antibody 1 and
monoclonal antibody 2 may not be in IgG format as shown — for example, either or both may be
an scFv. If an scFv is used as the source of an N-terminal module, it is converted from scFv
format to Fv format by removal of the DNA sequence encoding the scFv linker to yield VH and
VL regions that are comprised by heavy and light polypeptide chains respectively.

‘ Fig. 9: Simulation of the ErbB ﬁétwork predicts design of an optimal ErbB3 therapeutic.
9A) Complexity of the ErbB network depicted graphically: Each of ligand binding, receptor
dimerization, receptor trafficking and intracellular signaling were captured in a mass-action
based kinetic model. 9B) Simulated perturbation of each protein in the ErbB network was used
to identify the sensitivity of the downstream signal, phospho-Akt, towards each protein under
either heregulin or betacellulin stimulation. 9C) Dose responsiveness of Akt to an anti-ErbB3
antibody was examined for a variety of affinity binding constants through variation of the
dissociation rate. The order of Kgs listed for each graph from top to bottom corresponds to the

order of curves in each graph from left to right.
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Fig. 10: Ability of a bispecific antibody to co-inhibit two pathways is predicted to be
dependent on relative receptor levels. The effect of a computationally simulated bispecific
antibody on the active level of A) IGF-1R, B) ErbB3 and C) a common downstream signaling
pathway element, Akt (the Akt kinase), was computationally simulated for cells expressing three
different molar ratios of each receptor to the other. The three curves in each graph can be
identified by the relative positions at which each of their right-hand ends intersects the boarder
of the graph. Leftmost x-axis /bottommost y-axis intersecting curve = simulation of 10 times
more of IGF-1R than ErbB3, middle intersecting curve = simulation of equal levels of IGF-1R
and ErbB3, rightmost x-axis/topmost y-axis intersecting curve = simulation of 10 times more
ErbB3 than IGF-1R. Due to the lower affinity of the bispecific towards IGF-1R, potency of
IGF-1R inhibition decreases when the ErbB3 levels decrease, indicating the effect of avidity.
Failure to potently inhibit IGF-1R leads to a decreased ability to inhibit pAkt (right). The ability
to inhibit ErbB3 is unaffected by the level of IGF-1R due the stronger affinity of the bispecific
towards ErbB3.

Fig. 11: Concurrent optimization of scFv affinity and stability by covalent yeast display.
11A) Affinity of post-thermal-challenge-isolated yeast-displayed scFv modules to soluble
GFR2(ErbB3)-Fc measured by fluorescence-activated cell sorting. 11B) Thermal challenge
assay on optimized scFv modules covalently attached to yeast surface confirms their higher
thermal stability. The residual binding activity to ErbB3-Fc remaining after heat stress for 5
minutes at 65°C was measured by fluorescence-activated cell sorting. MFl=mean fluorescence
intensity.

Fig. 12: Differential scanning fluorescence can be used to estimate serum stability.
12A) Microscopic stability measurement by differential scanning fluorimetry. 12B) Macroscopic
stability measured by percent of binding activity before (100%) and after 3 day incubation in
mouse serum at 37°C. The proof-of-concept bispecific protein exhibits inferior stability
compared to a stabilized analog in both microscopic (A) and macroscopic (B) properties.

Fig. 13: Optimized bispecific antibody displays stronger cellular binding compared to
proof-of-concept bispecific antibody. Binding to BxPC-3 cells, which express both IGF-1R and
ErbB3, was measured by fluorescence-activated cell sorting.

Fig. 14: Binding to ADRr and MCF7 cells. 14A) Binding to ADRTr cells. As used in this
figure and in Fig.Figs. 14B, 18, 19, 20A and 20B, below, “IgG of module 2-21” refers to an anti-
ErbB3 antibody having the same anti-ErbB3 VRs as those in ILE-12. “IgG of module 2-3”
refers an anti-ErbB3 antibody having the same anti-ErbB3 VRs as those in ELI-7 and ILE-10.
“IgG of module 5-7” refers to an anti-IGF-1R antibody having the same anti-IGF-1R VRs as
those in ELI-7, ILE-10 and ILE-12. 14B) Binding to MC7 cells.

Fig. 15: pAKT inhibition by ILE-7 and ELI-7.
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Fig, 16: Effect of ELI-7 on growth of DU145 cells (measured by CTG assay). RLU=
relative luminescence units.

Fig. 17: Inhibition of BXPC-3 cell growth by ELI-7 measured by CTG assay.

Fig. 18: Xenograft tumor growth curves. A description of the IgG antibodies is
provided in the figure legend of Fig. 14A.

Fig. 19: BxPC-3 final xenograft tumor volumes on Day 41.

Fig. 20: Xenograft tumor growth rates and sizes. 20A) DU145 Tumor Growth Curves. |
20B) DU145 Tumor Volumes on Day 36.

Fig. 21: Polyvalent bispecific antibodies inhibit signaling across a broad range of ErbB3
and IGF-1R receptor levels. ELI-7 displays inhibition of pAkt across BxPC-3 cell lines modified
to contain a broad range of IGFIR and ErbB3 receptor levels. “BxPC-3-Control” refers to
BxPC-3 cells with unchanged IGF-1R and ErbB3 levels. “BxPC-3-IGF1R-Mod1” refers to
BxPC-3 cells in which the IGF-1R level is reduced by 37%. “BxPC-3-ErbB3-Mod1” refers to
BxPC-3 cells in which the ErbB3 level is reduced by 48%. “BxPC-3-ErbB3-Mod2” refers to
BxPC-3 cells in which the ErbB3 level is reduced by 88%.

Fig. 22: Reduction of pIGF-1R levels by 16F (SF-G1-C8) “re-engineered bispecific”
and ELI-7 “original bispecific” in BcPC3 cells.

Fig. 23: Inhibition by 16F (SF-G1-C8), Anti-IGF-1R Ab#B (cixutumumab; SEQ ID 324
+ SEQ ID 325), Anti-ErbB3 Ab# A (SEQ ID NO:336 + SEQ ID NO:337) or Anti-IGF-1R Ab#B
+ Anti-ErbB3 Ab# A of phosphorylation of: 23A) IGFIR, 23B) ErbB3, and 23C) AKT, in
BxPC-3 cells and inhibition by 16F (SF-G1-C8), Anti-IGF-1R Ab#B (cixutumumab; SEQ ID
NO:324 + SEQ ID NO:325), Anti-ErbB3 Ab# A (SEQ ID NO:336 + SEQ ID NO:337) or Anti-
IGF-1R Ab#B + Anti-ErbB3 Ab# A of.phosphorylation of: 23D) IGFIR, 23E) ErbB3, and 23F)
AKT, in DU145 cells.

Fig. 24: Signaling inhibition by 24A) 16F (SF-G1-C8) compared to 24B) ANTI-IGF-1R
Ab# A (ganitumab; SEQ ID NO:327 + SEQ ID NO:328), anti-ErbB3 Ab# A (SEQ ID NO:336 +
SEQ ID NO:337) and ANTI-IGF-1R Ab# A + anti-ErbB3 Ab# A. In each of 24A and 24B,
inhibition of phosphorylation of IGF1R is shown in the top graph, inhibition of phosphorylation
of ErbB3 is shown in the middle graph, and inhibition of phosphorylation of AKT is shown in
the bottom graph; all in BxPC-3 cells.

Fig. 25: Bispecific antibodies display strong binding to BXPC-3 cells. Binding curves
generated after incubation of indicated antibodies with BxPC-3 cells as measured by FACS.

Fig. 26: Bispecific antibodies display strong binding to recombinant ErbB3 protein,
Binding curves generated after incubation of indicated antibodies in ErbB3-His-coated plates

and measurement of bound antibody levels by ELISA.
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Fig. 27: Bispecific antibodies display strong inhibition of dual pathway signaling.
BxPC-3 signal inhibition of generation of pIGF1R, pErbB3, and pAKT, as indicated.

Fig. 28: Percent stability of indicated bispecific antibodies in serum for 72 hrs at 37°C.

Fig. 29: A-D show the binding of various bispecific antibodies (as indicated) to BxPC-3
cells as measured by FACS. In 29A), the N-terminal modules of M27/M7-1gG-P4, M27/M7-
IgG-M57, and M27/M7-1gG-M78 bispecific antibodies contain the M27 heavy chain and the M7
light chain.

Fig. 30: A-E show BxPC-3 signal inhibition data for various bispecific antibodies (as
indicated) as measured by changes in pIGFIR levels.

Fig. 31: A-F show BxPC-3 signal inhibition data for various bispecific antibodies (as
indicated) as measured by changes in pErbB3 levels.

Fig. 32: A-E show BxPC-3 signal inhibition data for various bispecific antibodies (as
indicated) as measured by changes in pAKT levels.

Fig. 33: A-D show BxPC-3 signal inhibition data for various bispecific antibodies (as
indicated) compared to a combination of anti-ErbB3 Ab# A (SEQ ID NO:336 + SEQ ID
NO:337) and ANTI-IGF-1R Ab# A (ganitumab; SEQ ID NO:327 + SEQ ID NO:328), as
measured by changes in pIGFIR levels.

Fig. 34. A-D show BxPC-3 signal inhibition data for various bispecific antibodies (as
indicated) compared to a combination of anti-ErbB3 Ab# A (SEQ ID NO:336 + SEQ ID
NO:337) and ANTI-IGF-1R Ab# A (ganitumab; SEQ ID NO:327 + SEQ ID NO:328), as
measured by changes in pErbB3 levels.

Fig. 35: A-D show BxPC-3 signal inhibition data for various bispecific antibodies
compared to a combination of anti-ErbB3 Ab# A (SEQ ID NO:336 + SEQ ID NO:337) and
ANTI-IGF-1R Ab# A (ganitumab; SEQ ID NO:327 + SEQ ID NO:328), as measured by
changes in pAKT levels.

Fig. 36: A-B show normalized stability for various bispecific antibodies (as indicated) in
mouse serum for 5 days at 37°C.

Fig. 37: Published aa sequences of heavy chains, light chains and scFvs of anti-IGF-1R
antibodies that may be incorporated into polyvalent bispecific antibodies in accordance with the
disclosure herein.

Fig. 38: Published aa sequences of heavy chains, light chains and scFvs of anti-ErbB3
antibodies to be incorporated into polyvalent bispecific antibodies in accordance with the
disclosure herein.

Fig. 39: A-B show inhibition of IGF1 and heregulin (HRG) signal transduction in
DU145 cells by the PBAs A) M7-G1-M78 (“M7-M78”), P4-G1-M1.3 (“P4-M1.3”), P4-G1-C8
(“P4-C8”) and B) SF-G1-C8 (“SF-C8) compared to the absence of PBAs (“IGF1 + HRG”); the
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absence of inducer and PBA (“No Tx”); anti-EGF1R mAB alone; anti-ErbB3 mAb alone; and a
combination of anti-IGF-1R + anti-ErbB3, as measured by inhibition of phosphorylation of
AKT. C-D show inhibition data obtained similarly to that in A-B, but in BxPC-3 cells. Anti-
IGFIR and anti-ErbB3 mAbs in this Fig. and in Fig.Figs. 40-44 and 51 are ANTI-IGF-1R Ab#
A (ganitumab; SEQ ID NO:327 + SEQ ID NQ:328) and anti-ErbB3 Ab# A (SEQ ID NO:336 +
SEQ ID NO:337), respectively.

Fig. 40: A-C show inhibition of IGF1 and heregulin (HRG) induced signal transduction
by the PBAs M7-G1-M78, P4-M 1.3, P4-C8 and SF-C8 in BxPC-3 cells which have A-D) wild
type levels of IGF-1R and ErbB3; B-E) levels of IGF-1R reduced by about 50%; or C-F) levels
of ErbB3 reduced by about 50%, as measured by inhibition of phosphorylation of AKT.

Fig. 41: A-D show inhibition of signal transduction induced by A-B) 40 ng/ml of IGF1
or C-D) or 400 ng/ml IGF1 by the PBAs M7-G1-M78, P4-M1.3, P4-C8 and SF-C8 in BXxPC-3
cells, as measured by inhibition of phosphorylation of AKT.

Fig. 42: A-D show inhibition of signal transduction induced by A-B) 20 ng/ml of IGF1
or C-D) or 200 ng/ml heregulin (HRG) by the PBAs M7-G1-M78, P4-M1.3, P4-C8 and SF-C8
in BXPC-3 cells, as measured by inhibition of phosphorylation of AKT.

Fig. 43: A-B show inhibition of basal signaling in A549 cells after A) 15 minutes
incubation with the PBAs M7-G1-M78, P4-M 1.3, P4-C8 and SF-C8; or B) 24 hours incubation
with the PBAs. C-D show inhibition of basal signaling in BsPC-3 cells after C) 15 minutes
incubation with the PBAs M7-G1-M78, P4-M1.3, P4-C8 and SF-C8; or D) 24 hours incubation
with the PBAs. All signaling is determined by measuring pAKT levels.

Fig. 44: A-B show the total IGFIR level in A) A549 cells and B)BxPC-3 cells, after 24
hours of treatment with P4-G1-C3 or P4-G1-M1.3.

Fig. 45: Western blot showing the protein level of pIGF1R, pAKt, and B-Actin in
DU145 or MIA PaCa-2 (High IR) cells that were serum starved (“Starved”) or treated with IGF1
or IGF?2 alone or in the presence of the PBA P4-M1.3 or P4-C8.

Fig. 46: Western blot showing the protein level of pIGFIR, pAKt, and B-Actin in
DU145 cells that were serum starved (““Starved”) or treated with IGF1; IGF1 in the presence of
P4-M1.3; insulin or insulin in the presence of P4-M1.3.

Fig. 47: Western blot showing the protein level of IGFIR, pIGFIR, ErbB3, pErbB3,
pAkt and B-Actin in BxPC-3 cells incubated in the absence of ligand (lanes 1-3) or in the
presence of IGF1 and heregulin (HRG) (lanes 4-6) and in the absence of a PBA or in the
presence of PBA M7-78 or P4-C8.

Fig. 48: A-F show the amount of A-B) M7-G1-M78; C-D) P4-G1-M1.3; E-F) P4-G1-C8

present after O or 5 days incubation in mouse or Cynomolgus monkey serum. G-H show the
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amount of PAG1-M1.3 present after O or 6 days in human serum, in plates coated with IGF-1R
(G) or ErbB3 (H).

Fig. 49: A-F show the level of binding to A-C) human, mouse, rat and Cynomolgus
ErbB3 and D-F) human, mouse, rat and Cynomolgus EGF-1R of PBAs P4-C8 (A, D), P4-M1.3
(B, E) and M7-M78 (C, F). Binding of M7-M78 to rat and Cynomolgus IGF-1R is not provided.

Fig. 50: A-B show the concentration of PBA P4-G1-M1.3 that is necessary to detach A)
IGF1 and B) IGF2 from IGF-1R bound to a plate.

Fig. 51: A-F show ng per total mg protein of Phospho-IGF-1R (A), Phospho-ErbB3 (B),
Phospho-Akt (C), Phospho-ERK (p44/p42; D), Phospho-mTOR (Ser2448, E), and Phospho-S6
(Ser235/236; 5F) in vitro over time in BXPC-3 cells treated with IGF-1 + HRG or IGF-1 + HRG
+ P4-G1-M1.3.

Fig. 52: Levels of pIGF1R, pAKT and B actin in BxPC-3 and A673 cells treated with
serum, IGF1, IGF1 and P4M1.3 (P4-G1-M1.3), IGF2, IGF2 and P4M1.3 (P4-G1-M1.3), insulin,
and insulin and P4M1.3 (P4-G1-M1.3).

Fig. 53: A-B show the level of mTOR (A) and phospho-mTOR (“pmTOR”) in end of
study BxPC-3 tumors of mice in which one of PBS, P4-G1-M1.3 or anti-IGF-1R Ab# A was
injected.

Fig. 54: A-F show the level of IGF-1R and insulin receptor A), ErbB3 and EGFR (B),
AKT phosphorylated on residue S473 (“pAKT S473”) and T308 (“pAKT T308”) (C), phospho-
Fox01 and Fox03a (D, “Phospho-Fox01 (Thr24)/Fox03a (Thr32")), mTOR phosphorylated on
residue S2448 and S2481 (E), and S6 phosphorylated on residue S235/236 and S 240/244 (F,
“pS6 S235/236” and “pS6 S240/244”)) in end of study Caki-1 tumors of mice in which one of
PBS, P4-G1-M1.3, anti-IGF-1R Ab# A + anti-ErbB3 IgG, and the mTOR inhibitor everolimus
was injected.

Fig. 55: A-C show the level of IGF-1R and ErbB3 (A), phospho-EGFR (B, “pEGFR”),
and phospho-mTOR (“pmTOR S2448”") and phospho-S6 (“pS6 S$235/236”) (C) in end of study
BxPC-3 tumors of mice in which one of PBS, P4-G1-M1.3, and anti-IGF-1R Ab# A was
injected.

Fig. 56 shows the level of IGF-1 (“IGF1”, left panel) and IGF-2 (“IGF2”, right panel) in
an ELISA assay wherein plates were coated with IGF-1R-His and a serial dilution of P4-G1-
M1.3 was added to the wells.

Fig. 57. A-D shows the mean tumor volume over time in a DU145 (A), BxPC-3 (B),
SK-ES-1 (C), and Caki-1(D) xenograft model. Mice were injected with one of PBS, 500 ug P4-
G1-M1.3, 100 pug P4-G1-M1.3, 500 pg P4-G1-C8, or 100 pg P4-G1-C8 (A); PBS, 500 pg P4-
G1-M1.3, 300 pg P4-G1-M1.3, 100 pg P4-G1-M1.3, 500 pg P4-G1-C8, 300 ug P4-G1-C8, 100
pg P4-G1-C8, 375 ug anti-IGF-1R Ab# A (ganitumab; SEQ ID NO:327 + SEQ ID NO:328),
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225 ug anti-IGF-1R Ab# A (ganitumab; SEQ ID NO:327 + SEQ ID NO:328), or 75 pg anti-
IGF-1R Ab# A (ganitumab; SEQ ID NO:327 + SEQ ID NO:328) (B); PBS, 500 pg P4-G1-
M1.3, 300 ug P4-G1-M1.3, or 100 pg P4-G1-M1.3 (C); or PBS, 500 pg P4-G1-M1.3, 300 pg
P4-G1-M1.3, 100 pg P4-G1-M1.3, anti-IGF-1R+ anti-ErbB3 at equal exposure dosing, or anti-
IGF-1R+ anti-ErbB3 at equimolar dosing (D).

Fig. 58 shows the fitting of the target mediated drug disposition model to experimental
data from mouse blood from mice injected with M1.3-G1-P4. The solid line is the fit of a mouse

given a 500 pg dose and the dotted line is the fit of a mouse given a 100 pg dose.

Brief Description of the Sequences:
The amino acid (““aa”) sequences referred to herein and listed in the sequence listing are

identified below.

SEQ ID NO:1 is an aa consensus sequence derived from exemplary IGF-1R VH sequences.
SEQ ID NO:2 is an aa consensus sequence derived from exemplary IGF-1R VL sequences.
SEQ ID NO:3 is an aa consensus sequence derived from exemplary IGF-1R VL sequences,
which excludes the VL sequence of the IGF-1R binding site of 16F.

SEQ ID NO:4 is an aa consensus sequence derived from exemplary ErbB3 VH sequences.
SEQ ID NO:5 is an aa consensus sequence derived from exemplary ErbB3 VH sequences,
which excludes the VH of the ErbB3 binding site of 16F.

SEQ ID NO:6 is an aa consensus sequence derived from exemplary ErbB3 VL sequences.
SEQ ID NO:7 is an aa consensus sequence derived from exemplary ErbB3 VL sequences,
which excludes the VL sequence of the ErbB3 binding site of 16F.

SEQ ID NOs:8-31 are the IGF-1R VH aa sequences of Fig. 1.

SEQ ID NOs:32-133 are the IGF-1R VL aa sequences of Fig. 2.

SEQ ID NOs:134-165 are the ErbB3 VH aa sequences of Fig. 3.

SEQ ID NOs:166-200 are the ErbB3 VL aa sequences of Fig. 4.

SEQ ID NOs:201-256 are the nucleotide sequence (odd numbers) and aa sequences (even

- numbers) of the mature light and heavy chains of anti-IGF-1R/anti-ErbB3 IgG1(scFv), provided

in Fig. 5A, the sequence ID numbers of which are as follows. Kappa light chains: SF (SEQ ID
NOs:201 and 202); P4 (SEQ ID NOs:203 and 204); M78 (SEQ ID NOs:205 and 206); and M57
(SEQ ID.NOs:207 and 208). Heavy chain scFv fusions (hybrids): SF-G1-C8 (i.e., 16F; SEQ ID
NOs:209 and 210); SF-G1-P1 (SEQ ID NOs:211 and 212); SF-G1-M1.3 (SEQ ID NOs:213 and
214); SF-G1-M27 (SEQ ID NOs:215 and 216); SF-G1-P6 (SEQ ID NOs:217 and 218); SF-G1-
B69 (SEQ ID NOs:219 and 220); P4-G1-C8 (SEQ ID NOs:221 and 222); P4-G1-P1 (SEQ ID
NOs:223 and 224); P4-G1-M1.3 (SEQ ID NOs:225 and 226); P4-G1-M27 (SEQ ID NOs:227
and 228); P4-G1-P6 (SEQ ID NOs:229 and 230); P4-G1-B69 (SEQ ID NOs:231 and 232); M78-
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G1-C8 (SEQ ID NOs:233 and 234); M78-G1-P1 (SEQ ID NOs:235 and 236); M78-G1-M1.3
(SEQ ID NOs:237 and 238); M78-G1-M27 (SEQ ID NOs:239 and 240); M78-G1-P6 (SEQ ID
NOs:241 and 242); M78-G1-B69 (SEQ ID NOs:243 and 244); M57-G1-C8 (SEQ ID NOs:245
and 246); M57-G1-P1 (SEQ ID NOs:247 and 248); M57-G1-M1.3 (SEQ ID NOs:249 and 250);
M57-G1-M27 (SEQ ID NOs:251 and 252); M57-G1-P6 (SEQ ID NQOs:253 and 254) and M57-
G1-B69 (SEQ ID NOs:255 and 256).

SEQ ID NOs:257-296 are the nucleotide sequence (odd numbers) and aa sequences (even
numbers) of the mature light and heavy chains of anti-ErbB3/anti-IGF-1R IgG1(scFv), provided
in Fig. 5B, the sequence ID numbers of which are as follows. Lambda light chains: P1 (SEQ ID
NOs:257 and 258); M27 (SEQ ID NOs:259 and 260); M7 (SEQ ID NOs:261 and 262); B72

"(SEQ ID NOs:263 and 264); and B60 (SEQ ID NOs:265 and 266). Heavy chain scFv fusions

(hybrids): P1-G1-P4 (SEQ ID NOs:267 and 268); P1-G1-M57 (SEQ ID NOs:269 and 270); P1-
G1-M78 (SEQ ID NOs:271 and 272); M27-G1-P4 (SEQ ID NOs:273 and 274); M27-G1-M57
(SEQ ID NOs:275 and 276); M27-G1-M78 (SEQ ID NOs:277 and 278); M7-G1-P4 (SEQ ID
NOs:279 and 280); M7-G1-M57 ((SEQ ID NOs:281 and 282); M7-G1-M78 (SEQ ID NOs:283
and 284); B72-G1-P4 (SEQ ID NOs:285 and 286); B72-G1-M57 (SEQ ID NOs:287 and 288);
B72-G1-M78 (SEQ ID NOs:289 and 290); B60-G1-P4 (SEQ ID NOs:291 and 292); B60-G1-
M57 (SEQ ID NOs:293 and 294); and B60-G1-M78 (SEQ ID NOs:295 and 296).

SEQ ID NOs:297 and 298 are the nucleotide and aa sequences of the light chain’of 16F with a
signal sequence, as shown in Fig. 7B.

SEQ ID NOs:299 and 300 are the nucleotide and aa sequences of the heavy chain of 16F with a
signal sequence, as shown in Fig. 7A.

SEQ ID NO:301 is a portion of an exemplary heavy chain domain, wherein a lysine was
inserted between the C-terminus of the CH3 domain and the N-terminus of the linker
SLSLSPGKGGGGS (SEQ ID NO:301 - the additional lysine is underlined).

SEQ ID NOs:302-304 are consensus sequences of anti-IGF-1R VHCDR1, VHCDR?2 and
VHCDR3 domains, respectively, which are the CDR sequences of the VH consensus sequence
of SEQ ID NO:1 and shown in Fig. 1.

SEQ ID NOs:305-307 are consensus sequences of an anti-IGF-1R VLCDR1, VLCDR2 and
VLCDR3, respectively, which are the CDR sequences of the VL consensus sequence of SEQ ID
NO:2 and shown in Fig. 2.

SEQ ID NO:308 is a consensus sequence of an anti-IGF-1R VLCDR3, which is the CDR3
sequence of the VL consensus sequence of SEQ ID NO:3 and shown in Fig. 2.

SEQ ID NOs:209-311 are consensus sequences of anti-ErbB3 VHCDR1, VHCDR?2 and
VHCDR3 domains, respectively, which are the CDR sequences of the VH consensus sequence

of SEQ ID NO:4 and shown in Fig. 3.
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SEQ ID NOs:312-314 are consensus sequences of anti-ErbB3 VLCDR1, VLCDR?2 and
VLCDR3 domains, respectively, which are the CDR sequences of the VL consensus sequence of
SEQ ID NO:6 and shown in Fig. 4.

SEQ ID NO:315 is a consensus sequence of an anti-ErbB3 VLCDR3, which is the CDR3
sequence of the VL consensus sequence of SEQ ID NO:7 and shown in Fig. 4.

SEQ ID NO:316 is the aa sequence of the heavy chain of the anti-ErbB3/anti-IGF-1R IgG2
tetravalent bispecific protein ELI-7.

SEQ ID NO:317 is the aa sequence of the light chain of the anti-ErbB3/anti-IGF-1R IgG2
tetravalent bispecific protein ELI-7.

SEQ ID NO:318 is the aa sequence of the heavy chain of the anti-IGF-1R/anti-ErbB3 tetravalent
bispecific protein ILE-10.

SEQ ID NO:319 is the aa sequence of the heavy chain of the anti-IGF-1R/anti-ErbB3 tetravalent
bispecific protein ILE-12.

SEQ ID NO:320 is the aa sequence of the light chain of the anti-IGF-1R/anti-ErbB3 tetravalent
bispecific proteins ILE-10 and ILE-12.

SEQ ID NOs:321-335 are the aa sequences of Fab heavy chains (Fab HC), Fab light chains (Fab
LC) and scFvs from the anti-IGF-1R antibodies of Table 1, which sequences are of Fig. 37.

-

Table 1 — anti-IGF-1R antibodies

Anti-IGF-1R Fab scFv
' Fab HC Fab LC
ANTI-IGF-1R Ab#C SEQID SEQID SEQ ID NO:323
(figitumumab) NO:321 NO:322
ANTI-IGF-1R Ab#B SEQID SEQID SEQ ID NO:326
(cixutumumab) NO:324 NO:325
ANTI-IGF-1R Ab# A (ganitumab) | SEQ ID SEQID SEQ ID NO:329
NO:327 NO:328
BIIB-G11 " | SEQID SEQID SEQ ID NO:332
NO:330 NO:331
BIIB-C06 SEQ ID SEQ ID SEQ ID NO:335
NO:333 NO:334

SEQ ID NOs:336-353 are the aa sequences of Fab heavy chains (Fab HC), Fab light chains (Fab
LC) and scFvs from the anti-ErbB3 antibodies of Table 2, which sequences are of Fig. 38.

47



WO 2012/145507

10

15

20

25

Table 2 — anti-ErbB3 antibodies

PCT/US2012/034244

Anti-ErbB3 Fab scFv
Fab HC Fab L.C

ANTI-ErbB3 Ab# A SEQ ID NO:336 SEQ ID NO:337 SEQ ID NO:338
H3 SEQ ID NO:339 SEQ ID NO:340 SEQ ID NO:341
MM Ab#3 SEQ ID NO:342 SEQ ID NO:343 SEQ ID NO:344
MM Ab#14 SEQ ID NO:345 SEQ ID NO:346 SEQ ID NO:347
MM Ab#17 SEQ ID NO:348 SEQ ID NO:349 SEQ ID NO:350
MM Ab#19 SEQ ID NO:351 SEQ ID NO:352 SEQ ID NO:353

SEQ ID NOs:354 and 355 are the nucleotide and aa sequences for the B60-1gG2-M78

polyvalent bispecific antibody shown in Fig. 5B.

SEQ ID NOs:356 and 357 are the nucleotide and aa sequences for the M7-IgG2-M78 polyvalent

bispecific antibody shown in Fig. 5B.
SEQ ID NOs:358-360 are aa sequences of SF, P4, M78, and M57 anti-IGF-1R IgG1

monoclonal antibody heavy chains shown in Fig. 6A.

SEQ ID NOs:362-366 are aa sequences of P1, M27, M7, B72, and B60 anti-ErbB3 IgGl1

monoclonal antibody heavy chains shown in Fig. 6B.

SEQ ID NOs:367-369 are aa sequences of P4, M57, and M78 anti-IGF-1R scFv monoclonal

antibodies shown in Fig. 6C.

SEQ ID NOs:370-375 are aa sequences of C8, P1, M1.3, M27, P6, and B69 anti-ErbB3 scFv

monoclonal antibodies shown in Fig. 6D.
SEQ ID NOs:376-379 are aa sequences of the heavy chains P4AM-G1-M1.3, PAM-G1-C8,
P33M-G1-M1.3, and P33M-G1-C8, respectively.
SEQ ID NOs:380 and 381 are aa sequences of P33M kappa light chain and PAM kappa light

chain, respectively.

SEQ ID NOs:382 and 383 are aa sequences of the anti-IGF-1R scFv M76 and the anti-ErbB3
scFv P6L, respectively. The VH and VL domains of binding site M76 consist of the aa

sequences of SEQ ID NOs:31 and 133, respectively.

SEQ ID NOs:384 and 385 are aa sequences of the VH domain of the anti-IGF-1R binding site
modules P4M and P33M, respectively.
SEQ ID NOs:386 and 387 are aa sequences of the VL domain of the anti-IGF-1R binding site
modules P4AM and P33M, respectively.
SEQ ID NO:388 is the aa of the VH domain of the anti-ErbB3 binding site module P6L.. The
VL domain consists of the aa sequence of SEQ ID NO:173.
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SEQ ID NOs: 389 and 390 are aa sequences of the anti-IGF-1R heavy chains PAM-G1-P6L and
P33M-G1-P6L, respectively.

SEQ ID NO:391 is the aa sequence of the anti-ErbB3 heavy chain P1-G1-M76.

SEQ ID NO:392 is the aa sequence of the beginning of the CH1 portion of the hybrid heavy
chains of Fig.Figs. 5A and 5B.

SEQ ID NO:393 and 394 are aa sequences of the beginning of the CL domain in the anti-IGF-
1R and ErbB3 VL domains of the light chains of Fig.Figs. 5A and 5B, respectively.

SEQ ID NOs:395-402 are the aa sequence of exemplary Gly-Ser polypeptide linkers.

SEQ ID NO:403 is the aa sequence of a hexa-histidine tag.

SEQ ID NO:404 is the aa sequence of the IgG2 constant domain (including CH1, Hinge, CH2,
and CH3 regions).

SEQ ID NOs:405-408 are the aa sequence of the heavy chains of SF-G1-P1, SF-G1-M27, M57-
G1-C8, M7-G1-M78 heavy chains, respectively, including the leader sequence (the N-terminal
19 aas of each sequence).

SEQ ID NO:409 is the nucleotide sequence of the M7-G1-M78 heavy chain, including the
leader sequence.SEQ ID NQOs:410-411 are the aa and nucleotide sequences of the P4-G1-M1.3
heavy chain, respectively, including the leader sequence (the N-terminal 19 aas of the aa
sequence).

SEQ ID NOs:412-413 are the aa and nucleotide sequences of the P4-G1-C8 heavy chain,
respectively, including the leader sequence (the N-terminal 19 aas of the aa sequence).

SEQ ID NOs:414-415 are the aa and nucleotide sequences of the M7 Lambda Light Chain,
respectively, including the leader sequence (the N-terminal 21 aas of the aa sequence).

SEQ ID NOs:416-417 are the aa and nucleotide sequences of the P4 Kappa Light Chain,
respectively, including the leader sequence (the N-terminal 20 aas of the aa sequence).

SEQ ID NO:418 is the aa sequence of the IgG1 module with Hinge, CH2, and CH3 regions (the
C-terminal 231 aas of the sequence).

SEQ ID NOs:419-424 are nucleotide sequences of the heavy chains PAM-G1-M1.3, PAM-G1-
C8, PAM-G1-P6L, P33M-G1-M1.3, P33M-G1-C8, and P33M-G1-P6L respectively.

SEQ ID NO:425 is the nucleotide sequence of the Pl-Gl-M7‘6 anti-ErbB3-G1/anti-EGF-1R
bispecific antibody.

SEQ ID NOs:426 and 427 are nucleotide sequences of the P33M Kappa and P4AM Kappa light
chains, respectively.

SEQ ID NO:428 is the nucleotide sequence of the M76 anti-IGF-1R scFv.

SEQ ID NO:429 is the nucleotide sequence of the P6L anti-ErbB3 scFv.
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DETAILED DESCRIPTION

Provided herein are novel monospecifc antibodies that bind specifically to IGF-1R or to
ErbB3. Such antibodies include IgG antibodies and scFv antibodies. Further provided are
bispecific antibodies, e.g., polyvalent bispecific antibodies (“PBAs”) that bind specifically to
human IGF-1R and to human ErbB3. These proteins are potent inhibitors of tumor cell
proliferation and of signal transduction through either or both of IGF-1R and ErbB3. The
proteins may be used for treating a cell proliferative disorder, e.g., a cancer.

Definitions

For convenience, the meaning of certain terms and phrases used in the specification,
examples, and appended claims, are provided below.

“Agent,” refers to an active molecule, e.g., a therapeutic protein, e.g., a drug.

“Aa substitution” refers to the replacement of one specific aa (“aa”) in a protein with
another aa. A substitution may be a conservative substitution, as defined below.

“Anti-ErbB3 binding site” refers to a binding site that binds specifically to human
ErbB3.

“Anti-IGF-1R binding site” refers to a binding site that binds specifically to human IGF-
IR.

“Antigen binding site” refers to a binding site that comprises the VH and/or VL domain
of an antibody, or at least one CDR thereof. For example, an antigen binding site may comprise,
consist essentially of, or consist of a VHCDR3 alone or together with a VHCDR?2 and optionally
a VHCDRI. In certain embodiments, an antigen binding site comprises a VH domain and a VL
domain, which may be present on the same polypeptide or on two different polypeptides, e.g.,
the VH domain is present on a heavy chain and a VL domain is present on a light chain.

“Antigen-binding portion” of an antibody refers to one or more fragments of an antibody
that retain the ability to specifically bind to an antigen (e.g., IGF-1R or ErbB3). It has been
shown that the antigen-binding function of an antibody can be retained by fragments of a full-
length antibody. Examples of binding fragments encompassed within the term “antigen-binding
portion” of an antibody include (i) a Fab fragment, a monovalent fragment consisting of the VL,
VH, CL and CH1 domains; (ii) a F(ab’), fragment, a bivalent fragment comprising two Fab
fragments linked by a disulfide bridge at the hinge region; (iii) an Fd fragment consisting of the
VH and CH1 domains; (iv) an Fv fragment consisting of the VL. and VH domains of a single
arm of an antibody, (v) a dAb fragment which consists of a VH domain; and (vi) an isolated
complementarity determining region (CDR). Furthermore, although VL and VH are two
domains of an Fv fragment, VL and VH are coded for by separate genes, they can be joined,
using recombinant methods, by a synthetic linker that enables them to be made as a single

protein chain in which the VL and VH regions pair to form monovalent proteins, known as
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single chain Fvs (scFvs) see U.S. Pat. No. 5,892,019. Such single chain antibodies are also
intended to be encompassed within the term “antigen-binding portion” of an antibody. Other
forms of single chain antibodies, such as diabodies are also encompassed. Diabodies are
bivalent, bispecific antibodies in which VH and VL domains are expressed on a single
polypeptide chain, but using a linker that is too short to allow for pairing between the two
domains on the same chain, thereby forcing the domains to pair with complementary domains of
another chain and creating two antigen binding sites.

"Binding affinity” refers to the strength of a binding interaction and includes both the
actual binding affinity as well as the apparent binding affinity. The actual binding affinity is a
ratio of the association rate over the disassociation rate. The apparent affinity can include, for
example, the avidity resulting from a polyvalent interaction. Dissociation constant (Ky), is
typically the reciprocal of the binding affinity, and may be conveniently measured using a
surface plasmon resonance assay (e.g., as determined in a BIACORE 3000 instrument (GE
Healthcare) e.g., using recombinant ErbB3 as the analyte and an anti-ErbB3 antibody as the
ligand) or a cell binding assay, each of which assays is described in Example 3 of US Patent No.
7,846,440.

“Binding moiety,” “binding domain,” or “binding site,” refers to the portion, region, or
site of a binding polypeptide or, when so specified, of a heavy or light chain thereof, that is
directly involved in mediating the specific binding ofl an antibody to a target molecule (i.e. an

antigen). Exemplary binding domains include an antigen binding site, a receptor binding

* domain of a ligand, a ligand binding domain of a receptor or an enzymatic domain. In preferred

embodiments, the binding domain comprises or consists of an antigen binding site (e.g.,
comprising a variable heavy (VH) chain sequence and variable light (VL) chain sequence or six
CDRs from an antibody placed into alternative framework regions (e.g., human framework
regions optionally comprising one or more aa substitutions). In certain embodiments, a binding
site may be comprised essentially only of a VH or a VL chain sequence. A binding site may be
entirely from one species, e.g., it has only sequences that derive from the germline sequences of
one species. For example, a binding site may be human (i.e., from the human species), mouse,
or rat. A binding site may also be humanized, i.e., the CDRs are from one species and the
frameworks (FRs) are from another species. For example, a binding site may have CDRs that
were derived from a mouse antibody and FRs that are from the human species. Certain
humanized binding sites comprise mutations in one or more CDR to make the CDRs look more
like the CDRs of the donor antibody. Certain humanized antibodies may also comprise
mutations in one or more FR. Generally mutations in a binding site may enhance the affinity of
binding of the binding site to its target antigen, and/or they may stabilize the binding site, e.g., to

extend its half-life.
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“CDR" or "complementarity determining region" refers to the noncontiguous antigen
combining sites found within the VR of both heavy and light chain polypeptides. These
particular regions have been described by Kabat et al., J. Biol. Chem. 252, 6609-6616 (1977)
and Kabat et al., Sequences of protein of immunological interest. (1991), and by Chothia et al., J.
Mol. Biol. 196:901-917 (1987) and by MacCallum et al., J. Mol. Biol. 262:732-745 (1996)
where the definitions include overlapping or subsets of aa residues when compared against each
other. The aa residues which encompass the CDRs as defined by each of the above cited
references are set forth for comparison. As used herein, and if not otherwise specified, "CDR" is
as defined by Kabat.

Table 3. CDR definitions

CDR Definitions

Kabat' | Chothia® | MacCallum
VHCDR1 |[31-35 [26-32 30-35
VHCDR2 | 50-65 |53-55 47-58
VHCDR3 | 95-102 |[96-101 [ 93-101
VLCDR1 |24-34 |26-32 30-36
VLCDR2 | 50-56 |[50-52 | 46-55
VLCDR3 [ 89-97 |91-96 89-96

'Residue numbering follows the nomenclature of Kabat et al., 1991, supra
’Residue numbering follows the nomenclature of Chothia et al., supra

3Residue numbering follows the nomenclature of MacCallum et al., supra

“CH1 domain” refers to the heavy chain immunoglobulin constant domain located
between the VH domain and the hinge. It spans EU positions 118-215. A CHI domain may be
a naturally occurring CH1 domain, or a naturally occurring CH1 domain in which one or more
aas have been substituted, added or deleted, provided that the CH1 domain has the desired
biological properties. A desired biological activity may be a natural biological activity, an
enhanced biological activity or a reduced biological activity relative to the naturally occurring
sequence.

“CH2 domain” refers to the heavy chain immunoglobulin constant domain that is
located between the hinge and the CH3 domain. It spans EU positions 231-340. A CH2 domain
may be a naturally occurring CH2 domain, or a naturally occurring CH2 domain in which one or
more aas have been substituted, added or deleted, provided that the CH2 domain has the desired
biological properties. A desired biological activity may be a natural biological activity, an
enhanced biological activity or a reduced biological activity relative to the naturally occurring

sequence.
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“CH3 domain” refers to the heavy chain immunoglobulin constant domain that is
located C-terminally of the CH2 domain and spans approximately 110 residues from the N-
terminus of the CH2 domain, e.g., about positions 341-446b (EU numbering system). A CH3
domain may be a naturally occurring CH3 domain, or a naturally occurring CH3 domain in
which one or more aas (“aas”) have been substituted, added or deleted, provided that the CH3
domain has the desired biological properties. A desired biological activity may be a natural
biological activity, an enhanced biological activity or a reduced biological activity relative to the
naturally occurring sequence. A CH3 domain may or may not comprise a C-terminal lysine.

“CH4 domain” refers to the heavy chain immunoglobulin constant domain that is
located C-terminally of the CH3 domain in IgM and IgE antibodies. A CH4 domain may be a
naturally occurring CH4 domain, or a naturally occurring CH4 domain in which one or more aas
have been substituted, added or deleted, provided that the CH4 domain has the desired biological
properties. A desired biological activity may be a natural biological activity, an enhanced
biological activity or a reduced biological activity relative to the naturally occurring sequence.

“CL domain” refers to the light chain immunoglobulin constant domain that is located
C-terminally to the VH domain. It spans about Kabat positions 107A-216. A CL domain may
be a naturally occurring CL domain, or a naturally occurring CL domain in which one or more
aas have been substituted, added or deleted, provided that the CL domain has the desired
biological properties. A desired biological activity may be a natural biological activity, an
enhanced biological activity or a reduced biological activity relative to the naturally occurring
sequence. A CL domain may or may not comprise a C-terminal lysine.

“Conservative substitution” or “conservative aa substitution” refers to the replacement
of one or more aa residues in a protein or a peptide with, for each particular pre-substitution aa
residué, a specific replacement aa that is known to be unlikely to alter either the confirmation or
the function of a protein or peptide in which such a particular aa residue is substituted for by
such a specific replacement aa. Such conservétive substitutions typically involve replacing one
aa with another that is similar in charge and/or size to the first aa, and include replacing any of
isoleucine (I), valine (V), or leucine (L) for each other, substituting aspartic acid (D) for
glutamic acid (E) and vice versa; glutamine (Q) for asparagine (N) and vice versa; and serine (S)
for threonine (T) and vice versa. Other substitutions are known in the art to be conservative in
particular sequence or structural environments. For example, glycine (G) and alanine (A) can
frequently be substituted for each other to yield a conservative substitution, as can be alanine and
valine (V). Methionine (M), which is relatively hydrophobic, can frequently conservatively
substitute for or be conservatively substituted by leucine or isoleucine, and sometimes valine.
Lysine (K) and arginine (R) are frequently interchangeable in locations in which the significant

feature of the aa residue is its charge and the differing pK’s of these two basic aa residues are not
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expected to be significant. The effects of such substitutions can be calculated using substitution
score matrices such PAM120, PAM-200, and PAM-250. Other such conservative substitutions,
for example, substitutions of entire regions having similar hydrophobicity characteristics (e.g.,
transmembrane domains), are well known.

A CR domain on a light chain of an immunoglobulin is referred to interchangeably as a
“CL,” “light chain CR domain,” “CL region” or “CL domain.” A constant domain on a heavy
chain (e.g., hinge, CH1, CH2 or CH3 domains) of an immunoglobulin is referred to
interchangeably as a “CH,” “heavy chain constant domain,” “CH” region or “CH domain.” A
variable domain on an immunoglobulin light chain is referred to interchangeably as a “VL,”
“light chain variable domain,” “VL region” or “VL domain.” A variable domain on an
immunoglobulin heavy chain is referred to interchangeably as a “VH,” “heavy chain variable
domain,” “VH region” or “VH domain.”

“Domatin” refers to a region, e.g., an independently folding, globular region or a non-
globular region (e.g., a linker domain), of a heavy or light chain polypeptide which may

comprise peptide loops (e.g., 1 to 4 peptide loops) that may be stabilized, for example, by a B-

pleated sheet and/or an intrachain disulfide bond. The constant and VRs of immunoglobulin

heavy and light chains are typically folded into domains. In particular, each one of the CHI,
CH2, CH3, CH4, CL, VH and VL domains typically form a loop structure.

“ECs,” or “ECS50” refers to the concentration of a molecule, e.g., a PBA, that provides
50% of the maximal effect of the protein on a particular system such as a binding assay or a
signal transduction pathway.

“ErbB3”and “HER3"” refer to ErbB3 protein, as described in U.S. Pat. No. 5,480,968.
The human ErbB3 protein sequence is shown in Fig. 4 and SEQ ID NO:4 of U.S. Pat. No.
5,480,968, wherein the first 19 aas correspond to the leader sequence that is cleaved from the
mature protein. ErbB3 is a member of the ErbB family of receptors, other members of which
include ErbB1 (EGFR), ErbB2 (HER2/Neu) and ErbB4. While ErbB3 itself lacks tyrosine
kinase activity, but is itself phorphorylated upon dimerization of ErbB3 with another ErbB
family receptor, e.g., ErtbB1, ErbB2 and ErbB4, which are receptor tyrosine kinases. Ligands for
the ErbB family include heregulin (HRG), betacellulin (BTC), epidermal growth factor (EGF),
heparin-binding epidermal growth factor (HB-EGF), transforming growth factor alpha (TGF-a ),
amphiregulin (AR), epigen (EPG) and epiregulin (EPR). The aa sequence of human ErbB3 is
provided at Genbank Accession No. NP_001973.2 (receptor tyrosine-protein kinase erbB-3
isoform 1 precursor) and is assigned Gene ID: 2065.

“EU” indicates that aa positions in a heavy chain CR, including aa positions in the CH1,

hinge, CH2, and CH3 domains, are numbered herein according to the EU index numbering
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system (see Kabat et al., in “Sequences of Proteins of Immunological Interest”, U.S. Dept.
Health and Human Services, 5" edition, 1991).

“Fab” refers to the antigen binding portion of an antibody, comprising two chains: a first
chain that comprises a VH domain and a CH1 domain and a second chain that comprises a VL
domain and a CL domain. Although a Fab is typically described as the N-terminal fragment of
an antibody that was treated with papain and comprises a portion of the hinge region, it is also
used herein as referring to a binding domain wherein the heavy chain does not comprise a
portion of the hinge.

“Fc region” refers to the portion of a single immunoglobulin heavy chain beginning in
the hinge region just upstream of the papain cleavage site (i.e. residue 216 in IgG, taking the first
residue of heavy chain CR to be 114) and ending at the C-terminus of the antibody.
Accordingly, a complete Fc region comprises at least a hinge, a CH2 domain, and a CH3
domain. Two Fc regions that are dimerized are referred to as “Fc” or “Fc dimer.” An Fc region
may be a naturally occurring Fc region, or a naturally occurring Fc region in which one or more
aas have been substituted, added or deleted, provided that the Fc region has the desired
biological properties. A desired biological activity may be a natural biological activity, an
enhanced biological activity or a reduced biological activity relative to the naturally occurring
sequence.

“Framework region” or “FR” or “FR region” includes the aa residues that are part of the
VR, but are not part of the CDRs (e.g., using the Kabat definition of CDRs). Therefore, a VR
framework is between about 100-120 aas in length but includes only those aas outside of the
CDRs. For the specific example of a heavy chain VR and for the CDRs as defined by Kabat et
al., 1991, ibid., framework region 1 corresponds to the domain of the VR encompassing aas 1-
30; framework region 2 corresponds to the domain of the VR encompassing aas 36-49;
framework region 3 corresponds to the domain of the VR encompassing aas 66-94, and
framework region 4 corresponds to the domain of the VR from aas 103 to the end of the VR.

The framework regions for the light chain are similarly separated by each of the light chain VR

CDRs. Similarly, using the definition of CDRs by Chothia et al. or McCallum et al. the

framework region boundaries are separated by the respective CDR termini as described above.
In preferred embodiments, the CDRs are as defined by Kabat.

“Full-length antibody” is an antibody that comprises one or more heavy chains and one
or more light chains. Each heavy chain is comprised of a heavy chain VR (abbreviated herein as
VH) and a heavy chain CR. The heavy chain CR is comprised of three domains CHI, CH2, and
CH3, and optionally a fourth domain, CH4. Each light chain is comprised of a light chain VR
(abbreviated herein as VL) and a light chain CR. The light chain CR is comprised of one
domain, CL. The VH and VL regions can be further subdivided into regions of hypervariability,
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termed complementarity determining regions (CDR), interspersed with regions that are more
conserved, termed framework regions (FR). Each VH and VL is typically composed of three
CDRs and four FRs, arranged from amino- terminus to carboxy-terminus in the following order:
FRI, CDRI, FR2, CDR2, FR3, CDR3, and FR4. Immunoglobulin proteins can be of any type
class (e.g., IgG, IgE, IgM, IgD, IgA and IgY) or, subclass (e.g., IgG 1, IgG2, IgG 3, IgG4, IgAl
and IgA2) or subclass.

“Gly-Ser linker” or “Gly-Ser peptide” refers to a peptide that consists of glycine and
serine residues. An exemplary Gly-Ser peptide comprises the aa sequence (Gly,Ser)n (SEQ ID
NO:395), whereinn=1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more. In
certain embodiments, n is a number between 1 and 5, n is a number between 6 and 10, nis a
number between 11 and 15, n is a number between 16 and 20, n is a number between 21 and 25,
or n is a number between 26 and 30.

“Heavy chain immunoglobulin CR” or “HC Ig CR” may comprise a CH1 domain and an
Fc region, which Fc region may comprise a hinge, a CH2 domain, a CH3 domain and/or a CH4
domain. A light chain immunoglobulin CR may comprise a CL domain.

“Hinge” or “hinge region” or “hinge domain” refers to the flexible portion of a heavy
chain located between the CH1 domain and the CH2 domain. It is approximately 25 aas long,
and is divided into an “upper hinge,” a “middle hinge,” and a “lower hinge.” A hinge may be a
naturally occurring hinge, or a naturally occurring hinge in which one or more aas have been
substituted, added or deleted, provided that the hinge has the desired biological properties. A
desired biological activity may be a natural biological activity, an enhanced biological activity or
a reduced biological activity relative to the naturally occurring sequence.

“ICsp,” or “IC50” refers to the concentration of a molecule, e.g., a PBA, that provides a
50% inhibition of a maximal activity (e.g., a response to a stimulus or a constitutive activity),
i.e., a concentration that reduces the activity to a level halfway between the maximal activity and
the baseline. The ICsy value may be converted to an absolute inhibition constant (Ki) using, e.g.,
the Cheng-Prusoff equation. In a system that is inhibited by a binding agent, such as an antibody
or a bispecific binding protein provided herein, the IC50 may be indistinguishable from the
EC50.

“IGF-1R” or “IGF1R?” refers to the receptor for insulin-like growth factor 1 (IGF-1,
formerly known as somatomedin C). IGF-1R also binds to, and is activated by, insulin-like
growth factor 2 (IGF-2). IGF1-R is a receptor tyrosine kinase, which upon activation by IGF-1
or IGF-2 is auto-phosphorylated. The aa sequence of human IGF-1R precursor is provided at
Genbank Accession No. NP_000866 and is assigned Gene ID: 3480.

“IgG-(scFv),” indicates a tetravalent PBA consisting of an IgG having two N-terminal

Fab binding sites each comprised of an IgG heavy chain and an IgG light chain, wherein the C-

56



WO 2012/145507 PCT/US2012/034244

10

15

20

25

30

35

terminus of each heavy chain is linked to an scFv having a binding site comprised of a VH
domain and a VL domain. When the immunoglobulin CRs are those of an IgG1, the PBA is
referred to as an “IgG1-(scFv),.” Exemplary IgG1-(scFv), PBAs are those where the four
binding sites comprise two essentially identical anti-IGF-1R binding sites and two essentially
identical anti-ErbB3 binding sites. The 38 tetravalent PBAs set forth below in the Detailed
Description under the subheading “Exemplary IGF-1R+ErbB3 PBAs comprising IgG1 CRs”
(also see Fig.Figs. 5A and B), each comprise two joined essentially identical subunits, each
subunit comprising a heavy and a light chain that are disulfide bonded to each other, e.g., M7-
G1-M78 (SEQ ID NO:284 and SEQ ID NO:262), P4-G1-M1.3 (SEQ ID NO:226 and SEQ ID
NO:204), and P4-G1-C8(SEQ ID NO:222 and SEQ ID NO:204), are exemplary embodiments of
such IgG1-(scFv), proteins. When the immunoglobulin CRs are those of IgG2, the protein is
referred to as an “IgG2-(scFv),.” An exemplary “IgG2-(scFv), protein is ELI-7. When the

immunoglobulin CRs are partially from an IgG1 and partially from another isotype of IgG, e.g.,

~ an IgG2, the protein is referred to as e.g., an “IgG1/2-(scFv),.”

“Immunoglobulin CR” or “Ig CR” refers to the parts of an immunoglobulin, (i.¢., an
antibody,) outside of its variable domains. In certain embodiments, an immunoglobulin CR
combri_ses a “heavy chain immunoglobulin CR” and a “light chain immunoglobulin CR.”

“Inhibition” of a biological activity by a binding protein refers to any reproducibly
detectable decrease in biological activity mediated by the binding protein. In some
embodiments, inhibition provides a statistically significant decrease in biological activity, e.g., a
decrease of about 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 100% in biological
activity relative to the biological activity determined in he absence of the binding protein.

“Isolated,” in reference to polynucleotides, polypeptides or proteins, means that the
polynucleotide, polypeptide or protein is substantially removed from polynucleotides,
polypeptides, proteins or other macromolecules with which it, or its analogues, occurs in nature.
Although the term “isolated” is not intended to require a specific degree of purity, typically, the
protein will be at least about 75% pure, more preferably at least about 80% pure, more
preferably at least about 85% pure, more preferably at least about 90% pure, more preferably
still at least about 95% pure, and most preferably at least about 99% pure.

“Kabat” in conjunction with designation of immunoglobulin aa sequence positions
indicates that aa positions in a light chain CR (e.g., CL domain) are numbered according to the
Kabat index numbering system (see Kabat et al., 1991, op. cit.).

‘ “Linked to” refers to direct or indirect linkage or connection of, in context, aas or
nucleotides. An “indirect linkage” refers to a linkage that is mediated through a linker or a
domain, comprising, e.g., one or more aas or nucleotides. A “direct linkage” or “linked directly”

when referring to two polypeptide segments refers to the presence of covalent bond between the
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two polypeptide segments, e.g., the two polypeptide segments are joined contiguously without
intervening sequences.

“Linker” refers to one or more aas connecting two domains or regions together. A linker
may be flexible to allow the domains being connected by the linker to form a proper three
dimensional structure thereby allowing them to have the required biological activity. A linker
connecting the VH and the VL of an scFv is referred to herein as an “scFv linker.” A linker
connecting the N-terminus of a VH domain or the C-terminus of the CH3 domain to a second
VH domain, e.g., that of an scFv is referred to as a “connecting linker.”

“Module” refers to a structurally and/or functionally distinct part of a PBA, such a
binding site (e.g., an scFv domain or a Fab domain) and the Ig constant domain. Modules
provided herein can be rearranged (by recombining sequences encoding them, either by
recombining nucleic acids or by complete or fractional de novo synthesis of new
polynucleotides) in numerous combinations with other modules to produce a wide variety of
PBAs, e.g., as disclosed herein. For example, an “SF” module refers to the binding site “SF,”
i.e., comprising at least the CDRs of the SF VH and SF VL domains. A “C8” module refers to
the binding site “C8.” _

“PBA” refers to a polyvalent bispecific antibody, an artificial hybrid protein comprising
at least two different binding moieties or domains and thus at least two different binding sites
(e.g., two different antibody binding sites), wherein one or more of the pluralities of the binding
sites are covalently linked, e.g., via peptide bonds, to each other. A preferred PBA described
herein is an anti-IGF-1R+anti-ErbB3 PBA, which is a polyvalent bispecific antibody that
comprises one or more first binding sites binding specifically to an IGF-1R protein, e.g., a
human IGF-1R protein, and one or more second binding sites binding specifically to an ErbB3
protein, e.g., a human ErbB3 protein. An anti-IGF-1R+anti-ErbB3 PBA is so named regardless
of the relative orientations of the anti-IGF-1R and anti-ErbB3 binding sites in the molecule,
whereas when the PBA name comprises two antigens separated by a slash (/) the antigen to the
left of the slash is amino terminal to the antigen tot the right of the slash. A PBA may be a
bivalent binding protein, a trivalent binding protein, a tetravalent binding protein or a binding
protein with more than 4 binding sites. An exemplary PBA is a tetravalent bispecific antibody,
i.e., an antibody that has 4 binding sites, but binds to only two different antigens or epitopes.
Exemplary bispecific antibodies are tetravalent “anti-IGF-1R/anti-ErbB3” PBAs and *“anti-
ErbB3 /anti- IGF-1R” PBAs. Typically the N-terminal binding sites of a tetravalent PBA are
Fabs and the C-terminal binding sites are scFvs.

“Percent identical” or “% identical” refers to two or more nucleic acid or polypeptide
sequences or subsequences that are the same (100% identical) or have a specified percentage of

nucleotide or aa residues that are the same, when the two sequences are aligned for maximum
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correspondence and compared. To align for maximum correspondence, gaps may be introduced
into one of the sequences being compared. The aa residues or nucleotides at corresponding
positions are then compared and quantified. When a position in the first sequence is occupied by
the same residue as the corresponding position in the second sequence, then the sequences are
identical at that position. The percent identity between the two sequences is a function of the
number of identical positions shared by the sequences (e.g., % identity= # of identical
positions/total # of positions (e.g., overlapping positions) x 100). In certain embodiments, the
two sequences are the same length. The determination that one sequence is a measured %
identical with another sequence can be determined using a mathematical algorithm. A non-
limiting example of a mathematical algorithm utilized for such comparison of two sequences is
incorporated in the ALIGN program (version 2.0) which is part of the GCG sequence alignment
software package. When utilizing the ALIGN program e.g., for comparing aa sequences, a
PAM120 weight residue table, a gap length penalty of 12, and a gap penalty of 4 may be used.
Additional algorithms for sequence analysis are well known in the art and many are available
online.

“Portion” or “fragment” (e.g., of a domain) of a reference moiety refers to a discrete part
of the whole reference moiety (e.g., domain, e.g., a naturally occurring domain) that is at least,
or at most 10% 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 98%, or 99% of the size of
the reference moiety. ‘

“scFv linker” refers to a pe‘ptide or polypeptide domain interposed between the VL and
VH domains of an scFv. scFv linkers preferably allow orientation of the VL and VH domains in
a antigen binding conformation. In one embodiment, an scFv linker comprises or consists of a
peptide or polypeptide linker that only comprises glycines and serines (a “Gly-Ser linker”). In
certain'embodiments, an scFv linker comprises a disulfide bond.

“scFv protein” refers to a binding protein that consists of a single polypeptide
comprising one light chain variable domain (VL), and one heavy chain variable domain (VH),
wherein each variable domain is derived from the same or different antibodies. scFv proteins
typically comprise an scFv linker interposed between the VH domain and the VL domain. ScFv
proteins are known in the art and are described, e.g., in U.S. Pat. No. 5,892,019.

“Similarity” or “percent similarity” in the context of two or more polypeptide sequences,
refer to two or more sequences or subsequences that have a specified percentage of aa residues
that are the same or conservatively substituted when compared and aligned for maximum
correspondence. By way of example, a first aa sequence can be considered similar to a second
aa sequence when the first aa sequence is at least 50%, 60%, 70%, 75%, 80%, 90%, or even 95%
identical, or conservatively substituted, to the second aa sequence when compared to an equal

number of aas as the number contained in the first sequence, or when compared to an alignment
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of polypeptides that has been aligned by a computer similarity program known in the art. These

terms are also applicable to two or more polynucleotide sequences.

" ¢ 73 8¢

“Specific binding,” “specifically binds,” “selective binding,” and “selectiveiy binds,” as
well as “binds specifically” “binds selectively,” when referring to the binding of a binding site to
its target epitope or a combination of binding sites to their target epitopes, means that the
binding site(s) exhibit(s) immunospecific binding to the target epitope(s). A binding site that
binds specifically to an epitope exhibits appreciable affinity for a target epitope and, generally,
does not exhibit cross-reactivity with other epitopes in that it does not exhibit appreciable
affinity to any unrelated epitope and preferably does not exhibit affinity for any unrelated
epitope that is equal to, greater than, or within two orders of magnitude lower than the affinity
for the target epitope. “Appreciable” or preferred binding includes binding with a dissociation
constant (Kd) of 10, 10° M, 107, 10", 10">M, 10" M or an even lower Kd value. Note that
lower values for Kd (dissociation constant) indicate higher binding affinity, thus a Kd of 107 is a
higher Kd value than a Kd of 10°%, but indicates a lower binding affinity than a Kd of 10%).
Dissociation constants with values of about 10”7 M, and even as low as about 10* M, are at the
high end of dissociation constants suitable for therapeutic antibodies. Binding affinities may be
indicated by a range of dissociation constants, for example, 10%t0 10"2M, 10710 10"*M, 10%t0
102 M or better (i.e., or lower value dissociation constant). Dissociation constants in the
nanomolar (10°M) to picomolar (10?M) range or lower are typically most useful for
therapeutic antibodies. Suitable dissociation constants are Kds of 50 nM or less (i.e., a binding
affinity of 50 nM or higher - e.g., a Kd of 45 nM) or Kds of 40 nM, 30 nM, 20 nM, 10 nM, 1
nm, 100 pM, 10 pM or 1 pM or less. Specific or selective binding can be determined according
to any art-recognized means for determining such binding, including, for example, according to

Scatchard analysis and/or competitive binding assays.

Polyvalent bispecific antibodies

Provided herein are polyvalent bispecific antibodies (“PBAs”), which may be isolated
monoclonal antibodies. Exemplary PBAs comprise at least one anti-IGF-1R binding site and at
least one anti-ErbB3 binding site or at least two anti-IGF-1R binding sites and at least two anti-
ErbB3 binding sites. In a preferred embodiment, the anti-IGF-1R binding site binds specifically
to a human IGF-1R and the anti-ErbB3 binding site binds specifically to human ErbB3. In
certain embodiments, the PBA comprises two heavy-light chain pairs that associate with each
other to form a single protein, wherein each heavy-light chain pair comprises an anti-IGF-1R
binding site and an anti-ErB3 binding site. In certain embodiments, the anti-IGF- 1R binding site
and the anti-ErbB3 binding site of a first heavy-light chain pair are connected through an
immunoglobulin CR that associates with the immunoglobulin CR of another heavy-light chain

pair (e.g., by disulfide bonds) to form, e.g., a single IgG-like protein. A preferred PBA as
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described herein has advantageous properties, such as the ability to inhibit tumor cell
proliferation and to reduce or stabilize tumor growth equivalently to or more potently than either
its isolated anti-IGF-1R binding moiety or its isolated anti-ErbB3 binding moiety, and in certain
embodiments, the ability to inhibit either or both of tumor invasiveness and tumor metastasis.
An exemplary PBA described herein can inhibit either or both of IGF-1R and ErbB3 mediated
signal transduction, such as IGF-1R, ErbB3 and AKT phosphorylation, equivalently to or more
potently than either its isolated anti-IGF-1R binding moiety or its isolated anti-ErbB3 binding
moiety. An exemplary PBA will (i) inhibit growth of tumor cells, e.g., by at least 10%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, 90% or more; or (ii) inhibit IGF-1r, ErbB3 or Akt
phosphorylation, e.g., by at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or more,
e.g., to a similar extent or more potently than either its isolated anti-IGF-1R binding moiety or
its isolated anti-ErbB3 binding moiety, or both (i) and (ii). An exemplary PBA will (iii) be
stable, e.g., be at least 80% monomeric in a solution after 1, 2, 3, 4, 5 or more days at 4°C, room
temperature or 37°C, or (iv) have a Tm (e.g., as determined by DSF) of at least 50°C, 55°C,
60°C, 65°C or more, or both (iii) and (iv). The PBAs described herein may be used, e.g., for
treating a subject having a cancer.

In certain embodiments, the immunoglobulin CR of a PBA may comprise the CR of an
IgG heavy chain, which may comprise an Fc region. An immunoglobulin constant domain may
exist as a heavy-light chain pair, the heavy chain Fc region of which may comprise a CH3
domain that associates (e.g., by disulfide bonds) with the CH3 domain of another such heavy-
light chain pair. The immunoglobulin CR moiety may also comprise a CH2 domain, a hinge
and/or a CH1 domain. As further described herein, each of a CH1, hinge, CH2, or CH3 domain
of a PBA may be a naturally occurring (or wild type) domain, or it may differ from a naturally
occurring domain by one or more aa substitutions (e.g., conservative substitutions), additions or
deletions, provided that the particular domain retains its desired biological activity, such as
either or both of CH3 and CL association activity. When present, the CH1, hinge, CH2 and CH3
domains are preferably in N- to C-terminal order as they occur naturally, i.e., CH1, hinge, CH2,
CH3. These domains may be connected, or linked, to each other directly or indirectly. An
indirect linkage is a linkage that is mediated through a linker of one or more aas. In one
embodiment, each CH domain is directly linked to its adjacent domains. Accordingly, in one
embodiment, a CH1 domain is linked at its C-terminus to the N-terminus of a hinge domain,
which is linked at its C-terminus to the N-terminus of a CHZ domain, which is linked at its C-
terminus to the N-terminus of a CH3 domain.

Certain PBAs comprise at least two anti-IGF-1R and at least two anti-ErbB3 binding
sites, each of which bind specifically to IGF-1R or ErbB3, respectively. The binding sites may

be any type of immunoglobulin-derived or mimetic binding site, provided that each binding site
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binds specifically to its respective target. For example, a binding site may be a Fab domain, an
scFv, or a fragment of a single domain antibody. The anti-IGF-1R and anti-ErbB3 binding sites
of a PBA may be the same type of binding site or a different type. For example, the anti-IGF-1R
binding sites may be Fabs and the anti-ErbB3 binding sites may be scFvs. Alternatively, the
anti-IGF-1R binding sites may be scFvs and the anti-ErbB3 binding sites may be Fabs. In
another embodiment, one anti-ErbB3 binding site is a Fab and another anti-ErbB3 binding site is
an scFv; in another embodiment, one anti-IGF-1R binding site is a Fab and another anti-IGF-1R
binding site is an scFv. In some embodiments, a first and a second Fab are linked to the N-
terminus and C-terminus of the immunoglobulin CR domain, respectively. In some
embodiments, a first and a second scFv are linked to the N-terminus and C-terminus of the
immunoglobulin CR domain, respectively. In some embodiments, at least one Fab domain is
linked to the N-terminus of the immunoglobulin CR (e.g., in the Fab and CRs’ natural
arrangement) and at least one scFv is linked to the C-terminus of the immunoglobulin CR. In
some embodiments, at least one scFv is linked to the N-terminus of the immunoglobulin CR and
at least one Fab is linked to the C-terminus of the immunoglobulin CR. Exemplary
arrangements of Fab and scFv and anti-IGF-1R and anti-ErbB3 bispecific antibodies are of

Table 4.

Table 4: Exemplary anti-IGF-1R and anti-ErbB3 arrangements in PBAs

Linkage to the N-terminus of the immunoglobulin CR
anti-IGF-1R | Anti-IGF-1R | Anti-ErbB3 Anti-ErbB3
scFv Fab scFv Fab

Linkage to Anti-IGF-1R yes yes
the C- scFv
terminus of | Anti-IGF-1R yes yes
the immuno- | Fab
globulin CR | Anti-ErbB3 yes yes

scFv

Anti-ErbB3 yes . yes

Fab

In certain embodiments, the immunoglobulin CR of a PBA comprises a CH1 domain

that is linked to a first heavy chain variable domain (VH) domain. For example the CH1 domain

may be linked at the N-terminus to the C-terminus of a first VH domain.

In certain embodiments, the immunoglobulin CR of a PBA comprises a CH3 that is

linked to a second VH domain. When referring to first and second binding sites of an IgG based
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(e.g., derived from or comprising at least part of the CR of and IgG) PBA provided herein, the
“first” binding site refers to the binding site that is located N-terminally to the immunoglobulin
CR moeity, whereas the “second” binding site is the binding site that is located C-terminally to
the immunoglobulin CR moeity. For example a CH3 domain can be linked at its C-terminus to
the N-terminus of a second VH domain. The CH3 domain may be linked at its C terminus to the
N-terminus of a linker, which linker is linked at its C-terminus to the N-terminus of the second
VH domain. Such a linker may be useful to provide flexibility between the constant
immunoglobulin region and the second VH domain, such that a proper three-dimensional
structure may be obtained to allow the protein to have a biological activity.

In certain embodiments, a PBA comprises two binding sites that are antigen-binding
sites as typically found in antibodies (i.e., it comprises two Fabs). Such PBAs usually comprise
two light chains, wherein each light chain comprises a light chain variable (VL) domain that
associates with (e.g., by disulfide binding) the VH domain of each of two heavy chains, to form
two binding sites. The VL domain may be linked to a constant light chain (CL) domain and
form a light chain Fab region. For example, a VL domain may be linked at its C-terminus to the
N-terminus of a CL. domain. In embodiments in which the first and the second binding sites are
Fabs, the PBA has two different light chains, referred to as a first and a second light chain,
wherein the first and the second lighf chains comprise a first and a second VL domain,
respectively, and optionally a first and a second CL domain, respectively, aﬂd associate (e.g.,
dimerize) with the first and the second VH domain and optionally a first and a second CH1
domain, respectively.

In embodiments in which a PBA comprises one or more scFvs, the VH domain of each
scFv is linked to an scFv linker, which is linked to a VL. domain, and a VH domain and a VL
domain associate with each other to form an antigen binding site. In one embodiment, a VH
domain is linked at its C-terminus to the N-terminus of an scFv linker, which is linked at its C-
terminus to the N-terminus of a VL domain. In embodiments in which one scFv is linked to the
N-terminus of an immunoglobulin CR and one scFv is linked to its C-terminus, the N-terminus
of the immunoglobulin CR is linked to a first VH domain, which is linked to a first scFv linker,
which is linked to a first VL domain, and the first VH domain and the first VL domain form the
first binding site; and the C-terminus of the immunoglobulin CR is linked to a second VH
domain, which is linked to a second scFv linker, which is linked to a second VL domain, and the
second VH domain and the second VL domain form the second binding site and two such
immunoglobulin CRs are dimerized or otherwise associated (e.g., by at least one bond, e.g., a
disulfide bond or a van der Waals bond) to form a single tetravalent protein.

In preferred embodiments, the immunoglobulin CR is a human immunoglobulin CR,

i.e., it essentially consists of an aa sequence obtained from the human immunoglobulin
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repertoire. The immunoglobulin CR may be that of any immunoglobulin isotype, class or
subclass. In one embodiment, an immunoglobulin CR is an IgG CR, such as an IgG1, 1gG2,
IgG3 or IgG4 CR. In certain embodiments, the CR is a hybrid that is made up of at least two
different classes or subclasses or types of immunoglobulins. For example, an immunoglobulin
CR may have one domain from IgG1 and one or more other domains from an IgG4 protein. As
further described herein, in certain embodiments, a domain (e.g., CH1, hinge, CH2 or CH3)
within the immunoglobulin CR may be mostly from one isotype of immunoglobulin, but may
have one or more aa mutation(s) (e.g., substitution, addition or deletion) e.g., to provide the
mutated immunoglobulin CR an attribute from another type or class of immunoglobulin CR.

In certain embodiments, a PBA has an IgG-(scFv), structure. Such proteins comprise an
IgG antibody having two first binding sites, to which is linked an scFv having a second binding
site, e.g., to each of the two C-termini of the IgG protein. An exemplary IgG-(scFv); is an IgG1-
(scFv),, wherein the IgG is an IgG1.

In certain embodiments, a PBA comprises a heavy chain having the structure
represented by scFv-Fc¢-scFv and the PBA may have the structure (scFv-Fc-scFv),. The Fc may
be an Fc region comprising a hinge, a CH2 and a CH3 domain. In certain embodiments, such
proteins do not comprise a CH1 or a CL domain.

In one embodiment, a PBA comprises two identical heavy-light chain pairs that form an
IgG like molecule, wherein each pair comprises one binding moiety that is an anti-IGF-1R Fab
and another binding moiety that is an anti-ErbB3 scFv and wherein the two binding moieties are
connected through an immunoglobulin CR, which comprises in N-terminal to C-terminal order a
hinge domain, a CH2 domain and a CH3 domain. The scFv may be linked to the CH3 domain
via a linker. In an exemplary embodiment, a PBA comprises two identical heavy chains that
form a dimer and two identical light chains, wherein each light chain associates with a heavy
chain, and wherein each heavy chain comprises: a first VH domain that is linked at its C-
terminus to the N-terminus of a CH1 domain, which CH1 domain is linked at its C-terminus to
the N-terminus of a hinge domain, which hinge domain is linked at its C-terminus to the N-
terminus of a CH2 domain, which CH2 domain is linked at its C-terminus to the N-terminus of a
CH?3 domain, which CH3 domain is linked at its C-terminus to the N-terminus of a linker, which
linker is linked at its C-terminus to the N-terminus of a second VH domain, which second VH
domain is linked at its C-terminus to the N-terminus of an scFv linker, which scFv linker is
linked at its C-terminus to the N-terminus of a second VL domain, which second VL domain
associates with the second VH domain to form the second binding site; and wherein each light
chains comprises a first VL domain that is linked at its C-terminus to the N-terminus of a CL
domain, wherein the first VH domain and the first VL domain form the first binding site. In one

embodiment, the first binding site is an anti-IGF-1R binding site and the second binding site is
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an anti-ErbB3 binding site. In another embodiment, the first binding site is an anti-ErbB3
binding site and the second binding site is an anti-IGF-1R binding site.

In certain embodiments, a PBA comprises an IGF-1R binding site comprising a
VHCDR3 consisting of the consensus sequence of SEQ ID NO:304, and optionally a VHCDRI
and/or VHCDR?2 consisting of the consensus sequences of SEQ ID NOs:302 and 303,
respectively (see Fig. 1). In certain embodiments, the last (C-terminal) X aa of SEQ ID NO:304
is not I. A PBA may also comprise an anti-IGF-1R binding site cofnprising a VLCDR3
consisting of the consensus sequence of SEQ ID NO:307 or 308, and optionally either or both of
a VLCDR1 and a VLCDR2 consisting of the sequences of SEQ ID NOs:305 and 306,
respectively (see Fig. 2). In certain embodiments, a PBA comprises an anti-IGF-1R binding site
comprising a VHCDR1, VHCDR2, VHCDR3, VLCDR1, VLCDR2 and VLCDR3 cdnsisting of
the consensus sequences of SEQ ID NOs:302, 303, 304, 305, 306, and 307 (or 308),
respectively.

In certain embodiments, a PBA comprises an anti-ErbB3 binding site comprising a
VHCDR3 consisting of the consensus sequence of SEQ ID NO:311, and optionally a VHCDR1
and/or a VHCDR?2 consisting of the sequences of SEQ ID NOs:309 and 310, respectively (see
Fig. 3). A PBA may also comprise an anti-IGF-1R binding site comprising a VLCDR3
consisting of the consensus sequence of SEQ ID NO:314 or 315, and optionally a VLCDR1
and/or VLCDR2 consisting of the sequences of SEQ ID NOs:312 and 313, respectively (see Fig.
4). In certain embodiments, a PBA comprises an anti-IGF-1R binding site comprising a '
VHCDRI1, VHCDR2, VHCDR3, VLCDR1, VLCDR2 and VLCDR3 consisting of the sequences
of SEQ ID NOs:309, 310, 311, 312, 313, and 314 (or 315), respectively.

The sequences of SEQ ID NOs:302-315 are set forth below:

Anti-IGF-1R CDRs:

VHCDRI1 consensus sequence: GFX1FSX2YPMH (SEQ ID NO:302)

VHCDR?2 consensus sequence: ISX1X2GGATX3YADSVKG (SEQ ID NO:303)
VHCDR3 consensus sequence: DFYX1X2L.TGNAFDX3 (SEQ ID NO:304)
VLCDRI1 sequence: RASQGISSYLA (SEQ ID NO:305.)

VLCDR2 consensus sequence: AX1STX2QS (SEQ ID NO:306)

VLCDR3 consensus sequence: QQYX1X2X3PLT (SEQ ID NO:307) and QQYWXIX2PLT
(SEQ ID NO:308)

Anti-ErbB3 CDRs:

VHCDR1 sequence: GFTFDDYAMH (SEQ ID NO:309)

VHCDR2 consensus sequence: ISWX1SGSX2GYADSVKG (SEQ ID NO:310)
VHCDR3 consensus sequence: DLGX1X2QWX3X4GFDY (SEQ ID NO:311)
VLCDRI1 sequence: QGDSLRSYYAS (SEQ ID NO:312)
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VLCDR?2 sequence: GKNNRPS (SEQ ID NO:313)
VLCDR3 consensus sequence: X1SRDX2X3GX4X5WYV (SEQ ID NO:314) and
X1SRDX2PGX3X4WV (SEQ ID NO:315)

Each aa “X” followed by a numeral is a variable aa, which independently represents any
aa, such as any aa located at a corresponding position in Fig.Figs. 1, 2, 3 or 4. Exemplary aas for
X1-X2 of SEQ ID NO:302, X1-X2 of SEQ ID NO:303 and X1-X3 of SEQ ID NO:304 are
provided at the corresponding positions in the aa sequences in Fig. 1. Exemplary aas for X1-X2
of SEQ ID NO:306, X1-X3 of SEQ ID NO:307 and X1-X2 of SEQ ID NO:308 are provided at
the corresponding positions in the aa sequences in Fig. 2. Exemplary aas for X1-X2 of SEQ ID
NO:310 and X1-X4 of SEQ ID NO:311 are provided at the corresponding positions in the aa
sequences in Fig. 3. Exemplary aas for X1-X5 of SEQ ID NO:314 or X1-X4 of SEQ ID
NO:315 are provided at the corresponding positions in the aa sequences in Fig. 4.

An exemplary PBA comprises an anti-IGF-1R binding site comprising a VHCDRI1,
VHCDR2, VHCDR3, VLCDRI1, VLCDR?2 and VLCDR3 consisting of the sequences of SEQ ID
NOs:302, 303, 304, 305, 306, and 307 (or 308), respectively, and the anti-ErbB3 binding site
comprising a VHCDR1, VHCDR?2, VHCDR3, VLCDR1, VLCDR2 and VL.CDR3 consisting of
the sequences of SEQ ID NOs:309, 310, 311, 312, 313, and 314 (or 315), respectively.

Exemplary PBAs comprise one or more CDRs from one or more of the VRs provided in
Fig Figs. 1-4. In certain embodiments, an anti-IGF-1R binding site comprises 1, 2 or 3 CDRs of
one of the VH domains of Fig. 1 and/or 1, 2 or 3 CDRs of one of the VL domains of Fig. 2. For
example, an anti-IGF-1R binding moiety may comprise CDR1, CDR2 and/or CDR3 from SEQ
ID NO:11 and/or CDR1, CDR2 and/or CDR3 from SEQ ID NO:35 (CDRs of 16F). In certain
embodiments, an anti-IGF-1R binding moiety comprises a combination of CDRs of Fig.Figs. 1
and 2, with the proviso that (i.e., wherein) (i) the binding moiety is not that of 16F, or (ii) 1, 2, 3,
4, 5 or 6 of the CDRs of the anti-IGF-1R binding entities are not present in the anti-IGF-1R
binding entity of 16F, or (iii) the VH or VL domains of the anti-IGF-1R binding entity is not
identical to the corresponding VH or VL domains in 16F, respectively.

Exemplary PBAs comprise an anti-IGF-1R binding entity comprising a VH domain
comprising the VHCDR1, VHCDR?2 and VHCDR3 aa sequences of a sequence in Fig. 1, e.g.,
one of SEQ ID Nos:8, 9, 10 and 11 (the location of these CDRs is shown in Fig. 1). PBAs may
also comprise an anti-IGF-1R binding entity comprising a VL domain comprising the VLCDRI,
VLCDR2 and VLCDR3 aa sequences of one of SEQ ID Nos:32, 33, 34 and 35 (the location of
these CDRs is shown in Fig. 2). In certain embodiments, PBAs comprise an anti-IGF-1R
binding entity comprising a VH domain comprising the VHCDR1, VHCDR?2 and VHCDR3 aa
sequences of one of SEQ ID Nos:8, 9, 10 and 11 and a VL domain comprising the VLCDR1,
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VLCDR2 and VLCDR3 aa sequences of one of SEQ ID Nos:32, 33, 34 and 35. In particular
embodiments, an anti-IGF-1R binding domain comprises a VH domain comprising the
VHCDRI1, VHCDR?2 and VHCDR3 aa sequences of SEQ ID No:8 and a VL domain comprising
the VLCDR1, VLCDR?2 and VLCDR3 aa sequences of SEQ ID No:32. In particular
embodiments, an anti-IGF-1R binding domain comprises a VH domain comprising the
VHCDR1, VHCDR?2 and VHCDR3 aa sequences of SEQ ID No:9 and a VL domain comprising
the VLCDR1, VLCDR2 and VLCDR3 aa sequences of SEQ ID No:33. In particular
embodiments, an anti-IGF- 1R binding domain comprises a VH domain comprising the
VHCDRI1, VHCDR2 and VHCDR3 aa sequences of SEQ ID No:10 and a VL domain
comprising the VLCDR1, VLCDR2 and VLCDR3 aa sequences of SEQ ID No:34. In
particular embodiments, an anti-IGF-1R binding domain comprises a VH domain comprising the
VHCDR1, VHCDR2 and VHCDR3 aa sequences of SEQ ID No:11 and a VL domain
comprising the VLCDR1, VLCDR?2 and VLCDR3 aa sequences of SEQ ID No:35. In particular
embodiments, an anti-IGF-1R binding domain comprises a VH domain comprising the
VHCDR1, VHCDR2 and VHCDR3 aa sequences of SEQ ID No:8 and a VL domain comprising
the VLCDR1, VLCDR2 and VLCDR3 aa sequences of SEQ ID No:33. In particular
embodiments, an anti-IGF-1R binding domain comprises a VH domain comprising the
VHCDR1, VHCDR?2 and VHCDR3 aa sequences of SEQ ID No:10 and a VL domain
comprising the VLCDR1, VLCDR2 and VLCDR3 aa sequences of SEQ ID No:32.

In certain embodiments, an anti-ErbB3 binding site comprises 1, 2 or 3 CDRs of one of
the VH domains of Fig. 3 and/or 1, 2 or 3 CDRs of one of the VL domains of Fig. 4. For
example, an anti-ErbB3 binding moiety may comprise CDR1, CDR2 and/or CDR3 from SEQ ID
NO:143 and/or CDR1, CDR2 and/or CDR3 from SEQ ID NO:175 (CDRs of 16F). In certain
embodiments, an anti-ErbB3 binding moiety comprises a combination of CDRs of Fig Figs. 1
and 2, with the proviso that (i.e., wherein) (i) the binding moiety is not that of 16F, or (ii) 1, 2, 3,
4, 5 or 6 of the CDRs of the anti- anti-ErbB3 binding entities are not present in the anti-ErbB3
binding entity of 16F, or (iii) the VH or VL domains of the anti-ErbB3 binding entity is not
identical to the corresponding VH or VL domains in 16F, respectively.

Exemplary PBAs comprise an anti-ErbB3 binding entity comprising a VH domain
comprising the VHCDR1, VHCDR?2 and VHCDR3 aa sequences of a sequence in Fig. 3,eg.,
one of SEQ ID Nos:134-143 (the location of these CDRs are provided in Fig. 3). PBAs may
also comprise an anti-ErbB3 binding entity comprising a VL domain comprising the VLCDR1,
VLCDR?2 and VLCDR3 aa sequences of one of SEQ ID Nos:166-175 (the location of these
CDRs are provided in Fig. 4). In certain embodiments, PBAs comprise an anti-ErbB3 binding
entity comprising a VH domain comprising the VHCDR1, VHCDR2 and VHCDR3 aa
sequences of one of SEQ ID Nos:134-143 and a VL domain comprising the VLCDR1, VLCDR2
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and VLCDR3 aa sequences of one of SEQ ID NOs:166-175. In particular embodiments, an anti-
ErbB3 binding domain comprises a VH domain comprising the VHCDR1, VHCDR?2 and
VHCDR3 aa sequences of SEQ ID No:134 and a VL domain comprising the VLCDRI1,
VLCDR?2 and VLCDR3 aa sequences of SEQ ID No:166. In particular embodiments, an anti-

5 ErbB3 binding domain comprises a VH domain comprising the VHCDR1, VHCDR?2 and
VHCDR3 aa sequences of SEQ ID No:135 and a VL domain comprising the VLCDRI,
VLCDR?2 and VLCDR3 aa sequences of SEQ ID No:167. In particular embodiments, an anti-
ErbB3 binding domain comprises a VH domain comprising the VHCDR1, VHCDR2 and
VHCDR3 aa sequences of SEQ ID No:136 and a VL domain comprising the VLCDR1,

10 VLCDR2 and VLCDR3 aa sequences of SEQ ID No:168. In particular embodiments, an anti-
ErbB3 binding domain comprises a VH domain comprising the VHCDR1, VHCDR2 and
VHCDR3 aa sequences of SEQ ID No:137 and a VL domain comprising the VLCDR1,
VLCDR2 and VLCDR3 aa sequences of SEQ ID No:169. In particular embodiments, an anti-
ErbB3 binding domain comprises a VH domain comprising the VHCDR1, VHCDR?2 and

15  VHCDR3 aa sequences of SEQ ID No:138 and a VL domain comprising the VLCDR1,
VLCDR?2 and VLCDR3 aa sequences of SEQ ID No:170. In particular embodiments, an anti-
ErbB3 binding domain comprises a VH domain comprising the VHCDR1, VHCDR?2 and
VHCDR3 aa sequences of SEQ ID No:139 and a VL domain comprising the VLCDRI,
VLCDR2 and VLCDR3 aa sequences of SEQ ID No:171. In particular embodiments, an anti-

20  ErbB3 binding domain comprises a VH domain comprising the VHCDR1, VHCDR?2 and
VHCDR3 aa sequences of SEQ ID No:140 and a VL domain comprising the VLCDRI1,
VLCDR?2 and VL.CDR3 aa sequences of SEQ ID No:172. In particular embodiments, an anti-
ErbB3 binding domain comprises a VH domain comprising the VHCDR1, VHCDR?2 and
VHCDR3 aa sequences of SEQ ID No:141 and a VL domain comprising the VLCDR1,

25  VLCDR?2 and VLCDR3 aa sequences of SEQ ID No:173. In particular embodiments, an anti-
ErbB3 binding domain comprises a VH domain comprising the VHCDR1, VHCDR2 and
VHCDR3 aa sequences of SEQ ID No:142 and a VL domain comprising the VLCDRI1,
VLCDR2 and VLCDR3 aa sequences of SEQ ID No:174. In particular embodiments, an anti-
ErbB3 binding domain comprises a VH domain comprising the VHCDR1, VHCDR?2 and

30 VHCDRS3 aa sequences of SEQ ID No:143 and a VL. domain comprising the VLCDRI1,
VLCDR?2 and VLCDR3 aa sequences of SEQ ID No:175. In particular embodiments, an anti-
ErbB3 binding domain comprises a VH domain comprising the VHCDR1, VHCDR?2 and
VHCDR3 aa sequences of SEQ ID No:136 and a VL domain comprising the VLCDRI1,
VLCDR?2 and VLCDR3 aa sequences of SEQ ID No:169.
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Binding sites may also comprise one or more CDRs of the VRs of Fig.Figs. 1-4, wherein
1, 2 or 3 aas have been changed, e.g., substituted, added or deleted, provided that the binding
sites are still able to bind specifically to their target.

In certain embodiments, an anti-IGF-1R binding site comprises a VH domain
comprising the following consensus sequence:
EVQLLQSGGGLVQPGGSLRLSCAASGFX1FSX2YPMHWVRQAPGKGLEWVX3SISX4X5
GGATX6YADSVKGRFTISRDNSKNTLYLQMNSLRX7EDTAVYYCAKDFYX8X9LTGNA
FDX10WGQGTX11VTVSS (SEQ ID NO:1; the CDRs are underlined)

This consensus sequence was obtained by aligning the VH sequences of 24 high affinity anti-

IGF-IR binding sites. The alignment is shown in Fig. 1.

In certain embodiments, each of aas X1-X11 of SEQ ID NO:1 independently represents
any aa. In other embodiments, each of aas X1-X11 of SEQ ID NO:1 independently represents
any aa set forth at those positions in any of the sequences in Fig. 1. In one such embodiment, X1
isT,X2isV,X3isS$,X4is S, X5is S, X6is R, X7is A, X8is D, X%is I, X10isIand X11is T
(SF heavy chain 16F; SEQ ID NO:11). Exemplary IGF-1R VH sequences are set forth as SEQ
ID NOs:8-31. )

In certain embodiments, a VH domain of an anti-IGF-1R binding site comprises the
consensus sequence of SEQ ID NO:1 with the proviso that (i.e., wherein) the sequence is not
that of SF heavy chain 16F, e.g., by differing from it in at least one aa. In certain embodiments,
a VH domain of an anti-IGF-1R binding site comprises the consensus sequence of SEQ ID NO:1
with the proviso that (i.e., wherein) X1 is not T, X2 is not V, X6 is not R, X8 is not D or X10 is
not I. Exemplary anti-IGF-1R VH sequences are set forth as SEQ ID NOs:8-10 and 12-31.

In certain embodiments, an anti-IGF-1R binding site comprises a VL domain comprising
the following consensus sequence:
DIQX1TQSPSSLSASX2GDRVTITCRASQGISSYLAWYQQKPGKAPKLLIYAX3STX40SG
VPSRFSGSGSGTXSFTLTISSLQPEDX6X7TYYCQOQYX8X9X10PLTFGGGTKVEIK (SEQ
ID NO:2; the CDRs are underlined)

This consensus sequence was obtained by aligning the VL sequences of about 100 high

affinity anti-IGF-1R binding sites. The alignment is shown in Fig. 2.

In certain embodiments, each of aas X1-X10 of SEQ ID NO:2 independently represents
any aa. In other embodiments, each of aas X1-X10 of SEQ ID NO:2 independently represents
any aa set forth at those positions in any of the sequences in Fig. 2. In one such embodiment, X1
isM,X2isT,X3is A, X4isL,X5is D, X6is F, X7 is A, X8is F, X9is T and X10 is F (SF
kappa light chain 16F; SEQ ID NO:35). Exemplary IGF-1R VL sequences are set forth as SEQ
ID NOs:32-133.
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In certain embodiments, a VL domain of an anti-IGF-1R binding site comprises the
consensus sequence of SEQ ID NO:2, with the proviso that (i.e., wherein) the sequence is not
that of SF light chain 16F, e.g., by differing from it in at least one aa. In certain embodiments, a
VL domain of an anti-IGF-1R binding site comprises the consensus sequence of SEQ ID NO:2
with the proviso that (i.e., wherein) X2 is not T, X6 is not F or X8 is not F. When X2isnotT,
X6 is not F and/or X8 is not F, X2 may be an L, X6 may be an F and/or X8 may be an F, as of
the following consensus sequence:

DIQX 1TQSPSSLSASLGDRVTITCRASQGISSYLAWYQQKPGKAPKLLIYAX2STX3QSGV
PSRFSGSGSGTX4FTLTISSLQPEDSXS5TYYCQQYWX6X7PLTFGGGTKVEIK (SEQ ID
NO:3; the CDRs are underlined)

In certain embodiments, a VL domain of an anti-IGF-1R binding site comprises the

‘consensus sequence of SEQ ID NO:3, wherein each of aas X1-X7 of SEQ ID NO:3

independently represents any aa. In other embodiments, each of aas X1-X7 of SEQ ID NO:3
independently represents any aa set forth at those positions in any of the sequences in Fig. 2.
Exemplary IGF-1R VL sequences are set forth as SEQ ID NOs:32-34 and 36-133.

In certain embodiments, an anti-ErbB3 binding éite comprises a VH domain comprising
the following consensus sequence:
X1VQLVX2SGGGLVQPGX3SLRLSCAASGFTFDDYAMHWVRQAPGKGLEWVX4GISW
X58GSX6GYADSVKGRFTISRDNAKNSLYLQMNSLRX7EDTAX8YYCARDLGX9X100W
X11X12GFDYWGQGTLVTVSS (SEQ ID NO:4; the CDRs are underlined)

This consensus sequence was obtained by aligning the VH sequences of 32 high affinity

anti-IGF-1R binding sites. The alignment is shown in Fig. 3.

In certain embodiments, each of aas X1-X12 of SEQ ID NO:4 independently represents
any aa. In other embodiments, each of aas X1-X12 of SEQ ID NO:4 independently represents
any aa set forth at those positions in any of the sequences in Fig. 3. In one such embodiment, X1
isQ,X2isQ,X3is G, X4is A, X5is N, X6isI, X7isP,X8is V,X9is Y, X10is N, X11is V
and X12 is E (C8 heavy chain 16F; SEQ ID NO:143). Exemplary ErbB3 VH sequences are set
forth as SEQ ID NOs:134-165.

In certain embodiments, a VH domain of an anti-ErbB3 binding site comprises the
consensus sequence of SEQ ID NO:4, with the proviso that (i.e., wherein) the sequence is not
that of C8 heavy chain 16F, e.g., by differing from it in at least one aa. In certain embodiments,
a VH domain of an anti- ErbB3 binding site comprises the consensus sequence of SEQ ID NO:4
with the proviso that (i.e., wherein) aa X7 is not P or X8 is not V. When X7 is not P and/or X8

is not V, X7 may be an A an/or X8 may be an L, as of the following consensus sequence:
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X1VQLVX2SGGGLVQPGX3SLRLSCAASGFTFDDYAMHWVRQAPGKGLEWVX4GISW
X5SGSX6GYADSVKGRFTISRDNAKNSLYLQMNSLRAEDTALYYCARDLGX7X80QWX9
X10GFDYWGQGTLVTVSS (SEQ ID NO:5; the CDRs are underlined).

In certain embodiments, a VH domain of an anti-ErbB3 binding site comprises the
consensus sequence of SEQ ID NO:5, wherein each of aas X1-X10 of SEQ ID NO:5
independently represents any aa. In other embodiments, each of aas X1-X10 of SEQ ID NO:5

independently represents any aa set forth at those positions in any of the sequences in Fig. 3.
Exemplary ErbB3 VH sequences are set forth aé SEQ ID NOs:134-142 and 144-165.

In certain embodiments, an anti-ErbB3 binding site comprises a VL domain comprising
the following'consensus sequence:
SX1ELTQDPAVSVALGQTVRITCQGDSLRSYYASWYQQKPGQAPVLVIYGKNNRPSGIP
DRFSGSX2SGNX3ASLTITGAQAEDEADYYCX4SRDX5X6GX7X8WVFGGGTKVTVX9G
(SEQ ID NO:6; the CDRs are underlined).

This consensus sequence was obtained by aligning the VL sequences of 35 high affinity

anti-IGF-1R binding sites. The alignment is shown in Fig. 4.

In certain embodiments, each of aas X1-X9 of SEQ ID NO:6 independently represents
any aa. In other embodiments, each of aas X1-X10 of SEQ ID NO:6 independently represents
any aa set forth at those positions in any of the sequences in Fig. 4. In one embodiment, X1 is
Y, X2isT,X3is S, X4is N, X5is S, X6is S, X7 is N, X8 is H, and X9 is L (C8 lambda light
chain 16F; SEQ ID NO:175). Exemplary ErbB3 VL sequences are set forth as SEQ ID
NOs:166-200.

In certain embodiments, a VL domain of an anti-ErbB3 binding site comprises the
consensus sequence of SEQ ID NO:6, with the proviso that (i.e., wherein) the sequence is not
that of C8 lambda light chain 16F, e.g., by differing from it in at least one aa. In certain

embodiments, a VL domain of an anti- ErbB3 binding site comprises the consensus sequence of

~SEQ ID NO:6 with the proviso that (i.e., wherein) X6 is not S. When X6 is not S, X6 may be P,

as of the following consensus sequence:
SX1ELTQDPAVSVALGQTVRITCQGDSLRSYYASWYQQKPGQAPVLVIYGKNNRPSGIP
DRFSGSX2SGNX3ASLTITGAQAEDEADYYCX4SRDX5PGX6XTWVFGGGTKVTVX8G -
(SEQ ID NO:7; the CDRs are underlined).

In certain embodiments, a VL domain of an anti-ErbB3 binding site comprises the
consensus sequence of SEQ ID NO:7, each of aas X1-X8 of SEQ ID NO:7 independently
represents any aa. In other embodiments, each of aas X1-X8 of SEQ ID NO:7 independently

represents any aa set forth at those positions in any of the sequences in Fig. 4. Exemplary ErbB3
VL sequences are set forth as SEQ ID NOs:166-174 and 176-200.
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Exemplary anti-IGF-1R VH domains include the M57 VH domain (SEQ ID NO:8),
M78 VH domain (SEQ ID NO:9), P4 VH domain (SEQ ID NO:10) and SF VH domain (SEQ ID
NO:11). Exemplary anti-IGF-1R VL domains include the M57 VL domain (SEQ ID NO:32),
M78 VL domain (SEQ ID NO:33), P4 VL domain (SEQ ID NO:34) and SF VL domain (SEQ
ID NO:35).

Exemplary anti-ErbB3 VH domains include the B60 VH domain (SEQ ID NO:134),
B72 VH domain (SEQ ID NO:135), M27 VH domain (SEQ ID NO:136), M7 VH domain (SEQ
ID NO:137), P1 VH domain (SEQ ID NO:138), M27 VH domain (SEQ ID NO:139), B69 VH
domain (SEQ ID NO:140), P6 VH domain (SEQ ID NO:141), M1.3 VH domain (SEQ ID
NO:142), and C8 VH domain (SEQ ID NO:143). Exemplary anti-ErbB3 VL domains include
the B60 VL domain (SEQ ID NO:166), B72 VL domain (SEQ ID NO:167), M27 VL domain
(SEQ ID NO:168), M7 VL domain (SEQ ID NO:169), P1 VL domain (SEQ ID NO:170), M27
VL domain (SEQ ID NO:171), B69 VL domain (SEQ ID NO:172), P6 VH domain (SEQ ID
NO:173), M1.3 VL domain (SEQ ID NO:174), and C8 VL domain (SEQ ID NO:175).

Binding sites may comprise a VH and a VL domain having the same module name (e.g.,
“M57,” M78” and “P4”), i.e., which are the VH and VL domains of an antibody of binding site
thereof originally isolated, or they can be mixed and matched. For example, anti-IGF-1R
binding moieties may comprise: (i) the VH domain of module M57 (SEQ ID NO:8) and the VL
domain of module M57 (SEQ ID NO:32); the VH domain of module M78 (SEQ ID NO:9) and
the VL domain of module M78 (SEQ ID NO:33); (iii) the VH domain of module P4 (SEQ ID
NO:10) and the VL domain of module P4 (SEQ ID NO:34) or (iv) the VH domain of module SF
(SEQ ID NO:11) and the VL domain of module SF (SEQ ID NO:35). An anti-ErbB3 binding
moieties may comprise: (i) the VH domain of module B60 (SEQ ID NO:134) and the VL
domain of module B60 (SEQ ID NO:166); (ii) the VH domain of module B72 (SEQ ID NO:135)
and the VL domain of module B72 (SEQ ID NO:167); (iii) the VH domain of module M27
(SEQ ID NO:136) and the VL domain of module M27 (SEQ ID NO:168); (iv) the VH domain of
module M7 (SEQ ID NO:137) and the VL domain of module M7 (SEQ ID NO:169); (v) the VH
domain of module P1 (SEQ ID NO:138) and the VL domain of module P1 (SEQ ID NO:170);
(vi) the VH domain of module M27 (SEQ ID NO:139) and the VL domain of module M27 (SEQ
ID NO:171); (vii) the VH domain of module B69 (SEQ ID NO:140) and the VL domain of
module B69 (SEQ ID NQ:172); (viii) the VH domain of module P6 (SEQ ID NO:141) and the
VL domain of module P6 (SEQ ID NO:173); (ix) the VH domain of module M1.3 (SEQ ID
NO:142) and the VL domain of module M1.3 (SEQ ID NO:174); and (x) the VH domain of
module C8 (SEQ ID NO:143) and the VL. domain of module C8 (SEQ ID NO:175).

Binding moieties of PBAs may also comprise mixed and matched VH and VL domains,

i.e., a binding moiety may comprise a VH domain from one module and a VL domain from
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another module. For example, an IGF-1R binding moiety may comprise the VH domain of
module M57 (SEQ ID NO:8) and the VL domain of module M78 (SEQ ID NO:33) or the VH
domain of module P4 (SEQ ID NO:10) and the VL domain of module M57 (SEQ ID NO:32).
An anti-ErbB3 binding moiety may comprise the VH domain of module M27 (SEQ ID NO:136)
and the VL domain of module M7 (SEQ ID NO:169; see, e.g., Example 7). Mixed chain

binding moieties that bind with high affinity to their targets are preferred.

A PBA may also comprise aa sequences falling within more than one of the IGF-1R VH

(SEQ ID NO:1), IGF-1R VL (SEQ ID NO:2), ErbB3 VH (SEQ ID NO:4) and ErbB3 VL (SEQ
ID NO:6) consensus sequences described herein, provided that the PBA specifically binds to

IGF-1R and ErbB3. For example, a PBA may comprise any of:

an IGF-1R VH domain comprising SEQ ID NO:1 and an IGF-1R VL domain
comprising SEQ ID NO:2;

an IGF-1R VH domain comprising SEQ ID NO:1 and an ErbB3 VH domain comprising
SEQ ID NO:4;

an IGF-1R VH domain comprising SEQ ID NO:1 and an ErbB3 VL domain comprising
SEQ ID NO:6;

an IGF-1R VH domain comprising SEQ ID NO:1, an IGF-1R VL domain comprising
SEQ ID NO:2, and an ErbB3 VH domain comprising SEQ ID NO:4;

an IGF-1R VH domain comprising SEQ ID NO:1, an IGF-1R VL domain comprising
SEQ ID NO:2, and an ErbB3 VL domain comprising SEQ ID NO:6;

an IGF-1R VH domain comprising SEQ ID NO:1, an IGF-1R VL domain comprising
SEQ ID NO:2, an ErbB3 VH domain comprising SEQ ID NO:4, and an ErbB3 VL
domain comprising SEQ ID NO:6;

an IGF-1R VL domain comprising SEQ ID NO:2 and an ErbB3 VH domain comprising
SEQ ID NO:4;

an IGF-1R VL domain comprising SEQ ID NO:2 and an ErbB3 VL domain comprising
SEQ ID NO:6;

an IGF-1R VL domain comprising SEQ ID NO:2, an ErbB3 VH domain comprising
SEQ ID NO:4, and an ErbB3 VL domain comprising SEQ ID NO:6; or

an ErbB3 VH domain comprising SEQ ID NO:4 and an ErbB3 VL domain comprising
SEQ ID NO:6;

wherein the variable aas are independently any aa, or wherein the variable aas are

independently any of the aas set forth at the corresponding position for each of these

consensus sequences of Fig.Figs. 1-4, provided that the PBA binds specifically to IGF-1R
and to ErbB3.
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A PBA may also comprise aa sequences falling within more than one of the IGF-1R VH

(SEQ ID NO:1), IGF-1R VL (SEQ ID NO:2), ErbB3 VH (SEQ ID NO:4) and ErbB3 VL (SEQ
ID NO:6) consensus sequences described herein, provided that the PBA specifically binds to
IGF-1R and ErbB3, with the proviso that (i.e., wherein) the PBA is not 16F. For example a PBA
may comprise aa sequences falling within more than one of the IGF-1R VH (SEQ ID NO:1),
IGF-1R VL (SEQ ID NO:3), ErbB3 VH (SEQ ID NO:5) and ErbB3 VL (SEQ ID NOs:7)

consensus sequences described herein, provided that they specifically bind to IGF-1R and

ErbB3. For example, a PBA may comprise:

an IGF-1R VH domain comprising SEQ ID NO:1 and an IGF-1R VL domain
comprising SEQ ID NO:3;

an IGF-1R VH domain comprising SEQ ID NO:1 and an ErbB3 VH domain comprising
SEQ ID NO:5;

an IGF-1R VH domain comprising SEQ ID NO:1 and an ErbB3 VL domain comprising
SEQ ID NO:7;

an IGF-1R VH domain comprising SEQ ID NO:1, an IGF-1R VL domain comprising
SEQ ID NO:3, and an ErbB3 VH domain comprising SEQ ID NO:5;

an IGF-1R VH domain comprising SEQ ID NO:1, an IGF-1R VL domain comprising
SEQ ID NO:3, and an ErbB3 VL domain comprising SEQ ID NO:7;

an IGF-1R VH domain comprising SEQ ID NO:1, an IGF-1R VL domain comprising
SEQ ID NO:3, an ErbB3 VH domain comprising SEQ ID NO:5, and an ErbB3 VL
domain comprising SEQ ID NO:7;

an IGF-1R VL domain comprising SEQ ID NO:3 and an ErbB3 VH domain comprising
SEQ ID NO:5;

an IGF-1R VL domain comprising SEQ ID NO:3 and an ErbB3 VL domain comprising
SEQ ID NO:7;

an IGF-1R VL domain comprising SEQ ID NO:3, an ErbB3 VH domain comprising
SEQ ID NO:5, and an ErbB3 VL domain comprising SEQ ID NO:7; or

an ErbB3 VH domain comprising SEQ ID NO:5 and an ErbB3 VL domain comprising
SEQ ID NO:7;

wherein the variable aas are independently any aa, or wherein the variable aas are independently

any of the aas set forth at the corresponding position for each of these consensus sequences of

Fig.Figs. 1-4, provided that the PBA binds specifically to IGF-1R and to ErbB3.

Exemplary PBAs comprise an anti-IGF-1R binding entity comprising a VH domain

comprising an aa sequence in Fig. 1, e.g., the aa sequence of one of SEQ ID Nos:8, 9, 10 and 11.

PBAs may also comprise an anti-IGF-1R binding entity comprising a VL domain comprising an

aa sequence in Fig. 2, e.g., the aa sequence of one of SEQ ID Nos:32, 33, 34 and 35. In certain

74



WO 2012/145507 PCT/US2012/034244

10

15

20

25

30

35

embodiments, PBAs comprise an anti-IGF-1R binding entity comprising a VH domain
comprising the aa sequence of one of SEQ ID Nos:8, 9, 10 and 11 and a VL domain comprising
the aa sequence of one of SEQ ID Nos:32, 33, 34 and 35. In particular embodiments, an anti-
IGF-1R binding domain comprises a VH domain comprising the aa sequence of SEQ ID No:8
and a VL domain comprising the aa sequence of SEQ ID No:32. In particular embodiments, an
anti-IGF-1R binding domain comprises a VH domain comprising the aa sequence of SEQ ID
No:9 and a VL domain comprising the aa sequence of SEQ ID No:33. In particular
embodiments, an anti-IGF-1R binding domain comprises a VH domain comprising the aa
sequence of SEQ ID No:10 and a VL domain comprising the aa sequence of SEQ ID No:34. In
particular embodiments, an anti-IGF-1R binding domain comprises a VH domain comprising the
aa sequence of SEQ ID No:11 and a VL domain comprising the aa sequence of SEQ ID No:35.
In particular embodiments, an anti-IGF-1R binding domain comprises a VH domain comprising
the aa sequence of SEQ ID No:8 and a VL domain comprising the aa sequence of SEQ ID
No:33. In particular embodiments, an anti-IGF-1R binding domain comprises a VH domain
comprising the aa sequence of SEQ ID No:10 and a VL domain comprising the aa sequence of
SEQ ID No:32.

Exemplary PBAs comprise an anti-ErbB3 binding entity comprising a VH domain
comprising the aa sequence of one of SEQ ID Nos:134-143. PBAs may also comprise an anti-
ErbB3 binding entity comprising a VL domain comprising the aa sequence of one of SEQ ID
Nos:166-175. In certain embodiments, PBAs comprise an anti-ErbB3 binding entity comprising
a VH domain comprising the aa sequence of one of SEQ ID Nos:134-143 and a VL domain
comprising the aa sequence of one of SEQ ID NOs:166-175. In particular embodiments, an anti-
ErbB3 binding domain comprises a VH domain comprising the aa sequence of SEQ ID No:134
and a VL domain comprising the aa sequence of SEQ ID No:166. In particular embodiments,
an anti-ErbB3 binding domain comprises a VH domain comprising the aa sequence of SEQ ID
No:135 and a VL domain comprising the aa sequence of SEQ ID No:167. In particular
embodiments, an anti-ErbB3 binding domain comprises a VH domain comprising the aa
sequence of SEQ ID No:136 and a VL domain comprising the aa sequence of SEQ ID No:168.
In particular embodiments, an anti-ErbB3 binding domain comprises a VH domain comprising
the aa sequence of SEQ ID No:137 and a VL domain comprising the aa sequence of SEQ ID
No0:169. In particular embodiments, an anti-ErbB3 binding domain comprises a VH domain
comprising the aa sequence of SEQ ID No:138 and a VL domain comprising the aa sequence of
SEQ ID No:170. In particular embodiments, an anti-ErbB3 binding domain comprises a VH
domain comprising the aa sequence of SEQ ID No:139 and a VL domain comprising the aa
sequence of SEQ ID No:171. In particular embodiments, an anti-ErbB3 binding domain

comprises a VH domain comprising the aa sequence of SEQ ID No:140 and a VL domain
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comprising the aa sequence of SEQ ID No:172. In particular embodiments, an anti-ErbB3
binding domain comprises a VH domain comprising the aa sequence of SEQ ID No:141 and a
VL domain comprising the aa sequence of SEQ ID No:173. In particular embodiments, an anti-
ErbB3 binding domain comprises a VH domain comprising the aa sequence of SEQ ID No:142

and a VL domain comprising the aa sequence of SEQ ID No:174. In particular embodiments, an

. anti-ErbB3 binding domain comprises a VH domain comprising the aa sequence of SEQ ID

No:143 and a VL domain comprising the aa sequence of SEQ ID No:175. In particular
embodiments, an anti-ErbB3 binding domain comprises a VH domain comprising the aa
sequence of SEQ ID No:136 and a VL domain comprising the aa sequence of SEQ ID No:169.

In an exemplary embodimeht, a PBA comprises a heavy chain comprising an
immunoglobulin CR comprising, consisting essentially of, or consisting of the CH1 domain,
hinge, CH2 domain and CH3 domain of an IgG1 (referred to as an “IgG1 CR”). Exemplary
PBAs comprise an IgG1 CR and one or more of the following aa sequences: an IGF-1R VH
domain comprising a consensus sequence of SEQ ID NO:1; an IGF-1R VL domain comprising a
consensus sequence of SEQ ID NO:2; an ErbB3 VH domain comprising the consensus sequence
of SEQ ID NO:4; and an ErbB3 VL domain comprising the consensus sequence of SEQ ID
NO:6, and comprise PBAs comprising heavy and light chain aa sequences of Fig.Figs. 5A, 5B,
7A and 7B. A

- Other exemplary PBAs comprise a heavy chain comprising an IgG1 CR and one or more
of the following aa sequences: an IGF-1R VH domain comprising a consensus sequence of SEQ
ID NO:1; an IGF-1R VL domain comprising a consensus sequence of SEQ ID NO:3; an ErbB3
VH domain comprising the consensus sequence of SEQ ID NO:5; and an ErbB3 VL domain
comprising the consensus sequence of SEQ ID'NO:7, and comprise PBAs comprising heavy and
light chain aa sequences of Fig.Figs. 5A and 5B, but excluding 16 heavy and light chains.

PBAs that comprise a carboxy terminus that would otherwise end with a lysine or an
arginine may have their carboxy terminal aa clipped by a carboxypeptidase. To avoid that, it
may be beneficial to add one or more aa at such a carboxy terminus. For example, when a
protein would otherwise have “VEIK” at its carboxy terminus, 1, 2, 3, 4 5 or more aas may be
added to the carboxy terminus to prevent removal of the lysine. In certain embodiments, these
additional aa may originate from the CL domain. Thus, for example, in cases in which a PBA
ends in an anti-IGF-1R VL sequence, which ends with “VEIK,” the aa “RT” may be added at the
carboxy terminus (see, e.g., P1-G1-P4; SEQ ID NO:268).

Anti-IGF-1R/ErbB3 PBAs may comprise a heavy chain comprising an aa sequence
selected from the group consisting of heavy chain fusions (hybrids): SF-G1-C8 (i.e., 1615; SEQ
ID NO:210); SF-G1-P1 (SEQ ID NO:212); SF-G1-M1.3 (SEQ ID NO:214); SF-G1-M27 (SEQ
ID NO:216); SF-G1-P6 (SEQ ID NO:218); SF-G1-B69 (SEQ ID NO:220); P4-G1-C8 (SEQ ID
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NO:222); P4-G1-P1 (SEQ ID NO:224); P4-G1-M1.3 (SEQ ID NO:226); P4-G1-M27 (SEQ ID
NO:228); P4-G1-P6 (SEQ ID NO:230); P4-G1-B69 (SEQ ID NO:232); M78-G1-C8 (SEQ ID
NO:234); M78-G1-P1 (SEQ ID NO:236); M78-G1-M1.3 (SEQ ID NO:238); M78-G1-M27
(SEQ ID NO:240); M78-G1-P6 (SEQ ID NO:242); M78-G1-B69 (SEQ ID NO:244); M57-G1-
C8 (SEQ ID NO:246); M57-G1-P1 (SEQ ID NO:248); M57-G1-M1.3 (SEQ ID NO:250); M57-
G1-M27 (SEQ ID NO:252); M57-G1-P6 (SEQ ID NO:254) and M57-G1-B69 (SEQ ID
NO:256). Anti-IGF-1R/ErbB3 PBAs may comprise a light chain comprising an aa sequence
selected from the group consisting of Kappa light chains: SF (SEQ ID NO:202); P4 (SEQ ID
NO:204); M78 (SEQ ID NO:206); and M57 (SEQ ID NO:208).

Anti-ErbB3/IGF-1R PBAs may comprise a heavy chain comprising an aa sequence
selected from the group consisting of heavy chain fusions (hybrids): P1-G1-P4 (SEQ ID
NO:268); P1-G1-M57 (SEQ ID NO:270); P1-G1-M78 (SEQ ID NO:272); M27-G1-P4 (SEQ ID
NO:274); M27-G1-M57 (SEQ ID NO:276); M27-G1-M78 (SEQ ID NO:278); M7-G1-P4 (SEQ
ID NO:280); M7-G1-M57 ((SEQ ID NO:282); M7-G1-M78 (SEQ ID NO:284); B72-G1-P4
(SEQ ID NO:286); B72-G1-M57 (SEQ ID NO:288); B72-G1-M78 (SEQ ID NO:290); B60-G1-
P4 (SEQ ID NO:292); B60-G1-M57 (SEQ ID NO:294); B60-G1-M78 (SEQ ID NO:296); B60-
G2-M78 (SEQ ID NO:355) and M7-G2-M78 (SEQ ID NO:357). Anti-ErbB3/IGF-1R PBAs
may comprise a light chain comprising an aa sequence selected from the group consisting of
lambda light chains: P1 (SEQ ID NO:258), M27 (SEQ ID NO:260), M7 (SEQ ID NO:262), B72
(SEQ ID NO:264), and B60 (SEQ ID NO:266).

A heavy chain méy be paired with a light chain that comprises a VL domain of the same
module as the VH domain of the heavy chain. However, heavy chains and light chains may also
be mixed and matched, provided that the binding sites retain high affinity binding to their target.
Exemplary IGF-1R+ErbB3 PBAs comprising 1gG1 CRs

The names of 38 exemplary IGF-1R+ErbB3 PBAs comprising IgG1 CRs are here set

forth below in Table 5, each of which names is followed by (in parentheses, in order) heavy
chain SEQ ID NOand light chain SEQ ID NO. These IgG-like PBAs comprise two essentially

identical heavy chains and two essentially identical light chains.

Table 5 - Exemplary IGF-1R+ErbB3 PBAs comprising IgG1 CRs

SF-G1-P1 (SEQ ID NO:212 and SEQ ID SF-G1-M1.3 (SEQ ID NO:214 and SEQ ID
NO:202) NO:202)

SF-G1-M27 (SEQ ID NO:216 and SEQ ID SF-G1-P6 (SEQ ID NO:218 and SEQ ID
NO:202) NO:202)

SF-G1-B69 (SEQ ID NO:220 and SEQ ID P4-G1-C8 (SEQ ID NO:222 and SEQ ID
NO:202) NO:204)
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P4-G1-P1 (SEQ ID NO:224 and SEQ ID
NO:204)

P4-G1-M1.3 (SEQ ID NO:226 and SEQ ID
NO:204)

P4-G1-M27 (SEQ ID NO:228 and SEQ ID
NO:204)

P4-G1-P6 (SEQ ID NO:230 and SEQ ID
NO:204)

P4-G1-B69 (SEQ ID NO:232 and SEQ ID
NO:204)

M78-G1-C8 (SEQ ID NO:234 and SEQ ID
NO:206)

M78-G1-P1 (SEQ ID NO:236 and SEQ ID
NO:206)

M78-G1-M1.3 (SEQ ID NO:238 and SEQ ID
NO:206)

M78-G1-M27 (SEQ ID NO:240 and SEQ ID
NO:206)

M78-G1-P6 (SEQ ID NO:242 and SEQ ID
NO:206)

M78-G1-B69 (SEQ ID NO:244 and SEQ ID
NO:206)

M57-G1-C8 (SEQ ID NO:246 and SEQ ID
NO:208)

M57-G1-P1 (SEQ ID NO:248 and SEQ ID
NO:208)

M57-G1-M1.3 (SEQ ID NO:250 and SEQ ID
NO:208)

M57-G1-M27 (SEQ ID NO:252 and SEQ ID
NO:208)

M57-G1-P6 (SEQ ID NO:254 and SEQ ID
NO:208)

M57-G1-B69 (SEQ ID NO:256 and SEQ ID
NO:208)

P1-G1-P4 (SEQ ID NO:268 and SEQ ID
NO:258)

P1-G1-M57 (SEQ ID NO:270 and SEQ ID
NO:258)

P1-G1-M78 (SEQ ID NO:272 and SEQ ID
NO:258)

M27-G1-P4 (SEQ ID NO:274 and SEQ ID
NO:260)

M27-G1-M57 (SEQ ID NO:276 and SEQ ID
NO:260)

M27-G1-M78 (SEQ ID NO:278 and SEQ ID
NO:260)

M7-G1-P4 (SEQ ID NO:280 and SEQ ID
NO:262)

M7-G1-M57 ((SEQ ID NO:282 and SEQ ID
NO:262)

M7-G1-M78 (SEQ ID NO:284 and SEQ ID
NO:262)

B72-G1-P4 (SEQ ID NO:286 and SEQ ID
NO:264)

B72-G1-M57 (SEQ ID NO:288 and SEQ ID
NO:264)

B72-G1-M78 (SEQ ID NO:290 and SEQ ID
NO:264)

B60-G1-P4 (SEQ ID NO:292 and SEQ ID
NO:266)

B60-G1-M57 (SEQ ID NO:294 and SEQ ID
NO:266)

B60-G1-M78 (SEQ ID NO:296 and SEQ ID
NO:266).

P4M-G1-M1.3 (SEQ ID NO:376 and SEQ ID
NO:381)

P4M-G1-C8 (SEQ ID NO:377 and SEQ ID
NO:381)

P33M-G1-M1.3 (SEQ ID NO:378 and SEQ ID
NO:380)

P33M-G1-C8 (SEQ ID NO:379 and SEQ ID
NO:380)

78




WO 2012/145507 PCT/US2012/034244

10

15

20

25

30

P4AM-G1-P6L (SEQ ID NO:389 and SEQ ID P33M-G1-P6L (SEQ ID NO:390 and SEQ ID
NO:381) NO:380)

P1-G1-M76 (SEQ ID NO:391 and SEQ ID

NO:258)

In an exemplary embodiment, a PBA comprises two identical heavy chains and two
identical light chains, wherein the sequence of each of the heavy chains comprises, consists
essentially of, or consists of SEQ ID NO:210 or 300, and wherein the sequence of each of the
light chains domains comprise, consist essentially of, or consist of SEQ ID NO:202 or 298.
PBAs may also comprise a heavy chain and/or a light chain that comprise an aa sequence that
differs from SEQ ID NO:202 or 298 or SEQ ID NO:210 or 300, respectively, in exactly or in at
most 1,2,3,4,5,6,7,8,9, 10, 15, 20, 25, 30, 50, 100, 200, or 300 aas, provided that the PBA
has the desired biological characteristic(s), as further described herein. In one embodiment, a
PBA comprises an aa sequence that differs from SEQ ID NO:210 or 300 by the addition of a
lysine (K) at the end of the CH3 domain, i.e., creating the sequence ... SLSLSPGKGGGGS....
(SEQ ID NO:301). A PBA may also comprise an aa sequence that differs from SEQ ID NO:210
or 300 by comprising one or more of the following aa substitutions in the CH3 domain: S239D,
N297Q, S298A ,T299A, T299C, T299K, A330L, I332E, E333A, K334A, E356D, M358L,
N434A, N343K (EU numbering; see Fig. 7A).

PBAs may also comprise two identical heavy chains and two identical light chains,
wherein the sequence of each of the heavy chains and of each of the light chains comprises,
consists essentially of, or consists of a sequence of Fig. SA or 5B (i.e., any even SEQ ID-
numbered sequence selected from SEQ ID NOs:202-296). PBAs may also comprise a heavy
chain and/or a light chain comprising an aa sequence that differs from a sequence in Fig. SA or
5B in exactly orinatmost 1, 2, 3, 4, 5, 6,7, 8, 9, 10, 15, 20, 25, 30, 50, 100, 200, or 300 aas,
provided that the PBA has the desired biological characteristic(s), as further described herein.
The differences in aas may be aa deletions, additions or substitutions (e.g., conservative
substitutions). For example, a PBA may comprise an aa sequence that differs from an aa
sequence of Fig. 5A or 5B, by the addition (or deletion) of a lysine at the end of a CH3 domain,
and/or by comprising one or more of the following aa substitutions in the CH3 domain: $239D,
N297Q, S298A ,T299A, T299C, T299K, A330L, I332E, E333A, K334A, E356D, M358L,
N434A, N343K (see Fig. 7A). One or more aa differences may be present in one or both of the
two VH domains or in one or both of the two VL domains, e.g., in one or more CDR or in one or
more framework region (FR). One or more aa differences may also be present in one or more of
the immunoglobulin CR domains, e.g., in the CH1 domain, the CL domain, the hinge, the CH2

domain and/or the CH3 domain. Particular aa changes that may be made to an immunoglobulin
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CR, e.g., to change one or more characteristics of an immunoglobulin, are further described
herein. Aa changes may also be present in the linker that connects the C-terminus of the CH3
domain to the N-terminus of the scFv and/or the scFv linker that connects the C-terminus of the
VH domain of the scFv to the N-terminus of the VL domain of the scFv. Exemplary
modifications that may be made to a connecting linker and an scFv linker are discussed further
herein.

The following PBAs may also be used:

- PBAs comprising a heavy chain and/or a light chain comprising an aa sequence that is at
least 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98% or 99% identical to the aa sequence
of the heavy chain domain having SEQ ID NO:210 or 300 and/or the light chain domain
having SEQ ID NO:202 or 298 (SEQ ID NOs of 16F), wherein the PBAs have the
desired biological characteristic(s);

- PBAs that are biosimilars or bioequivalents of a PBA consisting of two heavy chain
domains, each of which consists of SEQ ID NO:210 or 300 and two light chain domains,
each of which consists of SEQ ID NO:202 or 298;

- PBAs comprising one or more domains, e.g., VH doniain, VL domain, CDR domain, FR
domain, CH1 domain, CL domain, hinge, CH2 domain, CH3 domain, linker, scFv VH
domain, scFv linker, and scFv VL domain comprising an aa sequence that is at least
70%, 715%, 80%, 85%, 90%, 95%, 97%, 98% or 99% identical to the aa sequence of the
corresponding domain(s) in SEQ ID NO:202, 210, 298 or 300;

- PBAs comprising a heavy chain domain and/or a light chain domain comprising an aa
sequence that is at least 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98% or 99% identical
to the aa sequence of a heavy chain domain of Fig. 5A or 5B and/or a light chain domain
of Fig. 5A or 5B, wherein the PBAs have the desired biological characteristic(s);

- PBAs that are biosimilars or bioequivalents of a PBA consisting of two heavy chain
domains, each of which comprises an aa sequence of Fig. SA or 5B and two light chain
domains, each of which comprises an aa sequence of Fig. 5A or 5B;

- PBAs comprising one or more domains, e.g., VH domain, VL domain, CDR domain, FR
domain, CH1 domain, CL domain, hinge domain, CH2 domain, CH3 domain, linker
domain, scFv VH domain, scFv linker domain, and scFv VL domain comprising an aa
sequence that is at least 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98% or 99% identical
to the aa sequence of the corresponding domain(s) in any one of the aa sequences of Fig.
SA or 5B.

In certain embodiments, in which a PBA comprises an aa sequence that differs from an

aa sequence (such as an aa of Fig.Figs. 5 or 6) set forth herein, the PBA is not 16F (i.e., does not
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comprise two heavy chains consisting of SEQ ID NO:210 and two light chains consisting of
SEQ ID NO:202).

In certain embodiments, a PBA comprises two heavy-light chain pairs that associate
with each other, wherein each heavy-light chain pair comprises an anti-IGF-1R binding site and
an anti-ErbB3 binding site, and wherein the heavy-light chain pairs differ from each other. The
heavy-light chain pairs may differ in one or more aas (e.g., in exactly or in at most 1, 2, 3, 4, 5,
6,7,8,9, 10, 15, 20, 30, 40, 50, or up to 100 aas). For example, a first heavy-light chain pair
may comprise a heavy chain CR and a second heavy-light chain pair may comprise a second
heavy CR, wherein the first and the second heavy chain CRs have aa differences that favor their
association with each other (e.g., “knobs and holes”).

In certain embodiments, a polyvalent protein comprises more than four binding sites.
For example, a hexavalent binding protein may comprise an IgG-(scFv),, i.e., a protein
comprising two binding sites that are part of the IgG, one scFvs is attached to the C-terminus of
the each of the CH3 domains of the IgG, and further comprising either another Fab or scFv,
linked, e.g., through a linker, to the N-terminus of the IgG protein or to the C-terminus of each
of the scFvs. An octavalent binding protein may compfise the same structure as a hexavalent
binding protein, further comprising two additional binding sites.

In certain embodiments, a PBA may comprise one binding site that is derived from a
binding protein or antibody that is known in the art, such as those further described herein. For
example, a PBA may comprise one or more CDRs from an anti-IGF-1R antibody selected from
the group consisting of CP-751,871; IMC-A12; ANTI-IGF-1R Ab# A; BIIB-G11; and CO6,
whose heavy and light chain aa sequences are of Fig. 37. For example, an anti-IGF-1R binding
site for use in a PBA may comprise a VHCDR3 and/or VLCDR3 domain and optionally the
VHCDRI1, VLCDR1, VHCDR?2 and/or VLCDR?2 of any one of SEQ ID NOs:321-335. In
certain embodiment, a PBA comprises an anti-IGF-1R binding site comprising 1,2, 3,4, 5, 0r 6
CDRs comprising an aa sequence that differs from the corresponding one of one of SEQ ID
NOs:321-335 by 1, 2 or 3 aa additions, deletions or substitutions, provided that the binding site
binds specifically to its target (antigen). In certain embodiments, a PBA comprises an anti-IGF-
1R binding site comprising 1, 2, 3, 4, 5 or 6 CDRs comprising an aa sequence that is at least
70%, 80%, 90% or 95% identical or similar to the corresponding CDR of one of SEQ ID
NOs:321-335. In certain embodiment's, a PBA comprises a VH and/or a VL chain comprising
an aa sequence of any one of SEQ ID NOs:321-335. In other embodiments, a PBA comprises a
VH and/or VL chain that comprises an aa sequence that differs from any one of SEQ ID
NOs:321-335 inat most 1, 2, 3, 4, 5, 10, 15, 20, 25 or 30 aa deletions, additions or substitutions,
or which is at least 70%, 80%, 85%, 90%, 95%, 97%, 98%, or 99% identical to a sequence in
SEQ ID NOs:321-335, provided that the binding site binds specifically to its target. In certain

{
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embodiments, a PBA comprises a binding site comprising a light chain and/or a heavy chain
comprising an aa sequence of SEQ ID NQs:321-335, or which differs from it in at most 1, 2, 3,
4, 5,10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90 or 100 aa deletions, additions or substitutions, or
which is at least 70%, 80%, 85%, 90%, 95%, 97%, 98%, or 99% identical to a sequence in SEQ

5 ID NOs:321-335, provided that the binding site retains spécific binding to its target. For
example, a PBA may comprise (i) a VH domain and a VL domain; (ii) a heavy chain and a light
chain; or (iii) an scFv comprising the VH and VL chains, from an antibody selected from the
group of antibodies consisting of CP-751,871; IMC-A12; ANTI-IGF-1R Ab# A; BIIB-G11; and
C06. Such a PBA may comprise an anti-ErbB3 binding site that is described herein.

10 A PBA may comprise one or more CDRs from a anti-ErbB3 antibody, e.g., anti-ErbB3
Ab# A ; H3 (US Pat No 7,332,580), MM Ab#3; MM Ab#14; MM Ab#17 or MM Ab#19, whose
heavy and light chain aa sequences are of Fig. 38. For example, an anti-ErbB3 binding site for
use in a PBA may comprise a VHCDR3 and/or VLCDR3 domain and optionally a VHCDRI,
VLCDR1, VHCDR2 and/or VLCDR?2 of any one of SEQ ID NOs:336-353. In certain

15 embodiment, a PBA comprises an anti-ErbB3 binding site comprising 1, 2, 3,4, 5, or 6 CDRs
comprising an aa sequence that differs from the corresponding one of one of SEQ ID NOs:336-
353 by 1, 2 or 3 aa additions, deletions or substitutions, provided that the binding site binds
specifically to its target. In certain embodiments, a PBA comprises an anti-ErbB3 binding site
comprising 1, 2, 3, 4, 5 or 6 CDRS comprising an aa sequence that is at least 70%, 80%, 90% or

20  95% identical or similar to the corresponding CDR of one of SEQ ID NOs:336-353. In certain
embodiments, a PBA comprises a VH and/or a VL chain comprising an aa sequence of any one
of SEQ ID NOs:336-353. In other embodiments, a PBA comprises a VH and/or VL chain that
comprises an aa sequence that differs from any one of SEQ ID NOs:336-353 in at most 1, 2, 3,
4, 5, 10, 15, 20, 25 or 30 aa deletions, additions or substitutions, provided that the binding site

25 retains specific binding to its target, or which is at least 70%, 80%, 85%, 90%, 95%, 97%, 98%,
or 99% identical to a sequence in SEQ ID NOs:336-353. In certain embodiments, a PBA
comprises a binding site comprising a light chain and/or a heavy chain comprising an aa
sequence of SEQ ID NOs:336-353, or which differs from it in at most 1, 2, 3, 4, 5, 10, 15, 20,
25, 30, 40, 50, 60, 70, 80, 90 or 100 aa deletions, additions or substitutions, or which is at least

30 70%, 80%, 85%, 90%, 95%, 97%, 98%, or 99% identical to a sequence in SEQ ID NOs:336-
353, provided that the binding site binds specifically to its target,. For example, a PBA may
comprise (i) a VH domain and a VL domain; (ii) a heavy chain and a light chain; or (iii) an scFv
comprising the VH and VL chains, from an antibody selected from the group of antibodies
consisting of anti-ErbB3 Ab# A; H3 (US Pat No 7,332,585), MM Ab#3; MM Ab#14; MM

35  Ab#17 and MM Ab#19. Yet other anti-ErbB3 binding sites (or portions thereof, such as CDRs,
V domains or chains) that may be used are those from the anti-ErbB3 antibodies 1B4C3 (cat #
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sc-23865, Santa Cruz Biotechnology) and 2D1D12 (U3 Pharma AG), both of which are
described in, e.g., US Pat Pub No. 20040197332 and are produced by hybridoma cell lines DSM
ACC 2527 or DSM ACC 2517 (deposited at DSMZ), AV-203 (SEQ ID NO:190 (heavy chain)
and SEQ ID NO:206 (light chain) in WO 2011/136911, Aveo Pharmaceuticals) or 8B8
(produced by ATCC® hybridoma #HB-12070™, and described in WO 1997/035885) those
described in US Pat No 7,846,440, the monoclonal antibody Mab 205.10.2 (SEQ ID NO:8
(heavy chain) and SEQ ID NO:10 (light chain) in US Pat Pub No. 20110171222, Roche
Glycart), the murine anti-ErbB3 antibody described in US Pat Pub No. 20100310557 (Trellis
Biosciences) or a bispecific anti-ErbB3/anti-EGFR antibody (e.g., SEQ ID NO:14 (heavy chain)
and SEQ ID NO:13 (light chain), Genentech). Such PBAs may comprise an anti-IGF-1R
binding site that is described herein.

PBAs may also comprise a binding site that binds to the same epitope on human IGF-1R
or human ErbB3 as the binding moieties provided herein, e.g., it may compete with binding
moieties having sequences as of Fig.Figs. 5A and 5B. Binding moieties encompassed herein
may also compete for binding to antigen with a binding moiety described herein, e.g., it may
compete with binding moieties having sequences as of Fig.Figs. 5A and 5B. A binding protein
comprising a binding moiety that competes with a binding moiety described herein for binding
to a target antigen or epitope may be a binding moiety that is capable of displacing the binding
moiety described herein when added to an ELISA before or after the binding moiety described
herein.

In certain embodiments, PBAs provided herein do not include PBAs that are of
PCT/US2010/052712, in other embodiments PBAs provided herein do not include variable
domains of PBAs that are of PCT/US2010/052712.

Exemplary immunoglobulin CRs

In certain embodiments, a PBA comprises two heavy chains, wherein each comprises an
immunoglobulin CR. The polyvalent binding domain may also comprise two light chains,
wherein each light chain comprises a CL domain. The immunoglobulin CR may be from a
human Ig, e.g., a human IgG1, I1gG2, IgG3 or IgG4, or from more than one isotype of
immunoglobulin. For example, one domain may be from an IgG1, and other domains may be
from other IgG isotypes. In certain embodiments, a portion of one domain is from one IgG
isotype and the other domains are from another IgG isotype.

A heavy chain immunoglobulin CR, which may comprise one or more of a CH1 domain,
a hinge, a CH2 domain, a CH3 domain, and a CH4 domain, may comprise or consist of an aa
sequence that is at least 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98% or 99% identical to a
heavy chain immunoglobulin CR in a naturally occurring or wild type constant domain of a

particular IgG isotype, e.g., IgG1, or a CR of one of the aa sequences set forth herein. A CL
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domain may also comprise or consist of a an aa sequence that is at least 70%, 75%, 80%, 85%,
90%, 95%, 97%, 98% or 99% identical to a CL domain in a naturally occurring or wild type
kappa or lambda light chain or a CL domain in one of the aa sequences set forth herein.

A heavy chain immunoglobulin CR, which may comprise one or more of a CH1 domain,
a hinge, a CH2 domain, a CH3 domain, and a CH4 domain, may comprise exactly or at most 1,
2,3,4,5,6,7,8,9, 10, 11-15, 16-20, 21-25, 26-30, 31-35, 36-40, 41-45, 46-50, 50-100 or more
aa substitutions, additions and/or deletions relative to the same heavy chain immunoglobulin CR
in a naturally occurring or wild type constant domain of a particular IgG isotype, e.g., IgG1, or
relative to a heavy chain immunoglobulin CR set forth herein, e.g., in Fig.Figs. 5-7. A CL
domain may comprise exactly or at most 1, 2, 3,4, 5,6, 7, 8,9, 10, 11-15, 16-20, 21-25, 26-30,
31-35, 36-40, 41-45, 46-50, 50-100 or more aa substitutions, additions and/or deletions relative
to a CL domain in a naturally occurring or wild type kappa or lambda light chain or a CL
domain set forth herein. »

Each domain of a CR, i.e., a CH1 domain, hinge, CH2 domain, CH3 domain and CL
domain may comprise one or more (e.g., 1,2, 3,4,5,6,7, 8,9, 10 or more) aa substitutions,
additions and/or deletions relative to a naturally occurring or wild-type constant domain of a
particular IgG isotype, e.g., IgG1, or a constant domain set forth herein. Each domain of a CR,
i.e., a CH1 domain, hinge, CH2 domain, CH3 domain and CL domain may comprise an aa
sequence that is at least 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98% or 99% identical to the
same domain in a naturally occurring or wild type constant domain of a particular IgG isotype,
e.g., IgG1, or a domain set forth herein.

Aa substitutions, additions or deletions may be spatially positioned relative to each other
by an interval of at least 1 aa position or more, for example, at least 2, 3,4, 5,6, 7, 8,9, or 10 aa
positions or more. In certain embodiments, engineered aas are spatially positioned apart from
each other by an interval of at least 5, 10, 15, A20, or 25 aa positions or more.

In certain embodiments, PBAs comprise a CR, e.g., an Fc region or domain thereof,
comprising an aa sequence set forth herein. In certain embodiments, PBAs comprise a CR, e.g.,
an Fc region or domain thereof, comprising an aa sequence set forth herein, wherein 1 or more
aas have been deleted, added or substituted, or comprising an aa sequence that is at least about
80%, 90%, 95%, 97%, 98% or 99% identical to a sequence set forth herein. For example, aas
356 and 358 in the CH3 domain of SEQ ID NO:300 or any other aa sequence in Fig.Figs. 5 and
6 may be substituted, e.g., E356D and M358L, to mirror the wild type IgG1 CH3 sequence. Any
constant domain variant that represents any haplotype is also encompassed herein.

The effect of certain aa changes to a constant domain can be determined as further

described herein or as known in the art.
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Replacements of aa residues in the Fc portion to alter antibody effector function are
known in the art (US Patent Nos. 5,648,260 and 5,624,821). The Fc portion of an antibody
mediates several important effector functions e.g., cytokine induction, ADCC, phagocytosis,
complement dependent cytotoxicity (CDC) and half-life/ clearance rate of antibody and antigen-
antibody complexes. In some cases these effector functions are desirable for a therapeutic
antibody but in other cases might be unnecessary or even deleterious, depending on the
therapeutic objectives. Certain human IgG isotypes, particularly IgGl and IgG3, mediate ADCC
and CDC via binding to FcyRs and complement Clg, respectively. Neonatal Fc receptors (FcRn)
are the critical components determining the circulating half-life of antibodies. In still another
embodiment at least one aa residue is replaced in the CR of the antibody, for example the Fc
region of the antibody, such that effector functions of the antibody are altered. The dimerization
of two identical heavy chains of an immunoglobulin is mediated by the dimerization of CH3
domains and is stabilized by the disulfide bonds within the hinge region.

In one embodiment, a PBA retains one or more of, and preferably all of the following
attributes: antibody-dependent cellular cytotoxicity (ADCC) and antibody-dependent cellular
phagocytosis (ADCP) that in humans are determined by interactions with activating FcyR1,
FcyRIla/c, FcyRIIa and inhibitory FcyRIIb receptors; complement-dependent cytotoxicity
(CDC) that is triggered by antibody binding to the components of the complement system; and
long half-life that is mediated via active recycling by the neonatal Fc receptor (FcRn). All of
these functions can be tuned to optimize the effectiveness of an anti-cancer therapy and are
preferably retained in a PBA.

Certain aa modifications may be made to an immunoglobulin CR to reduce or increase
the naturally biological activities of the constant domains, such as those set forth above.
Accordingly, in certain embodiments, a constant immunoglobulin region comprises an aa
substitution, deletion or addition at an aa position that is within the "15 Angstrom Contact Zone"
of an Fc. The 15 Angstrom Zone includes residues located at EU positions 243 to 261, 275 to
280, 282-293, 302 to 319, 336 to 348, 367, 369, 372 to 389, 391, 393, 408, and 424-440 of a
full-length, wild-type Fc moiety.

In certain embodiments, a binding protein (e.g., a PBA, an anti-IgG-1R binding site and
an anti-ErbB3 binding site) comprises an aa change (e.g., an aa substitution, addition or deletion)
in an Fc domain that alters one or more antigen-independent effector functions of the domain,
e.g., the circulating half-life of a protein comprising the domain. Exemplary antibodies exhibit
either increased or decreased binding to FcRn when compared to antibodies lacking such aa
changes and, therefore, have an increased or decreased half-life in serum, respectively.
Antibodies comprising Fc variants with improved affinity for FcRn are anticipated to have

longer serum half-lives, whereas those comprising Fc variants with decreased FcRn binding
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affinity are expected to have shorter half-lives. In one embodiment, a binding protein with
altered FcRn binding comprises at least one Fc domain having one or more aa changes within
the "FcRn binding loop" of an Fc domain. The FcRn binding loop is comprised of aa residues
280-299 (EU) of a wild-type, full-length, Fc. In other embodiments, a binding protein having
altered FcRn binding affinity comprises at least one Fc domain having one or more aa
substitutions within the 15 A FcRn "contact zone." The term 15 A FcRn "contact zone" includes
residues at the following positions of a wild-type, full-length Fc domain: 243-261, 275-280, 282-
293, 302-319, 336-348, 367, 369, 372-389, 391, 393, 408, 424, 425-440 (EU). In certain
embodiments, a binding protein having altered FcRn binding affinity comprises at least one Fc
domain (e.g, one or two Fc moieties) having one or more aa changes at an aa position
corresponding to any one of the following EU positions: 256, 277-281, 283-288, 303-309, 313,
338, 342, 376, 381, 384, 385, 387, 434 (e.g., N434A or N434K), and 438. Exemplary aa
changes that alter FcRn binding activity are disclosed in International PCT Publication No.
WO005/047327.

In some embodiments, a binding protein comprises an Fc variant comprising an aa
change that alters the antigen-dependent effector functions of the polypeptide, in particular
ADCC or complement activation, e.g., as compared to a wild type Fc region. In exemplary
embodiment, said antibodies exhibit altered binding to an Fc gamma receptor (e.g., CD16).

Such antibodies exhibit either increased or decreased binding to FcyRs when compared to wild
type polypeptides and, therefore, mediate enhanced or reduced effector function, respectively.
Fc variants with improved affinity for FcyRs are anticipated to enhance effector function, and
such proteins may have useful applications in methods of treating mammals where target
molecule destruction is desired, e.g., in tumor therapy. In contrast, Fc variants with decreased
FcyR binding affinity are expected to reduce effector function. In one embodiment, a binding
protein comprises at least one altered antigen-dependent effector function selected from the
group consisting of opsonization, phagocytosis, complement dependent cytotoxicity, antigen-
dependent cellular cytotoxicity (ADCC), or effector cell modulation as compared to a binding
protein comprising a wild type Fc region.

In one embodiment a binding protein exhibits altered binding to an activating FcyR (e.g.,
FcyRI, FeyRlIla, or FeyRlIlla). In another embodiment, a binding protein exhibits altered binding
affinity to an inhibitory FcyR (e.g., FcyRIIb). In other embodiments, a binding protein having
increased FcyR binding affinity (e.g., increased FcyRllla binding affinity) comprises ‘at least one
Fc domain having an aa change at an aa position corresponding to one or more of the following
positions: 239, 268, 298, 332, 334, and 378 (EU). In certain embodiments, a binding protein
having decreased FcyR binding affinity (e.g., decreased FcyRI, FcyRIl, or FcyRlIlla binding

affinity) comprises at least one Fc domain having an aa substitution at an aa position
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corresponding to one or more of the following positions: 234, 236, 239, 241, 251, 252, 261, 265,
268, 293, 294, 296, 298, 299, 301, 326, 328, 332, 334, 338, 376, 378, and 435 (EU).

In certain embodiments, a binding protein having increased complement binding affinity
(e.g., increased C1q binding affinity) comprises an Fc domain having an aa change at an aa
position corresponding to one or more of the following positions: 251, 334, 378, and 435 (EU).
In certain embodiments, a binding protein having decreased complement binding affinity (e.g.,
decreased Clq binding affinity) comprises an Fc domain having an aa sqbstitution at an aa
position corresponding to one or more of the following positions: 239, 294, 296, 301, 328, 333,
and 376 (EU). Exemplary aa changes that alter FcyR or complement binding activity are
disclosed in International PCT Publication No. W005/063815. In certain embodiments, a
binding protein may comprise one or more of the following specific Fc region substitutions:
S239D, S239E, M252T, H268D, H268E, 1332D, I1332E, N434A, and N434K (EU).

A binding protein may also comprise an aa substitution that alters the glycosylation of
the binding protein. For example, an immunoglobulin CR of a binding protein may comprise an
Fc domain having a mutation leading to reduced glycosylation (e.g., N- or O-linked
glycosylation) or may comprise an altered glycoform of the wild-type Fc domain (e.g., a low
fucose or fucose-free glycan). An “engineered glycoform” refers to a carbohydrate composition
that is covalently attached to an Fc region, wherein said carbohydrate composition differs
chemically from that of a parent Fc region. Engineered glycoforms may be useful for a variety
of purposes, including but not limited to enhancing or reducing effector function. Engineered
glycoforms may be generated by a variety of methods known in the art (US 6,602, 684; US Pat
Pub No. 2010-0255013; US Pat Pub No. 20030003097; WO 00/61739A1; WO 01/29246A1
WO 02/31140A1 ; WO 02/30954A1) ; (PotelligentTM technology (Biowa, Inc., Princeton, NJ);
and.GlycoMAbTM glycosylation engineering technology (Glyéart Biotechnalogy AG, Zurich,
Switzerland). Many of these techniques are based on controlling the level of fucosylated and/or
bisecting oligosaccharides that are covalently attached to the Fc region, for example by
expressing an Fc polypeptide in various organisms or cell lines, engineered or otherwise (for
example Lec-13 CHO cells or rat hybridoma YB2/0 cells), by regulating enzymes involved in
the glycosylation pathway (for example FUT8 [al, 6-fucosyltranserase] and/or (31-4-N-
acetylglucosaminyl, transferase III [GnTIll]), or by modifying carbohydrate (s) after the Fc
polypeptide has been expressed.

In exemplary embodiments, an aa change, e.g., an aa substitution results in an Fc region
comprising reduced glycosylation of the N-linked glycan normally found at aa positioﬁ 297
(EU). The Fc region may also comprise a low fucose or fucose free glycan at aa position 297
(EU). In certain embodiments, the binding protein has an aa substitution near or within a

glycosylation motif, for example, an N-linked glycosylation motif that contains the aa sequence
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'NXT or NXS. In a particular embodiment, a binding protein comprises an aa substitution at an

aa position corresponding to 297 or 299 of Fc (EU). Exemplary aa substitutions that reduce or
alter glycosylation are disclosed in International PCT Publication No. WO05/018572 and US Pat
Pub No. 20070111281.

In other embodiments, a binding protein comprises at least one Fc domain having one or
more engineered cysteine residues or analog thereof that are located at the solvent-exposed
surface. Preferably the engineered cysteine residue or analog thereof does not interfere with the
desired biological activity of the binding protein. For example, it may be desirable that the
alteration does not interfere with the ability of the Fc to bind to Fc receptors (e.g., FcyRI, FcyRI]I,
or FcyRIII) or complement proteins (e.g., C1q), or to trigger immune effector function (e.g.,
antibody-dependent cytotoxicity (ADCC), phagocytosis, or complement-dependent cytotoxicity
(CDCC)). In certain embodiments, the antibodies comprise an Fc domain comprising at least
one engineered free cysteine residue or analog thereof that is substantially free of disulfide
bonding with a second cysteine residue. The antibodies may comprise an Fc domain having
engineered cysteine residues or analogs thereof at one or more of the following positions in the
CH3 domain: 349-371, 390, 392, 394-423, 441-446, and 446b (EU). The antibodies may
comprise an Fc variant having engineered cysteine residues or analogs thereof at any one of the
following positions: 350, 355, 359, 360, 361, 389, 413, 415, 418, 422, 441, 443, and EU position
446b. .

Desired effector functions may also be obtained by choosing an Fc from a particular
immunoglobulin class or subclass, or by combining particular regions from particular
immoglobulin classes or subclasses, e.g., IsG1, 1gG2, etc. For example, since ADCC and CDC
(through binding of IgG to the FcyRs and Clq, respectively) is mediated by residues located in
the hinge and CH2 domain, and since IgG4 essentially lacks effector functions, an effectorless
Fc may be constructed by combining the hinge and CH2 domain of IgG4 and the CH3 domain of
IgG1. Fab-arm exchange in proteins comprising an IgG4 hinge may be reduced by the
substitution S228P in the hinge.

An immunoglobulin CR may also be modified by making changes, e.g., in the CH3
domains, referred to in the art as "knobs-into-holes" and described, e.g., in U.S. Pat. No.
7,183,076). In this strategy, the Fc portions of two heavy chains are engineered to give one a
protruding "knob," and the other a complementary "hole," thereby favoring the association of the
heavy chains.

Exemplary linkers

Linkers may be used to connect two domains or regions together, e.g., a variable domain
to a constant domain, a variable domain to a variable domain and a constant domain to a

constant domain. A linker connecting the VH domain of an scFv to the VL domain of the scFv
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is referred to as an ‘“scFv linker.” A linker connecting an scFv to a constant domain, e.g., a CH3
domain, is referred to as a “connecting linker.”

Linkers are preferably of sufficient length to allow the proper folding of the domains or
regions being connected. For example, a linker may be 1-10, 10-20, 20-30, 30-40, 40-50, 50-60,
60-70, 70-80, 80-90 or at least 90-100 aas long.

In certain embodiments, a linker is biologically inert, e.g., mostly incapable of inducing
a biological response, e.g., an immune response.

A polypeptide linker may comprisé or consist of a Gly-Ser linker. A "Gly-Ser linker"
refers to a peptide that consists of glycine and serine residues. An exemplary Gly-Ser linker
comprises an aa sequence having the formula (Gly,Ser), (SEQ ID NO:395), wherein n is a
positive integer (e.g.-, 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20). For
example, in certain embodiments, a connecting linker comprises or consists of (Gly,Ser); (SEQ
ID NO:396) or (Gly,Ser)s (SEQ ID NO:397) or (Gly,Ser)s (SEQ ID NO:398). In certain
embodiments, an scFv linker comprises or consists of (Gly,Ser); or (Gly,Ser), (SEQ ID NO:397)
or (Gly,Ser)s (SEQ ID NO:398). In addition to a (Gly,Ser), sequence, a linker may also
comprise one or more additional aas located N-terminally or C-terminally to the (Gly,Ser),
sequence. For example, an scFv linker may comprise 3 aas, e.g., AST located N-terminally to
the (Gly,Ser), (SEQ ID NO:399) sequence (see, e.g., in the heavy chain sequence of 16F of Fig.
7 and as SEQ ID NO:300. In that sequence, the scFv linker consists of the aa sequence AST
(Gly,Ser); (SEQ ID NO:400).

Exemplary biological characteristics of PBAs

In certain embodiments, a PBA inhibits growth of tumor cells ir vitro. As shown in
Example 3(C) and in Fig.Figs. 16 and 17, an anti-ErbB3/anti-IGF-1R IgG2(scfv)2 PBA inhibited
proliferation of two different tumor cell lines in 2D cultures, whereas either binding site alone
did not significantly inhibit their proliferation. Thus, in certain embodiments, PBAs inhibit in
vitro tumor cell proliferation more potently (e.g., as measured by pefcent inhibition over a 6 day
culture, e.g., the culture described in Example 3(C)), than either of the binding sites alone.
Proliferation by a PBA may be inhibited by at least 10%, 20%, 30%, 40%, 50%, 60%, 70&,
80%, 90% or more, relative to proliferation of the cells in the absence of the PBA.

In certain embodiments, a PBA inhibits in vive tumor cell proliferation. As shown in
Example 3 (D) and Fig.Figs. 18A to 20B, an anti-ErbB3/anti-IGF-1R IgG2(scfv)2 PBA inhibited
proliferation of two different tumor cell lines in a mouse model of cancer to a higher degree
relative to that by the individual binding sites. Thus, in certain embodiments, PBAs inhibit in
vivo tumor cell proliferation more potently (e.g., as measured by comparing tumor size at the end

of the experiment, e.g., that described in Example 3(D)), than either of the binding sites alone.
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Tumor growth by a PBA may be inhibited by at least 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90% or more, relative to tumor growth in the absence of the PBA.

“Compared to either of the binding sites alone” refers to a comparison with one or the
other of the binding sites of a PBA, when that binding site comprises the same VRs as the those
of the binding site in the PBA, and is, e.g., in the form of an antibody, e.g., an IgG1 antibody (as
shown, e.g., in the Examples).

In certain embodiments, a PBA inhibits signal transduction mediated through either or
both of IGF-1R and ErbB3. As shown in Examples 3(B), 4 and 5(C), various PBAs inhibited
signal transduction through IGF-1R and ErbB3, as measured by inhibition of phosphorylation of
IGF-1R, ErbB3 and AKT. The examples show that PBAs can inhibit signal transduction to a
similar or higher degree or extent relative to a prior art anti-IGF-1R antibody (ANTI-IGF-1R
Ab# A — SEQ ID NO:327 for the HC and SEQ ID NO:328 for the LC) or anti-ErbB3 antibody
(anti-ErbB3 Ab# A — SEQ ID NO:336 for HC and 337 for LC) or a combination thereof. In
certain embodiments, the percent reduction of levels of any one or combination of two or three
of pIGF-1R, pErbB3 and pAKT is comparable to (e.g., within 1%, 5%, or 10%), greater than
(e.g., by 10%, 20%, 30%, 40% or 50%) or less than (e.g., by 10%, 20%, 30%, 40%, 50%) that of
ANTI-IGF-1R Ab# A or anti-ErbB3 Ab# A, or a combination thereof. In some embodiments,
the inhibition of phosphorylation (e.g., % inhibition) at the end of the experiment, e.g., as
described in the Examples, is comparable to, or higher, or lower than, that of a prior art anti-
IGF-1R or anti-ErbB3 antibody or combination thereof. In certain embodiments, a PBA inhibits
phosphorylation of IGF-1R, ErbB3 and/or AKT by at least 30%, 40%, 50%, 60%, 70%, 80%,
85%, 90%, 95%, 98%, 99% or more, relative to phosphorylation in the absence of the PBA,
when determined, e.g., at the end of the experiment, e.g., as of the Examples. Preferred PBAs
inhibit IGF-1R and/or ErbB3 signal transduction, e.g., measured by inhibition of
phosphorylation of IGF-1R and ErbB3, nearly completely, e.g., by at least 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 99.5%.

Inhibition of a) ligand mediated phosphorylation of ErbB3, and b) IGF-1- or IGF-2-
mediated phosphorylation of IGF-1R respectively can be demonstrated by the ability of a PBA
to reproducibly decrease the level of phosphorylation of a) ErbB3 induced by an ErbB family
ligand (e.g., heregulin), b) IGF-1R induced by an IGF-1R ligand (i.e., IGF-1 or IGF-2), or ¢)
AKT induced by an IGF-1R ligand or an ErbB3 ligand, each relative to the phosphorylation in
control cells that are not contacted with the PBA. The cell which expresses ErbB3 and/or IGF-
1R can be a naturally occurring cell or a cell of a cell line or can be recombinantly produced by
introducing nucleic acid encoding ErbB3 and/or IGF-1R into a host cell. In one embodiment,
the PBA inhibits an ErbB family ligand mediated phosphorylation of ErbB3 by at least about
5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
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96%, 97%, 98% or 99%, or more, as determined, for example, by Western blotting followed by
probing with an anti-phosphotyrosine antibody as described in the Examples infra. In another
embodiment, the PBA inhibits IGF-1- or IGF-2-mediated phosphorylation of IGF-1R by at least
about 5%, 10%, 20%, 30%, 40%, 50%, 60%, 710%, 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98% or 99%, or more, as determined, for example, by Western blotting
followed by probing with an anti-phosphotyrosine antibody as described in the Examples infra.

PBAs may suppress heregulin-induced pAKT signaling in a cell, e.g., a cancer cel, by at
least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, 99% or
100%. PBAs may suppress IGF-1-induced pAKT signaling in a cell, e.g., a cancer cell, by at
least 10%, 20%, 30%, 40%, 50%, 60%, 710%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, 99% or
100%. PBAs may suppress insulin-induced pAKT signaling in a cell, e.g., a cancer cell, by at
least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, 99% or
100%. PBAs may suppress the IGF-2-induced pAKT signaling in a cell, e.g., a cancer cell, by at
least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 15%, 80%, 85%, 90%, 95%%, 97%, 98%, 99% or
100%. Inhibition of pAKT signaling may be determined as further described herein, e.g., in the
Examples.

PBAs may inhibit ligand induced phosphorylation of IGF-1R by at least 70% or 80%,
ligand induced phosphorylation of ErbB3 by at least 70% or 80% and optionally ligand induced
phosphorylation of AKT by at least 30% or 40%. PBAs may also inhibit ligand induced
phosphorylation of IGF-1R by at least 85%, ligand induced phosphorylatibn of ErbB3 by at least
85% and optionally ligand induced phosphorylation of AKT by at least 75%. In certain
embodiments, PBAs inhibit ligand induced phosphorylation of IGF-1R by at least 50% and
ligand induced phosphorylation of ErbB3 by at least 90%, and optionally ligand induced
phosphorylation of AKT by at least 30%, 40%, 50%, 60%, 70%, 80% or 90%.

PBAs may also be defined by the EC50 (i.e. the concentration of PBA at which 50% of
maximum inhibition is obtained) of their inhibition of phosphorylation of one or more of IGF-
1R, ErbB3 and AKT, which EC50s may be determined as further described herein. For
example, PBAs disclosed herein may inhibit phosphorylation of IGF-1R with an EC50 of 10°
M, 10"°M or lower. They may inhibit phosphorylation of ErbB3 with an EC50 of 10° M, 10"
M or lower. They may inhibit phosphorylation of AKT with an EC50 of 107 M, 10® M, 10° M,
10" M or lower. Some PBAs disclosed herein inhibit phosphorylation of IGF-1R by at least
80% or 85% with an ECS0 of 10° M, 10"'°M or lower; inhibit phosphorylation of ErbB3 by at
least 80% or 85% with an EC50 of 10° M, 10°M or lower; and optionally inhibit
phosphorylation of AKT by at least 55% or 65% or 75% with an EC50 of 107" M, 10® M, 10°

M, 107'°M or lower. In some cases, essentially complete blockage of either or both of
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phosphorylation of IGF-1R and phosphorylation of ErbB3 will be obtainable with a PBA herein
disclosed.

In some embodiments, a PBA provided herein binds to cells expressing one or both of
its targets (i.e., antigen(s) bound by the PBA) with an EC50 of from about 0.02nM or lower to
about 10 nM, or with a Kd of about 10 M, 10° M, 10" M, 10" M, or 10""> M, or lower; each
as measured, e.g., by flow cytometry using such cells expressing one or both of the target
antigens of the PBA. In other embodiments, a PBA provided herein binds to its target(s) (e.g.,
either or both of human IGF-1R and human ErbB3) with a Kd of about 10° M, 107 M, 10® M,
10° M, 10" M, 10" M, or 10'? M, or lower, as measured, e.g., by or by surface Plasmon
resonance using a BIAcore apparatus, For example, an anti-ErbB3/anti-IGF-1R IgG2(scfv),
PBA provided herein was shown to bind to ADRr and MCF7 cells with a Kd of 2.5 and 2.1 nM,
respectively (see Example 3A). Example 5(A) shows that several other PBAs bind to BxPC-3
cells with an EC50 of about 2-5 nM. Example 5(B) shows that several PBAs bind to ErbB3 with
an EC50 of about 0.2-0.4 nM. Other PBAs bind to BxPC-3 cells with an EC50 ranging from
0.02nM (e.g., P4-G1-P6) to about 1 nM or to about 2 nM.

In certain embodiments, a PBA binds an antigen (e.g., either ErbB3 or IGF-1R) with a
dissociation constant (Kd) of 50 nM or less (i.e., a binding affinity at least as high as that
indicated by a Kd of 50 nM) (e.g., a Kd of 40 nM or 30 nM or 20 nM or 10 nM or 1 nm, or 100
pM or 10 pM or 1 pM or less). In a particular embodiment, a PBA binds an antigen (either
ErbB3 or IGF-1R) with Kd of 8 nM or better (e.g., 7 nM, 6 1M, 5nM, 4nM, 2nM, 1.51M, 1.4
nM, 1.3 nM, 1nM, 100 pM, 10 pM or 1 pM or 0.1 pM or less). In other embodiments, the
binding protein, binding moiety or binding site binds an antigen (e.g., ErbB3 or IGF-1R) with a
dissociation constant (Kd) of less than approximately 107 M, such as less than about 10% M, 10°
M, 10"°M, 107" M or 10"*M or even lower, and binds to the antigen with an affinity that is at
least an order of magnitude higher (i.e., a Kd value that is at least ten-fold lower) than its binding
affinity for to a non-specific antigen (e.g., KLH, BSA, or casein).

PBAs may inhibit the binding of a ligand to IGF-1R and/or ErbB3. For example, PBAs
may inhibit binding of a ligand to IGF-1R and/or ErbB3 by at least 70%, 80%, 90%, 95%, 97%,
98% or 99%, as measured, e.g., on cells or in vitro. Certain PBAs inhibit the level of binding of
a ligand to IGF-1R and/or ErbB3 when the ligand is added before or after the PBA.

In certain embodiments, a solution comprising PBAs at a concentration of 0.3, 0.5, 1, 2,
3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15 mg/ml or more (or ranges of concentrations between any
of these two numbers) comprises more than 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%
or 99% of PBAs in unaggregated form (referred to in this context as monomers) as determined
e.g., by Size Exclusion Chromatography (SEC) e.g., following, a stability test as described

below. The percentage of monomers may be determined in a solution after one of the following
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stability tests: a) incubation at 4 °C for 1, 2, 3, 4, 5, or 6 days, or 1, 2, 3 or more weeks; b)
incubation at room temperature for 1, 2, 3, 4, 5, or 6 days, or 1, 2, 3 or more weeks; c)
incubation at 37 °C for 1, 2, 3, 4, 5, or 6 days, or 1, 2, 3 or more weeks; d) 1, 2, 3, 4 or 5 cycles
of freeze/thaw, and e) agitation, e.g., gentle agitation on the orbital shaker at room temperature,
e.g., for 1,2,3,4,5 or more hours.

In certain embodiments, a PBA exhibits a stability after 1, 2, 3, 4 or 5 days of incubation
in serum at 37°C of at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99%, relative
to its stability at day 0, where the stability of a protein is determined by, e.g., measuring its
ability to bind to one or more of its target antigens after incubation, as determined, e.g., by
ELISA (see, e.g., Example 7).

In certain embodiments, a PBA has a melting temperature (Tm) as determined e.g., by
Differential Scanning Fluorimetry (DSF) of at least 50°C, 55°C, 60°C, 61°C, 62°C, 63°C, 64°C,
65°C, 66°C, 67°C, 68°C, 69°C or 70°C, as described in the Examples.

In certain embodiments, a PBA effectively inhibits signal transduction through IGF-1R
and/or ErbB3 when the ligand is present at a high or a low concentration. In certain
embodiments, a PBA suppresses basal signaling, e.g., suppresses the level of pAKT presentin a
cell in the absence of ligand induction. A PBA may also down-regulate IGF-1R and/or ErbB3,
e.g., phosphorylated and/or non phoshorylated receptor, on the cell surface, e.g., by at least 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or more, relative to a cell that was not exposed to
the PBA. A PBA may also inhibit insulin signaling in cells, e.g., by at least 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90% or more, relative to a cell that was not exposed to the PBA.

PBAs may have a stability of at least 1, 2,3, 4, 5,6, 7, 8, 9, or 10 days in mouse or
human serum. PBAs may have a half-life of at least 10 hours, 20 hours, 30 hours, 40 hours, 45
hours, 50 hours, 60 hours, 70 hours, 80 hours, 90 hours, 100 hours, 110 hours, 115 hours or
more in Cynomolgus monkeys when injected with either 5 or 25 mg/kg mice. In certain
embodiments, a PBA, has a half-life that is statistically significantly longer, e.g., at least 10%,
20%, 30%, 40%, 50%; 60%, 70%, 80%, 90%, 95%, 100% (i.e., 2 fold), 150% or 200% longer,
in an organism that is a mouse or a cynomolgus monkey than the half-life of another polyvalent
bispecific ab in the same organism, binding to the same epitopes, wherein the orientation of
antigen binding specificities is reversed between of the fab and of the scfv.

In certain embodiments, a PBA represses the protein level of mTOR or the level of
phospho-mTOR, or reduces or inhibits mTOR activation (i.e., reduces levels of pmTOR), e.g.,
by about 50%, by 2 fold, 3 fold, 4 fold, 5 fold, or more relative to a monospecific anti-IGF-1R
antibody that binds to the same epitope on IGF-1R as the PBA does.

PBAs may have a combination of two or more of the characteristics set forth herein. For

example, a PBA may inhibit ligand induced phosphorylation of IGF-1R by at least 80% and
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ligand induced phosphorylation of ErbB3 by at least 80%, and also exhibit one or more of the
following characteristics: (i) a Tm, as determined by DSF, of at least 60°C or 65°C; (ii) be at
least 80%, 90% or 95% monomeric in PBS at 10 mg/mL after 5 days at at room temperature;
(iii) and have a stability of at least 70%, 80% or 90% after 5 days of incubation in serum at
37°C. In certain embodiments, PBAs have a Tm of at least 60°C and serum stability of at least
90%. In other embodiments, PBAs (i) inhibit growth of tumor cells, e.g., by at least 10%, 20%,
30%, 40%, 50%, 60%, 710%, 80%, 90% or more; (ii) inhibit signal transduction mediated
through IGF-1R and/or ErbB3, e.g., by at least 70%, 80%, 90% or more, (iii} are stable, e.g., be
at least 80% monomeric in a solution after 1, 2, 3, 4, 5 or more days at 4°C, room temperature or
37°C, and/or (iv) have a Tm, as determined by DSF, of at least 50°C, 55°C, 60°C, 65°C or more;
e.g., to a similar extent or more efficiently or potently than either binding entity alone or
together.

Standard assays may be used for determining the biological activity and characteristics
of anti-IGF-1R+anti-ErbB3 PBAs. Exemplary assays for the following tests are provided herein
in the Examples: (a) assays for determining the binding affinity or Kd of a binding site to its
target; (b) assays for determining the ability of a binding protein to bind to a cell; (c) essays for
determining the ability of a binding protein to inhibit signal transduction, by measuring
inhibition of phosphorylation of IGF-1R, ErbB3 or AKT; (d) assays for determining the ability
of a PBA to inhibit cell proliferation in vitro; (e) assays for determining the effect of a PBA on
tumor cells in vivo; and (f) assays for determining the stability of a PBA.

Monovalent and divalent monospecific antibodies

Further provided herein are monovalent and bivalent monospecific antibodies that are
either 1) bivalent IgG antibodies that can be made by co-expression of at least one nucleic acid
molecule encoding the heavy chain and at least one nucleic acid molecule, which may be the
same as or different from the molecule encoding the heavy chain, that encodes the light chain of
the antibody, or 2) monovalent single chain Fv (scFv) antibodies that can be made by expression
of at least one nucleic acid molecule encoding the scFv; each expressed in a suitable expression
system, as described herein, including commercially available expression systems and others
that are well known in the art. These antibodies may be monoclonal.

Anti-IGF-1R antibodies
Provided herein are anti-IGF-1R antibodies, which bind specifically to human IGF-1R.

In certain embodiments, an IGF-1R binding protein comprises a heavy chain and a light chain

that associate with each other to form a binding moiety, e.g., an antibody, or an antigen binding
domain thereof. The description provided herein applies to anti-IGF-1R antibodies, but also to
anti-IGF-1R binding moieties that are comprised in PBAs. Conversely, the description of anti-

IGF-1R binding moieties applies to anti-IGF-1R antibodies or to antigen binding sites thereof.
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In certain embodiments, an anti-IGF-1R binding protein comprises 1, 2, 3,4, 5, 0or 6
CDRs selected from the group consisting of a VHCDRI1 aa sequence that is encompassed in the
consensus sequence of SEQ ID NO:302, a VHCDR?2 aa sequence that is encompassed in the
consensus sequence of SEQ ID NO:303, a VHCDR3 aa sequence that is encompassed in the
consensus sequence of SEQ ID NO:304, the VLCDRI1 aa sequence of SEQ ID NO:305, a
VLCDR? aa sequence that is encompassed in the consensus sequence of SEQ ID NO:306, and a
VLCDR3 aa sequence that is encompassed in the consensus sequence of SEQ ID NO:307 (or
308). For example, an anti-IGF-1R binding protein may comprise 1, 2, 3, 4, 5, or 6 CDRs
selected from the group consisting of a VHCDR1, VHCDR?2 and VHCDR3 aa sequences in one
of the aa sequences of Fig. 1, e.g., any one of SEQ ID NOs:8-31, and a VLCDR1, VLCDR2 and
VLCDR3 aa sequence in one of the aa sequences of Fig. 2, e.g., one of SEQ ID NOs:32-133. In

" a particular embodiment, an anti-IGF-1R binding protein comprises a VH domain comprising 1,

2,0r3,4,5, or 6 CDRs selected from the group consisting of a VHCDR1, VHCDR?2 or
VHCDR3 aa sequence of SEQ ID NO:11 and a VLCDR1, VLCDR2 and VLCDR3 aa sequence
of SEQ ID NO:35 (CDRs of 16F). In certain embodiments, an anti-IGF-1R binding protein
comprises a VH domain comprising 1, 2, 3, 4, 5, or 6 CDRs selected from the group consisting
of a VHCDRI1, VHCDR?2 and VHCDR3 aa sequences of a sequence in Fig. 1, e.g., SEQ ID
NOs:8-10 and 12-31, and a VLCDRI1, VLCDR2 and VLCDR3 aa sequence that is of a sequence
in Fig. 2, e.g., SEQ ID NOs:32-34 and 36-133.

In certain embodiments, an anti-IGF-1R binding protein comprises a VH domain
comprising an aa sequence that is encompassed by the consensus sequence of SEQ ID NO:1 and
/or a VL domain comprising an aa sequence that is encompassed by the consensus sequence of
SEQ ID NO:2. Exemplary VH aa sequences are those of Fig. 1, e.g., SEQ ID NOs:8-31.
Exemplary VL aa sequences are those of Fig. 2, e.g., SEQ ID NO:32-133. In one embodiment,
an anti-IGF-1R binding protein comprises a VH aa sequence comprising SEQ ID NO:11 and/or
a VL aa sequence comprising SEQ ID NO:35 (variable domains of 16F).

In certain embodiments, an anti-IGF-1R binding protein comprises a VH domain
comprising an aa sequence that is encompassed by the consensus sequence of SEQ ID NO:1 and
for a VL domain comprising an aa sequence that is encompassed by the consensus sequence of
SEQ ID NQO:3. Exemplary VH aa sequences are those set forth as SEQ ID NOs:8-10 and 12-31.
Exemplary VL aa sequences are those set forth as SEQ ID NOs:32-34 and 36-133.

Also provided herein are anti-IGF-1R antibodies that bind specifically to IGF-1R,
wherein the VH domain comprises an aa sequence that is at least 70%, 75%, 80%, 85%, 90%,
95%, 97%, 98% or 99% identical to the aa sequence of a VH aa sequence of Fig. 1, e.g., SEQ ID
NOs:8-31, and/or wherein the VL domain comprises an aa sequence that is at least 70%, 75%,
80%, 85%, 90%, 95%, 97%, 98% or 99% identical to the aa sequence of a VL aa sequence of
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Fig. 2, e.g., SEQ ID NOs:32-133. In certain embodiments, the VH sequence of SEQ ID NO:11
and/or VL sequence of SEQ ID NO:35 is excluded.

Also provided herein are anti-IGF-1R antibodies that bind specifically to IGF-1R,
wherein the VH domain comprises an aa sequence that differsin 1,2, 3, 4,5,6,7, 8,9, 10, or in
1-5, 6-10, 11-15, 16-20, 21-25, 26-30, 31-35, 36-40, 41-45, 46-50 or 50-100 aa substitutions,
additions or deletions from, an aa sequence of Fig. 1, e.g., SEQ ID NOs:8-31, and the VL
domain comprises an aa sequence that differsin 1, 2,3,4,5,6,7, 8,9, 10, or iﬂ 1-5, 6-10, 11-15,
16-20, 21-25, 26-30, 31-35, 36-40, 4145, 46-50 or 50-100 aa aa substitutions, additions or
deletions from, an aa sequence of Fig. 2, e.g., SEQ ID NOs:32-133. In certain embodiments, the
VH sequence of SEQ ID NO:11 and/or VL sequence of SEQ ID NO:35 is excluded.

Anti-IGF-1R antibodies may have the structure of an antibody, e.g., a full length
antibody, or an antigen binding fragment thereof. For example, an anti-IGF-1R binding protein
may comprise a heavy chain and a light chain, wherein the heavy chain comprises a in N- to C-
terminal order: a VH domain, a CH1 domain, a hinge, a CH2 domain, a CH3 domain, and
optionally a CH4 domain, and wherein the light comprises in N- to C-terminal order: a VL.
domain and a CL domain. The constant domains are preferably human and may be from IgG1,
1gG2, IgG3, 1gG4 or a combination thereof. The constant domains may be naturally occurring
sequences or mutated sequences, wherein one or more aa substitution, addition or deletion has
been made to the naturally occurring sequence(s).

An anti-IGF-1R binding protein may comprise a heavy chain comprising an aa sequence
selected from the group consisting of SF heavy chain (SEQ ID NO:358); P4 heavy chain (SEQ
ID NO:359); M78 heavy chain (SEQ ID NO:360) and M57 heavy chain (SEQ ID NO:361) (Fig.
6A). An anti-IGF-1R binding protein may also comprise a light chain comprising an aa
sequence selected from the group consisting of SF kappa light chain (SEQ ID NO:202), P4
kappa light chain (SEQ ID NO:204); M78 kappa light chain (SEQ ID NO:206); and M57 kappa
light chain (SEQ ID NQO:208) (Fig. 5A). An anti-IGF-1R binding protein may comprise a heavy
chain comprising an aa sequence selected from the group consisting of SF heavy chain (SEQ ID
NO:358); P4 heavy chain (SEQ ID NO:359); M78 heavy chain (SEQ ID NO:360) and M57
heavy chain (SEQ ID NO:361) and a light chain comprising an aa sequence selected from the
group consisting of SF kappa light chain (SEQ ID NO:202); P4 kappa light chain (SEQ ID
NO:204); M78 kappa light chain (SEQ ID NO:206); and M57 kappa light chain (SEQ ID
NO:208). In specific embodiments, IGF-1R antibodies comprise a heavy chain and a light chain
having aa sequences having the same name, e.g., an SF heavy chain and an SF light chain, a P4
heavy chain and a P4 light chain, a M78 heavy chain and a M78 light chain, and a M57 heavy

chain and a M57 light chain. However, heavy and light chains may also be mixed and matched.
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For example, an M57 heavy chain can be paired with a M7 light chain, and a P4 heavy chain can
be paired with an M57 light chain.

Provided in particular are anti-IGF-1R IgG antibodies SF (heavy chain SEQ ID NO:358,
kappa light chain SEQ ID NO:202); P4 (heavy chain SEQ ID NO:359, kappa light chain SEQ ID
NO:204) M78 (heavy chain SEQ ID NO:360, kappa light chain SEQ ID NO:206) and M57
(heavy chain SEQ ID NO:361, kappa light chain SEQ ID NO:208); all of the IgG1 isotype.

In certain embodiments, an anti-IGF-1R binding protein comprises a heavy chain
comprising an aa sequence that is at least 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98% or 99%
identical to an aa sequence of SEQ ID NOs:358, 359, 360 and 361 and/or a light chain
comprising an aa sequence that is at least 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98% or 99%
identical to an aa sequence of SEQ ID NOs:202, 204, 206 and 208.

In other embodiments, an IGF-1R binding protein comprises a heavy chain comprising
an aa sequence that that differs in 1, 2, 3,4, 5,6, 7, 8,9, 10, or in 1-5, 6-10, 11-15, 16-20, 21-25,
26-30, 31-35, 36-40, 41-45, 46-50 or 50-100 aa substitutions, additions or deletions from an aa
sequence of SEQ ID NOs:358, 359, 360 and 361 and/or a light chain comprises an aa sequence
that differsin 1,2, 3, 4, 5, 6,7, 8,9, 10, or in 1-5, 6-10, 11-15, 16-20, 21-25, 26-30, 31-35, 36-
40, 41-45, 46-50 or 50-100 aa substitutions, additions or deletions from an aa sequence selected
from the group consisting of SEQ ID NOs:202, 204, 206 and 208.

Biological activities and characteristics of anti-ErbB3 antibodies may be determined
with assays, e.g., those described herein for PBAs. Anti-ErbB3 proteins may ligand-inhibit
phosphorylation of ErbB3, proliferation of tumor cells and/or inhibition of tumor growth in vivo.

The anti-IGF-1R binding moieties may comprise, or be linked to, 1, 2, 3, 4 or more other
binding sites, which may be in the form of a Fab, an scFv or other form of binding site. For
example, an anti-IGF-1R binding protein may comprise an anti-ErbB3 binding site, e.g., an anti-
ErbB3 scFv.

Anti-ErbB3 antibodies

Also provided herein are anti-ErbB3 antibodies, which bind specifically to human

ErbB3. In certain embodiments, an ErbB3 binding protein comprises a heavy chain and a light
chain that associate with each other and form a binding protein, e.g., an antibody, or an antigen
binding domain thereof. The description provided below applies to anti-ErbB3 antibodies, but
also to anti-ErbB3 binding sites that are comprised in PBAs. Conversely, the description of anti-
ErbB3 binding sites applies to anti-ErbB3 antibodies or antigen binding sites thereof.

In certain embodiments, an anti-ErbB3 binding protein comprises 1, 2, 3,4, 5, or 6
CDRs selected from the group consisting of the VHCDRI1 aa sequence of SEQ ID NO:309, a
VHCDR? aa sequence that is encompassed in the consensus sequence of SEQ ID NO:310, a
VHCDR3 aa sequence that is encompassed in the consensus sequence of SEQ ID NO:311, the
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VLCDRI1 aa sequence that is of SEQ ID NO:312, the VLCDR?2 aa sequence that is of SEQ ID
NO:313, and a VLCDR3 aa sequence that is encompassed in the consensus sequence of SEQ ID
NO:314 (or 315). For example, an anti-ErbB3 binding protein may comprise 1, 2, 3,4, 5, or 6
CDRs selected from the group consisting of a VHCDR1, VHCDR2 and VHCDR3 aa sequence
of a sequence in Fig. 3, e.g., in any one of SEQ ID NOs:134-165, and a VLCDR1, VLCDR2 and
VLCDR3 aa sequence of a sequence in Fig. 4, e.g., in SEQ ID NOs:166-200. In a particular
embodiment, an anti-ErbB3 binding protein comprises a VH domain comprising 1, 2, or 3, 4, 5,
or 6 CDRs selected from the group consisting of a VHCDR1, VHCDR?2 or VHCDR3 aa
sequence of SEQ ID NO:143 and a VLCDR1, VLCDR2 and VLCDR3 aa sequence of SEQ ID
NO:175 (CDRs of 16F). In certain embodiments, an anti-ErbB3 binding protein comprises a
VH domain comprising 1, 2, 3, 4, 5, or 6 CDRs selected from the group consisting of a
VHCDR1, VHCDR?2 or VHCDR3 aa sequence of Fig. 3, e.g., any one of SEQ ID NOs:134-142
and 144-165, and a VLCDR1, VLCDR2 and VLCDR3 aa sequence that is of Fig. 4, e.g., any
one of SEQ ID NOs:166-174 and 176-200.

In certain embodiments, an anti-ErbB3 binding protein comprises a VH domain
comprising an aa sequence that is encompassed by the consensus sequence of SEQ ID NO:4 and
/or a VL. domain comprising an aa sequence that is encompassed by the consensus sequence of
SEQ ID NO:6. Exemplary VH aa sequences are those of Fig. 3, e.g., SEQ ID NOs:134-165.
Exemplary VL aa sequences are those of Table 4, e.g., SEQ ID NO:166-200. In one
embodiment, an anti-ErbB3 binding protein comprises a VH aa sequence comprising SEQ ID
NO:143 and/or a VL aa sequence comprising SEQ ID NO:175 (variable domains of 16F).

In certain embodiments, an anti-ErbB3 binding protein comprises a VH domain
comprising an aa sequence that is encompassed by the consensus sequence of SEQ ID NO:5 and
Jor a VL domain comprising an aa sequence that is encompassed by the consensus sequence of
SEQ ID NO:7. Exemplary VH aa sequences are those set forth as SEQ ID NOs:134-142 and
145-165. Exemplary VL aa sequences are those set forth as SEQ ID NOs:166-174 and 176-200.

Also provided herein are anti-ErbB3 antibodies that bind specifically to ErbB3, wherein
the VH domain comprises an aa sequence that is at least 70%, 75%, 80%, 85%, 90%, 95%, 97%,
98% or 99% identical to the aa sequence of a VH aa sequence of Fig. 3, e.g., SEQ ID NOs:134-
165, and/or wherein the VL domain comprises an aa sequence that is at least 70%, 75%, 80%,
85%, 90%, 95%, 97%, 98% or 99% identical to the aa sequence of a VL. aa sequence of Fig. 4,
e.g., SEQ ID NOs:166-200. In certain embodiments, the VH sequence of SEQ ID NO:143
and/or VL sequence of SEQ ID NO:175 is excluded.

Also provided herein are anti-ErbB3 antibodies that bind specifically to ErbB3, wherein
the VH domain comprises an aa sequence that differs in 1, 2, 3, 4,5, 6,7, 8,9, 10, or less of
from 1-5, 6-10, 11-15, 16-20, 21-25, 26-30, 31-35, 36-40, 4145, 46-50 or 50-100 aa
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substitutions, additions or deletions from, the aa sequence of Fig. 3, e.g., SEQ ID NOs:134-165,
and the VL domain comprises an aa sequence that differsin 1, 2, 3,4, 5, 6, 7, 8,9, 10, or less of
from 1-5, 6-10, 11-15, 16-20, 21-25, 26-30, 31-35, 36-40, 4145, 46-50 or 50-100 aa
substitutions, additions or deletions'from, the aa sequence of Fig. 4, e.g., SEQ ID NOs:166-200.
In certain embodiments, the VH sequence of SEQ ID NO:143 and/or VL sequence of SEQ ID
NO:175 is excluded.

Anti-ErbB3 antibodies may have the structure of an antibody, e.g., a holo-antibody (full
length antibody) or an antigen binding fragment thereof. For example, an anti-ErbB3 binding
protein may comprise a heavy chain and a light chain, wherein the heavy chain comprises a in
N- to C-terminal order: a VH domain, a CH1 domain, a hinge, a CH2 domain, a CH3 domain,
and optionally a CH4 domain, and wherein the light comprises in N- to C-terminal order: a VL
domain and a CL domain. The constant domains are preferably human and may be from IgGl,
IgG2, 1gG3, IgG4 or a-combination thereof. The constant domains may be naturally occurring
sequences or mutated sequences, wherein one or more aa substitution, addition or deletion has
been made to the naturally occurring sequence(s).

An anti-ErbB3 binding protein may comprise a heavy chain comprising an aa sequence
selected from the group consisting of P1 heavy chain (SEQ ID NO:362); M27 heavy chain (SEQ
ID NO:363); M7 heavy chain (SEQ ID NO:364) B72 heavy chain (SEQ ID NO:365) and B60
(SEQ ID NO:366) (Fig. 5B). An anti-ErbB3 binding protein may also comprise a light chain
comprising an aa sequence selected from the group consisting of P1 lambda light chain (SEQ ID
NO:258); M27 lambda light chain (SEQ ID NO:260); M7 lambda light chain (SEQ ID NO:262);
B72 lambda light chain (SEQ ID NO:264) and B60 lambda light chain (SEQ ID NO:266) (Fig. .
5B). An anti-ErbB3 binding protein may comprise a heavy chain comprising an aa sequence
selected from the group consisting of P1 heavy chain (SEQ ID NO:362); M27 heavy chain (SEQ
ID NO:363); M7 heavy chain (SEQ ID NO:364) B72 heavy chain (SEQ ID NO:365) and B60
(SEQ ID NO:366) and a light chain comprising an aa sequence selected from the group
consisting of P1 lambda light chain (SEQ ID NO:258); M27 lambda light chain (SEQ ID
NO:260); M7 lambda light chain (SEQ ID NO:262); B72 lambda light chain (SEQ ID NO:264)
and B60 lambda light chain (SEQ ID NO:266). In specific embodiments, IGF-1R antibodies
comprise a heavy chain and a light chain having aa sequences having the same name, e.g., an P1
heavy chain and an P1 light chain, a M27 heavy chain and a M27 light chain, a M7 heavy chain
and M7 light chain, a B72 heavy chain and a B72 light chain, and a B60 heavy chain and a B60
light chain. However, heavy and light chains may also be mixed and matched. For example, an
M57 heavy chain can be paired with a M7 light chain, and a P4 heavy chain can be paired with
an M57 light chain.
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Also provided are anti-ErbB3 antibodies P1 (heavy chain SEQ ID NO:362, lambda light
chain SEQ ID NO:258); M27 (heavy chain SEQ ID NO:363, lambda light chain SEQ ID
NO:260); M7 (heavy chain SEQ ID NO:364, lambda light chain SEQ ID NO:262); B72 (heavy
chain SEQ ID NO:365, lambda light chain SEQ ID NO:264); and B60 (heavy chain SEQ ID
NO:366, lambda light chain SEQ ID NO:266); all of the IgG1 isotype.

In certain embodiments, an anti-ErbB3 binding protein comprises a heavy chain
comprising an aa sequence that is at least 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98% or 99%
identical to an aa sequence of SEQ ID NOs:362,363, 364, 365 and 366 and/or a light chain
comprising an aa sequence that is at least 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98% or 99%
identical to an aa sequence of SEQ ID NOs:258, 260, 262, 264 and 266.

In other embodiments, an ErbB3 binding protein comprises a heavy chain comprising an
aa sequence that that differs in 1, 2, 3,4, 5,6,7, 8,9, 10, orin 1-5, 6-10, 11-15, 16-20, 21-25,
26-30, 31-35, 36-40, 41-45, 46-50 or 50-100 aa substitutions, additions or deletions_from an aa
sequence of SEQ ID NOs:362,363, 364, 365 and 366 and/or a light chain comprises an aa
sequence that differsin 1, 2,3,4,5,6,7, 8,9, 10, or in 1-5, 6-10, 11-15, 16-20, 21-25, 26-30,
31-35, 36-40, 41-45, 46-50 or 50-100 aa substitutions, additions or deletions from an aa
sequence selected from the group consisting of SEQ ID NOs:258, 260, 262, 264 and 266.

Biological activities and characteristics of anti-ErbB3 antibodies may be determined
with asgays, e.g., those described herein for PBAs. Anti-ErbB3 proteins may ligand-inhibit
phosphorylation of ErbB3, proliferation of tumor cells and/or inhibition of tumor growth in vivo.
The anti-ErbB3 binding moieties may comprise, or be linked to, 1, 2, 3, 4 or more other binding
sites, which may be in the form of a Fab, an scFv or other form of binding site. For example, an
anti-ErbB3
binding protein may comprise an anti-IGF-1R binding site, e.g., an anti-IGF-1R scFv.
scFv antibodies

Also provided are scFvs, e.g., isolated monoclonal scFvs. Exemplary scFvs are anti-
IGF-1R scFvs and anti-ErbB3 scFvs. Exemplary scFvs are polypeptides-comprising a VH
domain and a VL domain that are linked together by an scFv linker. The VH and VL chains of
an scFv are joined together by an scFv linker that is interposed between the VH and VL chains.
scFv linkers may consist of a contiguous aa sequence of 10-30 aa, such as15 to 20 aa.
Exemplary scFv linkers are Gly-Ser linkers (SEQ ID NO:399),
which may be (Gly,Ser), (SEQ ID NO:401), whereinnis 1,2,3,4,5,6,7, 8,9 or 10. Preferred
scFv linkers comprise (Gly,Ser); (SEQ ID NO:396) or (Gly,Ser), (SEQ ID NO:397). Other
preferred scFv linkers comprise 1-5 aa in addition to (Gly,Ser); (SEQ ID NO:396) or (Gly.Ser),
(SEQ ID NO:397), e.g., AST, and may comprise the following aa sequence: AST(Gly,Ser);
(SEQ ID NO:400) or AST(Gly,Ser)s (SEQ ID NO:402).
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An anti-IGF-1R scFv antibody may comprise a VH domain comprising a set of three
VHCDRs comprising VHCDR1, VHCDR2 and VHCDR3, and a VL domain comprising a set of
three VLCDRs comprising VLCDR1, VLCDR2 and VLCDR3, said CDRs comprising the aa
sequences of SEQ ID NOs:302, 303 or 304, 305, 306 or 307 (or 308), respectively, and wherein
each CDR further comprises an amino terminus and a carboxy terminus, wherein the CDRs of
each set of CDRs are arranged in the variable domain in a linear amino to carboxy order of
CDR1, CDR2 and CDR3, and wherein X aa in SEQ ID NOs:302, 304, 305, 306, 307 (or 308)
represent variable aa, which may be any aa located in the corresponding position in Fig. 1 (for
VH) and Fig. 2 (for VL). Anti-IGF-1R scFvs may comprise a VHCDR1, VHCDR?2 and
VHCDR3 of a VH domain consisting of an aa sequence of the group of VH aa sequences in Fig.
1, e.g., consisting of SEQ ID NOs:8-31, and/or a VLCDR1, VLCDR2 and VLCDR3 of a VL
domain consisting of an aa sequence of the group of VL aa sequences in Fig. 2, e.g., consisting
of SEQ ID NOs:32-133. In certain embodiments, an anti-IGF-1R scFv does not comprise all six
CDRs of 16F or does not comprise either the VH domain of 16F and/or the VL domain of 16F.
For example,'an scFv comprises VH and VL aa sequences that differ from those in 16F in at
least one aa.

Anti-IGF-1R scFv antibodies may comprise a VH domain comprising the aa sequence of
SEQ ID NO:1 and/or a VL domain comprising the aa sequence set forth SEQ ID NO:2 (or 3),
wherein the X aas in SEQ ID NOs:1, 2 and 3 are variable aa which may be any aa at the
corresponding position in Fig. 1 (for the VH domain) and Fig. 2 (for the VL domain). Anti-IGF-
IR scFv antibodies may comprise a VH domain comprising an aa sequence of Fig. 1, e.g.,
selected from the group consisting of SEQ ID NOs:8-31, and/or a VL domain comprising an aa
sequence of Fig. 2, e.g., selected from the group consisting of SEQ ID NOs:32-133.

Exemplary anti-IGF-1R scFvs comprise a VH domain consisting of, or at least
comprising the VHCDR1, VHCDR?2 and VHCDR3 aa sequences of, an aa sequence selected
from the group of VH aa sequences consisting of SEQ ID Nos:8, 9, 10 and 11 (the location of
these CDRs is shown in Fig. 1). Anti-IGF-1R scFvs may also comprise a VL domain consisting
of, or at least comprising the VLCDR1, VLCDR2 and VLCDR3 aa sequences of, an aa sequence
selected from the group of VL aa sequences consisting of SEQ ID Nos:32, 33, 34 and 35 (the
location of these CDRs is shown in Fig. 2). In certain embodiments, anti-IGF-1R scFvs
comprise a VH domain consisting of, or at least comprising the VHCDR1, VHCDR?2 and
VHCDR3 aa sequences of, an aa sequence selected from the group of VH aa sequences
consisting of SEQ ID Nos:8, 9, 10 and 11 and a VL domain consisting of, or at least comprising
the VLCDR1, VLCDR2 and VLCDR3 aa sequences of, an aa sequence selected from the group
of VL aa sequences consisting of SEQ ID Nos:32, 33, 34 and 35. In particular embodiments, an

anti-IGF-1R scFv comprises a VH domain comprising the VH domain consisting of, or at least
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comprising the VHCDR1, VHCDR?2 and VHCDR3 aa sequences of, SEQ ID No:8 and a VL.
domain consisting of, or at least comprising the VLCDR1, VLCDR?2 and VLCDR3 aa sequences
of, an aa sequence cons'isting of SEQ ID No:32 (M57 module). In particular embodiments, an
anti-IGF-1R scFv comprises a VH domain comprising the VH domain consisting of, or at least
comprising the VHCDR1, VHCDR2 and VHCDR3 aa sequences of, SEQ ID No:9 and a VL
domain consisting of, or at least comprising the VLCDR1, VLCDR?2 and VLCDR3 aa sequences
of, an aa sequence consisting of SEQ ID No:33 (module M78). In particular embodiments, an
anti-IGF-1R scFv comprises a VH domain comprising the VH domain consisting of, or at least
comprising the VHCDR1, VHCDR2 and VHCDR3 aa sequences of, SEQ ID No:10 and a VL
domain consisting of, or at least comprising the VLCDR1, VLCDR2 and VLCDR3 aa sequences
of, an aa sequence consisting of SEQ ID No:34 (module P4). In particular embodiments, an
anti-IGF-1R scFv comprises a VH domain comprising the VH domain consisting of, or at least
comprising the VHCDR1, VHCDR2 and VHCDR3 aa sequences of, SEQ ID No:8 and a VL
domain consisting of, or at least comprising the VLCDR1, VLCDR2 and VLCDR3 aa sequences
of, an aa sequence consisting of SEQ ID No:33 (module M57/M78). In particular
embodiments, an anti-IGF-1R scFv comprises a VH domain comprising the VH domain
consisting of, or at least comprisi-ng the VHCDR1, VHCDR2 and VHCDR3 aa sequences of,
SEQ ID No: 10 and a VL domain consisting of, or at least comprising the VLCDR1, VLCDR2
and VLCDR3 aa sequences of, an aa sequence consisting of SEQ ID No:32 (module P4/M57).
An anti-ErbB3 scFv antibody may comprise a VH domain comprising a set of three
VHCDRs comprising VHCDR1, VHCDR?2 and VHCDR3, and a VL domain comprising a set of
three VLCDRs comprising VLCDR1, VLCDR2 and VLCDR3, said CDRs comprising the aa
sequences of SEQ ID NOs:309, 310 or 311, 312, 313 or 314 (or 315), respectively, and wherein
each CDR further comprises an amino terminus and a carboxy terminus, wherein the CDRs of
each set of CDRs are arranged in the variable domain in a linear amino to carboxy order of
CDRI1, CDR2 and CDR3, and wherein X aa in 309, 310 or 311, 312, 313 or 314 (or 315)
represent variable aa, which may be any aa located in the corresponding position in Fig. 1 (for
VH) and Fig. 2 (for VL). Anti- ErbB3 scFvs may comprise a VHCDR1, VHCDR?2 and
VHCDR3 of a VH domain consisting of an aa sequence of the group of VH aa sequences in Fig.
3, e.g., consisting of SEQ ID NOs:134-165 and/or a VLCDR1, VLCDR2 and VLCDR3 of a VL.
domain consisting of an aa sequence of the group of VL aa sequences in Fig. 4, e.g., consisting
of SEQ ID NOs:166-200. In certain embodiments, an anti-ErbB3 scFv does not comprise all six
CDRs of 16F or does not comprise either the VH domain of 16F and/or the VL domain of 16F.
For example an scFv comprises VH and VL aa sequences that differ from those in 16F in at least

one aa.
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Anti-ErbB3 scFv antibodies may comprise a VH domain comprising the aa sequence of
SEQ ID NO:4 (or 5) and/or a VL domain comprising the aa sequence set forth SEQ ID NO:6 (or
7), wherein the X aas in SEQ ID NOs:4, 5, 6 and 7 are variable aa which may be any aa at the
corresponding position in Fig. 3 (for the VH domain) and Fig. 4 (for the VL domain). Anti-
ErbB3 scFv antibodies may comprise a VH domain comprising an aa sequence in Fig. 3, e.g.,
selected from the group consisting of SEQ ID NOs:134-165, and/or a VL domain comprising an
aa sequence in Fig. 4, e.g., selected from the group consisting of SEQ ID NOs:166-200.

Exemplary anti- ErbB3 scFvs comprise a VH domain consisting of, or at least
comprising the VHCDR1, VHCDR?2 and VHCDR3 aa sequences of, an aa sequence selected
from the group of VH aa sequences consisting of SEQ ID Nos:134-143 (the location of these
CDRs is shown in Fig. 3). Anti-ErbB3 scFvs may also comprise a VL domain consisting of, or
at least comprising the VLCDR1, VLCDR?2 and VLCDR3 aa sequences of, an aa sequence
selected from the group of VL aa sequences consisting of SEQ ID Nos:166-175 (the location of
these CDRs is shown in Fig. 4). In certain embodiments, anti-ErbB3 scFvs comprise a VH
domain consisting of, or at least comprising the VHCDR1, VHCDR?2 and VHCDR3 aa
sequences of, an aa sequence selected from the group of VH aa sequences consisting of SEQ ID
Nos:134-143 and a VL domain consisting of, or at least comprising the VLCDR1, VLCDR2 and
VLCDR3 aa sequences of, an aa sequence selected from the group of VL aa sequences
consisting of SEQ ID Nos:166-175. In particular embodiments, an anti-ErbB3 scFv comprises a
VH domain comprising the VH domain consisting of, or at least comprising the VHCDR1,
VHCDR?2 and VHCDR3 aa sequences of, SEQ ID No:134 and a VL domain cc;nsisting of, or at
least comprising the VLCDR1, VLCDR2 and VLCDR3 aa sequences of, an aa sequence
consisting of SEQ ID No:166 (module B60). In particular embodiments, an anti-ErbB3 scFv
comprises a VH domain comprising the VH ddmain consisting of, or at least comprising the
VHCDR1, VHCDR?2 and VHCDR3 aa sequences of, SEQ ID No:135 and a VL domain
consisting of, or at least comprising the VLCDR1, VLCDR2 and VLCDR3 aa sequences of, an
aa sequence consisting of SEQ ID No:167 (B72). In particular embodiments, an anti-ErbB3
scFv comprises a VH domain comprising the VH domain consisting of, or at least comprising
the VHCDR1, VHCDR2 and VHCDR3 aa sequences of, SEQ ID No:136 and a VL domain
consisting of, or at least comprising the VLCDR1, VLCDR?2 and VLCDR3 aa sequences of, an
aa sequence consisting of SEQ ID No:168 (module M27). In particular embodiments, an anti-
ErbB3 scFv comprises a VH domain comprising the VH domain consisting of, or at least
comprising the VHCDR1, VHCDR?2 and VHCDR3 aa sequences of, SEQ ID No:137 and a VL
domain consisting of, or at least comprising the VLCDR1, VL.CDR2 and VLCDR3 aa sequences
of, an aa sequence consisting of SEQ ID No:169 (M7 module). In particular embodiments, an

anti-ErbB3 scFv comprises a VH domain comprising the VH domain consisting of, or at least
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comprising the VHCDR1, VHCDR2 and VHCDR3 aa sequences of, SEQ ID No:138 and a VL
domain consisting of, or at least comprising the VLCDR1, VLCDR2 and VLCDR3 aa sequences
of, an aa sequence consisting of SEQ ID No:170 (P1 module). In particular embodiments, an
anti-ErbB3 scFv comprises a VH domain comprising the VH domain consisting of, or at least
comprisingAthe VHCDR1, VHCDR?2 and VHCDR3 aa sequences of, SEQ ID No:139 and a VL
domain consisting of, or at least comprising the VLCDR1, VLCDR2 and VLCDR3 aa sequences
of, an aa sequence consisting of SEQ ID No:171 (M27 module). In particular embodiments, an
anti-ErbB3 scFv comprises a VH domain comprising the VH domain consisting of, or at least
comprising the VHCDR1, VHCDR2 and VHCDR3 aa sequences of, SEQ ID No:140 and a VL
domain consisting of, or at least comprising the VLCDR1, VLCDR2 and VLCDR3 aa sequences
of, an aa sequence consisting of SEQ ID No:172 (B69 module). In particular embodiments, an

anti-ErbB3 scFv comprises a VH domain comprising the VH domain consisting of, or at least

comprising the VHCDR1, VHCDR2 and VHCDR3 aa sequences of, SEQ ID No:141 and a VL
domain consisting of, or at least comprising the VLCDR1, VLCDR2 and VLCDR3 aa sequences
of, an aa sequence consisting of SEQ ID No:173 (P6 module). In particular embodiments, an
anti-ErbB3 scFv comprises a VH domain comprising the VH domain consisting of, or at least
comprising the VHCDR1, VHCDR2 and VHCDR3 aa sequences of, SEQ ID No:142 and a VL
domain consisting of, or at least comprising the VLCDR1, VLCDR?2 and VLCDR3 aa sequences
of, an aa sequence consisting of SEQ ID No:174 (M 1.3 module). In particular embodiments, an
anti-ErbB3 scFv comprises a VH domain comprising the VH domain consisting of, or at least
comprising the VHCDR1, VHCDR2 and VHCDR3 aa sequences of, SEQ ID No:143 and a VL
domain consisting of, or at least comprising the VLCDR1, VLCDR2 and VLCDR3 aa sequences
of, an aa sequence consisting of SEQ ID No:175 (C8 module). In particular embodiments, an
anti-ErbB3 scFv comprises a VH domain comprising the VH domain consisting of, or at least
comprising the VHCDR1, VHCDR2 and VHCDR3 aa sequences of, SEQ ID No:136 and a VL
domain consisting of, or at least comprising the VLCDR1, VLCDR?2 and VL.LCDR3 aa sequences
of, an aa sequence consisting of SEQ ID No:169 (M27/M7 module).

Exemplary scFvs are anti-IGF-1R scFv antibodies P4 (SEQ ID NO:367), M57(SEQ ID
NO:368), M78, (SEQ ID NO:369), and M76 (SEQ ID NO:382); as well as anti-ErbB3 scFv
antibodies C8 (SEQ ID NO:370), P1 (SEQ ID NO:371), M1.3 (SEQ ID NO:372), M27 (SEQ ID
NO:373), P6 (SEQ ID NO:374), B69 (SEQ ID NO:375) and P6L (SEQ ID NO:383).

scFvs may also comprise a CDR, a variable domain or their full length aa that differs
from a CDR, variable domain, or full length scFv, respectively, set forth herein in one or more
aa additions, deletions or substitutions, while retaining their binding properties. For example, a
CDR may differ in 1 or 2 aa from a CDR sequence provided herein; a variable domain may

differin 1, 2, 3,4, 5,6, 7, 8, 9 or 10 aa from a variable domain sequence provided herein; and an
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scFv may differin 1, 2, 3,4, 5,6,7, 8,9, 10, 20, 30, 40 or 50 aa from an scFv, respectively,
provided herein. An scFv may also comprise a CDR, a variable domain or its full length aa
sequence that is at least 70%, 80%, 85%, 90%, 95%, 97%, 98%, or 99% identical to a sequence
of a CDR, variable domain or full length scFv sequence provided herein. In one embodiment, an
scFv comprises an aa sequence that is at least 70%, 80%, 85%, 90%, 95%, 97%, 98%, or 99%
identical to an aa sequence selected from the group of scFv sequences consisting of SEQ ID
NO:367, 368, 369, 370, 372, 373, 374, and 375.

In certain embodiments, scFvs comprise 1, 2, 3,4, 5, 6,7, 8, 9 or 10 aas at the amino
terminus or carboxy terminus of the VL domain. For example, if the carboxy terminus of an
scFv of interest would be an aa that can be clipped off by an enzyme, such as a carboxypeptidase
(e.g., a lysine or an arginine), one or more aa may be added to prevent the aa from being clipped.
For example, the aa “RT” from the CL domain may be added to the carboxy terminus “VEIK” in
anti-IGF-1R scFvs, as shown, e.g., in SEQ ID NOs:367-369.

Nucleic acids, expression vectors and host cells

Provided herein are nucleic acids, e.g., DNA or RNA, encoding the polypeptides
described herein. Exemplary nucleotide sequences provided herein are those encoding the aa
sequences of Fig.Figs. 1-7, such as the nucleotide sequences of the Appendix, or portions
thereof, such as pdrtions that encode 1, 2, 3, 4 or 5 domains. Nucleotide sequences that are at
least 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, or 99% identical to a nucleotide
sequence encoding an aa sequence set forth herein, e.g., the nucleotide sequences set forth herein
are also encompassed. Such nucleotide sequences may encode a protein set forth herein or may
encode a protein that is at least 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98% or 99% identical or
similar to a protein set forth herein or a portion thereof (e.g., a domain), such as an aa sequence
of any one of Fig.Figs. 1-7.

A nucleotide sequence encoding the heavy chain of 16F with a leader sequence (aa
sequence SEQ ID NO:300) is set forth as SEQ ID NO:299. A nucleotide sequence encoding the
light chain of 16F with a leader sequence (aa sequence SEQ ID NO:298) is set forth as SEQ ID
NO:297.

In certain embodiments, a nucleic acid encodes the heavy and/or the light chain of an
antibody that comprises a leader sequence (or signal peptide). An exemplary leader sequence is
that shown in Fig. 7 for 16F. Accordingly, also provided herein are antibodies, e.g., those shown
in Fig.Figs. 5 and 6, linked to a leader sequence, such as that shown in Fig. 7, and nucleic acids
encoding such.

In certain embodiments, a nucleic acid is linked to a sequence that enhances or promotes

the expression of the nucleotide sequence in a cell to produce a protein. Such nucleic acids may
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be encompassed within a vector, e.g., an expression vector. For expressing a protein that is a
transmembrane protein, it is also preferable to include a signal sequence, e.g., the one of Fig. 7A,
which signal sequence is frequently deleted to form a mature protein.

Also encompassed herein are cells, e.g., a host cell comprising a nucleic acid or a vector
provided herein.

The antibodies described herein may be produced by recombinant means. Methods for

recombinant production are widely known in the state of the art and comprise protein expression

in prokaryotic and eukaryotic cells with subsequent isolation of the antibody and usually
purification to a pharmaceutically acceptable purity. For the expression of the antibodies in a
host cell, nucleic acids encoding the respective polypeptides, e.g., light and heavy chains, are
inserted into expression vectors by standard methods. Expression is performed in appropriate
prokaryotic or eukaryotic host cells like CHO cells, NSO cells, SP2/0 cells, HEK293 cells, COS
cells, PER.C6 cells, yeast, or E.coli cells, and the binding protein is recovered from the cells
(supernatant or cells after lysis). General methods for recombinant production of antibodies are
well-known in the art.

The antibodies may be suitably separated from the culture medium by conventional
immunoglobulin purification procedures such as, for example, protein A-Sepharose,
hydroxylapatite chromatography, gel electrophoresis, dialysis, or affinity chromatography.
DNA and RNA encoding the antibodies are readily isolated and sequenced using conventional
procedures. The hybridoma cells can serve as a source of such DNA and RNA. Once isolated,
the DNA may be inserted into expression vectors, which are then transfected into host cells such
as HEK 293 ce/lls, CHO cells, or myeloma cells that do not otherwise produce immunoglobulin
protein, to obtain the synthesis of recombinant antibodies in the host cells.

. Aa sequence variants (e.g., mutants) of the antibodies may be prepared by introducing
appropriate nucleotide changes into the antibody DNA, or by nucleotide synthesis.

"Host cell” denotes any kind of cellular system which can be engineered to generate the

antibodies described herein. In one embodiment, HEK293 cells and CHO cells are used as host

-cells, in another CHO or NSO cells are used.

The control sequences that are suitable for prokaryotes, for example, include a promoter,
optionally an operator sequence, and a ribosome binding site. Eukaryotic cells are known to
utilize promoters, enhancers and polyadenylation signals.

A nucleic acid is "operably linked" when it is placed in a functional relationship with
another nucleic acid sequence. For example, DNA for a pre-sequence or secretory leader is
operably linked to DNA for a polypeptide if it is expressed as a pre-protein that participates in
the secretion of the polypeptide; a promoter or enhancer is operably linked to a coding sequence

if it affects the transcription of the sequence; or a ribosome binding site is operably linked to a
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coding sequence if it is positioned so as to facilitate translation. Generally, "operably linked"
means that the DNA sequences being linked are contiguous, and, in the case of a secretory
leader, contiguous and in reading frame. However, enhancers do not have to be contiguous.
Linking is accomplished by ligation at convenient restriction sites. If such sites do not exist, the
synthetic oligonucleotide adaptors or linkers are used in accordance with conventional practice.

Purification of antibodies may be performed in order to eliminate cellular components or

‘other contaminants, e.g., other cellular nucleic acids or proteins, by standard techniques,

including alkaline/SDS treatment, CsCl banding, column chromatography, agarose gel
electrophoresis, and others well known in the art. Differém methods are well established and
widespread used for protein purification, such as affinity chromatography with microbial
proteins (e.g., protein A or protein G affinity chromatography), ion exchange chromatography
(e.g., cation exchange (carboxymethyl resins), anion exchange (amino ethyl resins) and mixed-
mode exchange), thiophilic adsorption (e.g., with beta-mercaptoethanol and other SH ligands),
hydrophobic interaction or aromatic'adsorption chromatography (e.g., with phenyl-sepharose,
aza-arenophilic resins, or m-aminophenyliboronic acid), metal chelate affinity chromatography
(e.g., with Ni(Il)- and Cu(II)-affinity material), size exclusion chromatography, and

electrophoretical methods (such as gel electrophoresis, capillary electrophoresis).

Methods of using antibodies provided herein

Provided herein are methods of using the antibodies described herein, e.g., an anti-IGF-
1R+anti-ErbB3 PBA, an anti-IGF-1R antibody and an anti-ErbB3 antibody, for therapeutic
applications. The antibodies disclosed herein can be used for treating a disease or disorder
associated with ErbB3 and/or IGF-1R dependent signaling, including a variety of cancers.

In one embodiment, a method is provided for inhibiting proliferation of a tumor cell
expressing IGF-1R and ErbB3 comprising contacting the tumor cell with an anti-IGF-1R+anti-
ErbB3 bispecific (optionally polyvalent) antibody, such that proliferation of the tumor cell is
inh;bited, slowed down, or stopped or such that the tumor cell dies.

Provided herein are methods for treating a disease or disorder associated with ErbB3
and/or IGF-1R dependent signaling by administering to a patient an antibody disclosed herein in
an amount effective to treat the disease or disorder. Suitable diseases or disorders include, for
example, a variety of cancers including, but not limited to, breast cancer and those set forth
below. In one embodiment, a method for treating a subject having a proliferative disease, such
as cancer, comprises administering to a subject in need thereof a therapeutically effective
amount of one or more antibodies described herein, such as an anti-IGF-1R+anti-ErbB3

bispecific antibody.
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Also provided is a method for (or a bispecific antibody e.g., in a medicament for)
treating a tumor expressing IGF-1R and ErbB3 in a patient, the method comprising
administering an effective amount of an antibody as described herein (e.g., effective to slow or
stop tumor growth, or to shrink a tumor or to slow or stop tumor invasiveness or tumor
metastasis). Any tumor expressing IGF-1R and ErbB3 may be treated, including tumors of the
following cancers: lung cancer, sarcoma, colorectal cancer, pancreatic cancer, prostate cancer,
renal cell carcinoma, head and neck squamous cell carcinoma (HNSCC), melanoma and breast
cancer. Particular examples of such tumors include: non-small cell lung cancer, Ewing'’s
sarcoma, tamoxifen-resistant estrogen-receptor-positive breast cancer, trastuzumab-resistant or
lapatinib-resistant HER2-positive metastatic breast cancer, gefitinib-resistant or erlotinib-
resistant limg cancer, cetuximab-resistant or panitumumab-resistant colorectal cancer,
cetuximab-resistant head and neck squamous cell carcinoma (HNSCC), and erlotinib-resistant
pancreatic cancer.

Also provided are kits comprising one or more antibodies disclosed herein. The kits
may include a label indicating the intended use of the contents of the kit and optionally including
instructions for use of the kit in treating a disease or disorder associated with ErbB3 and/or IGF-
IR dependent signaling, e.g., treating a tumor. The term label includes any writing, marketing
materials or recorded material supplied on or with the kit, or which otherwise accompanies the
kit.

A method of treating a tumor herein provided can further comprise administering a
second anti-cancer agent in combination with the antibody. Thus novel pharmaceutical
compositions are contemplated comprising an antibody disclosed herein, together with a second
anti-cancer agent, typically a biologic agent, together with at least one pharmaceutically
acceptable carrier or excipient.

Pharmaceutical compositions

In another aspect, a composition, e.g., a pharmaceutical composition, is provided for
treatment of a tumor in a patient, as well as methods of use of each such composition to treat a
tumor in a patient. The compositions provided herein contain one or more of the antibodies
disclosed herein, formulated together with a pharmaceutically acceptable carrier. As used
herein, “pharmaceutically acceptable carrier” includes any and all solvents, dispersion media,
coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents, and the
like that are physiologically compatible. Preferably, the carrier is suitable for intravenous,
intramuscular, subcutaneous, parenteral, spinal or epidermal administration (e.g., by injection or
infusion). Depending on the route of administration, the antibody may be coated in a material to

protect it from the action of acids and other natural conditions that may inactivate proteins.
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Pharmaceutical compositions may be administered alone or in combination therapy, i.e.,
combined with other agents. For example, the combination therapy can include an antibody of
the present disclosure with at least one additional therapeutic agent, such as an anti-cancer agent.
Pharmaceutical compositions can also be administered in conjunction with another anti-cancer
treatment modality, such as radiation therapy and/or surgery.

A composition of the present disclosure can be administered by a variety of methods
known in the art. As will be appreciated by the skilled artisan, the route and/or mode of
administration will vary depending upon the desired results.

To administer a composition provided herein by certain routes of administration, it may
be necessary or desirable to coat the antibody with, or co-administer the antibody with, a
material to prevent its inactivation. For example, the antibody may be administered to a patient
in an appropriate carrier, for example, in liposomes, or a diluent. Pharmaceutically acceptable
diluents include saline and aqueous buffer solutions. Liposomes include water-in-oil-in-water
CGF emulsions as well as conventional liposomes.

Pharmaceutically acceptable carriers include sterile aqueous solutions or dispersions and
sterile powders for the extemporaneous preparation of sterile injectable solutions or dispersion.
The use of such media and agents for pharmaceutically active substances is known in the art.
Except insofar as any excipient, diluent or agent is incompatible with the active compound, use
thereof in the pharmaceutical compositions provided herein is contemplated. Supplementary
active compounds (e.g., additional anti-cancer agents) can also be incorporated into the
compositions.

Therapeutic compositions typically must be sterile and stable under the conditions of
manufacture and storage. The composition can be formulated as a solution, microemulsion,
liposome, or other ordered structure suitable to high drug concentration. The carrier can be a
solvent or dispersion medium containing, for example, water, ethanol, polyol (for example,
glycerol, propylene glycol, and liquid polyethylene glycol, and the like), and suitable mixtures
thereof. Saline solutions and aqueous dextrose and glycerol solutions can be employed as liquid
carriers, particularly for injectable solutions. The composition, if desired, can also contain minor
amounts of wetting or solubility enhancing agents, stabilizers, preservatives, or pH buffering
agents. In many cases, it will be useful to include isotonic agents, for example, sodium chloride,
sugars, polyalcohols such as mannitol, sorbitol, glycerol, propylene glycol, and liquid
polyethylene glycol in the composition. Prolonged absorption of the injectable compositions can
be brought about by including in the composition an agent that delays absorption, for example,

monostearate salts and gelatin.
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EXAMPLES
The following examples should not be construed as limiting the scope of this disclosure.
Materials and Methods
Throughout the examples, the following materials and methods are used unless
otherwise stated. In general, the practice of the techniques of the present disclosure employs,
unless otherwise indicated, conventional techniques of chemistry, molecular biology,
recombinant DNA technology; immunology (especially, e.g., antibody technology),
pharmacology, pharmacy, and standard techniques in polypeptide preparation.
Ligands
As used in these Examples and in the Figs., “HRG” refers to the isoform of heregulin
known as heregulin 1 beta 1 (sometimes referred to as HRG1-B, HRG-B1, neuregulin 1, NRG1,
neuregulin 1 beta 1, NRG1-b1, or HRG ECD) e.g., R&D Systems, 377-HB-050/CF. As used in
these Examples and in the Figs., IGF-1 refers to insulin-like growth factor 1, e.g., R&D Systems,
291-GI-050/CF.
Cell Lines
All the human cell lines for use in the experiments described below may be obtained, as
indicated, from American Type Culture Collection (ATCC, Manassas, VA) or the US National
Cancer Institute (NCI) e.g., from the Division of Cancer Treatment and Diagnostics (DCTD).
e MCF7 - ATCC® cat. No. HTB-22™
®  ADRr-NCI (redesignated NC/ADR-RES)
e BxPC-3 - ATCC® cat. No. CRL-1687™
e DUI14S5 - ATCC® cat. No. HTB-81™
e Caki-1- ATCC® cat. No. HTB-46™
e SK-ES-1 - ATCC® cat. No. HTB-86™
The mouse anti-human-IGF-1R monoclonal antibody mAb391 (IgG1, R & D Systems
MAB?391) is used as an anti-IGF-1R IgG antibody control.

Example 1:  Rational engineering of antibody therapeutics targeting multiple signaling

pathways
The ErbB pathway has long been the focus of cancer research due to the high expression

of the ErbB receptors in specific cancer types: HER2/ErbB2 is gene amplified in some breast
cancers, and EGFR/ErbB1 is highly expressed in colon cancers and NSCLC. For two members
of the pathway EGFR/ErbB1 and HER2/ErbB2, there are approved monoclonal antibody agents
(e.g., cetuximab and trastuzumab) and small molecule tyrosine kinase inhibitors (e.g., , erlotinib,
, lapatinib). These therapeutics perturb the ability of extracellular stimuli to activate downstream
intracellular signaling networks; however, it is difficult to determine what represents an optimal

therapeutic strategy given that the ErbB signaling network is quite complex (Fig. 9A). In
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addition to EGFR/ErbB1 and HER2/ErbB2 (devoid of ligand binding activity), there are two
other members of ErbB pathway - ErbB3 (kinase-dead) and ErbB4. All four receptors can
dimerize with each other to various degrees following ligand activation, contributing to an
essential step required for intracellular signal transmission. Following dimerization, the receptors
can be internalized and recycled at rates that depend on the type of dimer, as well as on the
activation status of downstream signaling pathways, such as the PI3K pathway.

The complexity of the ErbB network, combined with the ability to measure the

abundance and activation state of key components, lends the network to computational

modeling. By using computational modeling a number of biological phenomena can be well
described, such as the dimerization-dependence of receptor trafficking, control of signal
amplification through feedback loops and ligand-dependence of signal propagation. For
example, to determine an optimal strategy to inhibit the ErbB pathway, a network model was
built to describe the activation of the PI3K/AKT pathway in response to the ligands betacellulin
and heregulin, which selectively activate EGFR/ErbB1 or ErbB3 heterodimers, respectively. The
mechanistic model represented theAprocesses of: ligand binding; receptor dimerization; receptor
trafficking and signal propagation, with a series of reactions defined by mass-action kinetics. In
order to make reliable predictions, mechanistic models have to be first trained using temporal
and dose-dependent experiments that capture key dynamic events, specifically the activation of
the ErbB receptors and PI3K/AKT pathway. Network components with the greatest influence
were identified by sensitivity analysis, where each component of the network is subtly perturbed
and the relative contribution to the downstream output is assessed (Fig. 9B).

Using these methods a computational model of the ErbB network was generated, which
identified the kinase-dead ErbB3 as the strongest activator of the PI3K/AKT pathway. In fact,
despite its low expression level, in the presence of either heregulin or betacellulin ErbB3
provided the strongest contribution toward activation of the PI3K/AKT pathway in the model.
Notably, this in silico observation applied even to cell lines expressing relatively low levels of
ErbB3 and 10-fold higher levels EGFR/ErbB1 or HER2/ErbB2.

In addition to identifying optimal targets, mechanistic modeling can be also used to
determine optimal therapeutic design characteristics. In the case of targeting the kinase-dead
ErbB3, optimization simulations of a therapeutic monoclonal antibody explored several design
characteristics, such as binding to ErbB3, preventing heregulin binding, and blockade of
dimerization, with a special focus on blocking ligand-induced EGFR/ErbB3 dimerization.
Simulation was used to determine the affinity required to achieve maximal inhibition of AKT
phosphorylation through simulation of inhibitors within a range of dissociation rate constants.
From this simulation, a 1 nanomolar affinity was predicted to be sufficient for maximal inhibitor

potency, with higher affinity inhibitors displaying only limited improvement (Fig. 9C).
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The added complexity of a bispecific agent interacting with a biological system creates an even
greater opportunity to utilize mechanistic modeling to guide engineering efforts. All bispecific
proteins bind their targets in a manner dependent on the affinity for each target, avidity-
enhanced crosslinking ability and the relative abundance of each target. Designing a bispecific
optimized for potent inhibition also requires knowledge of the affinity of competing ligands and
dimerization partners, if such exist, as well as the relative strength of each target in activating
common downstream signaling cascades and subsequent cell growth and survival mechanisms.
The desirable apparent Kd can be achieved through multiple rounds of affinity and avidity
improvements, and the simulation model can guide engineering efforts towards the most suitable
molecular format and streamlined optimization route. Simulation can be used to explore the
performance of a bispecific protein concept for permutations of target affinity, avidity and target
expression levels.

A bispecific antibody designed to inhibit two cell surface growth factor receptors (IGF-1R,

ERBB3) with a single binding moiety directed towards each target

All bispecific proteins bind their targets in a manner dependent on the affinity for each

target, avidity-enhanced crosslinking ability and the relative abundance of each target; the added
complexity of a bispecific interacting with a biological system creates an even greater
opportunity to utilize mechanistic modeling to guide engineering efforts. Designing a bispecific
optimized for potent inhibition also requires knowledge of the affinity of competing ligands and
dimerization partners, if such exist, as well as the relative strength of each target in activating
common downstream signaling cascades and subsequent cell growth and survival mechanisms.
The desirable apparent Kd can be achieved through multiple rounds of affinity and avidity
improvements, and the simulation model can guide engineering efforts towards the most suitable
molecular format and streamlined optimization route. Simulation can be used to explore the
performance of a bispecific protein concept for permutations of target affinity, avidity and target
expression levels.

Simulating the dose-response behavior of a bispecific antibody designed to inhibit two
cell surface growth factor receptors (IGF-1R and ErbB3) with a single binding moiety directed
towards each target in this system reveals that IGF-1R is more potently inhibited when ErbB3is
more highly expressed and less potently inhibited when ErbB3more scarcely expressed (Fig.
10A). Therefore, the ability of the bispecific antibody to inhibit IGF-1R depends on its avid
binding. This phenomenon is specific to both the relative expression of the targets and the
relative affinities of the bispecific antibody towards the targets: inhibition of ErbB3is less
affected by the expression of IGF-1R as the bispecific antibody is simulated to bind to
ErbB3with a higher affinity than IGF-1R (Fig. 10B). For a bispecific inhibitor this receptor

level-dependent behavior can seriously limit overall efficacy, as depicted in the simulated effect
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on a downstream intracellular readout common to both pathways, AKT: poor inhibition of
pAKT is predicted when ErbB3is under-expressed as IGF-1R is not sufficiently inhibited (Fig.
10C). Simulation of this model system reveals that the performance of bispecific inhibitors
towards each target can be highly dependent on the relative expression of both targets;
information that can be useful for therapeutic design.

The impact of receptor level dependence on the potency of a bispecific can be
extensively explored through simulation of many hypothetical cancer cells where the expression
level of each target is varied over a clinically-relevant range and the IC50 of each target and
downstream readout is calculated and plotted on a response surface. The shape of the IC50
response surface depends on the underlying pathway interactions. ErbB3is the stronger activator
of downstream signaling, and defines the area where the bispecific inhibitor would be most
efficacious. Simulation of a bispecific with single binding moieties to each target reveals that the
most potent inhibition of the downstream target is centered on regions of equal target expression.
In fact, when either target is overexpressed by as little as 5-fold the IC50 value can increase as
much as 100-fold, with a substantial loss in potency.

Mapping actual target levels in tumor cell lines or clinical samples onto the IC50
response surface can be used to guide therapeutic improvement efforts by revealing if the region
of most potent inhibition overlaps with the relevant patient population. Strategies to shift the
region of predicted optimal potency to treat a different or broader patient population can be
explored first through simulation. IgG-like bispecific antibodies have two binding moieties
towards each target and therefore exhibit same-target avidity in addition to cross-target avidity,
improving the effective binding affinity for each target. Simulation of the IgG-like bispecific
antibody that has monovalent binding affinities equal to the bivalent bispecific protein shows
that this format is less dependent on cross-target avidity for performance: The region of optimal
potency is broader than the monovalent bispecific. Therefore, if the goal'is to treat a broad
patient population the model prediction would be to use an IgG-like bispecific design.

The benefit of affinity maturation of antibody function in improving the region of
optimal potency can also be examined through simulation. Simulating downstream target
inhibition across the receptor space by a non-optimal tetravalef)t bispecific identifies areas of
poor inhibition, particularly when IGF-1R is more highly expressed. Increasing the monovalent
binding affinity of the bispecific towards IGF-1R by 10-fold through lowering the dissociation
rate predicts the improvement affinity maturation would achieve. The downstream target is
inhibited significantly more potently both where the IGF-1R is more highly expressed and where
the ErbB3is more highly expressed indicating that affinity maturation towards one target is

enhancing the potency towards the second target through cross-target avidity.
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These considerations were set as criteria for an optimization campaign of a proof-of-
concept IgG-like bispecific therapeutic protein that showed potent inhibition of growth-factor
induced signaling and tumor inhibition in xenograft models validating the design criteria. This
protein comprised an IgG antibody framework directed at IGF-1R and two C-terminally fused

5 scFv modules directed at ErbB3, but was not suitable for downstream development, as it
contained unstabilized scFv modules that do not have sufficient intrinsic stability. This
phenomenon is well understood and engineering of scFv modules for stability has been
described using a variety of techniques, including linker optimization, disulfide engineering,
targeted mutagenesis, co-variation analysis, loop grafting on stable framework, structure-guided

10 design, focused design and phage display.

To combine optimization of the scFv modules affinity and stability within a single
campaign a combination of structure-guided design, yeast surface display and micro scale
biophysical characterization was used. Structure-guided scFv variants were designed where
stability enhancing mutations were introduced, motifs conferring potential CMC liabilities were

15 mutated, atypical framework aas were removed or replaced, and variation in low diversity
portions of the CDRs was introduced. Since yeast cells have eukaryotic posttranslational
modification and polypeptide export machinery, surface expression levels that were reported to
predict thermal stability and soluble secretion efficiency were monitored. In addition a thermal
challenge “cook-and-bind” protocol was developed. In this experiment the unstable scFv

20  modules unfolded, while the stable high affinity proteins retained binding to the antigen and
therefore were enriched (Fig. 11A). After isolation of individual clones, scFvs fused to the yeast
surface were challenged and clones were selected based on the residual affinity measured by a
flow cytometry (Fig. 11B). Thermostable scFv modules that showed over 10-fold improvement
in Kd on the yeast surface were produced as soluble proteins and those showing improved

25  antigen binding, inhibition of growth factor signaling, and acceptable stability were selected.
These optimized scFv modules were C-terminally fused to the IGF-R1 antibody. The resulting
IgG-like proteins were expressed in a transient expression system, purified using protein A
chromatography, and profiled using biophysical, biochemical, and cell signaling assays. Among
many useful biophysical techniques, differential scanning fluorescence and thermal inactivation

30 assays were found to be most informative at the 1 to 5 microgram scale. Micro-scale triage
composed of differential scanning fluorescence profiling and thermal inactivation assays allow
the selection of bispecifics with improved serum and aggregation stabilities. Differential
scanning fluorescence profiling and thermal inactivation assays give complementary information
on the rate of unfolding and the rate of aggregation for the least stable protein domain. These

35  data qualitatively predict the serum and aggregation stability of an IgG-like bispecific antibody

(Fig. 12). The importance of having a robust sensitive micro scale assay is difficult to
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overestimate, as it directly translates into the ability to interrogate a larger number of diverse
candidates within a single design campaign. The improved potency and stability of the
engineered IgG-like bispecific protein was confirmed using a normal scale assay: binding to
BxPC-3 cells that express both targets (Fig.13). This demonstrates that an approach featuring
parallel focused engineering of the modules of a multifunctional protein, followed by high-
throughput production and characterization is generally applicable to improving potency and
manufacturability of targeted bispecific antibody-like proteins in the context of one therapeutic

design cycle.

Example 2: Preparation, expression and purification of IgG tetravalent bispecific proteins
Three anti-ErbB3-anti-IGF-1R IgG2 tetravalent bispecific proteins (“ELI-7,” “ILE-10”

and “ILE-12") and other control proteins for use in the experiments described in Example 3,
were prepared essentially as follows. ELI-7, ILE-10 and ILE-12 have the structure IgG2(scFv),.

ELI-7 is an anti-ErbB3/anti-IGF-1R IgG2 tetravalent bispecific protein comprising an
anti-ErbB3 IgG?2 antibody, to which an anti-IGF-1R scFv is linked to each of the C-termini of
the heavy chains of the IgG2 protein.

ILE-10 and ILE-12 are anti-IGF-1R/anti-ErbB3 IgG2 tetravalent bispecific proteins
comprising an anti-IGF-1R IgG2 antibody, to which an anti-ErbB3 scFv is linked to each of the
C-termini of the heavy chains of the IgG2 protein.

The structure and relationships of ELI-7, ILE-10 and ILE-12 are set forth in Table 6.
Briefly, they all comprise the same anti-IGF-1R VH sequence (“module 5-77). ILE-10 and ILE-
12 differ only in the sequence of the ErbB3 scFv. ILE-10 and ELI-7 comprise the same anti-
IGF-1R and anti-ErbB3 VH sequences, and differ in that ILE-10 has an IGF-1R Fab and an
ErbB3 scFv (“ILE”) and ELI-7 has the opposite configuration (“ELI”). The control antibodies
are monospecific and each comprises a binding site homologous to ones found in the bispecific
antibodies.

Table 6: Description of proteins used in Examples 2 and 3

Anti-IGF-1R | Anti-ErbB3 Orientation
module module
ELI-7 57 2-3 ErbB3 - IGF-1R
ILE-10 5-7 2-3 IGF-1R - ErbB3
ILE-12 5-7 2-21 IGF-1R - ErbB3
Anti-IGF-1R Ab module 5-7 | 5-7 - -
Anti-ErbB3 Ab module 2-3 | - 2-3 -
Anti-ErbB3 Ab module 2-21 | - 2-21 -
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Much of the disclosures of Examples 2-3 herein, including ELI-7, ILE-10 and ILE-12,
are found in PCT application PCT/US2010/052712.

The aa sequences of the light and heavy chains of each of the proteins are as follows:
Heavy chain of ELI-7: SEQ ID NO:316. Light chain of ELI-7: SEQ ID NO:317. Heavy chain
of ILE-10: SEQ ID NO:318. Heavy chain of ILE-12: SEQ ID NO:319. Light chain of ILE-10
and IL-12: SEQ ID NO:320.

The nucleic acids encoding the proteins (referred to as “fusion proteins™) are cloned as
single proteins into the expression plasmids using standard recombinant DNA techniques. An
expression vector employed is pMP 10K (SELEXIS). Expression plasmids are linearized,
purified using QIAquick® purification kit (QIAGEN), and co-transfected into CHO cells using
Lipofectamine™ LTX (Invitrogen). Transfected cells are recovered with F12Hams medium
containing 10% FBS for 2 days without selection pressure, then with selection pressure for 4
days. After 4 days, they are changed into serum-free medium (Hyclone) containing glutamine
with selection pressure. After a week, cells are checked for expression and scaled up to desired
volume. All proteins are purified using a combination of three chromatography steps: protein A
affinity, cation exchange and anion exchange. Each is carried out in accordance with the
manufacturer’s instructions. The protein A affinity step is used to selectively and efficiently
bind the fusion proteins out of harvested cell culture fluids (HCCF). This removes >95% of
product impurities in a single step with high yields and high throughput. The portion of desired
molecular form for fusion proteins after this step was in the range of 60 to 98 percent.
MABSELECT from GE is used as the Protein A affinity resin. SPFF (sulphopropyl fast flow)
from GE, an agarose based resin, is used as the cation exchange resin in the second
chromatography step. The portion of desired molecular form for fusion proteins after this step
was in the range of 90 to 99 percent. QSFF (Quaternary-amine sepharose fast flow) from GE, an
agarose based anion exchange resin, is used in a third and final chromatography step. The
purified material was concentrated and dialyzed into PBS. The final yield for the fusion proteins

after this step was is in the range of 20 mg-100 mg/L.

Example 3: Binding and biological activity of anti-ErbB3+anti-IGF-1R IgG tetravalent

bispecific proteins
This Example shows that an anti-IGF-1R + anti-ErbB3 IgG tetravalent bispecific protein

(ELI-7) binds with high affinity to IGF-1R and to ErbB3 (as also shown for two similar proteins
ILE-10 and ILE-12), potently inhibits 1) signal transduction from the IGF-1R and ErbB3
receptors, 2) AKT phosphorylation, and 3) tumor cell proliferation in vitro and in vivo. Results

were obtained essentially as follows.
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A) Binding of ELI-7, ILE-10 and ILE-12 to IGF-1R and ErbB3

1 x 10° MCF7 cells or 1 x 10° ADRr cells are incubated at room temperature for 2 hours
with each of ELI-7, ILE-10 and ILE-12, two anti-ErB3 antibodies and one anti-IGF-1R antibody
at 2uM, followed by 12 subsequent 3-fold dilutions. Then using goat anti-HSA-Alexa647
conjugated antibody as the detection antibody, cells are incubated on ice for 40 minutes. Cell
binding dissociation constants (measures of binding affinities) of the antibodies on MCF7 and
ADRTr cells are assessed by FACS and apparent dissociation constants are determined for each
protein. The following results were obtained (see also Figs. 14A and 14B):

Table 7: Binding Kds of bispecific proteins

Inhibitor Kd (aM)
ADRr (n=3) MCF7 (n=1)
ELI-7 2.5 2.1
ILE-10 71 4.5
ILE-12 0.3 0.6
Anti-ErbB3 IgG (module 2-21) 04 0.04
Anti-ErbB3 Ig (module 2-3) 1.2 0.9
Anti-IGF-1R Ig (module 5-7) 5.1 56

The results show that IgG-bispecifics (i.e. ELI-7, ILE-10, ILE-12) bound to both cell
types, in some cases with greater binding at low concentrations, indicating avid binding and the
ability to bind to each receptor. The IgG-bispecifics had a similar Kd to the equivalent
monoclonal antibody component.

B) Signal inhibition of IGF-1R, ErbB3 and Akt by ELI-7 and ILE-7

The ability of ELI-7 and ILE-7 to antagonize IGF-1R and ErbB3 and inhibit activation
(phosphorylation) of downstream components, IGF-1R, ErbB3 and Akt; phosphorylation is
examined. 3.5x 10 BxPC-3 cells are pre-incubated for 1 hour with an antibody at 0.3uM,
followed by 9 subsequent 3-fold dilutions to give a 10-point curve. Cells are treated with IGF-1
at 80 ng/ml and heregulin at 20 ng/ml for 15 minutes. Phosphorylation of IGF-1R to yield
phospho-IGF-1R (pIGF-1R) is measured by ELISA (R & D Systems; Cat.# DYC1770) to
evaluate the ability of the agents to inhibit pIGF-1R formation. Phosphorylation of ErbB3 is
measured by ELISA (R & D Systems; Cat.#DYC1769) to evaluate the ability of the agents to
inhibit pErbB3 formation. Phosphorylation of AKT is measured by ELISA using the following
antibodies: anti-AKT, clone SKB1 (Millipore, Cat.#05-591); biotinylated anti-phospho-AKT
(Ser*"-specific; Cell Signaling Technology Cat.#5102). ILE-7 is a trivalent protein having the
same binding sites as ELI-7 and described in PCT/US2010/052712. Figs. 15A-15C show the
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results that were obtained essentially as described above for ILE-7 and ELI-7. The results that

were obtained are also summarized in the table below.

" Table 8: Inhibition of phosphorylation of ErbB3, IGF-1R and AKT by ELI-7

Ki (nM)
ELI-7 ILE-7
pAKT 6.3 1.3
pErbB3 1.3 0.6
pIGF-1R 14.1 0.8

The results show that ELI-7 inhibits phosphorylation of ErbB3, IGF-1R and Akt, even
with simultaneous stimulation with IGF-1 and HRG.

C) Cell growth inhibition by ELI-7 in two dimensional culture

The effect of ELI-7 on tumor cell proliferation is examined in vitro using a CTG assay,
which is a luminescence-based assay that measures the amount of cellular ATP present
(Promega; Cat.# PR-G7572), indicated as Relative Light Units (RLU). 500 cells per well of
DU145 cells are incubated for 6 days in medium with 80 ng/ml IGF-1 and 20 ng/ml HRG and
containing a 3-fold dilution of inhibitors starting at 2uM. The control consists of DU145 cells
incubated without growth factors or antibodies.

Results obtained essentially as described above indicate that the ELI-7 inhibited the
growth of DU145 cells (Ki = 12nM, see Fig. 16), whereas inhibitors of either IGF-1R or ErbB3
had no effect on cell growth.

A similar experiment was conducted on another cell line. 2000 BxPC-3 cells per well
are incubated for 6 days in medium containing a 3-fold dilution of inhibitors starting at 1uM.
The control consists of IgG2 Kappa from human myeloma plasma” (Sigma Aldrich catalog
#15405).

Results obtained essentially as described above indicate that ELI-7 inhibited BxPC-3
growth by 46% (p < 0.001, Student’s T-test) (Fig. 17).

D) Tumor growth inhibition by bispecific proteins in human xenograft mouse models
of cancer

This example shows that ELI-7 inhibits tumor growth in mouse models of cancer in two
different models.

First the pharmacokinetic properties of each bispecific protein in mice was calculated.
600ug of ELI-7 or 500ug of each HSA-linked trivalent control protein (ILE-3, ILE-7, and ILE-9;
described in PCT/US2010/052712) was injected via tail vein into each mouse (4 mice per
inhibitor and time point). Blood was drawn at various time points thereafter (mice were first

sacrificed and then blood was drawn by cardiac puncture). Time points for ELI-7 are: 0.5, 4, 24,
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72, 120, 168 and 240 hours. Time points for trivalent control proteins are: 0.5, 4, 8, 24, 28, 72,
and 120 hours. For ELI-7, blood concentration is measured using an anti-human IgG ELISA kit
(Bethyl labs Cat.# E80-104) according to the manufacturer’s instructions. For the trivalent
proteins, concentration in the blood is measured using an ELISA kit that detects IGF-1R and
ErbB3 binding specifically, plates are coated with His-tagged human IGF-1R, incubated with the
trivalent proteins or ELI-7, then detected with a human ErbB3-Fc (R&D Systems) and an anti-
Fc-HRP detection reagent. Pharmacokinetic properties (half-life and Cmax) for each protein are
calculated using a one-compartment model. The following results were obtained:

Table 9: Half-life and Cmax of ELI-7 in mouse blood

Half Cmax
Antibody life (ug/ml)

(hours)
ELI-7 48 612
ILE-3 15 410
ILE-7 14 516
ILE-9 17 447
anti-IGF-1R IgG (module 5-7) 124 517
anti-ErbB3 IgG (module 2-3) 58 645

Simulation of drug-specific half-lives led to prediction that the following doses would
result in equal exposure (or in the case of ILE-7 50% comparable exposure):

Table 10: Predicted dose for equal exposure

Table 10 Dose (ug)
ELI-7 600
ILE-7 A 800

anti-IGF-1R IgG (module 5-7) | 300
anti-ErbB3 IgG (module 2-3) | 500

The effect of ELI-7 on human pancreatic cancer xenograft tumor growth in mouse
models was then assessed by injecting 5 x 10° BXPC-3 cells (resuspended in a 1:1 mixture of
PBS and growth factor-reduced matrigel; BD Biosciences Cat.# 354230) into the subcutaneous
space in the flank of each mouse. Tumors were allowed to develop for 7 — 10 days (until they
reached a volume of approximately 100-200 mm?), and then tumor size was measured for each
mouse (pi/6 x length x width?, where width is the smallest measurement). Mice were then size-

matched and then randomly assigned into treatment groups. ELI-7, a trivalent control protein
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(ILE-7), an anti-ErbB3 antibody, an anti-IGF-1R antibody or a PBS control was then injected
every 3 days until the completion of the study.

The results, (Figs. 18 and 19), show that ELI-7 significantly inhibited the xenograft
tumor growth of BXPC-3 tumors compared to the PBS control: final tumor volume was 77%
lower in ELI-7 treated tumors compared to the PBS control (p values determined by student’s T-
test). Day O refers to the first day of dosing.

The effect of ELI-7 on human prostate cancer xenograft tumor growth in a mouse model
was assessed by injecting 5 x 10° DU145 cells (resuspended in a 1:1 mixture of PBS and growth
factor-reduced matrigel; BD Biosciences Cat.# 354230) into the subcutaneous space in the flank
of each mouse. Tumors were allowed to develop for 7 — 10 days (until each reached a volume of
approximately 100-200 mm?®), and then tumor size was measured for each mouse (pi/6 x length x
width?, where width is the smallest measurement). Mice were then tumor-size-matched and then
randomly assigned into the treatment groups. ELI-7, a trivalent control protein (ILE-7), an anti-
ErbB3 antibody, an anti-IGF-1R antibody or a PBS control was then injected every 3 days until
the completion of the study.

The results, (Figs. 20A and 20B), show that ELI-7 significantly inhibited xenograft
tumor growth of DU145 cells, whereas the control anti-IGF-1R and anti-ErbB3 antibodies did
not: the final tumor volume was 50% lower in ELI-7 treated tumors compared to the PBS control
(p values determined by student’s T-test). Day O refers to the first day of dosing.

E) ELI-7 inhibits signaling across a broad range of ErbB3 and IGF-1R receptor levels
To determine whether ELI-7 can inhibit downstream signaling across a broad range of
ErbB3 and IGF-1R receptor levels the following experiment was performed:

BxPC-3 cell receptor levels are varied by shRNA-mediated knockdown of IGF-1R or
ErbB3 in BXxPC-3 cells using the pLKO.1 PURO vector (Sigma). The shRNA sequences are
provided in PCT/US2010/052712. ErbB3 and IGF-1R levels are then measured by quantitative
FACS and the mean receptor levels are calculated from the resul'ting distribution (see Table 11
for relative expression levels). To determine the potency of ELI-7, cells are serum-starved and
pretreated with ELI-7 for 1 hour at 37°C, followed by a 15-minute stimulation with 20ng/ml
HRG + 80ng/ml IGF1. Signal inhibition is assessed by ELISA fdr pAKT.

The results indicate that ELI-7 displayed similar potency across the BxPC-3 cells lines
with modified receptor levels as indicated by their IC50 values and overlapping confidence
intervals (see Table 11), indicating that ELI-7 has broad activity against a range of receptor

profiles (Fig. 21).

Table 11: Relative receptor levels and pAkt IC50 values for four BXPC-3 cell lines:
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Engineered % of control pAkt IC50 | 95% Confidence | Sigma-Aldrich
BxPC-3 cell line | receptor level Interval Catalog #
BxPC-3-non- | IGF-1R and ErbB3 3.6nM 0.9 -1470M SHC002V
targeted control | levels unchanged
BxPC-3-IGF- | IGF-1R level 6.4nM 29-14.1nM SHCLNV-
1R-mod.1 reduced by 37% NM_000875-
TRCN0000039673
BxPC-3-ErbB3- | ErbB3 level 3.3nM 1.4 - 8.0nM SHCLNV-
mod.1 reduced by 48% NM_001982-
TRCN0000230091
BxPC-3-ErbB3- | ErbB3 level 7.6nM 1.2 - 50.0nM SHCLNV-
mod.2 reduced by 88% NM_001982-
TRCN0000018327

Example 4: Biological activity of an anti-IGF-1R/anti-ErbB3 tetravalent bispecific protein
with enhanced activities (16F) relative to ELI-7

The proof of concept protein (ELI-7) described in Examples 2 and 3 was further

improved to increase its binding affinity to IGF-1R and ErbB3, biological activity, stability and

solubility; as described in Example 1. The following changes were made: (i) the orientation

was switched from anti-ErbB3 as the IgG component to anti-IGF-1R as the IgG component; (ii)

an anti-ErbB3 binding moiety binding to a different epitope was used; (iii) its CDR3 VH region

was affinity matured; (iv) the anti-IGF-1R IgG component was mutated to stabilize it (stabilizing

mutations) and (v) its backbone was switched from IgG2 to IgG1. The resulting protein is 16F,

whose aa sequences are of Fig. 7.

The increase in anti-IGF-1R potency of 16F relative to that of ELI-7, as a function of

inhibition of IGF-1R phosphorylation, is measured as described in Example 3. The results that

were obtained essentially as described above, (Fig. 22), indicate that the reengineered protein is

a significantly more potent inhibitor of IGF-1R signal transduction.

The potency of inhibition of signal transduction through ErbB3 and through inhibition of

AKT phosphorylation is measured essentially as described in Example 3 for 16F, ELI-7 and a
combination of ANTI-IGF-1R Ab# A (ganitumab; SEQ ID 327 + SEQ ID 328) and anti-ErbB3
Ab# A (SEQ ID 336 + SEQ ID 337). These measurements are carried out in BXPC-3 cells in the

presence of HRG and IGF1. The results that were obtained essentially as described above,

(Table 12), indicate that 16F has improved efficacy in inhibiting signal transduction compared to

ELI-7, which efficacy is comparable to that of a combination of the clinical grade inhibitors

ANTI-IGF-1R Ab# A + anti-ErbB3 Ab# A.
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Table 12: Comparison of 16F with Eli-7 and clinical-grade inhibitors

Inhibitor pErbB3 pIGF-1R | pAKT

| IC50 IC50 IC50
(nM) (nM) (nM)

ELI-7 3.7 10 9.4

16F 0.5 1.1 25

ANTI-IGF-1R Ab# A (ganitumab; SEQ ID NO:327 + SEQ | 0.8 0.9 22

ID NO:328)

+

ANTI-ErbB3 Ab# A (SEQ ID NO:336 + SEQ ID NO:337)

As described in Example 1, it was also shown that the re-engineered bispecific, i.e., 16F,
is more thermal and serum stable than ELI-7. In addition, 16F is less prone to aggregation: (i)
16F is stable at 19 mg/ml in PBS at 4°C, with only about 2% aggregation in 33 days; (ii) no
significant change in % monomers was observed after 3 freeze thaw cycles; (iii) no significant
change in % monomers was observed after shaking at 4°C for one day; and (iv) no significant
change in % monomers was observed on incubation at 37°C for 6 days.

Results from additional comparative experiments described below also show that 16F is
at least as effective as a combination of commercial anti-IGF-1R and anti-ErbB3 in inhibiting
signal transduction.

In a first set of experiments, the effectiveness of 16F (SF-G1-C8) in inhibiting the
phosphorylation IGF-1R, ErbB3 or AKT was compared to that of the Anti-IGF-1R Ab#B
(cixutumumab; SEQ ID 324 + SEQ ID 325), Anti-ErbB3 Ab# A (SEQ ID 336 + SEQ ID 337) or
Anti-IGF-1R Ab#B + Anti-ErbB3 Ab# A in two different cell lines (BxPC-3 and DU145).

BxPC-3 and DU145 cells are maintained in RPMI-1640 medium supplemented with
10% fetal bovine serum, Penicillin/Streptomycin and L-glutamine. For signaling experiments,
3.5 x 10* cells are plated in complete medium in 96-well tissue culture plates. The following
day, complete medium is replaced with serum-free medium, and cells are incubated overnight at
37°C. Cells are pretreated for 1 hour with the indicated doses of antibody, and then stimulated
for 15 minutes with 100ng/ml IGF-1 (Calbiochem) and 30ng/ml HRG (R&D Systems). Cells
are washed with PBS and lysed in MPer buffer supplemented with protease and phosphatase
inhibitors.

ELISAs for phospho-IGF-1R (pIGF-1R) and phospho-ErbB3 (pErbB3) are preformed
according to the manufacturer’s protocols (R&D Systems). An ELISA for phospho-AKT
(pAKT) is performed with the following reagents: anti-AKT capture antibody (Millipore), anti-
pAKT (Ser473) detection antibody (Cell Signaling), and streptavidin-HRP (R&D Systems).
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SUPERSIGNAL ELISA PICO chemiluminescent substrate (Pierce) is added and plates read on a
PerkinElmer EnVision® plate reader. Luminescence values are plotted and IC50 values
calculated using Graphpad Prism 5 software.

The results, which were obtained essentially as described above and are shown in Fig.
23 (BxPC-3 cells) and Fig. 24 (DU14S5 cells) and in Table 13, indicate that 16F shows
surprisingly more potent inhibition of dual pathway signaling through pErbB3 and pAKT than
the combination of anti-IGF-1R Ab# B and anti-ErbB3 Ab# A,
Table 13: IC50 values for inhibitor treatments presented in Fig. 23.

pIGF- | pErb | pAK

1R B3 T

Cell

Line Inhibitor IC50 | IC50 | ICsO
7.7E- | 2.4E- | 2.3E-

BxPC-3 16F (SF-G1-C8) 10 10 09
Anti-IGF-1R Ab# B 2.4E- 1.4E-

BxPC-3 (cixutumumab; SEQ ID NO:324 + SEQ ID NO:325) 09 ND 08
5.1E- | 3.9E-

BxPC-3 | ANTI-ErbB3 Ab# A (SEQ ID NO:336 + SEQ ID NO:337) | ND 11 10
ANTI-IGF-1R Ab#B + 1.9E- | 3.2E- | 3.2E-

BxPC-3 ANTI-ErbB3 Ab# A 09 | 10 | 09
1.1E- | 2.0E- | S.1E-

DU145 16F (SF-G1-C8) 09 10 10
Anti-IGF-1R Ab# B (cixutumumab; SEQ ID NO:324 + 9.1E- 9.8E-

DU145 SEQ ID NO:325) 10 ND | 09
8.2E- | 2.8E-

DU145 | ANTI-ErbB3 Ab# A (SEQ ID NO:336 + SEQ ID NO:337) | ND 11 10
ANTI-IGF-1R Ab#B + 1.0E- | 3.2E- | 9.3E-

DU145 ANTI-ErbB3 Ab# A 09 |. 10 10

In a second set of experiments, the effectiveness of 16F (SF-G1-C8) in inhibiting the
phosphdrylation IGF-1R, ErbB3 or AKT was compared to that of the anti-IGF-1R antibody
ANTI-IGF-1R Ab# A, the anti-ErB3 antibody anti-ErbB3 Ab# A, or a combination of the latter
two antibodies in BxPC-3 cells.

The results, which were obtained essentially as described above and are shown in Fig.

24 and Table 14, indicate surprisingly more potent inhibition of dual pathway signaling through
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pErbB3 and pIGF-1R by 16F than by the combination of ANTI-IGF-1R Ab# A and anti-ErbB3
Ab# A. '
Table 14: IC50 values for inhibitor treatments presented in Fig. 24.

pErbB3 | pIGF-1R pAKT

Inhibitor IC50 IC50 IC50

16F (SF-G1-C8) 5.0E-10 1.1E-09 2.5E-09

ANTI-IGF-1R Ab# A
(ganitumab; SEQ ID NO:327 + SEQ ID NO:328)

ND 1.5E-10 2.6E-10

ANTI-ErbB3 Ab# A (SEQ ID NO:336 + SEQ ID NO:337) | 4.3E-10 ND 5.7E-09

ANTI-IGF-1R Ab# A +
ANTI-ErbB3 Ab# A

8.2E-10 9.3E-10 2.2E-09

Example 5: Binding and biological activity of additional anti-IGF-1R/anti-ErbB3 IsG

tetravalent bispecific antibodies comprising the SF module
Additional anti-IGF-1R+anti-ErbB3 IgG tetravalent 'bispeciﬁc antibodies were

constructed. Each of these PBAs was assembled by combining three modules, essentially as
shown in Figure 8. Each PBA comprises a pair of heavy chain fusion polypeptides (each
comprising at least a part of each of the three modules), each member of the heavy chain pair
being bound to the other and each further being bound to one of a pair of light chains. The three

modules assembled into each PBA are:

1. an N-terminal (amino terminal) Fab variable domain module comprising both
(essentially identical) light chains and the N-termini of both heavy chains;

2. an scFv module; and

3. a HC IgG CR module interposed between the N-terminal Fab variable domain

module and the scFv module.

The heavy chains being fusion polypeptides comprise the heavy chain portion of the N-
terminal Fab module, an IgG CR module and the C-terminal scFv module.

The new anti-IGF-1R+anti-ErbB3 antibodies were made of a combination of the anti-
IGF-1R and anti-ErbB3 moieties of Table 15, assembled as modules aqanged in differing
orientations. For each of Tables 15 and 16, each PBA that was built comprises a fusion protein
comprising a pair of essentially identical heavy chain polypeptides, each comprising a
combination, in N-terminal to C-terminal (amino to carboxy) order, of each Fab module named
in the left column with an IgG1 CR (G1) and with any one scFv module named in the right
column of the same Table. The aa sequences of the heavy and light chains of these additional

PBAs are of Fig. SA (anti-IGF-1R+anti-ErbB3) and Fig. 5B (anti-ErbB3 and anti-IGF-1R).
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Table 15: Anti-IGF-1R-anti-ErbB3 proteins

Anti-IGF-1R Anti-ErbB3
Fab scFv
SF C8
P4 P1
M78 M13
M57 M27
P6
B69

Table 16: Anti-ErbB3-anti-IGF-1R proteins

PCT/US2012/034244

Anti-ErbB3 Anti-IGF-1R
Fab scFv

P1 P4

M27 M78

M7

B72

B60

This example shows that the antibodies that comprise an N-terminal *“SF” module bind
BxPC-3 cells, bind ErbB3, inhibit IGF-1R, ErbB3 and AKT phosphorylation, and are stable.
Results obtained with the other proteins are of Example 6.

A) BxPC-3 cell binding data

Binding of SF-G1-P1, SF-G1-P6, SF-G1-M27, SF-G1-B69, SF-G1-M1.3 and SF-G1-C8
(16F) to BxPC-3 was measured essentially as follows.

BxPC-3 cells are maintained in RPMI-1640 medium supplemented with 10% fetal
bovine serum, Penicillin/Streptomycin and L-glutamine. Medium was removed and the BxPC-3
cells were washed with PBS. Trypsin is added until the cells detached from the plate, and then
neutralized with medium + 10% serum. The cells are spun down and resuspended in FACS
buffer (1X PBS + 2% Serum + 0.1% Azide ). Aggregates are broken down into single cells by
pipetting up and down and putting the cells through a cell strainer. The cells are spun down and
resuspended in FACS buffer at a density of 2 x 10 cells / ml. In a 96 well conical bottom plate,
50ul of cell suspension is aliquotted per well to give 10° cells / well.

Antibodies are diluted to 1uM in FACS buffer, and 10 3-fold dilutions are done, with a
final well consisting of FACS buffer only (no primary antibody). 50ul of antibodies are added to
50ul of cells so that the highest final antibody concentration is 500nM in the first well. Cells and
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antibodies are incubated at room temperature with gentle agitation for 2 hrs. The plates are spun
at 1,500 RPM for 5 min, and the supernatant is removed. Pellets are washed three times in
FACS buffer. After the final wash the FACS buffer is removed, and 50ul of ant-Fc-DyLight 649
secondary antibody (Abcam) added at 1:100 in FACS buffer. Cells are incubated in the cold
room in the dark with gentle agitation for 1 hour, washed again three times and resuspended in
100ul fixing buffer (PBS with 1% Paraformaldehyde, 2% FBS). The samples are transferred to
96 well U-bottom FACS plates (Becton Dickinson) and kept in the dark at 4 degrees until use.
Samples were read using a FACSCalibur (Becton Dickinson), and Median Fluorescent
Intensities (MFI) were determined using FlowJo. The analysis was performed with GraphPad
PRISM, using a log (agonist) vs response (three parameter) non-linear regression curve fit.

The results (Fig. 25) and in Table 17, indicate that these bispecific antibodies display
strong binding to BxPC-3 cells.

Table 17: EC50 values for bispecific antibody binding presented in Fig. 25.

Bispecific Antibody EC50 (nM)
SF-G1-C8 3.1
SF-G1-P1 4.9
SF-G1-P6 29

SF-G1-M27 2.7
SF-G1-B69 2.1
SF-G1-M1.3 35

B) ErbB3 binding data

Binding of SF-G1-P1, SF-G1-P6, SF-G1-M27, SF-G1-B69, SF-G1-M1.3 and SF-G1-C8
(16F) to recombinant ErbB3 was measured essentially as follows.

96-well REACTI-BIND plates (Pierce) are coated with 50ul of ErbB3-His (ErbB3 with
a C-terminal hexa-histidine tag - 2ug/ml in PBS) ("hexa-histidine" disclosed as SEQ ID NO:403)
and incubated overnight at 4°C. The next day plates are washed with PBS + 0.05% Tween-20
(PBS-T) and blocked for 1hr. at room temperature with 100ul of Protein-Free Blocking Buffer
(Pierce). Plates are washed with PBS-T and 50ul of each bispecific antibody is added in
duplicate. Concentrations start at S00nM (in PBS-T) and include ten additional two-fold
dilutions and one blank (PBS-T only). Plates are incubated at room temperature for two hours
and then washed with PBS-T. 50ul of anti-Fc-HRP (Jackson Labs) is added at 1:40,000 in PBS-
T, and plates are incubated in the dark for 1hr. at room temperature. Plates are again washed

with PBS-T and 100ul of TMB substrate (Thermo Scientific, TMB and peroxide solution mixed
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1:1) added. The plates are incubated for 5-15 minutes at room temperature until a blue color
develops, and the reaction is stopped with 100ul of STOP solution (Cell Signaling Technology).
The absorbance was read at 450nm on a PerkinElmer Envision plate reader, and binding curves
were generated with GraphPad PRISM, using a log (agonist) vs response (three parameter) non-
linear regression curve fit.

The results (Fig. 26 and Table 18), indicate that the bispecific antibodies display strong
binding to recombinant ErbB3 protein.

Table 18: EC50 values for bispecific antibody binding presented in Fig. 26.

Bispecific Antibody EC50 (nM)
SF-G1-C8 0.3
SF-G1-P1 0.4
SF-G1-P6 03
SF-G1-M27 0.4
SF-G1-B69 0.4
SF-G1-M1.3 0.2

C) Inhibition of signal transduction

Inhibition of signal transduction by SF-G1-P1, SF-G1-P6, SF-G1-M27, SF-G1-B69, SF-
G1-M1.3 and SF-G1-C8 (16F) was measured essentially as follows. .

BxPC-3 cells are maintained in RPMI-1640 media supplemented with 10% fetal bovine
serum, Penicillin/Streptomycin and L-glutamine. 3.5 x 10 cells are plated in complete medium
in 96-well tissue culture plates. The following day, complete medium is replaced with serum-
free medium, and cells incubated overnight at 37°C. Cells are pretreated for 1 hour with the
indicated doses of drug, and then stimulated for 15 minutes with 100ng/ml IGF1 (Calbiochem)
and 30ng/ml HRG (R&D Systems). Cells are washed with PBS and lysed in MPer buffer
(“Mammalian Protein Extraction Reagent” Pierce Thermo Scientific) supplemented with
protease and phosphatase inhibitors.

ELISAs for phospho-IGFIR (pIGF1R) phospho-ErbB3 (pErbB3) and phospho-AKT
(pAKT) are preformed as described in Example 4, above. Relative luminescence units (RLU)
were plotted and IC50 values calculated using Graphpad Prism 5 software.

The results (Fig. 27 and Table 19), indicate that the bispecific proteins strongly inhibit
dual pathway signaling.

127



WO 2012/145507

Fig. 27.

pIGF1R pIGFIR
Inhibitor I1C50 % Inhibition
SF-G1-P6 8.2E-10 91.2
SF-G1-M1.3 8.0E-10 87.9
SF-G1-B69 1.2E-09 91.1
SF-G1-P1 9.2E-10 91.3
SF-G1-M27 6.0E-10 90.7
SF-G1-C8 9.5E-10 93.0

pErbB3 pErbB3
Inhibitor 1Cs0 % Inhibition
SF-G1-P6 2.9E-10 96.6
SF-G1-M1.3 2.5E-10 97.0
SF-G1-B69 5.2E-10 97.8
SF-G1-P1 6.9E-10 95.3
SF-G1-M27 2.5E-10 98.1
SF-G1-C8 2.4E-10 94.9

pAKT pAKT
Inhibitor ICS0 % Inhibition
SF-G1-P6 1.9E-09 75.6
SF-G1-M1.3 1.2E-09 77.4
SF-G1-B69 2.7E-09 72.7
SF-G1-P1 2.4E-09 71.7
SF-G1-M27 1.4E-09 73.8
SF-G1-C8 1.5E-09 72.3
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D) Stability of the bispecific proteins

Various stability studies have been performed and they show that SF-G1-P1, SF-G1-P6,
SF-G1-M27, SF-G1-B69, SF-G1-M1.3 are stable in serum, are thermally stable, and are stable at
low pH.

For determining serum stability, the proteins are incubated in mouse serum (Sigma) at a
final concentration of 2.5uM for either O hr or 72 hrs at 37°C. The samples are then assayed
using the colorimetric ELISA binding assay described above, and binding curves are generated
with GraphPad Prism. Absorbance values are normalized to O hr at the inflection point of each
curve to determine the percent binding retained after 72 hrs in serum at 37°C.

Results that were obtained essentially as described above, (Fig. 28), indicate that each of
the PBAs tested has a (normalized) serum stability after 72 hours of at least 70%. Certain PBAs
have a stability of about 100%.

For determining thermal stability, EC90 values were calculated for each PB\A using the
binding curves generated in the ELISA binding experiment described above. Each PBA is
prepared at 5X its EC90 value in PBS and transferred to PCR plates (Bio-Rad) at 50ul per well.
The plates are spun down and placed in the ICYCLER IQ gradient PCR machine (Biorad) to
heat the antibodies for 1 hr from 47-72°C. Aliquots of each antibody are also kept at 25°C and
37°C for 1 hr. The plates are then spun down at 2,000 RPM for 5 minutes, and supernatants are
diluted five-fold in PBS-T to their EC90 concentration. The samples are then assayed using the
colorimetric ELISA binding assay described above, and absorbances are normalized to 25°C.
Binding curves were generated with GraphPad Prism to determine Tsp values.

Results that were obtained essentially as described above, (Table 20), indicate that the
Tsy values vary from 46.7°C to 62.6°C.

Table 20: Ts, values for each bispecific antibody incubated at 25-72°C for 1 hr

Bispecific Antibody Tso
SF-G1-C8 62.1°C
SF-G1-P1 46.7°C
SF-G1-P6 62.4°C

SF-G1-M27 56°C
SF-G1-B69 62.6°C
SF-G1-M1.3 46.7°C

The temperature at which the PBAs unfold was determined by Differential Scanning
Fluorimetry (DSF). The DSF assay is performed in the IQ5 Real Time Detection System (Bio-
Rad). 20ul solutions of 15uM bispecific antibody, 1x Sypro Orange (Invitrogen Life
Technologies), and 1x PBS were added to the wells of a 96 well plate. The plate was heated
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from 20°C to 90°C with a heating rate of 1°C /min. Data was transferred to GraphPad Prism for
analysis.

Results that were obtained essentially as described above, (Table 21), indicate that the
proteins unfold at different temperatures.

Table 21: T, values for each bispecific antibody, as determined by DSF

Bispecific Antibody T

SF-G1-C8 69°C
SF-G1-P1 54°C
SE-G1-P6 61°C
SF-G1-M27 55°C
SF-G1-B69 61°C
SF-G1-M1.3 64°C

For determination of pH 3 stability, SF-G1-C8 stock solution is diluted into 0.1 M acetic
acid (pH 3.0) and incubated for 1 hour. The solution is then neutralized with 1M Tris Base,
dialyzed against PBS and concentrated. The dialysate is tested by SEC (Size Exclusion
Chromatography) and colorimetric ELISA against a sample of SF-G1-C8 neutralized
immediately after protein A purification. SEC is performed using Agilent 1100 Series HPLC
system. 50ug of SF-G1-C8 is injected on a TSK Super SW3000 gel column (Tosoh Biosciences,
P/N 18675). PBS is used as running and equilibration buffer at a flow rate of 0.35 ml/min. The
ELISA is performed as described above, coating the plates with either recombinant IGF1R-His
or ErbB3-His.

Results that were obtained essentially as described above indicate that SF-G1-C8 is
stable, with binding to IGF1R and ErbB3-His substantially unaffected, after low pH incubation
(pH 3) for 1 hour.

For determining the stability of SF-G1-C8 for an extended time at 4°C, SF-G1-C8
(19mg/ml) was incubated in PBS at 4°C for either 1, 6 or 33 days and subjected to SEC. Percent
monomer was determined by SEC as described above. The results indicate that SF-G1-C8

displays 98% stability after 33 days at 4°C.

Example 6: Characterization of additional anti-IGF-1R/ErbB3 and anti-ErbB3/IGF-1R
PBAs
A) Binding to BxPC-3 cells

Binding of PBAs to BxPC-3 cells is determined as follows. BxPC-3 cells are

maintained in RPMI-1640 media supplemented with 10% fetal bovine serum,
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Penicillin/Streptomycin and L-glutamine. Medium is removed and the BxPC-3 cells are washed
with PBS. Trypsin is added until the cells detached from the plate, and is then neutralized with
media + 10% serum. The cells are spun down and resuspended in FACS buffer (1X PBS + 2%
Serum + 0.1% azide). Aggregates are broken down into single cells by pipetting up and down
and putting the cells through a cell strainer. The cells are spun down and resuspended in FACS
buffer at a density of 1 x 10° cells/ ml. In a 96 well conical bottom plate, 50ul of cell
suspension is aliquotted per well to give 5 x 10* cells / well.

PBAs are diluted to 2uM in FACS bpffer, and 10 3-fold dilutions are done, with a final
well consisting of FACS buffer only (no primary antibody). 50ul of the serially diluted
antibodies are added to 50ul of cells so that the highest final antibody concentration is 1uM in
the first well. Cells and antibodies are incubated at room temperature with gentle agitation for 2
hrs. The plates are spun at 1,500 RPM for 5 min, and the supernatant removed. Pellets are
washed three times in FACS buffer. After the final wash the FACS buffer is removed, and 50ul
of anti-Fc-DyLight 649 secondary antibody (Abcam) is added at 1:100 in FACS buffer. Cells
are incubated in the cold room in the dark with gentle agitation for 1 hour, washed again three
times, and resuspended in 100ul fixing buffer (PBS with 1% Paraformaldehyde, 2% FBS). The
samples are transferred to 96 well U-bottom FACS plates (Becton Dickinson) and kept in the
dark at 4 degrees until use. Samples were read using a FACS Calibur (Becton Dickinson), and
Median Fluorescent Intensities (MFI) were determined using FlowJo. One Site - Total Binding
was used to determine EC50 values with GraphPad PRISM.

Results that were obtained essentially as described above and are shown in Fig. 29 (A-C) and in
Table 22 below, indicate that the PBAs display strong binding to BxPC-3 cells. Fig. 29(D) and
Table 22 below display the binding data analyzed using a One Site — Total Binding curve fit.
Table 22: EC50 values from the separate binding experiments presented in each of Figs. 29A-D

Bispecific Antibody EC50 (nM)
Fig. 29A
SF-G1-C8 (16F) _ 0.6
M27-G1-P4 12
M27-G1-M57 1
M27-G1-M78 2.1
B60-G1-P4 0.5
B60-G1-M57 0.3
B60-G1-M78 03
M27/M7-G1-P4 2.2
M27/M7-G1-M57 2
M27/M7-G1-M78 1.7
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B) Inhibition of cell signaling

Fig. 29B
SF-G1-C8 (16F) 03
M57-G1-M1.3 02
M57-G1-P6 0.2
M57-G1-V8 0.1
M78-G1-M1.3 02
M78-G1-P6 0.4
M78-G1-V8 03

Fig. 29C
SF-G1-C8 (16F) 03
P4-G1-M1.3 0.03
P4-G1-P6 0.02
P4-G1-V8 0.1
M7-G1-M57 0.6
M7-G1-M78 1
M7-G1-P4 238

Fig. 29D
SF-GI-CB 12
SF-GI-P1 2
SF-GI1-P6 1.1
SF-G1-M27 15
SF-G1-B69 1.1
SF-G1-M1.3 14

PCT/US2012/034244

Inhibition of cell signaling by PBAs is determined essentially as follows. BxPC-3 cells

are maintained in RPMI-1640 media supplemented with 10% fetal bovine serum,

5 Penicillin/Streptomycin and L-glutamine. 3.5 x 10* cells are plated in complete medium in 96-

well tissue culture plates. The following day, complete medium is replaced with serum-free

medium, and cells are incubated overnight at 37°C. Cells are pretreated for 1 hour with the

indicated doses of drug, and then stimulated for 15 minutes with 100ng/ml IGF1 (Calbiochem)
and 30ng/ml HRG (R&D Systems). Cells are washed with PBS and lysed in MPer buffer

10  supplemented with protease and phosphatase inhibitors.

ELISAs for phospho-IGF1R (pIGF1R) phospho-ErbB3 (pErbB3) and phospho-AKT

(pAKT) are performed as described in Example 4, above.
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ILE-10 (14F or 14f)) and ELI-7 (5F or 5f), both of which are described above, are used

as reference proteins.

Results that were obtained essentially as described above and are shown in Figs. 30
(pIGF-1R), 31 (pErbB3) and 32 (pAKT), and in Table 23 below, indicate that the PBAs display

strong inhibition of dual pathway signaling.

Table 23: IC50 values and percent inhibition values for inhibitor treatments shown in Figs. 30,

31 and 32
ErbB3 IgG-IGFIR scFv | IC50 %Inhibition | ICS0 | %Inhibition | IC50 %Inhibition
PIGFIR | pIGFIR pErbB3 | pErbB3 pAKT pAKT
B60-G1-P4 44E-09 |88 40E-11 | 99 55E-10 | 86
B60-G1-M57 1.0E-08 | 85 1.2E-09 | 162 73E-10 |83
B60-G1-M78 3.5E-09 | 86 8.0E-11 | 115 64E-10 |78
M27-G1-P4 3.0E-09 |88 1.0E-10 | 106 57E-10 |90
M27-G1-M57 8.1E-09 | 83 3.1E-10 | 88 13E-09 | 84
M27-G1-M78 14E-09 | 87 1.2E-10 | 107 6.6E-10 | 92
M27/M7-G1-P4 1.3E-08 |99 40E-11 | 111 25E-10 |92
M27/M7-G1-M57 75E-09 |91 1.5E-10 | 179 53E-10 |91
M27/M7-G1-M78 1.0E-09 |91 1.1E-10 | 140 35E00 |92
M7-G1-M57 2.10E-08 | 82 52E-11 | 124 2.8E-10 | 88
M7-G1-M78 1.30E-09 | 88 2.6E-11 | 111 37E-10 |95
M7-G1-P4 2.40E-09 | 93 2.4E-11 | 109 1.8E-10 |95
IGFIR IgG - ErbB3 scFv | IC50 %Inhibition | ICS0 | %Inhibition | IC50 %Inhibition
pIGFIR | pIGFIR pErbB3 | pErbB3 pAKT pAKT

M57-G1-M1.3 41E-10 | 94 1.4E-10 | 99 23E09 |85
M57-G1-P6 2.5E-10 | 92 7.9E-11 | 98 2.1E09 |79
M57-G1-C8 2.5E-10 | 93 6.5E-11 | 98 2.0E-09 |80
M78-G1-M1.3 SOE-10 |97 1.4E-10 | 99 22E-09 |92
M78-G1-P6 42E-10 |95 1.4E-10 | 100 2.1E-09 | 86
M78-G1-C8 6.8E-10 | 96 2.3E-10 | 98 41E09 |84
P4-G1-M1.3 1.8E-10 |92 55E-11 | 94 1.IE09 | 86
P4-G1-P6 1.6E-10 |91 39E-11 | 95 12E-09 |82
P4-G1-C8 13E-10 |91 3.6E-11 | 94 12E-09 |78
SF-G1-C8 52E-10 | 91 1.9E-10 | 98 39E-09 |71
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In another set of experiments, the level of inhibition of ligand-induced signal
transduction by the PBAs was compared to that obtained with prior art anti-IGF-1R (anti-ErbB3
Ab# A — SEQ ID NO:336 for HC and 337 for LC) and prior art anti-ErbB3 (ANTI-IGF-1R Ab#
A — SEQ ID NO:327 for the HC and SEQ ID NO:328 for the LC) antibodies. The experiments
were conducted essentially as described immediately above in this Example.

The results, (Figs. 33, 34 and 35 and Table 24), indicate that the PBAs show surprisingly
high levels of inhibition of dual pathway signaling relative to the combination of ANTI-IGF-1R
Ab# A and anti-ErbB3 Ab¥ A. '

Table 24: IC50 values for inhibitor treatments presented in Figs. 33, 34 and 35

pIGFIR | pErbB3 pAKT

Cell

Line Inhibitor IC50 IC50 IC50
BxPC-3 B60-G1-M57 4.4E-09 2.3E-11 6.5E-10
BxPC-3 B60-G1-M78 1.4E-09 1.0E-11 3.4E-10
BxPC-3 B60-G1-P4 2.2E-08 ~2.4e-14 | 1.1E-10
BxPC-3 M7-G1-M57 2.1E-08 5.2E-11 2.8E-10
BxPC-3 M7-G1-M78 1.3E-09 2.6E-11 3.7E-10
BxPC-3 M7-G1-P4 2.4E-09 2.4E-11 1.8E-10
BxPC-3 | P4-G1-M1.3 1.1IE-09 | 5.3E-11 3.4E-10
BxPC-3 P4-G1-C8 1.3E-09 5.8E-07 3.1E-10
BxPC-3 SF-G1-C8 2.6E-09 2.1E-10 6.5E-10

ANTI-IGF-1R Ab# A (ganitumab; SEQ ID 327

BxPC-3 | + SEQID 328) 1.6E-09 | 4.3E-09 8.0E-11
BxPC-3 anti-ErbB3 Ab# A (SEQ ID 336 + SEQ ID 337) | 2.3E-10 9.2E-11 3.5E-10
BxPC-3 ANTI-IGF-1R Ab# A + anti-ErbB3 Ab# A 1.5E-09 9.4E-11 4.3E-10

(6)) Stability of the bispecific proteins
Various stability studies were performed essentially as described in Example 5D above,
and their results show that the PBAs tested were stable in serum and were thermally stable.
Serum stability results, (Fig. 36), indicate that the PBAs display some differences in
serum stability. The lowest stability was about 65% and the hightest stability was about 100%.
Those that have a number of about 1 (or above) are considered to have about 100% stability.
Melting temperatures results are of Table 25. The results indicate that the PBAs unfold

at varying temperatures.
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Table 25: Ty, values for each bispecific antibody, as determined by DSF. M27/M7 refers to a
binding site having an M27 heavy chain and an M7 light chain.

Bispecific Tm (°C) Bispecific Tm (°C)
Antibody . Antibody
B60-G1-P4 66.5 M57-G1-M1.3 | 64.5
B60-G1-M57 67.8 M57-G1-P6 65.5
B60-G1-M78 67.5 M57-G1-C8 66.5
M27-G1-P4 66.5 M78-G1-M1.3 | 68.5
M27-G1-M57 67.2 M78-G1-P6 66.5
M27-G1-M78 66.8 M78-G1-C8 -
M27/M7-G1-P4 66.5 P4-G1-M1.3 62.5
M27/M7-G1-M57 | 68.5 P4-G1-P6 63.5
M27/M7-G1-M78 | 67.5 P4-G1-C8 66.5
M7-G1-M57 70.5
M7-G1-M78 67.5
M7-G1-P4 66.5

SEC stability results are shown in Table 26, and indicate that the PBAs are mostly monomeric.

5 Table 26: Percent monomer determined by SEC for each bispecific antibody
Bispecific Percent Bispecific Percent
Antibody Monomer Antibody Monomer
B60-G1-P4 91 MS57-G1-M1.3 79
B60-G1-MS57 92 M57-G1-P6 77
B60-G1-M78 87 M57-G1-C8 77
M27-G1-P4 84 M78-G1-M1.3 79
M27-G1-M57 87 M78-G1-P6 80
M27-G1-M78 83 ’ M78-G1-C8 77
M27/M7-G1-P4 90 P4-G1-M1.3 92
M27/M7-G1-M57 | 93 P4-G1-P6 86
M27/M7-Gi-M78 | 78 P4-G1-C8 95
M7-G1-P4 82.4
M7-G1-M57 87.4
M7-G1-M78 82
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Example 8: Identification of additional high affinity anti-IGF-1R and anti-ErbB3 binding
domains '

Many more high affinity anti-IGF-1R and anti-ErbB3 binding domains were isolated via
phage screening. The sequences of the heavy and light chain of these proteins are of Fig.Figs. 1-
4 under the 16F sequences. The sequences of anti-IGF-1R binding sites start with “5-7” and the

sequences of anti-ErbB3 binding sites start with “E3B.”

Example 9: Potent inhibition of dual IGF1- and HRG-stimulated signaling by anti-
EGF1R-anti+ErbB3 BPAs

This Example shows that anti-EGF1R+anti-ErbB3PBAs are potent inhibitors of dual
IGF1 and HRG-stimulated signal transductioh in DU145 and BxPC-3 cells.

Results were obtained essentially as follows. 35,000 BXxPC-3 cells are plated in 10%

serum overnight at 37 °C. The following day, cells are starved in media containing 0.5% serum
and incubated overnight at 37 °C. Cells were pretreated for one hour with the indicated
concentrations of Ab, and then stimulated for 15 minutes with 30ng/ml HRG1b1-ECD +
100ng/ml IGF1. In this Example, and in Examples 10-13 and 21, control anti-IGF1R and anti-
ErbB3 mAb are ANTI-IGF-1R Ab# A and anti-ErbB3 Ab# A, respectively. Cells are lysed in
M-Per buffer (+ protease/phosphatase inhibitors) and run on ELISA for pAKT. For the pAKT
ELISA assay, plates are coated with anti-AKT (Millipore), blocked with PBS+2%BSA,
incubated with lysates and standards, and detected with a biotinylated anti-pAKT (Ser473) and
streptavidin-HRP. ELISA pico chemiluminescent substrate is added and plates are read on a
Perkin-Elmer Envision plate reader. All IC50 curves and calculated values are generated in
Graphpad Prism.

The results, (Fig. 39), indicate that PBAs M7-G1-M78, P4-G1-M1.3, P4-G1-C8 and SF-
G1-C8 potently inhibit signal transduction induced by IGF-1 and HRG in both DU145 and
BxPC-3 cells, as determined by measuring phosphorylated AKT (pAKT).

Example 10: Anti-EGF1R+anti-ErbB3 BPA potency is maintained over a broad range of

receptor profiles .
This Example shows that anti-EGF1R+anti-ErbB3 PBAs are potent inhibitors of dual

IGF1 and HRG-stimulated signal transduction in cells having various levels of IGFIR or ErbB3.

Results were obtained essentially as follows. BxPC-3 cells are infected with lentivirus
expressing a control hairpin, or with shRNA specific to IGFIR or ErbB3 (Sigma) that reduces
expression of these proteins by about 50%. Knockdown is confirmed by FACS and Western
blot analysis. Cells are plated and treated as described in Example 9. Levels of pAKT are

determined as described in Example 9.
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The results, (Fig. 40 and Table 27), indicate that PBAs M7-G1-M78, P4-G1-M1.3, P4-
G1-C8 and SF-G1-C8 potently inhibit signal transduction induced by IGF-1 and HRG in BxPC-
3 cells having high or lower levels (50% reduced levels) of IGFIR or ErbB3, as determined by

measuring phosphorylated AKT (pAKT).
Table 27: PBAs IC50 (in M) and percent inhibition of results shown in Fig. 40

pAKT pAKT
Cell Line Inhibitor °dnhibition | 1C50
BxPC-3 (Vector Control) M7-M78 89.8 1.1E-09
BxPC-3 (Vector Control) P4-M1.3 87.9 7.1E-10
BxPC-3 (Vector Control) P4-C8 78.3 1.4E-09
BxPC-3 (Vector Control) SF-C8 68.8 3.5E-09
BxPC-3 (Vector Control) | ANTI-IGF-1R Ab# A (Ganitumab; SEQ ID 327 + SEQ ID 328) 38.2 2.1E-08
BxPC-3 (Vector Control) ANTI-ErbB3 Ab# A (SEQ 1D 336 + SEQ ID 337) 47.2 2.5E-09
BxPC-3 (Vector Control) ANTI-IGF-1R Ab# A + ANTI-ErbB3 Ab# A 90.6 3.3E-09
BxPC-3 (50% IGF1R KD) M7-M78 90.9 3.4E-10
BxPC-3 (50% IGF1R KD) P4-M1.3 91.1 3.8E-10
BxPC-3 (50% IGF1R KD) P4-C8 80.4 7.6E-10
BxPC-3 (50% IGF1R KD) SF-C8 74.5 6.3E-09
BxPC-3 (50% IGF1R KD)| ANTI-IGF-1R Ab# A (Ganitumab; SEQ ID 327 + SEQ ID 328) 51 4.0E-08
BxPC-3 (50% IGF1R KD) ANTI-ErbB3 Ab# A (SEQ ID 336 + SEQ ID 337) 58.2 1.6E-09
BxPC-3 (50% IGF1R KD) ANTI-IGF-1R Ab# A + ANTI-ErbB3 Ab# A 89.8 1.3E-09
BxPC-3 (50% ErbB3 KD) M7-M78 91.2 4.0E-10
BxPC-3 (50% ErbB3 KD) P4-M1.3 90.7 3.2E-10
BxPC-3 (50% ErbB3 KD) P4-C8 90.9 3.3E-10
BxPC-3 (50% EbB3 KD) SF-C8 82.7 2.1E-09
BxPC-3 (50% ErbB3 KD) [ ANTI-IGF-1R Ab# A (Ganitumab; SEQ ID 327 + SEQ ID 328) 47.7 1.3E07
BxPC-3 (50% EmB3 KD) ANTI-ErbB3 Ab# A (SEQ ID 336 + SEQ ID 337) 59.7 2.8E-10
BxPC-3 (50% EmB3 KD) ANTI-IGF-1R Ab# A + ANTI-ErbB3 Ab# A 92.8 6.0E-10

BPAs are indicated with “G1” in Table 27. For example, “M7-M78” refers to “M7-G1-M78.”

Example 11: Anti-EGF1R+anti-ErbB3 PBAs are potent inhibitors of low dose or high dose
IGF1- or HRG-induced signaling

This Example shows that anti-EGF1R+anti-ErbB3 PBAs are potent inhibitors of dual

IGF1 and HRG-stimulated signal transduction in response to high or low ligand (IGF1 or HRG)

concentration.

The results were obtained essentially as follows. 35,000 BxPC-3 cells are plated in 10%

serum overnight at 37 °C. The following day, cells are starved in media containing 0.5% serum

and incubated overnight at 37 °C. Cells are pretreated for one hour with the indicated

concentrations of PBA, and then stimulated for 15 minutes with either low (40ng/ml) or high

(400ng/ml) IGF1, or low (20ng/ml) or high (200ng/ml) HRG1b1-ECD. ELISA for pErbB3,
pIGFIR, and tIGF1R are from commercial sources (R & D Systems). For the pAKT ELISA
assay, plates are coated with anti-AKT (Millipore), blocked with PBS+2%BSA, incubated with
lysates and standards, and detected with a biotinylated anti-pAKT (Ser473) and streptavidin-
HRP. ELISA pico chemiluminescent substrate is added and plates are read on a Perkin-Elmer

Envision plate reader. All IC50 curves and calculated values are generated in Graphpad Prism.
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The results, (Figs. 41, 42 and Table 28), indicate that the PBAs M7-G1-M78, P4-G1-
M1.3, P4-G1-C8 and SF-G1-C8 potently inhibit signal transduction induced by higher or lower
levels of IGF-1 and HRG in BxPC-3 cells, as determined by measuring pAKT (pAKT), pIGF-
1R and pErbB3 levels.

Table 28: PBA IC50s (in M) and percent inhibition of results shown in Fig.Figs. 41 and

42
Ligand | Ligand Readout | ANTI-IGF-1R M7-G1- | P4-G1- P4-G1- SF-G1-
Conc. Ab# A M78 C8 M1.3 C8
(ganitumab; SEQ
ID NO:327 +
SEQ ID NO:328)
IGF1 40ng/ml pIGFIR | 7.80E-10 1.00E-09 | 1.10E-10 | 1.20E-10 | 5.10E-10
IGF1 400ng/ml | pIGFIR | 2.50E-10 2.40E-09 | 8.80E-11 | 9.90E-11 | 4.40E-10
IGF1 40ng/ml pAKT 7.40E-09 3.80E-10 | 3.80E-10 | 1.40E-10 | 1.30E-09
IGF1 400ng/ml | pAKT 9.10E-09 6.40E-10 | 3.40E-10 | 2.10E-10 | 5.90E-10

Ligand | Ligand Readout | ANTI-ErbB3 Ab# | M7-G1- | P4-G1- P4-G1- SF-Gl1-

Conc. A(SEQID M78 C8 M1.3 C8
NO:336 + SEQ
ID NO:337)
HRG 20ng/ml pErbB3 2.41E-10 6.16E-11 | 6.76E-11 | 3.12E-11 | 2.69E-10
HRG 200ng/ml | pErbB3 1.98E-10 6.53E-11 | 5.70E-11 | 2.72E-11 | 2.66E-10
HRG 20ng/ml pAKT 3.06E-10 7.12E-11 | 1.06E-10 | 3.97E-11 | 4.32E-10
HRG 200ng/ml | pAKT 3.26E-10 6.46E-11 | 1.01E-10 | 4.09E-11 | 5.50E-10

Example 12: Anti-EGF1R+anti-ErbB3 PBAs suppress basal signaling
This Example shows that anti-EGF1R+anti-ErbB3 PBAs inhibit basal levels of signal

transduction.

Results were obtained essentially as follows. 35,000 BxPC-3 cells are plated in 10%
serum overnight at 37°C. The following day, cells are starved in media containing 0.5% serum
and incubated overnight at 37°C. Cells are pretreated for either 15 minutes or 24 hours in the
presence of the indicated concentration of Ab, but in the absence of ligand stimulation. Cel_ls are
lysed in M-Per buffer (+ protease/phosphatase inhibitors) and run on ELISA for pAKT, as
described in Example 9.

The results, (Fig. 43), indicate that PBAs M7-G1-M78, P4-G1-M1.3, and P4-G1-C8
suppress the basal level of pAKT.

Example 13: Anti-EGF1R+anti-ErbB3 PBAs potently downregulate IGF1R
This Example shows that anti-EGF1R+anti-ErbB3 PBAs downregulate IGF1R.

Results were obtained essentially as follows. 35,000 BxPC-3 cells are plated in 10%
serum overnight at 37°C. The following day, cells are starved in media containing 0.5% serum

and incubated overnight at 37°C. Cells are then incubated for 24 hours in media containing
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0.5% serum and the indicated concentrations of antibody (starting at a high dose of SE-07M with
subsequent 3-fold dilutions). Cells are lysed and total IGF1R is measured by ELISA using a
commercial kit from R&D Systems. Percent downregulation is calculated from Prism using the
following formula: 100*((fit. max-min.observed)/(fit.max-no stimulation).

The results, (Fig. 44 and Table 29), indicate that PBAs M7-G1-M78, P4-G1-M1.3, and
P4-G1-C8 reduce the level of IGFIR in A549 and BxPC-3 cells.

Table 29: Potent Downregulation of IGF1R by PBAs.

Cell Line Molecule % IGF1R Downregulation
A549 M7-G1-M78 48
A549 P4-G1-C8 70
A549 P4-G1-M1.3 72
A549 | ANTI-{GF-1R Ab# A (Ganitumab; SEQ ID 327 + SEQ ID 328) 57
BxPC-3 M7-G1-M78 53
BxPC-3 P4-G1-C8 67
BxPC-3 P4-G1-M1.3 71
BxPC-3 | ANTI-IGF-1R Ab# A (Ganitumab; SEQ ID 327 + SEQ ID 328) 51

Example 14: Anti-EGF1R+anti-ErbB3 BPAs inhibit both IGF1 and IGF2 mediated

signaling

This example shows that anti-EGF1R+anti-ErbB3 BPAs inhibit signaling induced by
IGF1 and IGF2.

The results were obtained essentially as follows. 500,000 DU145 and Mia PaCa-2 cells
per well are plated in 12-well plates overnight in 10% serum. On day 2 cells are serum starved
overnight. On day 3 antibody pre-incubations are performed for 1 hr (250nM P4-G1-M1.3 or
P4-G1-C8) and growth factors (IGF1 or IGF2 at 100ng/ml) are added for 15 minutes prior to
lysis. All cells are washed with PBS and lysed in 100ul of MPer buffer supplemented with
protease and phosphatase inhibitors. Prior to running the samples on 4-12% Bis-Tris gels,
loading buffer containing b-Mercaptoethanol (b-ME) is added and lysates are boiled for 5
minutes at 95 °C. Gels are run at 150 volts constant for approximately 90 minutes and
transferred to nitrocellulose membranes using the iBlot (Invitrogen) transfer system's 8 minute
transfer program. Membranes are blocked in Odyssey Blocking Buffer (Licor Biosciences) for 1
hour at room temperature, and then incubated with primary antibodies overnight at 4 degrees C
in 5% BSA in TBS-T. Antibodies used are pAkt, pIGFIR, Beta Actin (all from Cell Signaling
Technologies). B-Actin was used at 1:5,000, Phospho-Akt at 1:2,000, and all others at 1:1,000.
The following day membranes are washed 3 x 5 minutes each with TBS-T and then incubated
with anti-Rabbit IgG - DyLight800 (Cell Signaling) at 1:15,000 in 5% milk in TBS-T for 1 hour
at room temperature. Membranes are then washed 3 x 5 minutes each with TBS-T and scanned
using the Licor Odyssey system (Licor Biosciences). Integrated intensities are calculated and

normalized to Beta-Actin levels.
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The results, (Fig. 45), show that BPAs P4-G1-M1.3 and P4-G1-C8 inhibit AKT
phosphorylation induced by either IGF1 or IGF2.

Example 15: Anti-EGF1R+anti-ErbB3 BPAs partially inhibit insulin signaling

This example shows that anti-EGF1R+anti-ErbB3 BPAs partially inhibit insulin
signaling in DU145 cells.

The results were obtained essentially as follows. 500,000 DU145 cells per well are
plated in 12-well plates overnight in 10% serum. On day 2 cells are serum starved overnight.
On day 3 Ab pre-incubations are performed for 1 hr (500nM P4-G1-M1.3) and growth factors
(IGF1 at 100ng/ml or Insulin at Sug/ml) are added for 15 minutes prior to lysis. Lysates and
Western blots are prepared as described in Example 14.

The results, (Fig. 46), indicate that BPA P4-G1-M1.3 partially inhibits signal

transduction induced by insulin, as measured by pAKT levels.

Example 16: Anti-EGF1R+anti-ErbB3 BPAs downregulate total receptor levels of ErbB3
and IGF1R

This Example shows that anti-EGF1R+anti-ErbB3 BPAs downregulate ErbB3 and
IGFIR levels on cells that are either induced by IGF1 and HRG or not induced.

The results were obtained essentially as follows. 500,000 BxPC-3 cells per well are
plated in 12-well plates overnight in 10% serum. On day 2 cells are serum starved overnight.
On day 3 antibody pre-incubations are performed for 6 hr (250nM M7-G1-M78 or P4-G1-C8).
To half of the samples growth factors (IGF1 at 100ng/ml and HRG at 30ng/ml) are also added
for 15 minutes prior to lysis. Lysates and Western blots are prepared as described in Example
14. IGFIR, ErbB3 and pErbB3 are also from Cell Signaling Technologies.

The results, (Fig. 47), indicate that total levels (phosphorylated and non-phosphorylated)
of ErbB3 and IGFIR are reduced by BPAs M7-G1-M78 and P4-G1-C8.

Example 17: Anti-EGF1R+anti-ErbB3 BPAs display stability in human, mouse and

monkey serum
This Example shows that anti-EGF1R+anti-ErbB3 BPAs are stable in human, mouse

and monkey serum.

The results were obtained essentially as follows. PBAs are incubated in either pooled
human serum (Innovative Research), mouse serum (Sigma) or Cynomolgous monkey serum
(Innovative Research) at a final concentration of 2.5uM for either 0 days or 5 days at 37°C. The
samples are then assayed using a colorimetric ELISA binding assay. 96-well Reacti-bind plates '

(Pierce, Fisher cat. No. PI-15041) are coated with 50ul of the protein corresponding to the

140



WO 2012/145507 PCT/US2012/034244

10

15

20

25

30

35

antibody’s scFv (either ErbB3-His or IGFI1R-His (R&D Systems, cat. No. 348-RB and 305-GR,
respectively) at 2ug/ml in PBS) and incubated overnight at 4°C. The next day plates are washed
with PBS + 0.05% Tween-20 (PBS-T) and blocked for 1hr. at room temperature with 100ul of
Protein-Free Blocking Buffer (Pierce). Plates are washed with PBS-T and 50ul of each BPA is
added in duplicate. Concentrations start at 500nM (1:5 dilution of 2.5uM bsAb in serum) in
PBS-T and include ten additional two-fold dilutions (in PBS-T + 20% serum) and one blank
(PBS-T + Serum only). Plates are incubated at room temperature for two hours and then washed
with PBS-T. 50ul of anti-Fc-HRP (Jackson Labs) is added at 1:40,000 in PBS-T, and plates are
incubated in the dark for 1hr. at room temperature. Plates are again washed with PBS-T and
100ul of TMB substrate (Thermo Scientific, TMB and peroxide solution mixed 1:1) is added.
The plates are incubated for 5-15 minutes at room temperature until a blue color develops, and
the reaction is stopped with 100ul of STOP solution (Cell Signaling Technology). The
absorbance is read at 450nm on a PerkinElmer Envision plate reader, and binding curves are
generated with GraphPad Prism.

The results, (Fig. 48), show that BPAs M7-G1-M78, P4-G1-M1.3, and P4-G1-C8 are
stable for at least 5 days in mouse and cyno serum and that P4-G1-M1.3 is stable for at least 6

days in human serum.

Example 18: Anti-EGFI1R-t+anti-ErbB3 BPAs display cross-reactivity with human, mouse,

rat and monkey IGF1R and ErbB3
This example shows that anti-EGF1R+anti-ErbB3 BPAs are cross-reactive with human,

mouse, rat and monkey IGFIR and ErbB3.

Results were obtained essentially as follows. 96-well Reacti-bind® plates (Pierce,
Fisher cat. No. PI-15041) are coated with 50ul of species specific ErbB3-His or IGF-1R-His
(R&D Systems, cat. No. 348-RB and 305-GR, respectively) at 2ug/ml in PBS and incubated
overnight at 4°C. The next day plates are washed with PBS + 0.05% Tween-20 (PBS-T) and
blocked for 1hr. at room temperature with 100ul of Protein-Free Blocking Buffer (Pierce).
Plates are washed with PBS-T and 50ul of each PBA is added in duplicate. Concentrations start
at 500nM (in PBS-T) and included ten additional two-fold dilutions and one blank (PBS-T only).
Plates are incubated at room temperature for two hours and then washed with PBS-T. 50ul of
anti-Fc-HRP (Jackson Labs) is added at 1:40,000 in PBS-T, and plates are incubated in the dark
for 1hr. at room temperature. Plates are again washed with PBS-T and 100ul of TMB substrate
(Thermo Scientific, TMB and peroxide solution mixed 1:1) is added. The plates are incubated
for 5-15 minutes at room temperature until a blue color develops, and the reaction is stopped
with 100ul of STOP solution (Cell Signaling Technology). The absorbance is read at 450nm on

a PerkinElmer Envision plate reader, and binding curves are generated using GraphPad Prism.
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The results, (Fig. 49), show that the BPAs P4-G1-C8, P4-G1-M1.3 and M7-G1-M78
bind efficiently to human, mouse, rat and monkey IGFIR and ErbB3.

Example 19: Anti-EGF1R+anti-ErbB3 BPAs block IGF1 and IGF2 binding to their

receptor IGF1R
This Example shows that anti-EGF1R+anti-ErbB3 BPAs block the binding of both IGF1

and IGF2 to IGFIR.

The results were obtained essentially as follows. ELISA plates are coated with IGFIR-
His and blocked as described in Example 18. Following the blocking step, plates are washed
and incubated with IGF1 (100ng/ml) or IGF2 (100ng/mi) (EMD Chemicals) for 1 hour at room
temperature. Plates are washed with PBS-T, and 100ul of each Ab is added in duplicate.
Concentrations start at 500nM (in PBS-T) and include ten additional two-fold dilutions and one
blank (PBS-T only). Plates are incubated at room temperature for 1 hour and then washed with
PBS-T. 50ul of Rabbit anti-Human IGF1 (Thermo Scientific) or Rabbit anti-Human IGF2
(Abcam) are added at 1:1,000 in PBS-T for 1hr. at room temperature. Plates are again washed
and incubated in Anti-Rabbit HRP (Cell Signaling) at 1:1,000 in PBS-T for 1 hour at room
temperature. Plates are developed, read and analyzed as described above.

The results, (Fig. 50), indicate that P4-G1-M1.3 inhibited the binding of both IGF1 and
IGF2 binding to IGFIR.

Example 20: Anti-EGF1R+anti-ErbB3 BPAs display dose-dependent and different half

lives in mice and long half lives in Cynomolgus monkeys
This Example provides pharmacokinetic properties of anti-EGF1R+anti-ErbB3 BPAs in

mice and Cynomolgus monkeys.

The results were obtained essentially as follows. Dosing and collection of samples:
Mice are dosed by IV bolus with P4-G1-M1.3 or M7-G1-M78 at either 100ug/mouse or
500ug/mouse and bleeds are taken at 0.25, 1, 4, 8, 24, 48, 72, 96 and 168 hours. Four mice are
bled per timepoint. IV infusion of Cynomolgus Monkeys (WIL Research Laboratories) is
performed with P4-C8 and P4-M1.3. Two monkeys in each group are dosed at either Smg/kg or
25mg/kg and bled at 0.08, 1, 4, 8, 24, 48,72, 96 and 168 hours. ELISA binding assay and
modeling analysis: Reacti-bind® 96-well plates (Pierce, Fisher cat. No. PI-15041) are coated
with 50ul of IGFIR (No Tag) at 2ug/ml in PBS and incubated overnight at 4 °C. Plates are
washed with PBS-0.05% Tween-20 (PBS-T) and blocked for 1hr at room temperature with
100ul of Pierce Protein-Free Blocking Buffer. Plates are again washed with PBS-T. 100ul of
samples and standards are added to plates and incubate for 2hrs at room temperature. For

standard curves ihe antibodies are diluted to 12ug/ml in PBS-T, then 10 additional 3-fold
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dilutions with the final well blank. Serum samples are diluted at 1:50 in PBS-T with 10
additional 3-fold dilutions and a final well blank. Plates are washed with PBS-T and 100ul of
ErbB3-His added at 1ug/ml in PBS-T for 1hr at room temperature. Plates are washed and 100ul
anti-His-HRP (Abcam) is added at 1:10,000 in PBS-T and incubated (covered) for lhr. at room
temperature. Plates are again washed with PBS-T and 100ul of TMB substrate (Thermo

Scientific, TMB and peroxide solution mixed 1:1) was added. The plates are incubated for 5-15

" minutes at room temperature until a blue color develops, and the reaction is stopped with 100ul

of STOP solution (Cell Signaling Technology). The absorbance is read at 450nm on a
PerkinElmer Envision plate reader, and the data analysis is performed using MATLAB
(Mathworks — www.mathworks.com) and WinNonLin (Pharsight —-www.pharsight.com)
according to standard protocols.

The results in mice, (Table 30), indicate that the BPAs M7-G1-M78 and P4-G1-M1.3
have a half life in mice that ranges from 3.33 to 41.90 hours on average, depending on the BPA
and on the concentration of BPA administered to the mouse. The results in Cynomolgus
monkey, (Table 31), indicate that the half live of P4-G1-C8 and P4-G1-M1.3 is 51 and 61 hours,
respectively, for 5 mg/kg, and 115 and 78 hours, respectively, for 25 mg/kg of PBA. Thus,
PBAs having the orientation anti-IGF1R-anti-ErbB3 (i.e., in which the anti-IGFIR portion is a
full length Ab and the anti-ErbB3 portion is made up of two scFvs) are more stable than a PBA
having the opposite conformation (i.e., in which the anti-ErbB3 is a full length Ab and the anti-

IGFIR portion is made up of two scFvs).

Table 30: Half-life (in hours) of BPAs in mice

Molecule Dose T1/2 (hr)
(ug/mouse) Mean 95% Conf Interval
M7-G1-M78 100 3.33 2.43 5.32
500 11.16 9.40 13.75
PA-G1-M1.3 100 10.91 8.24 16.11
500 41.90 28.79 76.98

Table 31: Half-life (in hours) of BPAs in Cynomolgus monkeys

MATLAB WinNonLin
Dose Terminal Terminal
Molecule | (mg/kg) T1/2 (hrs) 95% ClI T/12 (hrs) Rsq
5 51 39-73 46.8529 0.9998
P4-C8
25 115 83-189 93.5036 0.959
5 61 39-140 62.1732 0.9901
P4-M1.3
25 78 57-123 80.8655 0.9934
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Example 21: P4-G1-M1.3 displays in vitro inhibition of ligand-induced receptor activation
and Akt/mTOR/ERK signaling over time

This Example shows that P4-G1-M1.3 inhibits ligand-induced phosphorylation of IGF-
1R and ErbB3 as well as the downstream proteins Akt, Erk, mTOR and S6 in BxPC-3 cultured

cells over time.
Methods

BxPC-3 cells are maintained in RPMI-1640 media supplemented with 10% fetal bovine
serum, Penicillin/Streptomycin and L-glutamine. 3.5 x 10* cells are plated in complete medium
in 96-well tissue culture plates. The following day, complete medium is replaced with serum-
free medium, and cells are incubated overnight at 37°C. Cells are either pretreated for 1 hour
with 1uM of P4-G1-M1.3 or kept in serum-free medium without inhibitor, and then all cells are
stimulated for 5, 15, 30, 60 or 120 minutes with 100ng/ml IGF1 (Calbiochem) and 70ng/ml
HRG (R&D Systems). Cells are washed with PBS and lysed in MPer buffer supplemented with
protease and phosphatase inhibitors.

ELISAs for phospho-IGF1R (pIGF1R) phospho-ErbB3 (pErbB3) and phospho-AKT
(pAKT) are performed as described in Example 4, above. ELISAs for phospho-ERK (pERK,
Cell Signaling Technology catalog #7246), phospho-S6 (pS6, R&D Systems catalog
#DYC3918) and phospho-mTOR (pmTOR, R&D Systems catalog #DYC1665) are performed
according the manufacturer’s instructions. Resulting concentrations of each phosphorylated
protein are normalized to levels of total protein, determined using the BCA method.

The results, (Fig.Fig. 51), indicate that P4-G1-M1.3 is able to significantly block ligand-
induced production of Phospho-IGF-1R (51A), Phospho-ErbB3 (51B), Phospho-Akt (51C),
Phospho-ERK (p44/p42; 51D), Phospho-mTOR (Ser2448, 51E), and Phospho-56 (Ser235/236;
51F) in the presence of IGF-1 and HRG.

Example 22: Anti-EGFIR + anti-ErbB3 PBAs block signaling mediated by IGF1R-insulin
receptor heterodimers

This Example shows that the inhibition of insulin and IGF2 signaling by anti-
EGF1R+anti-ErbB3 PBAs is mediated by IGF1R-insulin receptor heterodimers.

The results were obtained essentially as follows. 500,000 BxPC-3 and A673 cells per
well are plated in 12-well plates overnight in 10% serum. On day 2 cells are serum starved
overnight. On day 3 antibody pre-incubations are performed for 1 hr (500nM P4-G1-M1.3) and
growth factors (IGF1, IGF2 at 100ng/ml or Insulin at 5ug/ml) are added for 15 minutes prior to
lysis.
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The results, (Fig. 52), indicate that P4-G1-M1.3 is able to significantly block IGF2 and
insulin signaling in A673 cells, which express high levels of Insulin Receptor (IR). This level of

inhibition was not seen in BXPC-3 cells which express low IR levels.

Example 23: PBA P4-G1-M1.3 displays superior reductions of mTOR activation and
mTOR protein levels relative to an anti-IGF-1R mAb

This Example shows that P4-G1-M1.3 displays superior control of mTOR activation
relative to an anti-IGF-1R mAb in end-of-study BxPC-3 tumors.

The profiling of tumors from a BxPC-3 xenograft study was conducted essentially as
follows. Mice with human tumor cell line xenografts were prepared and various treatments
administered essentially as described above in Example 3D. Five end-of-study tumors were
harvested from the PBS control group, the highest dose group of P4-G1-M1.3 (500ug/mouse
q3d), and the highest dose group of anti-IGF1R Ab# A (ganitumab; SEQ ID NO:327 + SEQ ID
NO:328) (368ug/mouse q3d), and prepared essentially as follows. Lysates are generated by
tissue pulverization and lysis in TER1 buffer (Invitrogen). Total protein is quantified by the
BCA method, and equivalent total protein is run on 4-12% SDS-PAGE gels. Gels are
transferred to nitrocellulose using standard methods. Westem blotting is performed using: anti-
mTOR and anti-phospho-mTOR (Ser2448) primary antibodies (all from Cell Signaling
Technology). Secondary antibody used is anti-Rabbit IgG — DyeLight800 (Cell Signaling
Technology). Blots are developed using the Li-Cor Odyssey system. Normalization to B-Actin
is performed by dividing the intensity of the target band by its associated p -Actin control band.

The results, (Figs. 53A and B and Table 32), indicate that mTOR and phospho-
mTOR(Ser2448) levels are significantly lower in tumors from mice treated with the PBA P4-
G1-M1.3, relative to mice treated with the anti-IGF-1R Ab# A.

Table 32. P4-G1-M1.3 displays superior control of mTOR activity, relative to anti-IGF-1R Ab#
A in end-of-study BxPC-3 tumors

Samples Levels of mTOR relative to | Levels of phospho-mTOR relative
buffer control to buffer control
Buffer control 1.0 1.0
P4-G1-M1.3 2.4 1.1
ANTI-IGF-1R | 10.5 23
Ab# A
(ganitumab;
SEQID
NO:327 + SEQ
ID NO:328)
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Example 24: P4-G1-M1.3 downregulates receptors and inhibits PI3K/Akt/mTOR signaling

in Caki-1 and BxPC-3 xenograft models
This Example shows that P4-G1-M1.3 downregulates receptors and inhibits

PI3K/Akt/mTOR signaling in Caki-1 human renal clear cell carcinoma and BxPC-3 human
pancreatic adenocarcinoma xenograft models in end-of-study tumors.

The profiling of tumors from a Caki-1 xenograftstudy was conducted essentially as
follows. Mice with human tumor cell line xenografts were prepared and various treatments
administered essentially as described above in Example 3D. For the Caki-1 xenograft study, 3
groups were established, each containing 5 mice. These included control, P4-G1-M1.3 (600ug),
and anti-IGF-1R Ab# A (291ug dose 1, 320ug dose 2). Antibodies were dosed twice, IP, at a
three day interval. Everolimus was dosed PO, qd. Tumors were harvested 24 hours after the
second antibody dose.

The profiling of tumors from a BXPC-3 xenograftstudy was conducted essentially as
described in Example 23.

Tumors were initially weighed and pulverized in a CryoPrep tissue pulverizer (Model
CP-02, Covaris). Tissue Extraction Reagent 1 (TER1, Life Technologies™) containing protease
and phosphatase inhibitors was added to the tumor at a ratio of 1ml TER1 per 100mg of tissue.
Samples were incubated on ice for 30 minutes to solubilize tissue and put through a
QIAshredder™ column (Qiagen) according to the manufacturers protocol. A BCA assay
(Pierce) was performed to determine protein concentration according to the manufacturer’s
protocdl.

Samples were analyzed by western blot. Loading buffer containing p-Mercaptoethanol
(B-ME) was added and lysates were boiled for 5 minutes at 95°C. Approximately 40ug of
protein and two ladders (Invitrogen) were run on each well of an 18-well gel (BioRad). Gels
were run at 150 volts constant for approximately 90 minutes and transferred to nitrocellulose
membranes using the iBlot® (Invitrogen) transfer system's 8 minute transfer program.
Membranes were blocked in Odyssey® Blocking Buffer (Licor® Biosciences) for 1 hour at
room temperature, and then incubated with primary antibodies overnight at 4°C in 5% BSA in
TBS-T. All antibodies were purchased from Cell Signaling and used at the recommended
dilution. The following day membranes were washed 3 x 5 minutes each with TBS-T and then
incubated with anti-Rabbit IgG - DyLight® 800 (Cell Signaling) or anti-Rabbit IRDye® 800
(Licor® Biosciences) at 1:10,000-15,000 in 5% milk in TBS-T for 1 hour at room temperature.
Membranes were then washed 3 x 5 minutes each with TBS-T and scanned using the Licor®
Odyssey® system (Licor® Biosciences). Band intensities were quantified using Image Studio
2.0 and normalized to B-Actin levels. In Caki-1 xenografts control tumors were compared to

those treated with P4-G1-M1.3, Anti-IGF-1R Ab#A + Anti-ErbB3 Ab# A, or everolimus.
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The results of the Caki-1 profiling study, (Figs. 54 A-F), indicate that levels of IGF-1R,
insulin receptor, ErbB3, EGFR, pAKT(Ser473 or Thr308), pFox01(Thr24)/Fox03a(Thr32) and
phospho-mTOR(Ser2448 or Ser2481) are all similar to levels in control mice or lower in tumors
from mice treated with P4-G1-M1.3, relative to mice treated with the Anti-IGF-1R Ab# A +
Anti-ErbB3 Ab# A combination or the mTOR inhibitor everolimus.

The results of the BxPC-3 profiling study, (Figs. 55 A-C), indicate that IGF-1R, ErbB3,
pEGFR, pmTOR(S2448), and pS6(S235/236) are all lower in tumors from mice treated with P4-
G1-M1.3, relative to mice treated with the Anti-IGF-1R Ab#A or PBS alone.

Example 25: P4-G1-M1.3 blocks IGF-1 and IGF-2 binding to receptors.
This Example shows by means of an ELISA assay that P4-G1-M1.3 effectively blocks

the binding of IGF-1 and IGF-2 to IGF-1R.

96-well Reacti-bind® plates (Pierce) were coated with 50l of IGF-1R-His (R&D
Systems cat. No. 305-GR; 2pug/ml in PBS) and incubated overnight at 4°C. The next day plates
were washed with PBS + 0.05% Tween-20 (PBS-T) and blocked for 1hr. at room temperature
with 100ul of Protein-Free Blocking Buffer (Pierce). Plates were washed with PBS-T and 100ul
of P4-G1-M1.3 was added in duplicate. Antibody concentration started at 500nM (in PBS-T)
and included ten additional two-fold dilutions and one blank (PBS-T only). Plates were
incubated at room temperature for two hours and then washed with PBS-T. 100ul of either IGF-
1 or IGF-2 (EMD Chemicals) was added at 100ng/ml and incubated at room temperature for one
hour. Following washing, 100u! of either Rabbit-Anti-IGF-1 or Rabbit-Anti-IGF-2 (both
Abcam, 5ug/ml) were added to the plates and incubated for one hour at room temperature.
Plates were then washed and incubated with 100u] of Anti-Rabbit-HRP (Cell Signaling) for 1
hour at room temperature, washed again and 100ul of TMB substrate (Cell Signaling) was
added. The plates were incubated for 5-15 minutes at room temperature until a blue color
developed, and the reaction was stopped with 100ul of STOP solution (Cell Signaling
Technology). The absorbance was read at 450nm on a PerkinElmer Envision plate reader, and
binding curves were generated using GraphPad Prism®.

The results of the ELISA assay, (Fig. 56), show that P4-G1-M1.3 blocks both IGF-1 and
IGF-2 binding to IGF-1R in a dose-dependent manner.

Example 26: P4-G1-M1.3 and P4-G1-C8 in DU145, BxPC-3, SK-ES-1, and Caki-1 tumor

xenograft models
For each of studies A-D below, cells were respsusended 1:1 with PBS:Growth factor-

reduced Matrigel® and injected subcutaneously into Nu/Nu mice. Tumors were allowed to

develop for 8 days. Antibodies were injected intraperitoneally every 3 days (q3d) at the indicated
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doses/mouse. Tumor lengths and widths were measured twice a week manually by caliper, and
tumor volume calculated using the following formula: /6(L x W?). Each arm of the study
contained 10 animals.

A.P4-G1-C8 and P4-G1-M1.3 suppress tumor growth of DU145 prostate cancer cells in

vivo.

For this DU145 xenograft study, 8 x 10° DU 145 cells were prepared and used as
described above.

The results (Fig. 57A), show that both P4-G1-C8 and P4-G1-M.3 suppress the growth of
prostate cancer cells in vivo.

B. P4-G1-C8 and P4-G1-M 1.3 suppress tumor growth of BXPC-3 pancreatic cancer cells

in vivo better than an anti-IGF-1R IgG.

For thisaft study, 5 x 10° BxPC-3 cells were prepared and used as described above.

The results (Fig. S7B), show that P4-G1-C8 and P4-G1-M1.3 suppress tumor growth of
BxPC-3 pancreatic cancer cells in vivo and that both are superior to anti-IGF-1R Ab# A in
inhibiting tumor cell growth.

C. P4-G1-M1.3 suppresses tumor growth of SK-ES-1 Ewing’s sarcoma cancer cells in

vivo

For thisxenograft study, 10 x 10° SK-ES-1 cells were prepared and used as described
above.

The results (Fig. 57C), show that P4-G1-M1.3 suppresses tumor cell growth in a dose-
dependent manner.

D. P4-G1-M1.3 suppresses tumor growth of Caki-1 renal cell carcinoma cancer cells in

vivo and displays superior suppression compared to the combination of an anti-IGF-1R IgG and
an anti-ErbB3 IgG.
For this study, 8 x 10° Caki-1 cells were prepared and used as described above.

The results (Fig. 57D), show that P4-G1-M1.3 suppresses tumor cell growth in a dose-
dependent manner and is more effective at inhibiting tumor cell growth that a combination of
anti-IGF-1R Ab# A (ganitumab; SEQ ID NO:327 + SEQ ID NO:328). and anti-ErbB3 Ab# A
(SEQ ID NO:336 + SEQ ID NO:337) antibody, whether these antibodies are given at an equal

exposure or at equimolar dosing.

Example 27: Computational analysis of PK data to design PD/efficacy studies in mice

This Example describes the computational methodology used to fit mathematical
modeling to experimental data to estimate the pharmacokinetics (PK) parameters of M1.3-G1-
P4.

Fitting mathematical modeling to PK data
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The PK parameters of M1.3-G1-P4 were inferred via implementation of the intravenous
(IV) bolus target mediated drug disposition (TMDD) model. The IV TMDD is a 2-compartment

PK model structured as a set of 4 coupled differential equations, as follows:

a(oy] Ve ;
—[;ti = Czd[DC]g —Cy (Dx]

(1B)
28—y —k,  [R] -k, [RI[D
e Mén T out “Hon C]+koff[D:Rﬂ

d¢ (1C)
d[::R] = kGN[R] [Dc] - kxﬂff (D:R] — k.a{[D:R] (1D)

In equations 1A-1D, Dc and Dp are the concentrations of the drug in the central and
peripheral compartments, Ve and Vp are the volumes of the central and peripheral compartments,
whereas R and D:R denote the concentrations of the free target receptor and drug-receptor
complex in the central compartment. Moreover, Cig, Cy, Kin, Kour, kon, ko and k., respectively
represent the rate constants of transport across compartments, drug clearance from the central
compartment, receptor synthesis, receptor degradation, drug-receptor association, drug-receptor
dissociation, and drug-receptor clearance from the central compartment. The IV TMDD model
describes the dynamics processes of drug binding to the target receptor and drug clearance in the
central compartment as well as the process of drug transport from the central to the peripheral
compartment when the drug of interest is directly injected in the central compartment (blood).
Fitting TMDD model to experimental data obtained from mice blood enables estimating the PK
properties of M1.3-G1-P4. |

Fig. 58 shows the fitting of TMDD model to experimental data (solid line = fit of
500ug/mouse dose given i.v., dotted line = fit of 100pg/mouse dose given i.v.). The M1.3-G1-P4
PK parameters are listed in Table 24 below.

Table 24. PK parameters of M1.3-G1-P4 inferred from fitting of IV TMDD modeling to

PK data obtained from mice blood.

Cu G kin Kous kon ko ko Ve Vi
(ng mL' (ng”
(') (n) ) (h') ) ') (')  mL = mL
M1.3-Gl-
P4 0203 030 102044 045 0006 4451 00001 1386 51.745
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Equivalents
Those skilled in the art will recognize, or be able to ascertain and implement using no

more than routine experimentation, many equivalents of the specific embodiments described
herein. Such equivalents are intended to be encompassed by the following claims. Any
5  combinations of the embodiments disclosed in the dependent claims are contemplated to be

within the scope of the disclosure.

Incorporation by reference
The disclosure of each and every U.S. and foreign patent and pending patent application

10 and publication referred to herein is specifically incorporated by reference herein in its entirety.
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Claims:

1. A polyvalent bispecific antibody (PBA), which antibody is a protein comprising two
pairs of polypeptide chains, each pair of said two pairs comprising a heavy chain joined

to a light chain by at least one heavy-light chain bond; wherein

each pair comprises at least one anti-IGF-1R binding site and at least one anti-ErB3 binding site;

and

each pair comprises a first binding site that comprises an N-terminal portion of the heavy chain
of the PBA and an N-terminal portion of the light chain of the PBA, and a second binding site
that is a C-terminal scFv that is entirely comprised by the heavy chain of the PBA, said C-
terminal scFv containing a heavy chain variable region joined to a light chain variable region by

an scFv linker; and

the anti-IGF-1R binding site is linked to the anti-ErbB3 binding site through a heavy chain
immunoglobulin (HC Ig) constant region comprised by the heavy chain of the PBA, and

the two pairs are conjoined by at least one bond between the HC Ig constant regions of each pair,

and

(i) the anti-IGF-1R binding site comprises a heavy chain variable (VH) domain
comprising a set of three VH Complementarity Determining Regions (CDRs)
comprising either (a) VHCDR1 (amino acid numbers 26-35), VHCDR2 (amino acid
numbers 51-66), and VHCDR3 (amino acid numbers 99-111), of a heavy chain
having an amino acid sequence comprising the amino acid sequence of a SEQ ID
NOselected from the group consisting of SEQ ID NO:1, SEQ ID NOs:8-31 and SEQ
ID NOs:384-385; or (b) a set of three VH Complementarity Determining Regions
(CDRs) comprising VHCDR1 comprising SEQ ID NO:302, VHCDR2 comprising
SEQ ID NO:303 and VHCDR3 comprising SEQ ID NO:304; and a light chain
variable (VL) domain comprising a set of three VLCDRs comprising either (c)
VLCDRI1 (amino acid numbers 24-34), VLCDR2 (amino acid numbers 50-56) and
VLCDR3 (amino acid numbers 89-97) of a light chain having an amino acid
sequence comprising the amino acid sequence of a SEQ ID NOselected from the
group consisting of SEQ ID NOs:2-3, SEQ ID NOs:32-133, and SEQ ID NOs:386-
387; or (d) a set of three VLCDRs comprising VLCDR1 comprising SEQ ID
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NO:305, VLCDR?2 comprising SEQ ID NO:306 and VLCDR3 comprising SEQ ID
NO:307 or SEQ ID NO:308, and

each CDR further comprising an amino terminus and a carboxy terminus,
wherein the CDRs of each set of CDRs are arranged in the corresponding heavy
or light chain in a linear amino to carboxy order of CDR1, CDR2 and CDR3,

and

(ii) the anti-ErbB3 binding site comprises a heavy chain variable (VH) domain
comprising a set of three VH CDRs comprising either (¢) VHCDR1 (amino acid
numbers 26-35), VHCDR2 (amino acid numbers 51-66) and VHCDR3 (amino acid
numbers 99-111) of a heavy chain having an amino acid sequence comprising the
amino acid sequence of a SEQ ID NOselected from the group consisting of SEQ ID
NOs:4-5, SEQ ID NOs: 134-165, and SEQ ID NO:388, or (f) a set of three VH
CDRs comprising VHCDR1 comprising SEQ ID NO:309, VHCDR2 comprising
SEQ ID NO:310 and VHCDR3 comprising SEQ ID NO:311, and a light chain
variable (VL) domain comprising a set of three VLCDRSs comprising either (g)
VLCDRI1 (amino acid numbers 23-33), VLCDR2 (amino acid numbers 49-55) and
VLCDR3 (amino acid numbers 88-98), of a light chain having an amino acid
sequence comprising the amino acid sequence of a SEQ ID NOselected from the
group consisting of SEQ ID NOs:6-7 and SEQ ID NOs: 166-200; or (h) a light chain
variable (VL) domain comprising a set of three VLCDRs comprising VLCDR1
comprising SEQ ID NO:312, VLCDR2 comprising SEQ ID NO:313 and VLCDR3
comprising SEQ ID NO:314 or SEQ ID NO:315; and

each CDR further comprising an amino terminus and a carboxy terminus,
wherein the CDRs of each set of CDRs are arranged in the antibody in a linear
amino to carboxy order of CDR1, CDR2 and CDR3,
and
(iii) wherein the PBA does not comprise both a) an anti-IGF-1R module comprising a light chain
comprising SEQ ID NO:35 and a heavy chain comprising SEQ ID NO:11 and b) an anti-ErbB3
module comprising a light chain comprising SEQ ID NO:175 and a heavy chain comprising
SEQ ID NO:145.

2. The polyvalent bispecific antibody of claim 1, wherein the anti-IGF-1R VLCDR3
comprises SEQ ID NO:308 or the anti-ErbB3 VLCDR3 comprises SEQ ID NO:315.
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The polyvalent bispecific antibody of claim 1 or 2, wherein the two pairs of polypeptide

chains have essentially identical sequences.

The polyvalent bispecific antibody of any one of claims 1-3, wherein at least one of said
at least one bonds between the HC Ig constant regions is a disulfide bond or at least one

of said at least one heavy-light chain bond is a disulfide bond.

The polyvalent bispecific antibody of any one of claims 1-3, wherein at least one of said
at least one bond between the HC Ig constant regions is a van der Wamino acidls bond
or at least one of said at least one heavy-light chain bond is a van der Wamino acidls

bond.

The polyvalent bispecific antibody of any one of claims 1-5, wherein the anti-ErbB3

binding site i3 the C-terminal scFv.

The polyvalent bispecific antibody of any one of claims 1-5, wherein the anti-IGF-1R

binding site is the C-terminal scEFv.

The polyvalent bispecific antibody of any one of claims 1-7, wherein the anti-IGF-1R
binding site, the HC Ig constant region and the anti-ErbB3 binding site comprise the

heavy chain of that pair, which is comprised by a single, contiguous polypeptide chain.

9. The polyvalent bispecific antibody of any one of claims 1-8, which:

(i) inhibits growth of tumor cells in vitro at a concentration of 1 pM or less, or 100 nM or less, or

10 nM or less, or 1 nM or less, or

ii) inhibits either or both of heregulin and IGF1 induced signal transduction with an IC50 of
10nM or less or 1nM or less or 100 pM or less, or a maximal percent inhibition of at least 70%
or at least 80% or at least 90%, as indicated by inhibition of phosphorylation of either or both of
pErbB3 and pIGF-1R.

10. The polyvalent bispecific antibody of claim 9, wherein growth inhibition is measured

with a CTG assay in DU145 cells in culture.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

The PBA of claim 9, wherein inhibition of signal transduction is determined in BxPC-3
cells in culture following stimulation with IGF-1 at 80 ng/ml and heregulin at 20 ng/ml

for 15 minutes.

The polyvalent bispecific antibody of any one of claims 1-11, wherein each said HC Ig
constant region comprises a CH3 domain that mediates conjunction with the CH3

domain of the other pair.

The polyvalent bispecific antibody of claim 12, wherein each said HC Ig constant region

comprises a CH2 domain.

The polyvalent bispecific antibody of claim 13, wherein each said HC Ig region

comprises a hinge.

The polyvalent bispecific antibody of claim 14, wherein each said HC Ig region

comprises a CH1 domain.

The polyvalent bispecific antibody of claim 15, wherein each said CH1 domain is linked
at its C-terminus to the N-terminus of a hinge, which is linked at its C-terminus to the N-
terminus of a CH2 domain, which is linked at its C-terminus to the N-terminus of a CH3

domain.

The polyvalent bispecific antibody of claim 16, wherein each said first binding site
comprises a first VH domain, and wherein each said CH1 domain is linked at its N-

terminus to the C-terminus of the first VH domain.

The polyvalent bispecific antibody of claim 17, wherein each said CH3 domain is linked

at its C-terminus to the N-terminus of the scFv.
The polyvalent bispecific antibody of claim 18, wherein each said CH3 domain is linked
at its C terminus to the N-terminus of a connecting linker, which is linked at its C-

terminus to the N-terminus of the scFv.

The polyvalent bispecific antibody of claim 19, wherein each said light chain comprises

a first VL domain that associates with the first VH domain to form the first binding site.
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21.

22.

23.

24.

25.

26.

27.

The polyvalent bispecific antibody of claim 20, wherein each said first VL domain is

linked at its C-terminus to the N-terminus of a CLL domain.

The polyvalent bispecific antibody of claim 21, wherein each said first binding site is an

anti-IGF-1R binding site and each said scFv is an anti-ErbB3 scFv.

The polyvalent bispecific antibody of claim 21, wherein each said first binding site is an

anti-ErbB3 binding site and each said scFv is an anti-IGF-1R scFv.

The polyvalent bispecific antibody of any one of claims 1-23, wherein each said HC Ig

constant region is an IgG constant region.

The polyvalent bispecific antibody of claim 24, wherein each said HC IgG constant

region is an HC IgG1 constant region.

The polyvalent bispecific antibody of claim 24, wherein each said HC IgG constant

region is an HC Ig(G2 constant region.

The polyvalent bispecific antibody of claim 1, wherein

a. the anti-IGF-1R VHCDRI1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:8 and the anti-IGF-1R
VLCDRI1, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:32; or

b. the anti-IGF-1R VHCDR1, VHCDR?2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:9 and the anti-IGF-1R
VLCDRI1, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:33; or

c. the anti-IGF-1R VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:10 and the anti-IGF-1R
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ 1D NO:34; or
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the anti-IGF-1R VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:11 and the anti-IGF-1R
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ 1D NO:35; or

the anti-IGF-1R YHCDRI1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:8 and the anti-IGF-1R
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:33; or

the anti-IGF-1R VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:10 and the anti-IGF-1R
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:32; or

the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:134 and the anti-ErbB3
VLCDRI, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:166; or

the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:135 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:167; or

the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:136 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:168; or

the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:137 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:169; or
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the anti-FrbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:138 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:170; or

the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:139 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:171; or

. the anti-ErbB3 VHCDRI1, VHCDR2, VHCDR3 comprise the amino acid

sequence of the corresponding CDRs of SEQ ID NO:140 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:172; or

the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:141 and the anti-ErbB3
VLCDRI, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NOs: 173; or

the anti- ErbB3 VHCDRI1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:142 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:174; or

the anti- ErbB3 VHCDRI1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:143 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:175; or

the anti- ErbB3 VHCDRI1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:136 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:169.
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28. The polyvalent bispecific antibody of any one of claims 1-27, wherein the anti-IGF-1R
VHCDRI1, VHCDR2, VHCDR3 comprise the amino acid sequence of the corresponding
CDRs of SEQ ID NO:8 and the anti-IGF-1R VLCDR1, VLCDR2 and VLCDR3
comprise the amino acid sequence of the corresponding CDRs of SEQ ID NO:32; and

a. the anti-ErbB3 VHCDR1, VHCDR?2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:134 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:166; or

b. the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:135 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:167; or

c. the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:136 and the anti-ErbB3
VLCDRI, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:168; or

d. the anti-ErbB3 VHCDRI1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:137 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:169; or

e. the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:138 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:170; or

f. the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:139 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:171; or
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g. the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:140 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:172; or

h. the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:141 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NOs: 173; or

i. the anti- ErbB3 VHCDR1, VHCDR?2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:142 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:174; or

j- the anti- ErbB3 VHCDR1, VHCDR?2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:143 and the anti-ErbB3
VLCDRI, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:175; or

k. the anti- ErbB3 VHCDRI1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:136 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:169.

29. The polyvalent bispecific antibody of claim 1, wherein the anti-IGF-1R VHCDRI,
VHCDR2, VHCDR3 comprise the amino acid sequence of the corresponding CDRs of
SEQ ID NO:9 and the anti-IGF-1R VLCDRI1, VLCDR2 and VLCDR3 comprise the
amino acid sequence of the corresponding CDRs of SEQ ID NO:33; and

a. the anti-ErbB3 VHCDR1, VHCDR?2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:134 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:166; or
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the anti-FrbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:135 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:167; or

the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:136 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:168; or

the anti-EFrbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:137 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:169; or

the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:138 and the anti-ErbB3
VLCDRI, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:170; or

the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:139 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:171; or

the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:140 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:172; or

the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:141 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NOs: 173; or
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i. the anti- ErbB3 VHCDR1, VHCDR?2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:142 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:174; or

j- the anti- ErbB3 VHCDR1, VHCDR?2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:143 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:175; or

k. the anti- ErbB3 VHCDRI1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:136 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:169.

30. The polyvalent bispecific antibody of claim 1, wherein the anti-IGF-1R VHCDRI1,
VHCDR2, VHCDR3 comprise the amino acid sequence of the corresponding CDRs of
SEQ ID NO:10 and the anti-IGF-1R VLCDR1, VLCDR2 and VLCDR3 comprise the
amino acid sequence of the corresponding CDRs of SEQ ID NO:34; and

a. the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:134 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:166; or

b. the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:135 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:167; or

c. the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:136 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:168; or
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the anti-FrbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:137 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:169; or

the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:138 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:170; or

the anti-EFrbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:139 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:171; or

the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:140 and the anti-ErbB3
VLCDRI, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:172; or

the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:141 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NOs: 173; or

the anti- ErbB3 VHCDRI1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:142 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:174; or

the anti- ErbB3 VHCDRI1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:143 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:175; or
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k. the anti- ErbB3 VHCDRI1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:136 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:169.

31. The polyvalent bispecific antibody of claim 1, wherein the anti-IGF-1R VHCDRI1,
VHCDR2, VHCDR3 comprise the amino acid sequence of the corresponding CDRs of
SEQ ID NO:11 and the anti-IGF-1R VLCDRI1, VLCDR2 and VLCDR3 comprise the
amino acid sequence of the corresponding CDRs of SEQ ID NO:35; and

a. the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:134 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:166; or

b. the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:135 and the anti-ErbB3
VLCDRI, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:167; or

c. the anti-ErbB3 VHCDRI1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:136 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:168; or

d. the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:137 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:169; or

€. the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:138 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:170; or
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f. the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:139 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:171; or

g. the anti-ErbB3 VHCDRI1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:140 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:172; or

h. the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:141 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NOs: 173; or

i. the anti- ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:142 and the anti-ErbB3
VLCDRI, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:174; or

j- the anti- ErbB3 VHCDRI1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:136 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:169.

32. The polyvalent bispecific antibody of claim 1, wherein the anti-IGF-1R VHCDRI1,
VHCDR2, VHCDR3 comprise the amino acid sequence of the corresponding CDRs of
SEQ ID NO:8 and the anti-IGF-1R VLCDRI1, VLCDR2 and VLCDR3 comprise the
amino acid sequence of the corresponding CDRs of SEQ ID NO:33; and

a. the anti-ErbB3 VHCDR1, VHCDR?2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:134 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:166; or

164



WO 2012/145507

10

15

20

25

30

35

PCT/US2012/034244

the anti-FrbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:135 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:167; or

the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:136 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:168; or

the anti-EFrbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:137 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:169; or

the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:138 and the anti-ErbB3
VLCDRI, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:170; or

the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:139 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:171; or

the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:140 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:172; or

the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:141 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NOs: 173; or
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i. the anti- ErbB3 VHCDR1, VHCDR?2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:142 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:174; or

j- the anti- ErbB3 VHCDR1, VHCDR?2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:143 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:175; or

k. the anti- ErbB3 VHCDRI1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:136 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:169.

33. The polyvalent bispecific antibody of claim 1, wherein the anti-IGF-1R VHCDRI1,
VHCDR2, VHCDR3 comprise the amino acid sequence of the corresponding CDRs of
SEQ ID NO:10 and the anti-IGF-1R VLCDR1, VLCDR2 and VLCDR3 comprise the
amino acid sequence of the corresponding CDRs of SEQ ID NO:32; and

a. the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:134 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:166; or

b. the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:135 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:167; or

c. the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:136 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:168; or
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the anti-FrbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:137 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:169; or

the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:138 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:170; or

the anti-EFrbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:139 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:171; or

the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:140 and the anti-ErbB3
VLCDRI, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:172; or

the anti-ErbB3 VHCDR1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:141 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NOs: 173; or

the anti- ErbB3 VHCDRI1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:142 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:174; or

the anti- ErbB3 VHCDRI1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:143 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:175; or
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k. the anti- ErbB3 VHCDRI1, VHCDR2, VHCDR3 comprise the amino acid
sequence of the corresponding CDRs of SEQ ID NO:136 and the anti-ErbB3
VLCDRI1, VLCDR2 and VLLCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:169.

34. A polyvalent bispecific antibody of any one of claims 1-33, wherein each said anti-IGF-

35.

36.

37.

38.

39.

1R binding site comprises a VH domain comprising the sequence of SEQ ID NO:1,
wherein the sequence comprises variable amino acids, which independently represent

any amino acid set forth at the corresponding position in Fig. 1.

The polyvalent bispecific antibody of any one of claims 1-34, wherein each said anti-
IGF-1R binding site comprises a VL. domain comprising the sequence of SEQ ID NO:2,
wherein the sequence comprises variable amino acids, which independently represent

any amino acid set forth at the corresponding position in Fig. 2.

The polyvalent bispecific antibody of claim 35, wherein each said anti-IGF-1R binding
site comprises a VH domain comprising the sequence of SEQ ID NO:1 and a VL
domain comprising the sequence of SEQ ID NO:2, wherein the sequences comprise
variable amino acids, which independently represent any amino acid set forth at the

corresponding position in Fig. 1 (for VH) and Fig. 2 (for VL).

The polyvalent bispecific antibody of any one of claims 1-36, wherein each said anti-
IGF-1R binding site comprises a VL. domain comprising the sequence of SEQ ID NO:3,
wherein the sequence comprises variable amino acids, which independently represent

any amino acid set forth at the corresponding position in Fig. 2.

The polyvalent bispecific antibody of claim 37, wherein each said anti-IGF-1R binding
site comprises a VH domain comprising the sequence of SEQ ID NO:1 and a VL
domain comprising the sequence of SEQ ID NO:3.

The polyvalent bispecific antibody of any one of claims 1-38, wherein each said anti-
ErbB3 binding site comprises a VH domain comprising the sequence of SEQ ID NO:4,
wherein the sequence comprises variable amino acids, which independently represent

any amino acid set forth at the corresponding position in Fig. 3.
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40. The polyvalent bispecific antibody of any one of claims 1-39, wherein each said anti-
ErbB3 binding site comprises a VL. domain comprising the sequence of SEQ 1D NO:6,
wherein the sequence comprises variable amino acids, which independently represent

any amino acid set forth at the corresponding position in Fig. 4.

41. The polyvalent bispecific antibody of claim 40, wherein each said anti-ErbB3 binding
site comprises a VH domain comprising the sequence of SEQ ID NO:4 and a VL.
domain comprising the sequence of SEQ ID NO:6.

10 42. The polyvalent bispecific antibody of any one of claims 1-41, wherein each said anti-
ErbB3 binding site comprises a VH domain comprising the sequence of SEQ ID NO:5,
wherein the sequence comprises variable amino acids, which independently represent

any amino acid set forth at the corresponding position in Fig. 3.

15 43. The polyvalent bispecific antibody of any one of claims 1-42, wherein each said anti-
ErbB3 binding site comprises a VL. domain comprising the sequence of SEQ ID NO:7,
wherein the sequence comprises variable amino acids, which independently represent

any amino acid set forth at the corresponding position in Fig. 4.

20 44. The polyvalent bispecific antibody of claim 43, wherein each said anti-ErbB3 binding
site comprises a VH domain comprising the sequence of SEQ ID NO:5 and a VL
domain comprising the sequence of SEQ ID NO:7.

45. The polyvalent bispecific antibody of claim 41, wherein each said anti-IGF-1R binding
25 site comprises a VH domain comprising the sequence of SEQ ID NO:1 and a VL
domain comprising the sequence of SEQ ID NO:2 and each said anti-ErbB3 binding site
comprises a VI domain comprising the sequence of SEQ ID NO:4 and a VL domain
comprising the sequence of SEQ ID NO:6.

30 46. The polyvalent bispecific antibody of claim 44, wherein each said anti-IGF-1R binding
site comprises a VH domain comprising the sequence of SEQ ID NO:1 and a VL.
domain comprising the sequence of SEQ ID NO:3 and the anti-ErbB3 binding site
comprises a VH domain comprising the sequence of SEQ ID NO:5 and a VL. domain
comprising the sequence of SEQ ID NO:7.

35
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47.

48.

49.

50.

51.

52.

53.

The polyvalent bispecific antibody of any one of claims 1-46, wherein each said anti-
IGF-1R binding site comprises a VH domain comprising the amino acid sequence of
SEQ ID NO:1, wherein X1 is not T, X2 is not V, X6 is not R, X8 is not D or X10 is not
I, or a VL. domain comprising the amino acid sequence of SEQ ID NO:3 or wherein
each said anti-ErbB3 binding site comprises a VH domain comprising the amino acid

sequence of SEQ ID NO:5 or a VL. domain comprising the sequence of SEQ ID NO:7.

The polyvalent bispecific antibody of claim 47, wherein each said anti-IGF-1R binding
site comprises a VH domain comprising the amino acid sequence of SEQ ID NO:1,
wherein X1 is not T, X2 is not V, X6 is not R, X8 is not D or X10 is not I, a VL domain
comprising the sequence of SEQ ID NO:3; and each said anti-ErbB3 binding site
comprises a VH domain comprising the amino acid sequence of SEQ ID NO:5 and a VL

domain comprising the sequence of SEQ ID NO:7.

The polyvalent bispecific antibody of any one of claims 1-48, wherein each said anti-
IGF-1R binding site comprises a VH domain comprising an amino acid sequence

selected from the group consisting of SEQ ID NOs: 8-31.

The polyvalent bispecific antibody of any one of claims 1-49, wherein each said anti-
IGF-1R binding site comprises a VL. domain comprising an amino acid sequence

selected from the group consisting of SEQ ID NOs: 32-133.

The polyvalent bispecific antibody of any one of claims 1-50, wherein each said anti-
ErbB3 binding site comprises a VH amino acid sequence selected from the group

consisting of SEQ ID NOs: 134-165.

The polyvalent bispecific antibody of any one of claims 1-51, wherein each said anti-
ErbB3 binding site comprises a VL amino acid sequence selected from the group

consisting of SEQ ID NOs: 166-200.
The polyvalent bispecific antibody of any one of claims 1-52, wherein
a. each said first VH domain comprises an amino acid sequence selected from the
group comprising SEQ ID NOs: 8-31, each said first VL. domain comprises an

amino acid sequence selected from the group consisting of SEQ ID NOs: 32-

133, each said second VH domain comprises an amino acid sequence selected
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from the group consisting of SEQ ID NOs: 134-165 and each said second VL
domain comprises an amino acid sequence selected from the group comprising

SEQ ID NOs: 166-200, or

each said first VH domain comprises an amino acid sequence selected from the
group comprising SEQ ID NOs: 134-165, each said first VI domain comprises
an amino acid sequence selected from the group consisting of SEQ ID NOs:
166-200, each said second VH domain comprises an amino acid sequence
selected from the group comprising SEQ ID NOs: 8-31 and each said second
VL domain consisting of an amino acid sequence selected from the group

comprising SEQ ID NOs: 32-133.

54. The polyvalent bispecific antibody of any one of claims 1-53, wherein

15

20

25

30

each said anti-IGF-1R VH domain comprises the amino acid sequence of SEQ
ID NO:8 and each said anti-IGF-1R VL domain comprises the amino acid
sequence of SEQ ID NO:32; or

each said anti-IGF-1R VH domain comprises the amino acid sequence of SEQ
ID NO:9 and each said anti-IGF-1R VL domain comprises the amino acid
sequence of SEQ ID NO:33; or

each said anti-IGF-1R VH domain comprises the amino acid sequence of SEQ
ID NO:10 and each said anti-IGF-1R VL domain comprises the amino acid
sequence of SEQ ID NO:34; or

each said anti-IGF-1R VH domain comprises the amino acid sequence of SEQ
ID NO:11 and each said anti-IGF-1R VL domain comprises the amino acid
sequence of SEQ ID NO:35; or

each said anti-IGF-1R VH domain comprises the amino acid sequence of SEQ
ID NO:8 and each said anti-IGF-1R VL domain comprises the amino acid
sequence of SEQ ID NO:33; or
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each said anti-IGF-1R VH domain comprises the amino acid sequence of SEQ
ID NO:10 and each said anti-IGF-1R VL. domain comprises the amino acid
sequence of SEQ ID NO:32; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:134 and each said anti-ErbB3 VL. domain comprises the amino acid
sequence of SEQ ID NO:166; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:135 and the anti- ErbB3 VL. domain comprise the amino acid sequence of

SEQ ID NO:167; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:136 and each said anti-ErbB3 VL. domain comprises the amino acid
sequence of SEQ ID NO:168; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:137 and each said anti-ErbB3 VL domain comprises the amino acid
sequence of SEQ ID NO:169; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:138 and each said anti-ErbB3 VL domain comprises the amino acid

sequence of SEQ ID NO:170; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:139 and each said anti-ErbB3 VL domain comprises the amino acid
sequence of SEQ ID NO:171; or

. each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID

NO:140 and each said anti-ErbB3 VL domain comprises the amino acid
sequence of SEQ ID NO:172; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID

NO:141 and each said anti-ErbB3 VL. domain comprises the amino acid
sequence of SEQ ID NO:173; or
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each said anti- ErbB3 VH domain comprises the amino acid sequence of SEQ
ID NO:142 and each said anti-ErbB3 VL. domain comprises the amino acid
sequence of SEQ ID NO:174; or

each said anti- ErbB3 VH domain comprises the amino acid sequence of SEQ
ID NO:143 and each said anti-ErtbB3 VL. domain comprises the amino acid
sequence of SEQ ID NO:175; or

each said anti- ErbB3 VH domain comprises the amino acid sequence of SEQ
ID NO:136 and each said anti-ErbB3 VL. domain comprises the amino acid
sequence of SEQ ID NOs: 169.

55. The polyvalent bispecific antibody of any one of claims 1-53, wherein each said anti-
IGF-1R VH domain comprises the amino acid sequence of SEQ ID NO:8 and each said
15 anti-IGF-1R VL domain comprises the amino acid sequence of SEQ ID NO:32; and

20

25

30

35

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:134 and each said anti-ErbB3 VL domain comprises the amino acid
sequence of SEQ ID NO:166; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:135 and the anti- ErbB3 VL domain comprise the amino acid sequence of

SEQ ID NO:167; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:136 and each said anti-ErbB3 VL domain comprises the amino acid

sequence of SEQ ID NO:168; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:137 and each said anti-ErbB3 VL domain comprises the amino acid

sequence of SEQ ID NO:169; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:138 and each said anti-ErbB3 VL. domain comprises the amino acid
sequence of SEQ ID NO:170; or
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each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:139 and each said anti-ErbB3 V1. domain comprises the amino acid
sequence of SEQ ID NO:171; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:140 and each said anti-ErbB3 VL. domain comprises the amino acid
sequence of SEQ ID NO:172; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:141 and each said anti-ErbB3 VL. domain comprises the amino acid
sequence of SEQ ID NO:173; or

each said anti- ErbB3 VH domain comprises the amino acid sequence of SEQ
ID NO:142 and each said anti-ErtbB3 VL. domain comprises the amino acid
sequence of SEQ ID NO:174; or

each said anti- ErbB3 VH domain comprises the amino acid sequence of SEQ
ID NO:143 and each said anti-ErtbB3 VL domain comprises the amino acid
sequence of SEQ ID NO:175; or

each said anti- ErbB3 VH domain comprises the amino acid sequence of SEQ
ID NO:136 and each said anti-ErbB3 VL domain comprises the amino acid
sequence of SEQ ID NOs: 169.

25 56. The polyvalent bispecific antibody of any one of claims 1-53, wherein each said anti-

IGF-1R VH domain comprises the amino acid sequence of SEQ ID NO:9 and each said

anti-IGF-1R VL domain comprises the amino acid sequence of SEQ ID NO:33; and

30

35

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:134 and each said anti-ErbB3 VL domain comprises the amino acid
sequence of SEQ ID NO:166; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:135 and the anti- ErbB3 VL. domain comprise the amino acid sequence of

SEQ ID NO:167; or
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each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:136 and each said anti-ErbB3 VL domain comprises the amino acid
sequence of SEQ ID NO:168; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:137 and each said anti-ErbB3 VL. domain comprises the amino acid
sequence of SEQ ID NO:169; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:138 and each said anti-ErbB3 VL. domain comprises the amino acid
sequence of SEQ ID NO:170; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:139 and each said anti-ErbB3 VL. domain comprises the amino acid
sequence of SEQ ID NO:171; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:140 and each said anti-ErbB3 VL domain comprises the amino acid
sequence of SEQ ID NO:172; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:141 and each said anti-ErbB3 VL domain comprises the amino acid

sequence of SEQ ID NO:173; or

each said anti- ErbB3 VH domain comprises the amino acid sequence of SEQ
ID NO:142 and each said anti-ErtbB3 VL domain comprises the amino acid
sequence of SEQ ID NO:174; or

each said anti- ErbB3 VH domain comprises the amino acid sequence of SEQ
ID NO:143 and each said anti-ErtbB3 VL domain comprises the amino acid
sequence of SEQ ID NO:175; or

each said anti- ErbB3 VH domain comprises the amino acid sequence of SEQ
ID NO:136 and each said anti-ErbB3 VL. domain comprises the amino acid
sequence of SEQ ID NOs: 169.
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57. The polyvalent bispecific antibody of any one of claims 1-53, wherein each said anti-
IGF-1R VH domain comprises the amino acid sequence of SEQ ID NO:10 and each said
anti-IGF-1R VL domain comprises the amino acid sequence of SEQ ID NO:34; and
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each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:134 and each said anti-ErbB3 VL. domain comprises the amino acid
sequence of SEQ ID NO:166; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:135 and the anti- ErbB3 VL. domain comprise the amino acid sequence of

SEQ ID NO:167; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:136 and each said anti-ErbB3 VL. domain comprises the amino acid
sequence of SEQ ID NO:168; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:137 and each said anti-ErbB3 VL domain comprises the amino acid
sequence of SEQ ID NO:169; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:138 and each said anti-ErbB3 VL domain comprises the amino acid

sequence of SEQ ID NO:170; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:139 and each said anti-ErbB3 VL domain comprises the amino acid
sequence of SEQ ID NO:171; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:140 and each said anti-ErbB3 VL domain comprises the amino acid
sequence of SEQ ID NO:172; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID

NO:141 and each said anti-ErbB3 VL. domain comprises the amino acid
sequence of SEQ ID NO:173; or
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each said anti- ErbB3 VH domain comprises the amino acid sequence of SEQ
ID NO:142 and each said anti-ErbB3 VL. domain comprises the amino acid
sequence of SEQ ID NO:174; or

each said anti- ErbB3 VH domain comprises the amino acid sequence of SEQ
ID NO:143 and each said anti-ErtbB3 VL. domain comprises the amino acid
sequence of SEQ ID NO:175; or

each said anti- ErbB3 VH domain comprises the amino acid sequence of SEQ
ID NO:136 and each said anti-ErbB3 VL. domain comprises the amino acid
sequence of SEQ ID NOs: 169.

58. The polyvalent bispecific antibody of any one of claims 1-53, wherein each said anti-
IGF-1R VH domain comprises the amino acid sequence of SEQ ID NO:11 and each said
15 anti-IGF-1R VL domain comprises the amino acid sequence of SEQ ID NO:35; and
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each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:134 and each said anti-ErbB3 VL domain comprises the amino acid
sequence of SEQ ID NO:166; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:135 and the anti- ErbB3 VL domain comprise the amino acid sequence of

SEQ ID NO:167; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:136 and each said anti-ErbB3 VL domain comprises the amino acid
sequence of SEQ ID NO:168; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:137 and each said anti-ErbB3 VL domain comprises the amino acid

sequence of SEQ ID NO:169; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:138 and each said anti-ErbB3 VL. domain comprises the amino acid
sequence of SEQ ID NO:170; or
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each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:139 and each said anti-ErbB3 V1. domain comprises the amino acid
sequence of SEQ ID NO:171; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:140 and each said anti-ErbB3 VL. domain comprises the amino acid
sequence of SEQ ID NO:172; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:141 and each said anti-ErbB3 VL. domain comprises the amino acid
sequence of SEQ ID NO:173; or

each said anti- ErbB3 VH domain comprises the amino acid sequence of SEQ
ID NO:142 and each said anti-ErtbB3 VL. domain comprises the amino acid
sequence of SEQ ID NO:174; or

each said anti- ErbB3 VH domain comprises the amino acid sequence of SEQ
ID NO:136 and each said anti-ErbB3 VL domain comprises the amino acid
sequence of SEQ ID NOs: 169.

59. The polyvalent bispecific antibody of any one of claims 1-53, wherein each said anti-

IGF-1R VH domain comprises the amino acid sequence of SEQ ID NO:8 and each said

anti-IGF-1R VL domain comprises the amino acid sequence of SEQ ID NO:33; and

25

30

35

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:134 and each said anti-ErbB3 VL domain comprises the amino acid
sequence of SEQ ID NO:166; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:135 and the anti- ErbB3 VL domain comprise the amino acid sequence of

SEQ ID NO:167; or
each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID

NO:136 and each said anti-ErbB3 VL. domain comprises the amino acid
sequence of SEQ ID NO:168; or
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each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:137 and each said anti-ErbB3 V1. domain comprises the amino acid
sequence of SEQ ID NO:169; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:138 and each said anti-ErbB3 VL. domain comprises the amino acid
sequence of SEQ ID NO:170; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:139 and each said anti-ErbB3 VL. domain comprises the amino acid
sequence of SEQ ID NO:171; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:140 and each said anti-ErbB3 VL. domain comprises the amino acid
sequence of SEQ ID NO:172; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:141 and each said anti-ErbB3 VL domain comprises the amino acid

sequence of SEQ ID NO:173; or

each said anti- ErbB3 VH domain comprises the amino acid sequence of SEQ
ID NO:142 and each said anti-ErtbB3 VL domain comprises the amino acid
sequence of SEQ ID NO:174; or

each said anti- ErbB3 VH domain comprises the amino acid sequence of SEQ
ID NO:143 and each said anti-ErtbB3 VL domain comprises the amino acid
sequence of SEQ ID NO:175; or

each said anti- ErbB3 VH domain comprises the amino acid sequence of SEQ
ID NO:136 and each said anti-ErbB3 VL. domain comprises the amino acid
sequence of SEQ ID NOs: 169.

60. The polyvalent bispecific antibody of any one of claims 1-53, wherein each said anti-
IGF-1R VH domain comprises the amino acid sequence of SEQ ID NO:10 and each said
35 anti-IGF-1R VL domain comprises the amino acid sequence of SEQ ID NO:32; and
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each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:134 and each said anti-ErbB3 V1. domain comprises the amino acid
sequence of SEQ ID NO:166; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:135 and the anti- ErbB3 VL. domain comprise the amino acid sequence of

SEQ ID NO:167; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:136 and each said anti-ErbB3 VL. domain comprises the amino acid
sequence of SEQ ID NO:168; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:137 and each said anti-ErbB3 VL. domain comprises the amino acid
sequence of SEQ ID NO:169; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:138 and each said anti-ErbB3 VL domain comprises the amino acid

sequence of SEQ ID NO:170; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:139 and each said anti-ErbB3 VL domain comprises the amino acid
sequence of SEQ ID NO:171; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:140 and each said anti-ErbB3 VL domain comprises the amino acid
sequence of SEQ ID NO:172; or

each said anti-ErbB3 VH domain comprises the amino acid sequence of SEQ ID
NO:141 and each said anti-ErbB3 VL domain comprises the amino acid

sequence of SEQ ID NO:173; or
each said anti- ErbB3 VH domain comprises the amino acid sequence of SEQ

ID NO:142 and each said anti-ErtbB3 VL. domain comprises the amino acid
sequence of SEQ ID NO:174; or
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each said anti- ErbB3 VH domain comprises the amino acid sequence of SEQ
ID NO:143 and each said anti-ErbB3 VL. domain comprises the amino acid
sequence of SEQ ID NO:175; or

each said anti- ErbB3 VH domain comprises the amino acid sequence of SEQ
ID NO:136 and each said anti-ErbB3 VL. domain comprises the amino acid
sequence of SEQ ID NOs: 169.

61. The polyvalent bispecific antibody of any one of claims 1-60, wherein

a.

each said heavy chain comprises an amino acid sequence selected from the
group consisting of SF-G1-P1 (SEQ ID NO:212); SF-G1-M1.3 (SEQ ID
NO:214); SF-G1-M27 (SEQ ID NO:216); SF-G1-P6 (SEQ 1D NO:218); SF-G1-
B69 (SEQ ID NO:220); P4-G1-C8 (SEQ 1D NO:222); P4-G1-P1 (SEQ ID
NO:224); P4-G1-M1.3 (SEQ ID NO:226); P4-G1-M27 (SEQ ID NO:228); P4-
G1-P6 (SEQ ID NO:230); P4-G1-B69 (SEQ ID NO:232); M78-G1-C8 (SEQ ID
NO:234); M78-G1-P1 (SEQ ID NO:236); M78-G1-M1.3 (SEQ ID NO:238);
M78-G1-M27 (SEQ ID NO:240); M78-G1-P6 (SEQ ID NO:242); M78-G1-B69
(SEQ ID NO:244); M57-G1-C8 (SEQ ID NO:246); M57-G1-P1 (SEQ ID
NO:248); M57-G1-M1.3 (SEQ ID NO:250); M57-G1-M27 (SEQ ID NO:252);
MS57-G1-P6 (SEQ ID NO:254) and M57-G1-B69 (SEQ ID NO:256) and each
said light chain comprises an amino acid sequence selected from the group
consisting of SF kappa light chain (SEQ ID NO:202); P4 kappa light chain
(SEQ ID NO:204); M78 kappa light chain (SEQ ID NO:206); and M57 kappa
light chain (SEQ ID NO:208); or

each said heavy chain comprises an amino acid sequence selected from the
group comprising P1-G1-P4 (SEQ ID NO:268); P1-G1-M57 (SEQ ID NO:270);
P1-G1-M78 (SEQ ID NO:272); M27-G1-P4 (SEQ ID NO:274); M27-G1-M57
(SEQ ID NO:276); M27-G1-M78 (SEQ ID NO:278); M7-G1-P4 (SEQ ID
NO:280); M7-G1-M57 ((SEQ ID NO:282); M7-G1-M78 (SEQ ID NO:284);
B72-G1-P4 (SEQ ID NO:286); B72-G1-M57 (SEQ ID NO:288); B72-G1-M78
(SEQ ID NO:290); B60-G1-P4 (SEQ ID NO:292); B60-G1-M57 (SEQ ID
NO:294); B60-G1-M78 (SEQ ID N0O:296); B60-G2-M738 (SEQ ID NO:355)
and M7-G2-M78 (SEQ ID NO:357) and each said light chain comprises an

amino acid sequence selected from the group consisting of P1 lambda light
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chain (SEQ ID NO:258); M27 lambda light chain (SEQ ID NO:260); M7
lambda light chain (SEQ ID NO:262); B72 lambda light chain (SEQ ID
NO:264); and B60 lambda light chain (SEQ ID NO:266).

62. The polyvalent bispecific antibody of any one of claims 1-61, wherein

d.

each said heavy chain comprises an amino acid sequence differing in at least
one amino acid addition, deletion or substitution from an amino acid sequence
selected from the group consisting of SF-G1-P1 (SEQ ID NO:212); SF-G1-
M1.3 (SEQ ID NO:214); SF-G1-M27 (SEQ ID NO:216); SF-G1-P6 (SEQ ID
NO:218); SF-G1-B69 (SEQ ID NO:220); P4-G1-C8 (SEQ ID NO:222); P4-G1-
P1 (SEQ ID NO:224); P4-G1-M1.3 (SEQ ID NO:226); P4-G1-M27 (SEQ 1D
NO:228); P4-G1-P6 (SEQ ID NO:230); P4-G1-B69 (SEQ ID NO:232); M78-
G1-C8 (SEQ ID NO:234); M78-G1-P1 (SEQ ID NO:236); M78-G1-M1.3 (SEQ
ID NO:238); M78-G1-M27 (SEQ ID NO:240); M78-G1-P6 (SEQ ID NO:242);
M78-G1-B69 (SEQ ID NO:244); M57-G1-C8 (SEQ ID NO:246); M57-G1-P1
(SEQ ID NO:248); M57-G1-M1.3 (SEQ ID NO:250); M57-G1-M27 (SEQ ID
NO:252); M57-G1-P6 (SEQ ID NO:254) and M57-G1-B69 (SEQ ID NO:256)
and each said light chain comprises an amino acid sequence selected from the
group consisting of SF kappa light chain (SEQ ID NO:202); P4 kappa light
chain (SEQ ID NO:204); M78 kappa light chain (SEQ ID NO:206); and M57
kappa light chain (SEQ ID NO:208); or

each said heavy chain comprises an amino acid sequence selected from the
group consisting of SF-G1-P1 (SEQ ID NO:212); SF-G1-M1.3 (SEQ ID
NO:214); SF-G1-M27 (SEQ ID NO:216); SF-G1-P6 (SEQ ID NO:218); SF-G1-
B69 (SEQ ID NO:220); P4-G1-C8 (SEQ ID NO:222); P4-G1-P1 (SEQ ID
NO:224); P4-G1-M1.3 (SEQ ID N0O:226); P4-G1-M27 (SEQ ID NO:228); P4-
G1-P6 (SEQ ID NO:230); P4-G1-B69 (SEQ ID NO:232); M78-G1-C8 (SEQ ID
NO:234); M78-G1-P1 (SEQ ID NO:236); M78-G1-M1.3 (SEQ ID NO:238);
M78-G1-M27 (SEQ ID NO:240); M78-G1-P6 (SEQ ID NO:242); M78-G1-B69
(SEQ ID NO:244); M57-G1-C8 (SEQ ID NO:246); M57-G1-P1 (SEQ ID
NO:248); M57-G1-M1.3 (SEQ ID NO:250); M57-G1-M27 (SEQ ID NO:252);
M57-G1-P6 (SEQ ID NO:254) and M57-G1-B69 (SEQ ID NO:256); and each
said light chain comprises an amino acid sequence differing in at least one

amino acid addition, deletion or substitution from an amino acid sequence
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selected from the group consisting of SF kappa light chain (SEQ ID NO:202);
P4 kappa light chain (SEQ ID NO:204); M78 kappa light chain (SEQ ID
NO:206); and M57 kappa light chain (SEQ ID NO:208); or

each said heavy chain comprises an amino acid sequence differing in at least
one amino acid addition, deletion or substitution from an amino acid sequence
selected from the group comprising P1-G1-P4 (SEQ ID NO:268); P1-G1-M57
(SEQ ID NO:270); P1-G1-M78 (SEQ ID NO:272); M27-G1-P4 (SEQ ID
NO:274); M27-G1-M57 (SEQ ID NO:276); M27-G1-M78 (SEQ ID NO:278);
M7-G1-P4 (SEQ ID NO:280); M7-G1-M57 ((SEQ ID NO:282); M7-G1-M78
(SEQ ID NO:284); B72-G1-P4 (SEQ ID NO:286); B72-G1-M57 (SEQ ID
NO:288); B72-G1-M78 (SEQ ID NO:290); B60-G1-P4 (SEQ ID NO:292);
B60-G1-M57 (SEQ ID NO:294); B60-G1-M78 (SEQ ID NO:296); B60-G2-
M78 (SEQ ID NO:355) and M7-G2-M78 (SEQ ID NO:357) and each said light
chain comprises an amino acid sequence selected from the group consisting of
P1 lambda light chain (SEQ ID NO:258); M27 lambda light chain (SEQ ID
NO:260); M7 lambda light chain (SEQ ID NO:262); B72 lambda light chain
(SEQ ID NO:264); and B60 lambda light chain (SEQ 1D NO:266); or

each said heavy chain comprises an amino acid sequence selected from the
group comprising P1-G1-P4 (SEQ ID NO:268); P1-G1-M57 (SEQ ID NO:270);
P1-G1-M78 (SEQ ID NO:272); M27-G1-P4 (SEQ ID NO:274); M27-G1-M57
(SEQ ID NO:276); M27-G1-M78 (SEQ ID NO:278); M7-G1-P4 (SEQ ID
NO:280); M7-G1-M57 ((SEQ ID NO:282); M7-G1-M78 (SEQ ID NO:284);
B72-G1-P4 (SEQ ID NO:286); B72-G1-M57 (SEQ ID NO:288); B72-G1-M78
(SEQ ID NO:290); B60-G1-P4 (SEQ ID NO:292); B60-G1-M57 (SEQ ID
NO:294); B60-G1-M78 (SEQ ID NO:296); B60-G2-M78 (SEQ ID NO:355)
and M7-G2-M78 (SEQ ID NQO:357) and each said light chain comprises an
amino acid sequence differing in at least one amino acid addition, deletion or
substitution from an amino acid sequence selected from the group consisting of
P1 lambda light chain (SEQ ID NO:258); M27 lambda light chain (SEQ ID
NO:260); M7 lambda light chain (SEQ ID NO:262); B72 lambda light chain
(SEQ ID NO:264); and B60 lambda light chain (SEQ ID NO:266).

35 63. A polyvalent bispecific antibody of claim 62, wherein
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each said heavy chain, bound to the other heavy chain by at least one bond,
comprises an amino acid sequence that is at least 90% identical to one of the
following amino acid sequences or differs from one of the following amino acid
sequences in 1-30 amino acid substitutions, deletions and/or additions: SF-G1-
P1 (SEQ ID NO:212); SF-G1-M1.3 (SEQ ID NO:214); SF-G1-M27 (SEQ ID
NO:216); SF-G1-P6 (SEQ ID NO:218); SF-G1-B69 (SEQ ID NO:220); P4-G1-
C8 (SEQ ID NO:222); P4-G1-P1 (SEQ ID NO:224); P4-G1-M1.3 (SEQ ID
NO:226); P4-G1-M27 (SEQ ID NO:228); P4-G1-P6 (SEQ ID NO:230); P4-G1-
B69 (SEQ ID NO:232); M78-G1-C8 (SEQ ID NO:234); M78-G1-P1 (SEQ ID
NO:236); M78-G1-M1.3 (SEQ ID NO:238); M78-G1-M27 (SEQ ID NO:240);
M78-G1-P6 (SEQ ID NO:242); M78-G1-B69 (SEQ ID NO:244); M57-G1-C8
(SEQ ID NO:246); M57-G1-P1 (SEQ ID NO:248); M57-G1-M1.3 (SEQ ID
NO:250); M57-G1-M27 (SEQ ID NO:252); M57-G1-P6 (SEQ ID NO:254) and
MS57-G1-B69 (SEQ ID NO:256) and

each said light chain, bound to one heavy chain of (a) by at least one bond,
comprises an amino acid sequence that is at least 90% identical to one of the
following amino acid sequences or differs from one of the following amino acid
sequences in 1-30 amino acid substitutions, deletions and/or additions: SF kappa
light chain (SEQ ID NO:202); P4 kappa light chain (SEQ ID NO:204); M78
kappa light chain (SEQ ID NO:206); and M57 kappa light chain (SEQ ID
NO:208); or

each said heavy chain, bound to the other heavy chain by at least one bond,
comprises an amino acid sequence that is at least 90% identical to one of the
following amino acid sequences or differs from one of the following amino acid
sequences in 1-30 amino acid substitutions, deletions and/or additions: P1-G1-
P4 (SEQ ID NO:268); P1-G1-M57 (SEQ ID NO:270); P1-G1-M78 (SEQ ID
NO:272); M27-G1-P4 (SEQ ID NO:274); M27-G1-M57 (SEQ ID NO:276);
M27-G1-M78 (SEQ ID NO:278); M7-G1-P4 (SEQ ID NO:280); M7-G1-M57
((SEQ ID NO:282); M7-G1-M78 (SEQ ID NO:284); B72-G1-P4 (SEQ ID
NO:286); B72-G1-M57 (SEQ ID NO:288); B72-G1-M73 (SEQ ID NO:290);
B60-G1-P4 (SEQ ID NO:292); B60-G1-M57 (SEQ ID NO:294); and B60-G1-
M78 (SEQ ID NO:296), ); B60-G2-M78 (SEQ 1D NO:355) and M7-G2-M78
(SEQ ID NO:357) and
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d. each said light chain, bound to one heavy chain of (c) by at least one bond,
comprises an amino acid sequence that is at least 90% identical to one of the
following amino acid sequences or which differs from one of the following
amino acid sequences in 1-30 amino acid substitutions, deletions and/or

5 additions: P1 lambda light chain (SEQ ID NO:258); M27 lambda light chain
(SEQ ID NO:260); M7 lambda light chain (SEQ ID NO:262); B72 lambda light
chain (SEQ ID NO:264); and B60 lambda light chain (SEQ ID NO:266).

64. The polyvalent bispecific antibody of claim 63, wherein
10
a. each said heavy chain comprises an amino acid sequence that is at least 95%

identical to one of the following amino acid sequence or differs from one of the
following amino acid sequences in 1-10 amino acid substitutions, deletions
and/or additions: SF-G1-P1 (SEQ ID NO:212); SF-G1-M1.3 (SEQ ID NO:214);

15 SF-G1-M27 (SEQ ID NO:216); SF-G1-P6 (SEQ ID NO:218); SF-G1-B69 (SEQ
ID NO:220); P4-G1-C38 (SEQ ID NO:222); P4-G1-P1 (SEQ ID NO:224); P4-
G1-M1.3 (SEQ ID NO:226); P4-G1-M27 (SEQ ID NO:228); P4-G1-P6 (SEQ
ID NO:230); P4-G1-B69 (SEQ 1D NO:232); M78-G1-C8 (SEQ ID NO:234);
M78-G1-P1 (SEQ ID NO:236); M78-G1-M1.3 (SEQ ID NO:238); M78-G1-

20 M27 (SEQ ID NO:240); M78-G1-P6 (SEQ ID NO:242); M78-G1-B69 (SEQ ID
NO:244); M57-G1-C8 (SEQ ID NO:246); M57-G1-P1 (SEQ ID NO:248); M57-
G1-M1.3 (SEQ ID NO:250); M57-G1-M27 (SEQ ID NO:252); M57-G1-P6
(SEQ ID NO:254) and M57-G1-B69 (SEQ ID NO:256), and

25 b. each said light chain comprises an amino acid sequence that is at least 95%
identical to one of the following amino acid sequences or differs from one of the
following amino acid sequences in 1-10 amino acid substitutions, deletions
and/or additions: SF kappa light chain (SEQ ID NO:202); P4 kappa light chain
(SEQ ID NO:204); M78 kappa light chain (SEQ ID NO:206); and M57 kappa

30 light chain (SEQ ID NO:208); or

c. each said heavy chain comprises an amino acid sequence that is at least 95%
identical to one of the following amino acid sequences or differs from one of the
following amino acid sequences in 1-10 amino acid substitutions, deletions

35 and/or additions: P1-G1-P4 (SEQ ID NO:268); P1-G1-M57 (SEQ ID NO:270);
P1-G1-M78 (SEQ ID NO:272); M27-G1-P4 (SEQ ID NO:274); M27-G1-M57
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67.

68.

69.

(SEQ ID NO:276); M27-G1-M78 (SEQ ID NO:278); M7-G1-P4 (SEQ ID
NO:280); M7-G1-M57 ((SEQ ID NO:282); M7-G1-M78 (SEQ ID NO:284);
B72-G1-P4 (SEQ ID NO:286); B72-G1-M57 (SEQ ID NO:288); B72-G1-M78
(SEQ ID NO:290); B60-G1-P4 (SEQ ID NO:292); B60-G1-M57 (SEQ ID
NO:294); and B60-G1-M78 (SEQ ID NO:296); B60-G2-M78 (SEQ ID
NO:355) and M7-G2-M78 (SEQ ID NO:357) and

d. each said light chain o comprises an amino acid sequence that is at least 95%
identical to one of the following amino acid sequences or differs from one of the
following amino acid sequences in 1-10 amino acid substitutions, deletions
and/or additions: P1 lambda light chain (SEQ ID NO:258); M27 lambda light
chain (SEQ ID NO:260); M7 lambda light chain (SEQ ID NO:262); B72 lambda
light chain (SEQ ID NO:264); B60 lambda light chain (SEQ ID NO:266).

An SF-G1-P1 polyvalent bispecific antibody comprising:

two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NO:212; and

two light chains, each comprising a light chain sequence of SEQ ID NO:202.

An SF-G1-M1.3 polyvalent bispecific antibody comprising:

two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NO:214; and

two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:202.

An SF-G1-M27 polyvalent bispecific antibody comprising:

two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NO:216; and

two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:202.

An SF-G1-P6 polyvalent bispecific antibody comprising:

two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NO:218; and

two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:202.

An SF-G1-B69 polyvalent bispecific antibody comprising:

two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
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71.

72.

73.

74.

75.

76.

NO:220; and
two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:202.

A P4-G1-C8 polyvalent bispecific antibody comprising:
two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID

NO:222; and
two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:204.

A P4-G1-P1 polyvalent bispecific antibody comprising:

two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NO:224; and

two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:204.

A P4-G1-M1.3 polyvalent bispecific antibody comprising:

two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NO:226; and

two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:204.

A P4-G1-M27 polyvalent bispecific antibody comprising:

two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NO:228; and

two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:204.

A P4-G1-P6 polyvalent bispecific antibody comprising:

two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NO:230; and

two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:204.

A P4-G1-B69 polyvalent bispecific antibody comprising:

two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NO:232; and

two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:204.

An M78-G1-C8 polyvalent bispecific antibody comprising:

two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
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78.

79.

80.

81.

82.

83.

NO:234; and
two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:206.

An M78-G1-P1 polyvalent bispecific antibody comprising:

two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NO:236; and

two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:206.

An M78-G1-M1.3 polyvalent bispecific antibody comprising:

two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NO:238; and

two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:206.

An M78-G1-M27 polyvalent bispecific antibody comprising:

two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NO:240; and

two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:206.

An M78-G1-P6 polyvalent bispecific antibody comprising:

two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NO:242; and

two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:206.

An M78-G1-B69 polyvalent bispecific antibody comprising:

two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NO:244; and

two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:206.

An M57-G1-C8 polyvalent bispecific antibody comprising:

two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NO:246; and

two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:208.

An M57-G1-P1 polyvalent bispecific antibody comprising:

two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
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85.

86.

87.

88.

39.

90.

NO:248; and
two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:208.

An M57-G1-M1.3 polyvalent bispecific antibody comprising:

two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NO:250; and

two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:208.

An M57-G1-M27 polyvalent bispecific antibody comprising:

two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NO:252; and

two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:208.

An M57-G1-P6 polyvalent bispecific antibody comprising:

two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NO:254; and

two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:208.

An M57-G1-B69 polyvalent bispecific antibody comprising:
two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NO:256; and

two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:208.

A P1-G1-P4 polyvalent bispecific antibody comprising:
two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NO:268; and

two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:258.

A P1-G1-MS57 polyvalent bispecific antibody comprising:

two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NO:270; and

two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:258.

A P1-G1-M78 polyvalent bispecific antibody comprising:

two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
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NO:272; and
two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:258.

An M27-G1-P4 polyvalent bispecific antibody comprising:
two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID

NO:274; and
two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:260.

An M27-G1-M57 polyvalent bispecific antibody comprising:

two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NO:276; and

two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:260.

An M27-G1-M78 polyvalent bispecific antibody comprising:

two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NO:278; and

two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:260.

An M7-G1-P4 polyvalent bispecific antibody comprising:

two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NO:280; and

two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:262.

An M7-G1-MS57 polyvalent bispecific antibody comprising:

two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NQO:282; and

two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:262.

An M7-(G1-M78 polyvalent bispecific antibody comprising:

two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NO:284; and

two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:262.

A B72-G1-P4 polyvalent bispecific antibody comprising:

two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
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NO:286; and
two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:264.

98. A B72-G1-M57 polyvalent bispecific antibody comprising:
two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NO:288; and
two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:264.

99. A B72-G1-M78 polyvalent bispecific antibody comprising:
two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NO:290; and
two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:264.

100. A B60-G1-P4 polyvalent bispecific antibody comprising:
two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NO:292; and
two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:266.

101. A B60-G1-M57 polyvalent bispecific antibody comprising:
two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NO:294; and
two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:266.

102. A B60-G1-M78 polyvalent bispecific antibody comprising:
two heavy chains, each comprising a heavy chain amino acid sequence of SEQ ID
NO:296; and
two light chains, each comprising a light chain amino acid sequence of SEQ ID NO:266.

103. An anti-IGF-1R monoclonal antibody comprising a first sequence comprising in
amino to carboxy order a VLCDRI sequence, a VLCDR2 sequence and a VLCDR3
sequence of SF kappa light chain as indicated by dotted underlining in Fig. SA, SEQ ID
NO:202, said antibody further comprising a second sequence comprising in amino to
carboxy order a VHCDRI1 sequence, a VHCDR?2 sequence and a VHCDR3 sequence of
SF heavy chain as indicated by the first three dotted underlined sequences respectively
in Fig. 5A, SEQ ID NO:210, wherein the first sequence and the second sequence are

non-overlapping.
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An anti- IGF-1R monoclonal antibody comprising in amino to carboxy order a
VLCDRI sequence, a VLCDR2 sequence and a VLLCDR3 sequence of P4 kappa light
chain as indicated by dotted underlining in Fig. 5A, SEQ ID NO:204, said antibody
further comprising in amino to carboxy order a VHCDR1 sequence, a VHCDR2
sequence and a VHCDR3 sequence of P4 heavy chain as indicated by the first three
dotted underlined sequences respectively in Fig. SA, SEQ ID NO:222.

An anti- IGF-1R monoclonal antibody comprising in amino to carboxy order a
VLCDRI sequence, a VLCDR2 sequence and a VLLCDR3 sequence of M78 kappa light
chain as indicated by dotted underlining in Fig. 5A, SEQ ID NO:206, said antibody
further comprising in amino to carboxy order a VHCDR1 sequence, a VHCDR2
sequence and a VHCDR3 sequence of M78 heavy chain as indicated by the first three
dotted underlined sequences respectively in Fig. SA, SEQ ID NO:234.

An anti- IGF-1R monoclonal antibody comprising in amino to carboxy order a
VLCDRI sequence, a VLCDR2 sequence and a VLCDR3 sequence of M57 kappa light
chain as indicated by dotted underlining in Fig. 5A, SEQ ID NO:208, said antibody
further comprising in amino to carboxy order a VHCDRI1 sequence, a VHCDR2
sequence and a VHCDR3 sequence of M57 heavy chain as indicated by the first three
dotted underlined sequences respectively in Fig. SA, SEQ ID NO:246.

An isolated anti-IGF-1R antibody binding specifically to human IGF-1R,

wherein

a. the anti-IGF-1R antibody comprises a VH domain comprising a set of three VH
CDRs comprising VHCDR1, VHCDR?2, VHCDR3, and a VL. domain
comprising a set of three VL CDRs comprising VLCDR1, VLCDR2 and
VLCDR3, said CDRs comprising the sequences of SEQ ID NOs: 302, 303, 304,
305, 306, and 307, respectively, and each CDR further comprising an amino
terminus and a carboxy terminus, wherein the CDRs of each set of CDRs are
arranged in the antibody in a linear amino to carboxy order of CDR1, CDR2,
and CDR3, wherein
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b. the CDRs comprise variable amino acids, which independently represent any
amino acid set forth at the corresponding position in Fig. 1 (VH) or Fig. 2 (VL),

and

5 c. the antibody does not comprise the SF module.

108. The anti-IGF-1R antibody of claim 107, wherein the VHCDR1, VHCDR?2,
VHCDR3, VLCDRI1, VLCDR2 and VLCDR3 comprise the sequences of SEQ ID NOs:
302, 303, 304, 305, 306, and 308, respectively.

10

109. The anti-IGF-1R antibody of claim 108, wherein the VHCDR1, VHCDR2 and
VHCDR3 domains comprise the corresponding amino acid sequences of any one of
SEQ ID NOs: 8-10 and 12-31, and the VLCDRI1, VLCDR2 and VLCDR3 domains
comprise the corresponding amino acid sequences of any one of SEQ ID NOs: 32-34

15 and 36-133.

110. The anti-IGF-1R antibody of claim 109, wherein

a. the VHCDRI, VHCDR2, VHCDR3 comprise the amino acid sequence of the
20 corresponding CDRs of SEQ ID NO:8 and the VLCDRI1, VLCDR2 and
VLCDR3 comprise the amino acid sequence of the corresponding CDRs of SEQ
ID NO:32; or

b. the VHCDR1, VHCDR2, VHCDR3 comprise the amino acid sequence of the
25 corresponding CDRs of SEQ ID NO:9 and the VLCDRI1, VLCDR?2 and
VLCDR3 comprise the amino acid sequence of the corresponding CDRs of SEQ
ID NO:33; or

c. the VHCDRI1, VHCDR2, VHCDR3 comprise the amino acid sequence of the
30 corresponding CDRs of SEQ ID NO:10 and the VLCDR1, VLCDR?2 and

VLCDR3 comprise the amino acid sequence of the corresponding CDRs of SEQ
ID NO:34; or

d. the VHCDRI1, VHCDR2, VHCDR3 comprise the amino acid sequence of the
35 corresponding CDRs of SEQ ID NO:11 and the VLCDR1, VLLCDR2 and
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VLCDR3 comprise the amino acid sequence of the corresponding CDRs of SEQ
ID NO:35; or

e. the VHCDRI1, VHCDR2, VHCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:8 and the VLCDRI1, VLCDR2 and
VLCDR3 comprise the amino acid sequence of the corresponding CDRs of SEQ
ID NO:33; or

f. the VHCDR1, VHCDR2, VHCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:10 and the VLCDR1, VLLCDR2 and
VLCDR3 comprise the amino acid sequence of the corresponding CDRs of SEQ
ID NO:32.

111. The anti-IGF-1R antibody of claim 110, wherein the VH domain comprises the
amino acid sequence of SEQ ID NO:1, which sequence comprises variable amino acids,
which independently represent any amino acid set forth at the corresponding position in

Fig. 1.

112. The anti-IGF-1R antibody of any one of claims 107-111, wherein the VL
domain comprises the amino acid sequence of SEQ ID NO:2, which sequence comprises
variable amino acids, which independently represent any amino acid set forth at the

corresponding position in Fig. 2.

113. The anti-IGF-1R antibody of claim 112, wherein the VH domain comprises the
amino acid sequence of SEQ ID NO:1 and the VL domain comprises the amino acid

sequence of SEQ ID NO:2.

114. The anti-IGF-1R antibody of any one of claims 107-113, wherein the VL
domain comprises the amino acid sequence of SEQ ID NO:3, which sequence comprises
variable amino acids, which independently represent any amino acid set forth at the

corresponding position in Fig. 2.
115. The anti-IGF-1R antibody of claim 114, wherein the VH domain comprises the

amino acid sequence of SEQ ID NO:1 and the VL. domain comprises the amino acid

sequence of SEQ ID NO:3.
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116. The anti-IGF-1R antibody of claim 115, wherein the VH domain comprises an
amino acid sequence selected from the group consisting of SEQ ID NOs: 8-10 and 12-31
and the VL. domain comprises an amino acid sequence selected from the group

consisting of SEQ ID NOs: 32-34 and 36-133.

117. The anti-IGF-1R antibody of any one of claims 107-116, wherein

a. the VH domain comprises an amino acid sequence that is at least 90% identical
to, or which differs in 1-30 amino acid amino acid substitutions, additions or
10 deletions from, an amino acid sequence of any of SEQ ID NOs: 8-10 and 12-31,

and

b. the VL domain comprises an amino acid sequence that is at least 90% identical
to, or which differs in 1-30 amino acid amino acid substitutions, additions or
15 deletions from, an amino acid sequence of any of SEQ ID NOs: 32-34 and 36-
133.

118. The anti-IGF-1R antibody of claim 117, wherein

20 a. the VH domain comprises an amino acid sequence that is at least 95% identical
to, or which differs in 1-10 amino acid amino acid substitutions, additions or
deletions from, an amino acid sequence of any of SEQ ID NOs: 8-10 and 12-31,

and

25 b. the VL domain comprises an amino acid sequence that is at least 95% identical
to, or which differs in 1-10 amino acid amino acid substitutions, additions or
deletions from, an amino acid sequence of any of SEQ ID NOs: 32-34 and 36-
133.

30 119. The anti-IGF-1R antibody of any one of claims 103-118, which is an Ig(G1.
120. The anti-IGF-1R antibody of any one of claims 107-119, which antibody is a
protein comprising two pairs of polypeptide chains, each said pair comprising a heavy

chain and a light chain; wherein

35
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a. each said heavy chain comprises an amino acid sequence of SEQ ID NOs: 359,

360 or 361; or

b. each said light chain comprises an amino acid sequence of SEQ ID NOs: 204,
5 206 or 208.

121. The anti-IGF-1R antibody of claim 120, wherein

a. each said heavy chain comprises an amino acid sequence of SEQ ID NOs: 359,

10 360 or 361, and

b. and each light chain comprises an amino acid sequence of SEQ ID NOs: 204,
206 or 208.

15 122. The anti-IGF-1R antibody of any one of claims 107-121, which antibody is a
protein comprising two pairs of polypeptide chains, each said pair comprising a heavy

chain and a light chain; wherein

a. each said heavy chain comprises an amino acid sequence that is at least 90%
20 identical to, or which differs in 1-30 amino acid amino acid substitutions,
additions or deletions from, an amino acid sequence of any of SEQ ID NOs:359,

360 or 361, and

b. each said light chain comprises an amino acid sequence that is at least 90%
25 identical to, or which differs in 1-30 amino acid amino acid substitutions,
additions or deletions from, an amino acid sequence of any of SEQ ID NOs:

204, 206 or 208.

123. The anti-IGF-1R antibody of claim 122, wherein
30
a. each said heavy chain comprises an amino acid sequence that is at least 95%
identical to, or which differs in 1-10 amino acid amino acid substitutions,
additions or deletions from, an amino acid sequence of any of SEQ ID NOs:359,
360 or 361, and
35
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b. each said light chain comprises an amino acid sequence that is at least 95%
identical to, or which differs in 1-10 amino acid amino acid substitutions,
additions or deletions from, an amino acid sequence in any of SEQ ID NOs:

204, 206 or 208.

124. An anti-IGF-R1 monoclonal IgG1 antibody P4 comprising two heavy chains,
each comprising a heavy chain amino acid sequence of SEQ ID NO:359 and two light
chains, each comprising a light chain amino acid sequence of SEQ ID NO:204.

10 125. An anti-IGF-R1 monoclonal IgG1 antibody M78 comprising two heavy chains,
cach comprising a heavy chain amino acid sequence of SEQ ID NO:360 and two light
chains, each comprising a light chain amino acid sequence of SEQ ID NO:206.

126. An anti-IGF-R1 monoclonal IgG1 antibody MS57 comprising two heavy chains,
15 each comprising a heavy chain amino acid sequence of SEQ ID NO:361 and two light
chains, each comprising a light chain amino acid sequence of SEQ ID NO:208.

127. An anti-IGF-R1 monoclonal IgG1 antibody M57/M78 comprising two heavy
chains, each comprising a heavy chain amino acid sequence of SEQ ID NO:361 and two

20 light chains, each comprising a light chain amino acid sequence of SEQ ID NO:206.

128. An anti-IGF-R1 monoclonal IgG1 antibody P4/M57 comprising two heavy
chains, each comprising a heavy chain amino acid sequence of SEQ ID NO:359 and two
light chains, each comprising a light chain amino acid sequence of SEQ ID NO:208.

25
129. The anti-IGF-1R antibody of any one of claims 103-128, comprising one or

more additional binding sites.

130. The anti-IGF-1R antibody of claim 129, comprising an anti-ErbB3 binding site.
30
131. An anti-FrbB3 monoclonal antibody comprising in amino to carboxy order a
VLCDRI sequence, a VLLCDR2 sequence and a VLLCDR3 sequence of P1 lambda light
chain as indicated by dotted underlining in Fig. 5B, SEQ ID NO:258, said antibody
further comprising in amino to carboxy order a VHCDR1 sequence, a VHCDR2
35 sequence and a VHCDR3 sequence of P1 heavy chain as indicated by the first three
dotted underlined sequences respectively in Fig. 5B, SEQ ID NO:268.
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132.

133.

134.

135.

136.

An anti-FrbB3 monoclonal antibody comprising in amino to carboxy order a
VLCDRI sequence, a VLCDR2 sequence and a VLLCDR3 sequence of M27 lambda
light chain as indicated by dotted underlining in Fig. 5B, SEQ ID NO:260, said antibody
further comprising in amino to carboxy order a VHCDR1 sequence, a VHCDR2
sequence and a VHCDR3 sequence of M27 heavy chain as indicated by the first three
dotted underlined sequences respectively in Fig. 5B, SEQ ID NO:274.

An anti-ErbB3 monoclonal antibody comprising in amino to carboxy order a
VLCDRI sequence, a VLCDR2 sequence and a VLLCDR3 sequence of M7 lambda light
chain as indicated by dotted underlining in Fig. 5B, SEQ ID NO:262, said antibody
further comprising in amino to carboxy order a VHCDR1 sequence, a VHCDR2
sequence and a VHCDR3 sequence of M7 heavy chain as indicated by the first three
dotted underlined sequences respectively in Fig. SB, SEQ ID NO:280.

An anti-FrbB3 monoclonal antibody comprising in amino to carboxy order a
VLCDRI sequence, a VLCDR2 sequence and a VLCDR3 sequence of B72 lambda light
chain as indicated by dotted underlining in Fig. 5B, SEQ ID NO:264, said antibody
further comprising in amino to carboxy order a VHCDRI1 sequence, a VHCDR2
sequence and a VHCDR3 sequence of B72 heavy chain as indicated by the first three
dotted underlined sequences respectively in Fig. 5B, SEQ ID NO:286.

An anti-ErbB3 monoclonal antibody comprising in amino to carboxy order a
VLCDR1 sequence, a VLCDR2 sequence and a VLCDR3 sequence of B60 lambda light
chain as indicated by dotted underlining in Fig. 5B, SEQ ID NO:266, said antibody
further comprising in amino to carboxy order a VHCDR1 sequence, a VHCDR2
sequence and a VHCDR3 sequence of B60 heavy chain as indicated by the first three
dotted underlined sequences respectively in Fig. 5B, SEQ ID NO:292.

An isolated anti-ErbB3 antibody binding specifically to human ErbB3, wherein

a. the anti-IGF-1R antibody comprises a VH domain comprising a set of three VH
CDRs comprising VHCDR1, VHCDR2, VHCDR3, and a VL. domain
comprising a set of three VL. CDRs comprising VLCDR1, VLCDR2 and
VLCDR3, said CDRs comprising the sequences of SEQ ID NOs: 309, 310, 311,
312, 313, and 314, respectively, and each CDR further comprising an amino

198



WO 2012/145507 PCT/US2012/034244

terminus and a carboxy terminus, wherein the CDRs of each set of CDRs are
arranged in the antibody in a linear amino to carboxy order of CDR1, CDR2,
and CDR3, wherein

5 b. the CDRs comprise variable amino acids, which independently represent any
amino acid set forth at the corresponding position in Fig. 3 (VH) or Fig. 4 (VL),

and

c. the antibody does not comprise the C8 module.
10
137. The anti-ErbB3 antibody of claim 136, wherein the VHCDR1, VHCDR2,
VHCDR3, VLCDRI1, VLCDR2 and VLCDR3 comprise the sequences of SEQ ID NOs:
309, 310, 311, 312, 313, and 315, respectively.

15 138. The anti-ErbB3 antibody of claim 137, wherein the VHCDR1, VHCDR2 and
VHCDR3 domains comprise the corresponding amino acid sequences of any one of
SEQ ID NOs: 134-142 and 144-165, and the VLCDR1, VLCDR2 and VLCDR3
domains comprise the corresponding amino acid sequences of any one of SEQ ID NOs:
166-174 and 176-200.
20
139. The anti-ErbB3 antibody of claim 138, wherein

a. the VHCDRI, VHCDR2, VHCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:134 and the VLCDRI1, VLCDR2 and
25 VLCDR3 comprise the amino acid sequence of the corresponding CDRs of SEQ
ID NO:166; or

b. the VHCDR1, VHCDR?2, VHCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:135 and the VLCDRI1, VLCDR2 and
30 VLCDR3 comprise the amino acid sequence of the corresponding CDRs of SEQ
ID NO:167; or

c. the VHCDR1, VHCDR2, VHCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:136 and the VLCDR1, VLCDR2 and
35 VLCDR3 comprise the amino acid sequence of the corresponding CDRs of SEQ
ID NO:168; or
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the VHCDR1, VHCDR2, VHCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:137 and the VLCDRI1, VLCDR2 and
VLCDR3 comprise the amino acid sequence of the corresponding CDRs of SEQ
ID NO:169; or

the VHCDR1, VHCDR2, VHCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:138 and the VLCDRI1, VLCDR2 and
VLCDR3 comprise the amino acid sequence of the corresponding CDRs of SEQ
ID NO:170; or

the VHCDR1, VHCDR2, VHCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:139 and the VLCDRI1, VLCDR2 and
VLCDR3 comprise the amino acid sequence of the corresponding CDRs of SEQ
ID NO:171; or

the VHCDRI1, VHCDR2, VHCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:140 and the VLCDRI, VLCDR2 and
VLCDR3 comprise the amino acid sequence of the corresponding CDRs of SEQ
ID NO:172; or

the VHCDR1, VHCDR2, VHCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:141 and the VLCDRI1, VLCDR2 and
VLCDR3 comprise the amino acid sequence of the corresponding CDRs of SEQ
ID NOs: 173; or

the VHCDR1, VHCDR2, VHCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:142 and the VLCDRI1, VLCDR2 and
VLCDR3 comprise the amino acid sequence of the corresponding CDRs of SEQ
ID NO:174; or

the VHCDR1, VHCDR2, VHCDR3 comprise the amino acid sequence of the
corresponding CDRs of SEQ ID NO:136 and the VLCDR1, VLCDR2 and
VLCDR3 comprise the amino acid sequence of the corresponding CDRs of SEQ
ID NO:169.
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140. The anti-ErbB3 antibody of any one of claims 136-139, wherein the VH domain
comprises the amino acid sequence of SEQ ID NO:4, which sequence comprises
variable amino acids, which independently represent any amino acid set forth at the

corresponding position in Fig. 3.

141. The anti-ErbB3 antibody of any one of claims 136-140, wherein the VL domain
comprises the amino acid sequence of SEQ ID NO:6, which sequence comprises
variable amino acids, which independently represent any amino acid set forth at the

corresponding position in Fig. 4.

142. The anti-ErbB3 antibody of claim 141, wherein the VH domain comprises the
amino acid sequence of SEQ ID NO:4 and the VL. domain comprises the amino acid

sequence of SEQ ID NO:6.

143. The anti-ErbB3 antibody of any one of claims 136-142, wherein the VH domain
comprises the amino acid sequence of SEQ ID NO:5, which sequence comprises
variable amino acids, which independently represent any amino acid set forth at the

corresponding position in Fig. 3.

144. The anti-ErbB3 antibody of any one of claims 136-143, wherein the VL domain
comprises the amino acid sequence of SEQ ID NO:7, which sequence comprises
variable amino acids, which independently represent any amino acid set forth at the

corresponding position in Fig. 4.

145. The anti-ErbB3 antibody of claim 144, wherein the VH domain comprises the
amino acid sequence of SEQ ID NO:5 and the VL domain comprises the amino acid

sequence of SEQ ID NO:7.

146. The anti-ErbB3 antibody of claim 145, wherein the VH domain comprises an
amino acid sequence selected from the group consisting of SEQ ID NOs: 134-142 and
144-165 and the V1. domain comprises an amino acid sequence selected from the group

consisting of SEQ ID NOs: 166-174 and 176-200.

147. The anti-ErbB3 antibody of any one of claims 136-146, wherein
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the VH domain comprises an amino acid sequence that is at least 90% identical
to, or which differs in 1-30 amino acid amino acid substitutions, additions or
deletions from, an amino acid sequence of any of SEQ ID NOs: 134-142 and
144-165, and

the VL. domain comprises an amino acid sequence that is at least 90% identical
to, or which differs in 1-30 amino acid amino acid substitutions, additions or
deletions from, an amino acid sequence of an amino acid sequence of any of

SEQ ID NOs: 166-174 and 176-200.

The anti-ErbB3 antibody of claim 147, wherein

the VH domain comprises an amino acid sequence that is at least 95% identical
to, or which differs in 1-10 amino acid amino acid substitutions, additions or
deletions from, an amino acid sequence of any of SEQ ID NOs: 134-142 and
144-165, and

the VL domain comprises an amino acid sequence that is at least 95% identical
to, or which differs in 1-10 amino acid amino acid substitutions, additions or
deletions from, an amino acid sequence of an amino acid sequence of any of
SEQ ID NOs: 166-174 and 176-200.

The anti-ErbB3 antibody of any one of claims 131-149, which is an IgG1.

The anti-ErbB3 antibody of any one of claims 136-149, which antibody is a

protein comprising two pairs of polypeptide chains, each said pair comprising a heavy

chain and a light chain; wherein

each said heavy chain comprises an amino acid sequence of SEQ ID NOs: 362,

363, 364, 365 or 366; or

each said light chain comprises an amino acid sequence of SEQ ID NOQOs: 258,

260, 262, 264 or 260.

The anti-ErbB3 antibody of claim 150, wherein
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protein comprising two pairs of polypeptide chains, each said pair comprising a heavy

153.

154.
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each said heavy chain comprises an amino acid sequence of SEQ ID NOs: 362,

363, 364, 365 or 366, and

and each light chain comprises an amino acid sequence of SEQ ID NOs: 258,
260, 262, 264 or 260.

The anti-ErbB3 antibody of any one of claims 136-151, which antibody is a

chain and a light chain; wherein

each said heavy chain comprises an amino acid sequence that is at least 90%
identical to, or which differs in 1-30 amino acid amino acid substitutions,
additions or deletions from, an amino acid sequence of any of SEQ ID NOs:

362, 363, 364, 365 or 366, and

each said light chain comprises an amino acid sequence that is at least 90%
identical to, or which differs in 1-30 amino acid amino acid substitutions,
additions or deletions from, an amino acid sequence of an amino acid sequence

of any of SEQ ID NOs: 258, 260, 262, 264 or 266.

The anti-ErbB3 antibody of claim 152, wherein

each said heavy chain comprises an amino acid sequence that is at least 95%
identical to, or which differs in 1-10 amino acid amino acid substitutions,
additions or deletions from, an amino acid sequence of any of SEQ ID NOs:
362, 363, 364, 365 or 366, and

each said light chain comprises an amino acid sequence that is at least 95%
identical to, or which differs in 1-10 amino acid amino acid substitutions,
additions or deletions from, an amino acid sequence of an amino acid sequence

of any of SEQ ID NOs: 258, 260, 262, 264 or 266.

The anti-ErbB3 antibody of any one of claims 131-153, comprising one or more

The anti-ErbB3 antibody of claim 154, comprising an anti-IGF-1R binding site.
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156. Anti-ErbB3 monoclonal IgG1 antibody P1 comprising two heavy chains, each
comprising a heavy chain amino acid sequence of SEQ ID NO:362 and two light chains,
each comprising a light chain amino acid sequence of SEQ ID NO:258.

157. Anti-ErbB3 monoclonal IgG1 antibody M27 comprising two heavy chains, each
comprising a heavy chain amino acid sequence of SEQ ID NO:363 and two light chains,

cach comprising a light chain amino acid sequence of SEQ ID NO:260.

158. Anti-ErbB3 monoclonal IgG1 antibody M7 comprising two heavy chains, each
comprising a heavy chain amino acid sequence of SEQ ID NO:364 and two light chains,

each comprising a light chain amino acid sequence of SEQ ID NO:262.

159. Anti-ErbB3 monoclonal IgG1 antibody B72 comprising two heavy chains, each
comprising a heavy chain amino acid sequence of SEQ ID NO:365 and two light chains,

each comprising a light chain amino acid sequence of SEQ ID NO:264.

160. Anti-ErbB3 monoclonal IgG1 antibody B60 comprising two heavy chains, each
comprising a heavy chain amino acid sequence of SEQ ID NO:366 and two light chains,

each comprising a light chain amino acid sequence of SEQ ID NO:266.
161. Anti-ErbB3 monoclonal IgG1 antibody M27/M7 comprising two heavy chains,
each comprising a heavy chain amino acid sequence of SEQ ID NO:363 and two light

chains, each comprising a light chain amino acid sequence of SEQ ID NO:262.

162. Anti-IGF-R1 monoclonal scFv antibody P4 comprising an amino acid sequence

of SEQ ID NO:367.

163. Anti-IGF-R1 monoclonal scFv antibody M57 comprising an amino acid

sequence of SEQ ID NO:368.

164. Anti-IGF-R1 monoclonal scFv antibody M78 comprising an amino acid
sequence of SEQ ID NO:369.

165. Anti-ErbB3 monoclonal scFv antibody C8 comprising an amino acid sequence

of SEQ ID NO:370.
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166. Anti-ErbB3 monoclonal scFv antibody P1 comprising an amino acid sequence

of SEQ ID NO:371.

167. Anti-ErbB3 monoclonal scFv antibody M 1.3 comprising an amino acid

sequence of SEQ ID NO:372.

168. Anti-ErbB3 monoclonal scFv antibody M27 comprising an amino acid sequence

of SEQ ID NO:373.

169. Anti-ErbB3 monoclonal scFv antibody P6 comprising an amino acid sequence

of SEQ ID NO:374.

170. Anti-ErbB3 monoclonal scFv antibody B69 comprising an amino acid sequence

of SEQ ID NO:375.

171. A composition comprising a polyvalent bispecific antibody of any one of claims

1-102 and a pharmaceutically acceptable carrier.

172. A composition comprising an anti-IGF-1R antibody of any one of claims 103-

130 and a pharmaceutically acceptable carrier.

173. The composition of claim 172, further comprising an anti-ErbB3 antibody, said

anti- ErbB3 antibody optionally an anti-ErbB3 antibody of any one of claims 131-161.

174. A composition comprising an anti-ErbB3 antibody of any one of claims 131-161

and a pharmaceutically acceptable carrier.

175. The composition of claim 174, further comprising an anti-IGF-1R antibody, said

anti-IGF-1R antibody optionally an anti IGF-1R antibody of any one of claims 103-130.

176. A nucleic acid molecule comprising at least one coding sequence, said at least

one coding sequence encoding an antibody as of any one of claims 1-170.

177. The nucleic acid molecule of claim 176, said nucleic acid molecule comprising

either or both of a promoter nucleotide sequence and an enhancer nucleotide sequence,
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which nucleotide sequence is operably linked to the at least one coding sequence and

promotes or enhances the expression of the antibody.

178. A vector comprising one or more nucleic acid molecules of claim 176 or 177.
179. An isolated cell comprising one or more vectors of claim 178.
180. A method for producing a polyvalent bispecific antibody, an anti-IGF-1R

antibody or an anti-ErbB3 antibody of any one of claims 1-170, comprising culturing a
cell of claim 179 under conditions suitable for the expression of the polyvalent

bispecific antibody, anti-IGF-1R antibody or anti-ErbB3 antibody.

181. A method for treating a subject having cancer, said method comprising
administering to the subject a therapeutically effective amount of one or more of (a) one
or more antibodies as of any one of claims 103-170, or (b) at least one polyvalent
bispecific antibody as of any one of claims 1-102, or (c¢) a composition of any one of

claims 171-175.

182. A polyvalent bispecificantibodyof any one of claims 1-102, wherein
theantibodyhas a half-life of at least 45 hours in a Cynomolgus monkey, when

administred intraveniously at doses equal to or higher than Smg/kg.

183. The polyvalent bispecificantibodyof any one of claims 1-102 and 182, wherein
the half-life of the antibody is statistically longer in an organism that is a mouse or a
cynomolgus monkey than the half-life of another polyvalent bispecific antibody in the
same organism, binding to the same epitopes, wherein the orientation of antigen binding

specificities is reversed between of the fab and of the scfv.

184. The polyvalent bispecific antibody of any one of claims 1-102 and 182-183,

which suppresses heregulin-induced pAKT signaling in a cancer cell by at least 50%.

185. The polyvalent bispecific antibody of any one of claims 1-102 and 182-184,
which suppresses IGF-1-induced pAKT signaling in a cancer cell by at least 50%.

186. The polyvalent bispecific antibody of any one of claims 1-102 and 182-185,

which suppresses insulin-induced pAKT signaling in a cancer cell by at least 50%.
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187. The polyvalent bispecific antibody of any one of claims 1-102 and 182-185,
which suppresses IGF-2-induced pAKT signaling in a cancer cell by at least 50%.

188. The polyvalent bispecific antibody of any one of claims 1-102 and 182-187,
which inhibits mTOR activation in a tumor cell in vivo or in vitro to a greater extent than

monospecific anti-IGF-1R Ab# A .

189. The polyvalent bispecific antibody of claim 188, which reduces mTOR protein
levels in the tumor cell in vivo or in vitro to a greater extent than monospecific anti-IGF-

1R Ab# A .

190. The polyvalent bispecific antibody of claim 188 or 189, which reduces mTOR
activation or protein levels in the tumor cell in vivo or in vitro by a factor of at least 2

relative to monospecific anti-IGF-1R Ab# A .

191. The polyvalent bispecific antibody of claim 190, which reduces mTOR
activation or protein levels in the tumor cell in vivo or in vitro by a factor of at least 3

relative to monospecific anti-IGF-1R Ab# A.

192. A polyvalent bispecific antibody of any one of claims 1-102, wherein the
polyvalent bispecific antibody is more effective at inhibiting tumor growth in a human

xenograft model in nu/nu mice than is an equimolar amount of an anti-IGF-1R IgG.

193. The polyvalent bispecific antibody of claim 192, wherein the xenograft model
comprises human DU145, BXxPC-3, SK-ES-1, or Caki-1 cell xenografts.

194. The polyvalent bispecific antibody of claim 193, wherein the polyvalent
bispecific antibody is more effective at inhibiting tumor growth in a human xenograft
model in nu/nu mice than is a combination of an equimolar amount of an anti-IGF-1R

IgG combined with an equimolar amount of an anti-ErbB3 IgG.
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LIGHT CHAINS

SF KAPPA LIGHT CHAIN

DIOMTQSPSSLEASTGDRVTITCRASOGISSYLAWYQOK PGKAPK LLIYAASTLOS
GVPSRFSGSGSGTDETLTISSLOPEDFATYYCQOYFTFPLIFGGGTKVEIKRTVAA
PSVFIFPPSDEQLKSGTASYVCLLNNFYPREAKVOWKYDNALQSGNSQESVTEQ
DSKDSTYSLSSTLTLSKADYEKHKY Y ACEVTHQGLSSPYTK SENRGEC

(SEQ D NO: 202)

P4 KAPPA LIGHT CHAIN

DIOMTQSPSSLSASLGDRVTITCRASOGISSYLAWYQOKPGKAPKLLIYAKSTLOS
GVPSRFSGSGSGTDFTLTISSLOPEDSATY YOQOY WTEPL IFGGGTK VERCRTVAA
PSVFIFPPSDEQLKSGTASYVCLLNNFYPREAKVOWKVDNALOSGNSQESVTEQ
DSKDSTYSLSSTLTLSKADYEXHKVYACEVTHOGLSSPVTR SENRGEC

(SEQ ID NO: 204)

M78 KAPPA LIGHT CHAIN

DIQMIQSPSSLSASLGDRVTITCRASOGISS Y LAWY QOK PGKAPK LLIYASSTROS
GVPSRESGSGSGTDFTLTISSLOPEDSGTY YCQUY WAFPLIFGGGTEVEIKRTVA
APSVFIFPPSDEQLKSGTASVVCLINNFYPREAKVOWK VDN ALQSGNSOESVTE
QDSKDSTYSLSSTUTLSKADYEKHK VY ACEVTHQGLSSPY TKSFNRGEC

(SEQ TD NO: 206)

MS7 KAPPA LIGHT CHAIN

DIQLTOSPSSLSASLGDRVTITCRASQGISSYLAWYOOKPGKAPKLLIYARSTROS
GVPSRFSGSGSGTEFTLTISSLOPEDSATY YCOOY WIWPLIFGGGTKVEIKRTVA
APSVFIFPPSDEQLKSGTASVYCLLNNFYPREAKVQWEVDNALQSGNSQESVTE
QODSKDSTYSLESTLTLSKADYEKHKVYACEVTHOGLSSPVTKSFNRGEC

(SEQ ID NO: 208)

HEAVY CHAINS
SE-G1-CR

EVQLLOSGOGLVOPGGSLRLSCAASGETFSYY PMEWVROAPGECLEWVSSISSSCGATR
YADSYKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDEY DILTGNAT DIWGGGTTV
TVSSASTKGPSVEPLAPSSKSTSGUTAALOCLVEDYFPEPVTVSWNSGALTSGVHTFPAY
LOSSGLY SLSSVVTVPSSSLGTOTYICNVNHK PSNTK VDKE VEPK SCDK THTC PPCRPAPE

Fig. 5A

(Sheet 1)
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LGGPSVFLFFPKPKDTLMISRTPEVTCVVV D VSHEDPFEVKNWYVDGVEVHENAKTKFRE
FO‘{N%TY R\; ¥ W L T‘K L HUD\R L\K}KK \ &(‘K\ SNKM P ‘\?’I{ KTISK; &K(rOPRE P(}‘v\'fl P

xxxxxxxx

‘-{s l&&‘mi}"*‘*&
ggrnsm\ m\sm u}stm PEDTAVYYC ARQ,@:;, I;gQWj. ;;g, FDYWGOGTLVTVSS
OGS GOGASHGROSGGGHSS YELTQRPAVEVALGOTYRITCOGDSLRSY Y ASWY

QQ&P&&\P\ LVIYQR NNRESGIPDRFSGSTSGNSASLTITGAQAEDEADY YCNSRDSSGN

HWYFGGUTRVTVLG
{SEQ IDNO: 210

GoLV (}P&RSLRL\CMWVT}“I}D\ AME awmmm&mmwm@wDsgz«‘rm m§\ K
GRFTISRDNAKNSLY LOMNSIR AEDTALYYCARDLGAY QW VEGEDYWGQGTLVTVSS
ASTGGOGIGUOGSGGUOENSELTODPAVSVALGOTVRITCOGDSLRSY YASWYQOK PG
QAPVLVIYGENNR PR GIPDRESGSSRONTASLTITGAQAEDEADY YCES RDSPGNOWVEG
GUTEVTVLG

{SEQ ID NO: 212}

SE-G1-M13

EY 232 S R R

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

T\ &SA\TKC sP\NF?L «% P‘;‘a i\’%T‘x( s{:T M&L(;C LVK {}‘{FPE?‘V TV %\, NS&A LT\{ 7Y HYFP »‘&"\e
EQS‘&;% ‘r ‘sl 5‘:\\\ T\f PSK.HI LrTQT‘t K NV HKPSNTK‘( HKK\ CPRSE : \ ;

JOOGNYESCSY? HYTOKSLSLS GSGOGOSGGE -\meggf,
GGLV Qm(.s LRL3( A AS(;FTF?.! DYAMHWV RQAPL;K(:LIT‘A \famswwg STGYADSVE
gggmxz{m\ AKNSLYLOMNSLRAEDTALYYCARDLGAYOWYEGEDY WGQUTLVTVSS

S0 S GGG ESS YELTODPAVSVALGOTVRITCOUDSLRS Y Y ASWY
PDRFSGSTSGNSASLTITGAQAEDEADYYONSRDSPGN

Fig. 5A

(Sheet 2)
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OWYRC &r(:‘i’&‘vTX G
(SEQIDNO: 214)

SUBSTITUTE SHEET (RULE 26)



WO 2012/145507 PCT/US2012/034244

14/129

EVOLLQSGUGLVOPGGSLRLSCAASGRITSYYPMIIWVRQATGK GLEWVSSISSSEGATR
Y ADSVEGRITISRDNSKENTLYLOMNSLRAEDTAVYYUAR DEYDILTONAFRDIWGOGTTY

TVSSASTRGPSVIPLAPSSKSTSGUTAALGCLVK DY FPEPVTVEWNREG ALTL\.UVHT?PAV
LE)S‘&L; LYHLS‘\V\f T\s‘ Pb‘a‘:‘L(J FQ I“‘r 1( N‘#NHF.P%NTKK DKK‘JLPK ¢

"o ; N ] - -5, R 5 ey
m&&wafm\fwa(‘:\MHEALHNm”roxamhmm GGSGGAOSG C(:SE‘V{} ’E‘:»(u
uuL L4 ] *m&su{m( AAsm g;_m)m;gm w w\u,ﬁ.Pum,u;w“afs@"s;I.S.&Mi“ﬁ,{L;k_&u;b,&lﬁ

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

ABTG(JC(I&GQ G(“r SGC (“ r(_u ‘%":%ELT(‘)T}PA‘J Y »’&LGQT\ RIT[ Q6 7 REYY f_& SW’Y! b QK;PG
QAPVLVINGKNNEPSGIPDRESGESSONTASLTITGAQAEDEADY YONSRDTPGROWVEG
G(ITKVTVL(,!

(SEQ ID NO: 216)

EVQLLQSGGGL\"‘(}PGG &sLRLS(‘AASQr}*Tj:;‘J‘;’]’I\,;EHW v Rf)APGKGLLWV&M;»@Q(;{;&T&
TVSSA“’»TKGP?VFPL APSSKSTSGGTAALGCLVKDYFPEPY 1"{’{{» NSGALTS(:VHT'“P AV
LQSSCL\%LS&V‘«T&PS%LGTQTYi( Nwmpmmmmv “PKSC TCPPCPAPEL

u(,ufmesmum,amnﬁmm, mkammm ;:wvsumm\w{wmw}(
GRFTISRDNAKNSLYLOMNSLRAEDTALYY CAR LAY NOWLEGEDY WGOGTLYTVSSA,
STGCGOSGGGHSGGGGSSSELTQDPAVSVALGOTVRITCOGRS L RSY Y ASW YOQKPG
APVLVIYGENNRPSGIPDRFSGSSSGNTASLTITGAQAEDEADY YOMSRDHPGNO WY TG

g\t- ] AR R A
GOTEVTVLG
{SEQ ID N 218)

SE-G1-B6Y

EVQLLOSGGCLVQPGGSLRLSCAASGRIISVYPMH W VRQAFGR GLEWVSSISSSGUATR
XARSYEGRETISRDNSKNYLY LOMNSLRAEDTAVY YCAK REY LI GNAERIWGOGTTY
TYSSASTKUPSVIPLAPSSKSTSGGTAALGCLVK DY FPEPYTVS WNSG ALTSGVITIPAV

LQBSL; L\ %L%b\' V"l ‘« P‘s‘sbL\(xT{\‘ﬂ ‘Ni; V\NHKPSNIKVDKKVEPK% DR THTC ?PV P

s 2 1' o ] - ~ ~ w AETGET T ', - VQH\EE}(‘
{s(JL‘\fQP(IRHLRL‘s( AAB(IF? ?DQYA\AHW VRQAP( IKCILEV& Vb(xl%‘»‘«’h SOSVEYADSVE
LRFESRDNAKNSLYLOMNSLRAEDTALYY CARRLGYNOWLEGERY WGQOTLVTVSSA

------------- FEOVRRL A0 P

S TGGGGS GO GUS GG GRS SSELTODPAVEVALGOTVRITCOGRS LRS YV ASWYQOKPGO

A

APVLVIYGENNRPSGIPDRFSGSSSGNTASLTITGANAEDEADY YCMIR DS PONOW VG

GTRVIVLG
Fig. 5A
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EVOLLOSGGGLVOPGGSLRLSCAASGEMESRY PMHWVRQAPGKGLE W VGSISGSGOAT
PY ADSVKGRPTISRDNSKNTLYLOMNSLRARDTAVY YCAKREY O TGNAR DY WGOG
TVTVSSASTRGPSVEPLAPSSKSTSGGTAALGCLVKDYFPLPVTVSWNSGALTSGY HTFP
AVLOSSGLYSLSSVVTVPSSSLGTOTYIUNYNHEPSNTK VDEKVEE THIC
PELLGGPSVFLIPPRPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYY DGV m }m Am«;
PREEOYNSTYRVVSVLIVLHODWINGKEVKCKY ‘

¥ xmm ISRONAKNSLYL (\wmié éi DTAVYYC wgg,g e ,,g_gg,glg}g;&_;‘g,{gg‘q} W um FTLVTY
S ASTHGGGAGG OGS GGG LS GUGGSS YELTODPAYSY A LGOTVRITCOGDSLESY Y AS

WYQOKPGQAPYVLVIYGKNNRPSGIPDRFSGS TSGNSASLTITGAQAEDEADY YONSRDSS,
GNHWYFGGGTRVTVLG
(SEQ ID NO: 222)

Pa-(31-P1

EVOLLOSGGGLVQPGGSLRLSCAASGEMESR Y PMHWVROABGK GLEWVGRISGSGGAT
EYADSYKGRFTISRDNSKNTLYLOMNSLRAEDTAVY YCARREY QL LGNAF DY WGOGT
TVTVESASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYEPEPVTVSWN SGALTSGVHTEP
AVLOSSGLYSLSSVVTVPSSSL SLGTQTVIC mmmxmw DKKVEPKSC PPCE

PR ek FLTIVLEGD TGV %?»K“\i P\?ﬁ” KTI&I\;\&(:QPRFW)\ ¥
ILP":;E :E \:1 H\I\a(}\ 31 f([ ‘. K(d YP\!)!A\W \lei %N(:HPE NVYRF?I’P\*L H‘sl){r‘ﬂ F{ \ %K‘

E ISEG ‘;’ %EJ\X
K{;m TISRFJNARN‘;E YLOMNSLR &F{JTM YYC AR{)L{,:A}Q\} VEGEDY WOOGTLYTVS
S A STGOGSGOOUAGGHGSSSELTODPAVEVALGOTYRITCOGDSLRS Y YASWYQOKP
GOAPVLVIVGKNNRPSGIPDRESGSSSONTASLTITGAQAEDEADY YCESRDS PONGWVF
GGGTKVTVLG

{SEQ ID NG 224

P4G1-M1.3

EVQLLOSGGGLVOPGGSLRLSCAASGEMESRY EMHW Y RQAPGKGLEWVGSISGSGUAT
P ADSYKGRFTISRDNSKNTLYLQOMNSLRAEDTAYY Y CAKDEYOILTGNAF DY WGOGT
TVTVSSASTKGPSVEPL APSSKSTSGGTAALGCLVKDYFPEPYTUSWN SGALTSGVH rFP
W{ QSSGLY «.1 SSVVTVPSSSLGTRTYIC *wmmwr RVDKKVEEKSC P

quuﬁ;L\« QP&(;’ALR th; v SGE I}:pm \{mz;gw v RQA?&M@& VAGISWDSG :;,m },,,»\p
SYKGRFTISRDNAKNSLY LOMNSLRAEDTALYYCARDLGAY O WVEGEDYWGOGTLVT
VS A THO GOSN GG GG SGRGGS S Y ELTQDPA VS VALGO TVRITCOG RS LES Y TAS
WYQOKPGOAPYLVIYGENNRESGIPDRFSGSTSGNSASLTITGAQAEDEADY YCNSRISE

GNOWYPGGGTKVIVLG F . 5A

(Sheet 4)
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(SEQ 1D NO: 226)

P4-GI-M27

EVQLLOSGGULVOPGOSLRLSCAASGEMESRY PMEWVROAPGK GLEWVGSISGSGGAT
PYADSYKGRFTISRENSKNTLYLOMNSLRAEDTAVY YCAX QFYQILTGNAFDY. W GQGT
TVTVSSA smmwrpmpsgkwmmm LGCLVKDYFPERY TV‘%W‘J‘%GALTSGW—ITFP

i ) N l‘ Pt
SGGOL vmmm RLSCAA sgg:rmm wﬁwvnm PGKGLE
KGRFTISRONAKNSLYLOMNSLRAEDTA LY YCARDLGENGW VDGEDY WGOGTL VIS
SASTGUEGSOQGOSGOGGEISSELTQDFAVSVALGOTVRITCQGRSLRSY Y ASWYGOKP
GUAPYLVIVGKNNRESGIPDRESGSSSGNTASLTITGAOAEDEADY YOCNSRDTEGDOWVE
GGUTEVTVLG
(SEQ 1D N 228)

Pa-(;1-P6

EVQLLOSGGULVOPGGSLELSCAASGEMESRY EMHW VROAPGKGLEWVGSISHSGGAT
EXADSYEGRFTISRBNSKNTLY LOMNSLRAEDTAVY YCAKDEY QILTGNAF Y WGQGT
TVTVSSASTKGPSVFPLAPSSKSTSOGTAALGCLVKDYFPEPVTVS WNSGALTSGVHTED
AVLQSSCLYSLSSVVTIVPSSRLGT CTYIEC NVNHEKPSNTEVDE K VEPKED T)KTHT CPPCRA

PELLGGPSVELPPPRPKDTLMISRTPEVTCYV VY DVSHEDPEVETNWYVDGVEVHNAKTK
PRE J:DYT‘«‘?.’TY R‘\ﬂ; "W[ T‘v’[ HODW L\I(;KD: K(‘K\’%NKA LPAP[ FKTI‘?}K AK(:QPRJE“[W‘L

' .s.m‘mp SV
]gQ:RPTISRDN AKNSLY LD\iNSLRAE{}TALY&’QAR};}L,MJ_»;QWLEQFDchsounwvss
ASTGGGUSGOOGSUGGESSAELTODPAVSY ALGOTVRITCOGDSLRSY YASWY QK PG
QAPYLVIVGENNRPSGIPDRTSOSSSONTASLTITGAGAEDEAD VY CMSEDIPCNO WY F

GUOTEKVTVLG
{(SEG 1D NO: 230)

Pd-Ci-Bag

EVQLLOQSGGOLVOPGOSLRESTAASGEMESR YPMHEWVRQAPOK GLEW VGSISGSGGAT
P ARGV R ORFTISRDNSENTLY LOMNSLRAEDTAVY Y CAR DIV QL TONAFDYWGOQGT
TVTVESASTKGPSVFPLAPSSKSTSGGTAALGCLVKD YFPEPVTVSW ‘*«I‘QGALT ‘SG"‘JHTFP
A\‘ L{’)SE:{sL‘r SLb‘“WTV PSSSLG TQTV IC ‘N\/ NHKP?WTKVQE{KV CPES .

a&dau@mmmmciqsgnmnmmgi&f\mpmmu:twmmy *;gj,;\ggmns_
VEGRFTISRONAKNSLYLOMNSLRAEDTALY Y CARDLGYNOWLEGEDY WGQGTLVTV

SSANTOGGOSAGCGSOEGGISSELTODRAVEVALGQTVRITCOGRSLRSY Y ASW YOQKP

Fig. 5A

(Sheet 5)
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GOARVLVIYGXNNRPSGIPDRIRGSSSGNTASLTITGAQAEDEADY YOMSRISPGNOQWYF
GGGTRVTVLG
{SEQ ID N 232)

M78 G -CH

EVOLLOSGOGLVOPGGSLRLSCAASGERESSYPMHWVROAPGKGLEWVGSISSSGGATP
FYARSYEGRFTISRDNSENTLYLOMNSLRPEDTAVY YCAKREY T IGNAFDMWGOOTS
VTVASARTRGPS VEPLAPSSKSTSGUTAALGCLVRDYFPEPV TVEWNSGALTSGVHTERA

\v ‘:_Q%‘i(_r LT'@LS&;\’ VTVF&‘%&L(tTQT\’ICI\YMHKPSNTKVDKLW EPKX(‘S};TH o PE’L P L\F

R{EDYN‘%T‘T’RVR ."SVLT‘NlHUDW L‘QGKEYK CEV] QNKA.LPA PL EKTIEKAK( :ﬂPREi’() YT
LPPHRFEWTKNGV&LT( L‘VK(rFYPbDIAVLWENN{JE}P[‘I\.N&‘ KTTPPVLD%D(J%FTLY %KL

smmLVQPm(:SLRLbCAAmr,I[QD‘gM&gw‘JRQAP(,K{JLEWV%m .h&i@uﬁg&l}m_
§RI‘TISR[}NAKN%LYLQ\:{NSLRPEDTA VY YCARDLGYNOWVEGERY WGQOTLVTVS

FARFES VB AN

GGSGGUGSSYRLTODPA VY ALGOTVRITCOGDSLRSY Y AS W
) GENNRPSGIPDRISGSTSGNSASLTITGAQAEDEADY Y CNSRDSSG,
NHWY TGUGTIVTVLG

(SEQ IDNG: 234)

M78-G1-P1

EVOLLOSGGGLYQPGGSLRLICAASGRRISSYPMEWVROAPGR GLEWVGSISSSGGATE
YARSYEGRFTISRDNSKNTLYLOMNSLRPEDTAVYYCAKREY TIL TGNAFDMWGOGTS
VTVSSASTKOPSVIPLAPSSKSTSGGTAALGELY KDYFPEPYTVSWNSGALTSOVHTFPA
v w%s&u SLSSV VTWSSbLGTQTYI(‘M’NHKP&NTmmr;w :

GGHTKRYT vm
{SEQID NO: 236)

M78-(:1-241.3

EVOLLOSGUOLVOPGGSLRLECAASGEDE
YADSVKGRFTISRDNSKNTLY LOMNSLEPE

PMHWVROAPGK GLEWVGSISSSGGATP

P TAERa AT i

AVYYCAKDEY TILTUNAERMWGDGTS

VTVISASTKGPSVEFPLAPSSESTIGGTAALGCLVEDVEPEPVTVSWNSGALTSGYHTEPA.
VLQ\‘:SG LY %Lb‘s‘w W T\’F%S‘SL{J T{)'F‘:'I( N\"NHK P%]\.TKVDK Y EPKQCEKTH”“CP‘PCP AP

bt.(JLJLVQP(;CsLRLS( AASQII}:E)L:Y_,&,\@HWV ROAPGKL; 'Lﬂwvm;lw pbwrc_:,?ﬁ;gx

Fig. 5A
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YRGRFTISRDNAKNSLYLOMNSLRAEDTALY YCARDLGAY QWY EGEDY WGOQGTLVTV
SSASTCLGGSCRGGAGGUHSGGGUSSYELTODPAVEVALGOTVRITCOGRSLRSY Y AS
WYQUKFGOAPVLVIYGENNRPSGIPDRFSGS TRGNSASLTITGAQAEDEADY Y CNSRDSP
GNOWYFGGOGTRKVTVLG
{(SEQ 1D NOx 238)

M78-GIE-M27

BVQLLQSGOGLVQPGGSLRLSCAASGERFSSYPMHWVRQAPGKGLEW VGSISSSOGATP
YARSYEGRITISRDNSEKNTLY LOMINSLEPERTAVY Y CAKREY TIL TONAFDMWGOGTS
VTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVEDYFPEPVTVSWNSGAL TSGVHTEPA
\*’U)‘,\MILYSL\'\\' YTVFSSSLGTOTYICNYNHK PSNTK VDK EVEPKSCOK THICRPCPAR

MELERPR PR DT MISR IRV IOV DV SHEDPEVRENWY VDG VEVHNAK TR R
Bﬁﬁ\)“ﬁ‘é “Ci FRVVSVLTVLHODWINGEEYRCK VENEALPAPIEK TISKAKGOPREPOVY'T

1“ {:ﬁ f; {Q,KC WTKN(}‘YLT( LYK (} f‘ X P‘? DI AV§“ W { \N(v DI’KN\W KTTPPV LDSDG QI'}“LV%

xh (sL\ Q?(JR\LRL b& '\ A \Q‘X'KIQ Q}‘ﬁ, ;ﬁj,}’\‘f‘f RQ l\f’(w i(t i,{g(,s,\: :}Q §\{

EGRFTISRDNARNSLYLOMNSLRARDTALYYCARDLGENQW \’ I}ﬁr}:{)‘{ W GOGTLYTVS
SARTGRGRIGRGGERG SRELTOQDPAVEVALGOTVRITCQURALRSY YARWYQRKP

GOAPVLEVIVGENNRPSCGIPDRFSGESSGNTASLTITGAQAEDEADY YONS SRDTPGROWYT

GOOTRVTVLEG

{SECY 1D NO: 240y

1"

MIGLP6

EVQLLOSGUUGLVOPGUGSLRLSCAASE DRSSV MW VROAPGKGLEW VGSSESGHALR
YADRSYRGRETISRDNSENTLY LOMNSLRPEDTAVYYCAKREY FIL TONAFDMWGQGTS
\’? v b&xﬁ\b 11{&:?’5\ f‘i‘L %PS‘&KS 1 S(JUL‘&&L(}CL\ KI)Y} }’Lf’\» i*\ 7&\\% 8G «‘\i fsh\ H ii* A

GooLY QN.R ‘sLRI SCAR \(gf'ﬁ DDy mw VR*}AP&:K(: VSIS WRRGSTGY AD\X
KGRETISRDNAKNSLYLOMNSLRAEDTALY YCARDLGYNQWLEGEDY WGQGTLVIVSS
AS TGOS OGGUSGOGGSSSELTODPAVSVALGOTVRITCOG DSLESY Y AS WY QOK PG
QAPYLVIYGKNNRPSGIPDRFSCSSSGNTASLTITGAQAEDEA DYYCMSRDHPGNO WV
GGOTRVTVLG

{SEQ 1D NO: 242

m,us g}(‘gf'”7lﬁKi}\\.&.E\:TL’fil\]\-‘{\-{\iﬂ.}{i’[‘f)ﬁ\‘» Y\’(AK{)EY"ULH:\AED\{\\»(:{) TS

AR §%

VTVSSASTKGPSVEPLAPSSKSTSOGTAALGCLVRDYFPEPVTVIWNSGALTSGYRTIPA
VLORSGLYSLASYVVTVPSESLGTQTYICNVNHE PSNTK VDK R VEPK SCDKTHTCPPCPAP
ELLGGES YELEPPR PR DT MISR TPEVTCV VYDV SHEDPEVK FNWY VDO VEVHNAKTKE

Fig. 5A

(Sheet 7)

SUBSTITUTE SHEET (RULE 26)



WO 2012/145507 PCT/US2012/034244

19/129

RLLU\ NST YR \‘\y S\*‘ L’%‘VLHOD\&LN{;KL‘{ K(‘K\ KM'{ ‘\L?A PEU{T ISK »’aK{:OP‘RhPE}\"& T

i ! LG R Y TOK ‘> ‘3' %P{r(t(s{ (r‘sﬁ{ i, rfj‘:(*f (r(sbi‘\*.}f V} "\
GG r{rL\f QP{JR‘» L RL §( s’\?‘\ C;(.;( LE DS} }; \;}ﬁi\&-\’ ROAPGRGLEWVSGISWNSGRVGYARSY
KGRFTISRDNAKNSLYLQMNSLRARDTALY YCARRLGYNOWLEGEDY WOQUTLYTYSES
AFTOGEORGGGUAGHGGSSSELTODPAVEV ALGQTVRITCQUGRSLAS Y ASWY QOK PG
CGENNBESGIPDRESGSSSONTARLTITGAQAEDEAD Y YO MSR DSPONCW YD
i's{r TRVTVLG

{(SEQID NGO 244)

MS7 -Gi.CR

LLOSGUGLVQRGOSLRLSCAASGEEESKY DM WVROAPGKGLEW Y SSISSDGGATY.

4 SIRFTIERDNSEKNTLYLOMMNELERABDTAVYVCAKDEY TW DSWOQGTS
VTVSSASTRGPSVIPLAPSSKS' TROGTAALGULVKDYFPEPVTVSWNSGALTSGVHTFPA

v Lrgm‘ m SL

KE:\’V’I_‘}?H\\I GT: TY‘:’K &V\HKP%N’}TK\&KK\' EESCRETHIC

| SRWOOGNY ‘ HYTOKALEL %m&m&m@m&m«'ni v G
xmm VOPGGSLRLSCA Asg;g T ;;mzm:»mm VROAPGKGLEWVAGISWNSGSIGY ADSY
KGRETISRDNAKNSLY LOMNSLRPEDTAVY YCARDLG Y NON Y EGEDY WGOGTLVTVS
SARTCOGOSGOGOSGGOHSHGGGISY ELTODPAVEVALGOTVRITCOUDELRSY YASW

YOOKPGOAPVEVIYEENNRESGIPRRFSOSTSONSASLTITGAQAEREADYY() NQRR{)_&&QL
MNHWY

TFGGGTEKYTVLG
(SEQ ID NO: 246)

ME7.GLEY

EVOLLOSGGGLVOPGGSLRLSCAASGEEESKY PMHWVROAPGKGLEWVSSISSINIGATY,
YADSYKGRFTISRDNSKNTLY LOMNSLRAEDTAVY YCAKDEY IW LTGNAEDSWGOGTS
VTVSSASTKGPE VEPLARSSKS TSGGTAALGOLVEDYFPEPVTVS W NSGALTSGVHTFFA
VLOSSGLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTKY DKKVEEKSC

EL LQ(:PRVI i I"PPM’K D TLX!!SE fl’f "« T(‘& \ \ D\’ &

GGOLV QPU rcsi.m,sc ké\u{;f; ;_; 0 gya,\;;}m v ;z(g APGRGLE WY SGISWDSGSTGY ADSY

JSL,[RI l i\Ri )NMQN"»I A LOMNSLRAEDTALY YCARBLGAY QWY EGF DY W( ?f){i’?’i TVS
L GUGGISSELTODPAVS VALGOTVRITCRGDSLRSY Y ASW YQOKD

GOAPVLY 1Y (K NNRPSG IPDRFSGSSSGNTASLTITGAGAEDEADY YO ESRDS SPGNQWYF

GOUGTKVTVLG

(SEQ ID NO: 248)

EVOLLQSGGGLVOPGGSLRLECAASGEFF SK Y PMHWVRQAPGRGLEW VSSISSDGGATY
LARRYKURFTISRONSKNTLYLOMNSLRAEDTAVY Y CAKDEY IWLTUNAFDSWGOGTS
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VIVESASTKGPSVEPLARSSKSTSGGTAALGCLVEDYFPERVTY E;WN%QALTSG‘VH I‘I‘ PA
VLQSSL[LYSLSSV\?T \*Ph%\L(xTQT‘r E \’NHK?ENT&Q‘VDKKV EPRSCDR

gmsqumww A L(rQT m?ffﬁg,ﬁe; Lm?m&
IPDRISGSTSGNSASLTITGAQAEDEADYYUNSRDSE

WY ,QKPGQA' ‘ {NNRES
GNQWV?{:&GT&VTVLQ
{SEQ 1D NQ: 250)

MS7-G1-M27

EVOLLOSGGGLVOPGGSLRLSCA ASGEEESKY PMHWVROAPGKGLEWVSSISSDGGATY
YADRSYRGRETISRDNSKNTLYLOMNS LRAEDTAVYVCAKDFY TWLTGNAFDSWGOGTS
VTYSSASTKGPSVEPLAPSSKS TSOGTAALGCLVKDYFPEPVTVSWNSGAL TSGVHTFPA
‘V{_QSS{;;L‘Y’S’Lss:ww saammwwww@wmm KKVEPKSCORTHTCPPCPAR

; TOKSLSLSP ,A;Qf‘gg&cgmmmggh TVOLVES
GUi:LVQPﬁRSLRLSE\AA%Q,F,“’I:Imﬂ;gﬁ, (WYRQAPGKGLEWY R{;ms,ymg,‘s;mmmy
GGASSELTODPAVSYA Lc:re:r"'v'liﬁmgmmwg; WYQ cth
NRESGIPDRISGSSSGNTASLTITGAQAEDEADY YONSR DT PGDOWVE

3 AST(JGG(J
GOAPVLYTYGEN
GUOTEVTVLG

{(SEQ ID N 252)

Ma7-Gi-P6

EVQLLOSGGGLVQPGGRLRLICA ASGEFESKY PMHWY RQAPGK(:LE\VV%%Lk\ij{:‘(jﬁ:{\f
A S K(_‘_ U IISRDNH&(NH‘:‘! ()\i\lbLR *\LIJIAVYVL AKI)F T / '

Sqr rmmww VROAPGRGLEWY SGISW) N::c;bzitrx ADSY
mmrmmwmsm_wm LRAEDTALY YCARDLGYNQW mewm‘{* TLYTVSS
ASTOGUOSGGOS0GaS MLTGHPAW;VALGQWRIwmmms ,

GGATKVTY Ju‘
{SEQ 1D NO: 254)
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M37-G1-B69

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

\’&D\\ ﬁﬁ:RfTI‘ﬁRDNSKI\T&Y U)'%‘N@LRAH}T \Vi ‘i ( ‘\bDT"{T‘?@ LT(NAFD‘“\’QQ{;T%
VTVISSANTKGPSVEPLAPSSKSTRGUTAALGCLVEDYFPEPV T\’%\’v ‘J&UALT &»(JE'HTI F A
¥ M}S%(:I YBLS&V‘» T \ 3’\;%1 (: 1{9}'& l{. %VWHKP&E\ TRV DKS\;\. Y e

me,m:rwrﬁmw SI T( = mm P%QH\TW ES\(:{}P{“\IN\ mwm {}sm; FLYSK
TYDKSRWOOGNY SLY
GGULVOPGRSLRLSCAA «mggg}},m}gwx ROAPGKGLEWY a{xm SV ;
BGRFTISRIONAKNSLYLOMNSLRAEDTALY YCARDLGYNOWLEGEDY, V(JQGTL\*TVS@
ASTOOOGSGGGOSGOGGSSSELTODRAVSVALGQTVRITCQGDSLRSY YASWY QOK PG
QAFVLVIVGICINRPSGIPDRESGRSSGNTASLTITGAGARDE ADYYOMSR DSPGNOWYFG
GOTKVTVLG

(SEQ IDNO: 256)

Fig. 5A

(Sheet 10)

SUBSTITUTE SHEET (RULE 26)



WO 2012/145507 PCT/US2012/034244

221129
Anti-LrbB3-1gGY/anti-JGFIR BISPECIFICS

LIGHT CHAINS

P1EAMBDA LIGHT CHAIN

SSELTQDPAVSVALGOTVRITCQURSLASY YASWYDQKPGQAPVLVIYGENNRPSGIPDR
FSGSSSGNTASLTITGAQAEDEADY Y CESRDSPONOWVFGGGTKVTVLGOPK AAPSVTL
FPPSSEELOANKATLVCLYSDFYPGAVTVAWK ADGSPVKVGVETTKPSKOSNNE YAASS
YLSLTPEQWKSHRSYSCRYTHEGSTVEK TVAPAECS

{SEQ ID NO: 258)

M27LAMBDA LIGHT CHAIN

SSELTQDPAVEVALGOTVRITCOGDSLRSY Y ASWYCIOK PGOAPVLVIYGENNRPSGIPDR
FSGSSSGNTASLTITGAQAEDEADY Y CNSRITPGDOWYFGGOTKY TVLGOPKAAPSYTL
FRPSSEELQANKATLVCLYSDFYPGAVTVAWKADGSEVE VO VETTEPSKOSNNK YAASS
YLSLTPEQWESHRSY SCRVTHEGSTVEK TVAPAECS

(SEQ 1D NO; 260)

M7 LAMBDA LIGHT CHAIN

SSELTQDPAVSVALGQTVRITCRORSLESY Y AS WY QUK PGOAPVLVIY GENNRPSGIPDR

FPPSSEELQANKATLVCLVSDEYPG A,\/‘TVA WEADGSPVEKVOVETTEPSKQSNNE YAASS
YLSLTPEQWXKSHRSYSCRVTHEGSTVEKTVAPAECS
(BEQ D NO: 2623

FSGSSSGNTASLTITGAQAEDEADY YCNSRDYPGDOW VFGGGTKVIVLGOPK AAPSVTL
FPPSSEELQANKATLVCLYSDFYPGAVTVAWKADGSPVEYGVETTKPSKQSNNR YAASS
YLSLTPEQWESHRSYSCRVTHEGSTVEK TVAPAECS

(SEQ 1D NO: 264)

SSELTODPAVSVALGQTVRITCOGDSLRSY YASWYOQK PGOAPVLVIYGKNNR PSGIPDR
FSGISSGNTASLTITGAQARDEADY YCNSRDWPGNOWYFGHGTKVTVLGQPK AAPSVT
LEPPSSEELQANKATLVCLVSDFYPGAVIVAWKADGSPYVK VGVETTKPSKQSNNKY A4S
SYLSLTPEQWKSHRSYSCRVTHEGSTVEKTYAPAECS

{SEQ ID NO: 266}
Fig. 5B
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HEAVYCHAINS

PI-G1-P4
EVQLVESGGGLVQRGRILRLACAARGTIIDDY AMEWVROAPGKOLEWVSGISWDSGRT
Y ARSVRGRFTISRDNAKNSLY LOMNSLRAEDTALY YCARDLGAY QW VEGFRY WGQG

TLYTVASARTKGPEVEPLAPSSKSTSGGTAALGULVEDYFPEPYTIVSW NS(:AL THOGV HI}
P%"s LQQS(;L": blﬁ‘a\ ¥ TX Pb‘ﬁLbT{:ﬁ“\ lCNVI\HRP‘;\T&‘» DM{‘J ) LS PP
3 ‘x ‘_ : & i

-n.‘sr

11 Ppbfﬁv[ \'fTRNf}\ 5] l( LY k(rf"f?[\f}iﬁs\ Iqu %ﬁff{}?f Nh‘[ i{'l“? PP\ i n%ﬁ(hf'ﬁ *r 3
EETNVDESRWOOUNVESCIVMNEAL Y RLS (3

QRGGOGLVOPGOSLRLSCAAS
VKOG 1RYT1‘§RDV\KWT1 \‘ﬂ Q’\f &L

ave ey

BTAVYYCAK Dm*gmggxa AFDY WOQGTTVIVS
: DIOMTOSPSSLSASLGDRVHITC R ASDGISSY LAWY
ufgxpcxmpKx,um&guwwmﬁmmw VTDFTLTISSLOPEDSATY YCQOY W IFPLT
FOGGTEVEIKRT
(SEO D NO: 268)

Pi4:1-M57

EVQLVESGGGLVOPGRSLRLSCAASGEIZDRY AMEWVROAPGKGLEWVSGLS
CGYARSYEGRFTISRDNAKNSLY LOMNSLRAEDTALYYCARDLGAY QWY EGER!
TLVTVSRASTRGPSVEPLAPSSRETSGOTAALGCL YR DYTPEPVIVEWNSG

PA"«LQ%‘;(;L\’SLS‘N\ T \ ?bHSL{; IQ’!\’ l(*N\’NHKP‘s%\ ﬁ\‘v DKK\’ FPRSCBKTH

: aY !e. 3
T PRSREEN NN YK I"TPP\ lDSQ{;ngY
EL f"v T)l\SRW 00(:‘6\] \f 3V Kﬂ-ﬂ Al HNH\ F()K‘\l ‘\L ‘sl’{x(rf:{r{r‘sh{r(sf;%( HIGOGSEVLL
QSGGULVOPGUSLRLSCAASGFFFSKYPM HW VRUAPGKGLE W VASISSDGOATYY ARS
MRGRFTISRDNSKNTLY LOMNSLRAEDTAVYYCAKDEY TWLIGNAFDS WGOGTSVTVS
SAMGOLEISHEGRGGLGIGOGRS DIGLTQSPESLIASLGBRV TITCRASQGISS Y LAWY
QOKPGKAPKLLIY ARSTRQSGVPSRISGRGSGTEFTLTISSLOQPEDSATYY( QOYWIWDL
TFGOOTEVEIKRT

[SEQ 1D NO: 2T

b 2 3 E

EVQLVESGOGLVQPGRSLRLSCAASGELIRD Y AMEWVROAPGROLEWVSGISWRSGST
GYARSVKGRFTISRDNAKNSLY LOMNSLRAEDTALY YCARDLGAYOW Y EGERY WGOG
TLVTVSSASTRGPSVEPLAPSSKSTSGGTAALGCLYKDYFPEPYTVSWNSGALTSGVHTT
PAVLOSSGLYSLESVVTVESSSLGTOTYIONUNHEPSNTE VDKK VEPKSCDX
APTLLGGPSY FLIPPKPKDTLMISRTREVICVY Y DVSHEDPEVKENWY VDGV L VINAKT
KPREEQYNSTYRVVSVLTVLHODWINGKEYKCEVSNKALPAPLE m;ammmmﬁmx
'1‘11 Fi’\ﬁf r\g_g_wm SLTCIVEGEYPSTHAVIWT SHGOPENNY R TTPRY M
LT DK SRWOOGNY FSCSVMHEALINHY TOK SLSLSPOGGOGSOGGGSGGOUST OLL
OSGGGLVQPGGSLRLSCAASGEDESS Y PM W VROAPGRGL EWVGSISSSUGATIPY.ADSY
KGRFTISRONSENTUYLOMNSLRPEDTAVY Y CAKDEY TILIGONALDMWGOGTSVIVESA
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ST GGG OGS OGUOS GO GSDIOMTOSPSS LEASLGDRVTITCRASOGISS YLAWYQ
QEPGKAPKLLIY ASSTRQSGVPSRFSGSGSGTOP TLTISSLOPEDSGTY YCOQY WAL RLTY
GGUTEVEIKRT

{SEQIDND: 212)

MZ1-G1.P4

g:s,amm KGRFTISRONAKNSLYL Q\msl RAEDTALY Ymmm fﬁ”\m“f VDGEDY s;rim'
TLYTVSSASTKGPSVEPLAPSSKSTSGOTAALGULVKDYTPEFY 'f\’%\&‘*&‘u ALTSGVHTF
PAVLOSSGLYSLSSY w VPSSSLGTQTYICNVNHKPSNTKVDRKVEPKSC

AS; Q_A_mf\x GOGTTVIVS
sAvrmﬁﬁsqmmc*cmc; R(rt;mmc;mmx;mmA&Lc;n m Tm m,g;‘g,ggm,s,), g&w

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

rm i :TKVCI&RT
{SEQ 1D NG: 2743

EVQLVESGGGLVQPORSLRLSCAASGETINNY AMHWVROAPGR GLEWYSGISWNSOST
GYADSVEGRFTISRDNAKNSLYLOMNSLRAEDTALY YCARDLGENOWVDGEDY WGOG
TLVTVSSASTRGPSYFPLAPSSESTRGOTA ALGOLVE DY FREPYTVRW Nbirim b{r\- o ﬂ
PAVLOSSGLYSLESYVTVPSSSLOTOTYICNVNHKPSNTKVDKK VE
APELLGGPSVELFRPKPKDTLMISRTPEVICVY VDV SHEDPEVKENWY ¥ DGVEVHNAR T
_g_re LOYNSTYRVYS VL TVLHODWLNGKEYKCKVSNKALP AP EKTISK AKGOPREPOV

ngcrcxzwpmu,m.xc »\aﬁ(ﬂ“{“&K’fl’\{i{“ v RQ APGROLEWY sslxsm(.ﬂvmm
MKGRETISRDNSKNTLY LOMNSLRAEDTAVY YCAKDEY IWLTGNAEDS WHOGTSVTVS
c‘%kT{EGGQ ‘QQQQSGQQQ‘%GQQGS D!Ql TQW‘:\E ‘sf%i QDR\’ m < mm&mx &‘ﬁ&‘v Y

cccccc

:m;c;a’rmfﬁmm
{8EQ 1D NO: 276)

M27-L31-MTR

EVOLVESGOOLVOPGRSLRLSCAASGETEDD Y AMHW VROAPGRGLEWVSGISWNSGST
GYADSVEGRFTISRDNAKNSLY LOMNSLRAEDTALY YCARDLGENOWVDGEDY WGOG
TLYTVSSASTRGPSVRPLAPSSKSTSGUTAALGCLVKDYFREFVTVSW NSGALTSGV }m‘
PAVLQSSGLYSLSSVVTVPSSSLG POTYICNVNHKPSNTRVDKKVE
APELLGGESVELEPERPEDTLMISR SV DVSHEDPEVEENWY VDG VEVHNAK
KPREEOYNSTYRVVEVI TVLEODW LN(;KE‘;"K(‘KV‘«?\&ALPAMEKTE\K t\}u :()PREPOV
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KNOVSLICLVKCE YP‘»DE AVEWESNGOPENNYKTTPPY LDSDOSELY S
TYDESRW SAMMHES Y TOKALSLSPGGLAURGLRGLREGSEVQLL
Q‘x(;&r{wi v uma ISLRLSC AAS(,:{ m;,;,x mgm ROAPGKGLEWY mm»m IATRY gpﬂ
KORFTISRDNSENTLY LOMNSLRPEDTAVY YCAKDEY T IGNAF
SIGUGGSGUGOSCGUGNGOGUSDIOMTOSPSSLSASLGDRVTITC m.\z:’amth YQ
QKPGRAPKLLIY A3STROSCVPSRESGSGSGTORTLHISSLOPEDSGTY YCQOY WAERLLE
GGUTKVEIKRT

(SEQ 1D NO: 278}

m N\{gg‘g_[g{,;M‘i‘iﬁsm’ahﬁxi{h\LYLﬁ\i‘ih{k AEDTALYYC ARD) b;g; Ncm :xg:;tf,% EDYWGQ
GTLVTVSSASTRGPSVIPLAPSSKSTSGGTAALGCLVKDYFPLPVTVS WNSGALTS GYHT

f PAA L{)’ﬁ(nL} %LSSV\ l v ?‘.S‘i L(: T{} !"YK T\\ NHI\PS}\I R\’I}RKV

3 . ‘\ . § LAY
Q SGGOLY Qmmmw AASG) }:\f{r \RYBME{W v RE)AP( TKGLEW vc,smmg r&*{‘{"},&@
¥ K,QR&”TKSRD\I%KETLYL{,\\II\%LRAEDT AVYYCAKDEY QL IGNAIDY WOOGTTVTVS
TGOGG 3 DM TOSPSSLSASLGDRVTITCR ASQUISSY LAWY
GO Al SRFSGSGSGTDFTLTISSLGPEDSATYYCOOY WIERLT
FOGGTKVEIRRT
(BEQ 1D NOx 280)

EVQLVESGGGLVOPGRSLRLSCSASGETEDDY AMEWVRQAPGKGLEWVSGISWDSGSY
GYADSVEGRETISRDNAKNSLYLOMNSLRAEDTALY VOARDLGY NOWWEGEDY W m}
GTLVTVSSASTKGP "\'mn,,;pssnm\am AALGCLVEDYFPEPVTVSWNSGALTSGVHT

: N dodis : bl "‘”QE\Q&L
Q\(er{lefQP(;{ALRL % M%z;g‘gmgw&mww{mx> KOLEWY SSISSDGE SATYYARS
YEGRFTISRONSKNTLY LOMNSLRABDTAVY YO AR DEY TWL I ONAFDSWGOGTSVIVS
SASTOGGGS GGG GRGSGHGES DIOLTOSPSSLSASLGDRVTITC RASGGISSY LAWY
QOKPGKAPKLLIY ARSTROSG VPSRFSGSGRGTEFTLTISSLOFEDSATY YOOO Y WTWEL
TRGGOTKVEIKRT

(SR D NO: 282)

EVQLVESGGGLVQPGRILRLSCAASGFTFDDY AMHWVRQAPGEGLEWVSGISWDSGSY

e B

GYADRSYKGRFTISRDNAKNSLY LOMNSLRAEDTALY YCARDEGYNOWWEGFDYWGO
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GTEVTVSSASTRGPSVIPLAPSSK STRGETAALGCL VKDY FPEPY l'\i\‘&\c‘N\iu\LT&(;\ H"f
33 &\’LQS\(:L‘; ‘&L"?S\w \ T\’ E’S\%Li zTQT‘; EL N\'NHKP%NTK\ I}KK\ .

c;m GOLY QI’(?G*ILRL\( emg ;,z,p,ms:g mm*m RQA?(;K(:L EWVGSISNSGO em“, ADSY
KGRFTISRONSKNTLYLOMNSLRPEDTAVY YCAKDEY TILTGNALDMWGOG TSVTVESA
STGOGGEGGGGICEGGRGGGGSDIOMTOSPSSLSASLGDRVTITCRASOGISS YLAWYQ

QKPGKAPKLLIY ASSTROSGVPSRESGSGSGTDFTL TISSLOFEDSGTY YCOOY WARELTF
GOGTRVEIKRT

{SEQHTD NO: 284)

B72-G1-P4

EVOLVESGGGLVOPGRSLRUSCAASGRIFDDY AMHW VR QAPGRGLEWVSGISWNSGSR
GYADSVKGRPTISRDNAKNSLYLOMNSLRAEDTALYYCARDLOENOWERGIDY WOOG

TLVTVSSASTKOPEVEPLAPSSKSTSGGTAALGULVEDYFPEFVIV RK\N‘%L; Al T&(r‘f HTF
PM’LQ%E:L ‘r ‘32 ‘i’%‘\*’!“u’?%‘??ﬁ le}T‘t’il 3\\ \H&P%‘JT&VD?CRV 54 .

YR m\wm Amm; EWY uszamq,&m}*\’arm
&f}ﬁngYTI‘?RDNRKWLX LQ\R\ SLRAEDTAVYYCAKDFYQILTGNARDY WOOGTTVTVS
SARTGUOEAGLOGSGOGGRIGAGIDIOMTOS PSSLSASLGDRVTITCRASOGISSY LAWY
Q{}KP’GKAPI(LL\IYA_&S._’I_L{;{;S;C}VPS'RFSGS{}S{}TDPTLTISSLQPEDS&TY&'Q{,}QX}{»{E‘;{{E&X
FGUGTRVEIKRT

{SEQ D NO: 286)

B72-(x1-M57

EVQLVESGGGLYOPGRSLRLSCAASGEIERDY AMEWVROAPGKGLEWVSGISWNSGSR
GYADSVEGRFTISRDNAKNSLYLOMNSLRAEDTALY YCARDLGENOWEEGEDY WGOG
TLVTYSSASTRGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPYTVSWNSGALTSGVHTT
PAVLOSSGLYSLSSVVTVRSSSLGTQTYIC NVNHKPSNTKVDRK VEPKSC ppC

beﬁxhl\ QP&&SLRLR( AAS{,:}E_L&: hm 13\;;% ¥ R{}M’ixkb LEWYVSS] ;}qmm &I\“ﬁAL}\
VKGRFTISR DNSKNTi YLQMNSLRAEDTAVYYCAR DEYTRLTGNAEDS WGQGTSVTVS
SA GGHG! SO LTQSPSSLSASLGDRVTITC RASQGISSY LAWY

(OK ‘A mm@;,«:;vps&rsw ISGTEFTLTISSLOPEDSATY YOQOY WIWPL

IF(:(:(:T K\* NKRT
Fig. 5B
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B72-G1-MT8

5 Y QGﬂ\
TL‘VT\; ‘vS A‘:TKL:PbVFPLAPHbK‘:TS( rLrTAAL(z{‘LVRDYF PEPVTVbW NS(_IALTH{;V HTF
Peﬂf QQS(J L‘i’&LSﬁ:\‘VTVPSﬁbL{sTQT ?s’l{ N%’I\HKP&NTK‘\* i}KhV LP]

STGGGGSGGCG%(:G(:FS(:C G(n‘?QIQMTQ SP’E?LSA%LGDR\? TITCR%"‘?QGI‘?S’\;I ,»\KVY Q

QXPGEAPKLLIY ASSETROSGYPSRESGSGSGTDFTLTISSLOPEDSGTY YOO Y WARPLTF
GGGTKVEIKRT
(B I NO: 290)

TLVY \’ Si}»&h'l K(rPSV FPLAFS&KW S(J(:TAM G U«hDY}* PEPVT\* EWNSC,- M:'? SGVHTF
PK\‘J “{\bSEr[ Y %LHSVVTVPBSM(}TUTYIL NVNHKP&:NYK\PHKK\’{PRH{ DKTH.}

QQKP( :KAPKLLIYA}‘{, TLQ_QG\'PE-RTSGNLAGTDFTL TIS %LQFEDSATYY G Q&.X.WI‘EELI.
FOGGTEVEIRRT
{SC0 ID NO: 293

BéU-G1-M57

EVQLVESGGGLVQPGRSLRLSCAASGEIEDDY AMHWVROAPGKGLEWVEGISWDSGSY
LYARSNEGRFTISRONAKNSLY LOMNS LRAEDTALY Y CARDRLGAY O WEEGEDY WGQG

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

T'L\ T\/ S\A bTKQPS\’FPLAP%?K?Tb(JCsTA ALG{ LVKDYF’PE P'\.’TV SWNQQ ALTS{NHTF

Q. : EYPM HW\eROAP(JKGLEW '@Slasngsz;vawﬁ
¥ KQRFTI&RD*«ISKNTLYLQ\H\SLMEDTA\ YYCAXDEYTWLIGNAFRSWOQGTSVIVS
SASTGUOGELGGURGOUGRGGHLSDIOL JOSPSSLEASLGDR VTITC‘RA';Q(‘;IH%‘( LAWY
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QOKPOKAPKLLIY ARSTROSCVPSRPSGSGSGTEFTLTISSLOPEDSATY YOROYWIWPL,
IFGGGTKVEIKRT
(SEC) D NO: 294)

B6O-G 1N

EVQLVESGGGLVOPGRSLRLSCAASGETERRY AMHW VRQAPUKGLEWVSGISWDSGSY.
GYADSVKGRFTISRONAKNSLYLOMNSLRAEDTALY YCARDLOAYOWEEGEDY WGOG
TLYYVSSASTRGPSVEPLAPSSKSTSGGTAALGULVEDYPPEPVIVSWNSGALTSGVHTF
FAVLOSSGLYSLESYVTVRSSSLGTOTY ICNVNHEPSNTE VDK K VEPKS ‘
APELLGGPSVELFPRRPRDTLMISRIPEVICYY YDVSHEDPEY KENWYY m;x £ HMK T
K?Rﬁ:ﬂ‘ms’r‘g R\“w:\';;’rvmrmwm@xrw K

. {’(}(t\(lhfa(r‘* I
Q‘)‘ 3(1(:§ \c()f’(u(:‘ﬂ RE ‘y(. APXH{J]“ ?"\5‘3‘1 ?’\} H\\ \ RU M‘(.)K(r 1 W’v(t\ v %\f:(JA\H’Y

e s e

GGUTKVEIKRT
(SEO IDNO: 296)

BepC2-MT8 (18G2 backbhone

EVOLVESGGGLVOPGRSLRLSCAASGETIRDY AMEWVROAPGRGLEWVSGISWISGSY
Y ARSVE GRFTISR DN AKNS LY LOMNSLRAEDTALYYUARDLGAYOWEEGEDY WK
TLYTVSSASTKGPSVFPLAPCSRSTSESTAALGCLYKDYFPEPVTVSWNSG ALTSGVHTEP
AVLOSSGLYSLESVVTVPRSNFGTOTY TONVORKPSNTEVIK TVERKCCY:
AGESVELFPPKPKDTLMISRIPEVICVVVDVSHE nwvm‘w YVDGY z:wme\ mmzrr
CENSTPRYVSVLIVVHODWLNGKEYKCKVS 5 ‘ ‘
REEMTRNOVALTCLYRGEY PSDTAVEWESNGOPE NYRTTERT A1 DSDUSFTL Y SKLTVD
KSRWOOGNVESCEVMHEALINHY TOKSLSLSPGGC GUSGGUGSGGUGREVOLLOSGG
GLVQPGGSLRLSCAASGEDISSYEMHWVRQAPGKGLEWVGSISSSOGATEY ARSYKGRT
TISRONSKNTLYLOMNSLRPEDTAV Y YCARDEY T LGNAF DM WGOGTSVTVSSASTGG
GGSGGGOSGOGOSGUGGIDIIM TIPS SLEASLGDR VTITCRASOGISS Y LAWY QOK PG
KAPKLLIY ASSTROSGY PSRESGSGSGTRFTLTISSLOPEDSGTY Y COQY WAEPLIFGGGT
KVEIKRT

(SEQ 1D NO: 355)

Y ¥
M7-62-

EVQLVESGGOLVQPGRSLRLSCAASGEIERDY AMHW VR OAPGRGLEWVSGISWRSGSY
GYADSVKGRFTISRDNAKNSLY LOMNSLRAEDTALY YCARDLOYNOW N EGERY WGO
GTLVTVESASTROPSVIPLAPCSRETSESTAALOCLVKDY FPEPVTVSW hb{x AH HL:‘»‘HT

FPAK l QQQQL\ \LS‘W vV TVF\SNF(:“{QT\ TONV BHKP\N’TK\ DKT\» 9

Flg. 5B

(Sheet 7)
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GRGRGUIEVOLLYSG
EWVES FATRYARSYEG

RFTI sﬁmbxmm L : \xuw EDT. wx ‘r C AK m:mm m FRMWGQGTSVTVESAST

GOGGS FSDHIMTOSPESLSASLGDRVTITCRASDGISSYLAWYOOK

PGRAPKLLIY ASSTROSGVPSRFSOGSGIOTDRTLTISSLOPEDSGTY YCOOYWATPLIFGG
GTEVEIKRT (SEQ I NO: 357)

Fig. 5B

(Sheet 8)
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WVRQAPGKGLEW VESISSSGGATR,
y A:r;»sw_wm}zm ,’:aK\TL\’LQ MN ExLRA EDTAYY VCAKDEYDILTONAFDIWGQGTTV
TVSSASTKGPS VIPLAPSSKS TSGGTAALGCLVE DY FPEPVTVS WNSGALTSGVHTEPAY

QKSC LYSLSSYVTVDS 5smrgw fmwmpwmwmm EPI{sr DK THTC‘PP{‘PA PE]

FSEGHD N() ﬁM

P4 1gG1

EVOLLQSGGGLVQPGGSLRLSCAASGEVESRY EMEW VRQAPGKGLEWVGSISGSGGAT
EYADSYE(RFTISRDNSKNTLYLOMNSLRABDTAVYYCAKDEY QUL TGNAT DY WOOGT
TVTVSSASTKGPSYFPLAPSSKSTSGGTAALGCL VK DYFPEPVTVSWNSGALTSGVHTFP
Avmsmm iaLSb“a’VT'\FP&&.‘)LGTQTYIL NV?\HKP&‘»ITKVDKK\; EPKSCDKTHTCPP

sqm D N(J m; B

M78 latit

EV{;LLQ SGGGLYQPGGSLRLSCAASGERESSY PMEWVROAPGKGLEW VGSISSSGGATE
JAPSYRGRFTISRDNSKNTLY LOMNSLRPEDTAVY YCAKDEY TU TONAFDMWGQGTS
VTVESASTRGPSVEPLAPS SRS TSGUTAALGCLVEDYE PEFWV&WVQ(IALY%G VHTFP:%
‘v LQSSGLY%LS%VV TYPSSELCTOTYICNVNHK PANTEVDKKVE .
MR TPEVTOV VY DVSHEDPEVE EN WY Vi)ﬁr\' EVHNﬁw
R EEQYNSTY RVVS\'LTVLHUB’LVLM(:KEY MEVECKVENEALPAPIEKTISKAKGOPREPOVYT
LPPS R EEVTKNQV SETC 1LV K{JF"{' PShi AVEW f SV( rQ?ET\NYKTTPPVLD SDUSFFLYSKL
KSREY 1 Sl ALHNE ;

(350 1D NOI60 )

MS7 Taf)

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

';{‘A[}i\ KC RT'TI';‘-RTJN ‘iK"ﬁ"i YT Q\!‘N 5. RM"'TFAV Y\’CAKD[Y’IW[‘T (;;?\ [}Wv {JQ{“ TS
VTVSRASTKGPSVFPLAPSSKSTSGOTAALGULVEDYIPERVTY SW\I §G ALY‘\{ iV HTTPA
'V LQ.‘)BU LY 5L5 %VVT‘&’F&:R%LGTGTYIL NV N HKPENT‘{VDKK‘/’ .

mxsm nr.mrm F&L&;‘v"\JHEALHNH’YTHK&\\,LWQ o

(SEQ 1D NO:361)

Fig. 6A
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EVQLVESGGGLVOPURSLRLSCAASGETEDDY AMEWVROAPGRGLEWVSGISWRSGRT

vahin

GYADSVKGRTTISRDNAKNSLY LOMNSLRAEDTALY YCARDLGAY QW N EGEDY WGOG

TLVTVESASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPYTV SWNS( TAL I“s{ 34 llTT
, &‘VI Q‘s‘:( s¥ 'YSI ‘%'\‘\"f\'?’%‘s%l {sTQTY}L N‘» NHKPRWK\’D&KV TN ; '

Q 3 FhY

YTLPP‘%RKEWTKND\ SETC L\;Ki;f“x F’"@T?'L\\ IC\‘« {1‘1‘\1( .()PgN}{\ KTT?P\’&DRD{; ‘?YI‘L v q
BRIV DK SEWOUGN VESUSVMHEALHNHY TOKSLSLS PG
{SEQ ID NG:36Y)

4

M7

2y

- EVOQLVESGGGLVOPGRSLRLSCAASHETEDDY AMIW VROA PO RGLEWVSCISWNSGST

Cascan e LY

 GYARSYEGRFTISRDNAKNSLY LQMNSLRAEDTAL Y YCARDLGENQW Y DGERYWGOG

RIS

j IL’\"H ")V\’ﬂh(d“\\ill‘ *&E‘SHK%I";(J&L\AL(:{ LVKDYH’LP’\ §\H\§’,N‘s{r*ﬁLi‘>€.v\rIlf.I

APE FLEPPKPKDTLMIS KIPEVICVVVDY sumpwmmwx‘fm mnm
: wrmmwvgm SVLIVLHODWLNGKEYKCKVSNKA : REPOY

{bff) fﬁ NO 363

M7

EVOLVESGGGLVOPURSLRLSCAASGETF DY AMEWVRQAPGRGLEWVSGISWOSGRY
GYADSYRGRFTISRDNAKNSLYLOMNSLRAEDTALY YCARDLGYNOWWEGEDY WGQ
GTLVTUSSASTKGPSYFPLAPSSKSTSGGTAALGCLVKDYFRERY TVSWNSGALTSGVHT
FPAY qusch\ SLSSY VTV mm; TQTYICNVNHKPSNTKVDKKVEPKSCOKT]

W\w COGNVFSCSY MHEA
(SEQ ID NO-364)

EV, 'VFt:cs(Ki‘i,,wmas:t,RL:&:x:A.A&imﬁ?mzﬁ;zmmvxQAPGKﬁi-LEWVS:}@"' (SGSR,
SYKGRFTISRINAKNSLYLQMNSLRAEDTALYYCARDLGENGWEEGFDY. WGOG

TL\’T\ SSASTKGPSVFPLAPSSKSTSGOTAALGCLVK DY FRPEPVIVEWNSGALTSGVHTE
PAVLOQSSGLY SLSSVVTYPSSSLGTOTYIONVNHK PANTR VDR K VEPKSCDKTHICRRCE

AFH MJGI’QX FLF?P&PKDTLV T‘%RTPN'"I( A 24 D\ SHEDPF \) KE NW \‘\*DC‘ ’ﬁ. EY UNAKT
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'(QEQ mwmm; T

Bigh

EVQLVESGGGLVOQPGRSLRLSCAASGEIF DY AMEWVR QAPGKGLEW VS GISWRSGRY
CYADSVERGRFTISRONAKNSLYLOMNSLRAEDTALYYCARDLGAYQWEEGEBYWGQG
TLVTVSSASTEGPS VEPLAPSSKSTSGGTAALGCLVE DY FPEPV TVSWNSGALTSGVHTE
P ‘f\ VLO&;SGLYS L‘SSVVTVPSR\L G T(\T‘r ¢ N\*"NH P SNTK VW( KE’};_K &(‘DRTHT [‘PPC‘P

KP RE EO‘f T\STYR\’V SVLT‘»‘LH}WL\GKE‘&’KCK‘; ‘vI\KALPéP[EKTP)K 4 EG DPR EPQ\'

N PR R EEM TN OV S LT VK GEVES DIA VEW ES NGOPENNY X TTPEVLDSDGSEFLY S
KLTVDESRWOOGNVESCSVMHEALRNHYTOKSLSLSPG
(SEQ ID NO:AG6)

Fig. 6B
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P4

Yo SKa ki Ya v Ta AR IS Hake N6 €EC

PY ADSVK(GRFTISRONSKNTLYLQMNSLRAEDTAVYYCAKDEY QI TGNAF DY WOQGT
TVIVSSARTOGGOSGGAGSGAGESGHGGDIOMTQSPSSLSASLGDRVTITCRASQGISS
YLAWYQOKPGKAPKLLIY AKSTLOSGYPSRFSGSGSGTDFTLTISSLOPEDSATYYCOOY
WTFPLTFGGOTKVEIKRT

(SEQ 1D NO367)

EVQLLOSGGGLYOPGGSLRLSCAASGEES SKYPMHWVROAPGK GLEWVSSISSDGGATY
YADSYKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAKDEY IWLIGNAEDSWGOGTS
VTVSSASTGOGOSGGHGI0GESGHGESDIOLTOSPSSLSASLGDRVTITCRASOGISS YL
AWYQOKPGKAPKLLIY ARSTROSGVPSRFSGSGSGTEFTLTISSLOPEDSATYYCQOY W
WRLIFGGGTRVEIKRT

(SEQ 1D NO:368)

EVQLLOSGGGLYQPGGSLRLSCAASGEDTSSY PMHWVROAPGK GLEWVGSISSSGGATR
Y ADSYKGRFTISRDNSKNTLY LOMNSLEPEDTAVYYCAKDE Y TILTGNAEDMWGQGTS
VTVSSASTGGGOSGGOGSUGHSGOGASDIOMTOSPSSLSASLGDRVTITCRASOGISSY
LAWYQUKPCKAPKLLIY ASSTROSGVPSRFSGSGSGTDFTLTISSLOPEDSGTYYCOOY W
ATPLIFGOGTRVERRT

(SEQ 1D NO:368)

Fig. 6C

(Sheet 1)
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OVQLVOSGGOLVQPGGSLRLSCAASGETEDRY AMEWVRQA PGRGLEWVAGISWNSGSI
Y ADSVKGRFTISRDNAKRSLY LOMNSLRPEDTAVY YCARDLG YNOWVEGEDY WGOG
TLVTVES ASTOORGRGGOGSGURGEGOOGSS YELTQDPAVEVALGQTVRITCOGRSLRS

XY ASWY Q0K PGOAPVLVIY GENNRESCIPDRFSGITSONSAS LTITGAGAEDEADYYCY

SEDSSONHWFGGOTRVIVLG

(SEQ D NO3T)

r1

EVOLVESGGGLVQPGRSLRLSCAASGE L DY AMEW VROAPGKGLEWY SGISWRSGST
{IYADSYKGRFTISRONAKNSLYLOMNSLRAEDTALY YCARDLGAYQWYEGERY WGQ0
TLVTVISASTOGGUSGRGGSGROGISSELTQDPAVSVALUOTVRITCOUDSLRSY YASW
YOOKPGQAFVLVIYGK NNRPSGIPDRFSGSSSGNTASLTITGAQAEDEADY YCESRDSPG
NOWVFGGOTKVTVLG

(REQ ID NO3TH)

Mid

QVOLVOQSGGOLVOPGOSLRLSCAASGETEDDY AMHWVROAPGKGLEWY AGISWDAGS
JOYADSVRGRETISRDNAKNSLY LOMNSLRAEDTALYYCARDLGAYOWYEGEDY WGD
GTLVTVSSASTGGLGSGQOGRAGGGSGROGSSVELTODPA VS VALGOTVRITCQGRSLR
SYYASWYQUEPGQAPYLVIVUKNNRISG P DRESGS TSGNSASLTITGAGAEDEAD Y YO
NERDSPUNOWVFGGGTEVTVLG

(SEQ D NO:3I

M27

EVQLVESGGGLVQPGRSLRLSCAASGEIFDDY AMEWVRQAFGKGLEWVSGISWNSGST
GYADSVKGRETISRDONAKNSLYLOMNSLRAEDTALYYCARDLGENOWYDGEDY WGOG
TLVTVSS A ST GGG GG UGS GUGGESSELTODPAVSYALOGTY RITCOODSLRS Y YASW
YQOKPGOAFVLVIYGKNNRESGIPDRFSUSSSGNTASLTITGAQAEDEADY YONSRDTPG
DOWYFGGGTKVTVLG

(SEQID NO3I3)

P§

EVOLVESGGGLYQPGRILRLSCAASGEITDRY AMEWVRIAPGKGLEWVSGISWNSGST
Y ADSYRGRFTISRDONAKNSLYLOMNSLRAEDTALY YCARDLOYNQWLEGED Y WGQG
T E‘T‘v"\‘.ﬂ ﬂ. ) ‘;;G( e sishﬂ%{x(:(?{ x\{s\}’l IQDPA\’S\K ALL s(ﬂ Y Ri 1 ¢ ‘D(qg}%! R‘s‘), Xjﬁ,b

NOWVFGGGTKVTV LG
[SEQ ID NO:374)

Fig. 6D
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B6y

EVQLVESGGGLVOPGRSLRLSCAASGETEDDY AMHW VROAPGKGLEWYSGISWNSUSY
(X ADSYKLRFTISRONAKNSLYLOMNSLRAEDTALY YCARDLGY NOWLEGEDX WGQG
TLYTVSSASTGGGGSGAG GGSSSELTQDPAVSVALGOTVRITCOUDSLRSY Y ASW
YOOKPGOAPYLVIYGENNRPSGIPDRFSGSSSGNTASLTITGAQAEDEADY YO MSRISPG
NOWYTFGGGTKVIVLG

(SEQ I NO:ATS)

Fig. 6D

(Sheet 2)
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5nM GFR2-Fc
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Activity after 3 day incubation in serum at 37°C
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Differential Scanning Fluorescence First Derivative Plot
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No Tx

IGF1 + HRG
SF-G1-C8
Anti-IGF-1R Ab# B
Anti-ErbB3 Ab# A

Anti-IGF-1R Ab# B +
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