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SUR-BINDING PROTEINS AGAINST ERBB3

CROSS-REFERENCE TO RELATED APPLICATION
[0001] The present application claims priority under 35 U.S.C. § 119(e) to U.S.
provisional patent application numbers 61/512774, filed July 28, 2011; 61/589,111, filed January
20, 2012; 61/640,575, filed April 30, 2012; and 61/640635, filed April 30, 2012. The

aforementioned priority applications are incorporated herein by reference in their entireties.

SEQUENCE LISTING
[0002] The present application is amended to include a Sequence Listing in electronic
format. The Sequence Listing is provided as a file entitled SeqListing.txt, created July 26, 2012,
which is 247,064 bytes in size. The information in the electronic format of the Sequence Listing

1s incorporated herein by reference in its entirety.

FIELD
[0003] The present invention generally relates to surrogate light chain constructs and
other binding proteins.
BACKGROUND

[0004] The ErbB/HER subfamily of polypeptide growth factor receptors include the
epidermal growth factor (EGF) receptor (EGFR/ErbB1/HERI), the neu oncogene product
(ErbB2/HER2), and the more recently identified ErbB3/HER3 and ErbB4/HER4 receptor
proteins (see, e.g., Hynes et. al. (1994) Biochim. Biophys. Acta Rev. Cancer 1198, 165-184).
Each of these receptors is predicted to include of an ectodomain (extracellular ligand-binding
domain), a membrane-spanning domain, a cytosolic, protein tyrosine kinase (PTK) domain and a
C-terminal phosphorylation domain (see, e.g., Kim et al., (1998) Biochem. J. 334, 189-195). The
ectodomains of the ErbB receptors are further characterized as being divided into four domains

(I-IV). Domains I and III of the ErbB ectodomain are involved in ligand binding (see, e.g., Hynes



WO 2013/016714 PCT/US2012/048730

et. al. (2005) Nature Rev. Cancer 5, 341-354). Ligands for these receptors include heregulin
(HRG) and betacellulin (BTC).

[0005] Experiments in vitro have indicated that the protein tyrosine kinase activity of
the ErbB3 receptor (ErbB3) protein is attenuated significantly relative to that of other ErbB/HER
family members and this attenuation has been attributed, in part, to the occurrence of non-
conservative amino acid substitutions in the predicted intracellular catalytic domain of ErbB3
(see, e.g., Guy et al. (1994) Proc. Natl. Acad. Sci. USA. 91, 8132-8136; Sierke et al. (1997)
Biochem. J. 322, 757-763). However, the ErbB3 protein has been shown to be phosphorylated in
a variety of cellular contexts. For example, ErbB3 is constitutively phosphorylated on tyrosine
residues in a subset of human breast cancer cell lines overexpressing this protein (see, e.g., Kraus
et al. (1993) Proc. Natl. Acad. Sci. USA. 90, 2900-2904; and Kim et al. Supra; see, also,
Schaefer et al. (2006) Neoplasia 8(7):613-22 and Schaefer et al. Cancer Res (2004) 64(10):3395-
405).

[0006] Markedly elevated levels of ErbB3 have been associated with certain human
mammary tumor cell lines indicating that ErbB3, like ErbB1 and ErbB2, plays a role in human
malignancies. Specifically, ErbB3 has been found to be overexpressed in breast (LLemoine et al.,
Br. J. Cancer 66:1116-1121, 1992), gastrointestinal (Poller et al., J. Pathol. 168:275-280, 1992;
Rajkumer et al., J. Pathol. 170:271-278, 1993; and Sanidas et al., Int. J. Cancer 54:935-940,
1993), and pancreatic cancers (Lemoine et al., J. Pathol. 168:269-273, 1992, and Friess et al.,
Clinical Cancer Research 1:1413-1420, 1995).

[0007] Although, the role of ErbB3 in cancer has been explored (see, e.g., Horst et al.
(2005) 115, 519-527; Xue et al. (2006) Cancer Res. 66, 1418-1426), ErbB3 has only recently
become appreciated as a target for clinical intervention. Some immunotherapies primarily focus
on inhibiting the action of ErbB2 and including inhibiting heterodimerization of ErbB2/ErbB3
complexes (see, e.g., Sliwkowski et al. (1994) J. Biol. Chem. 269(20):14661-14665 (1994).

[0008] Signal transduction mediated by the ErbB family of protein receptors occurs,
in many instances, upon ligand-induced receptor heterodimerization. "Receptor cross-talking"
following heterdimerization results in activation of the ErbB receptor kinase domain and cross-
phosphorylation of the ErbB receptors, which is known to occur between, e.g., EGFR and ErbB2,
ErbB2 and ErbB3, and ErbB2 and FrbB4, and EGFR and ErbB3 (see, e.g., Wada et al., Cell
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61:1339-1347 (1990); Plowman et al., Nature 336:473-475 (1993); Carraway and Cantley, Cell
78:5-8 (1994); Riese et al., Oncogene 12:345-353 (1996); Kokai et al., Cell 58:287-292 (1989);
Stern et al., EMBO J. 7:995-1001 (1988); and King et al., Oncogene 4:13-18 (1989)).

SUMMARY

[0009] In some embodiments, a sur-binding protein (“SBP”) is provided. The SBP
can comprise a VpreB sequence, a A5 sequence, or a VpreB sequence and a A5 sequence; and a
heavy chain variable region amino acid sequence that is paired with the VpreB sequence, the A5
sequence, or the VpreB sequence and the A5 sequence to form a sur-binding protein. The sur-
binding protein binds to an ErbB3 protein.

[0010] In some embodiments, a bispecific sur-binding protein is provided. The
bispecific sur-binding protein can comprise a first VpreB sequence, a first A5 sequence, or a first
VpreB sequence and a first A5 sequence and a first heavy chain variable region amino acid
sequence that is paired with the first VpreB sequence, the first A5 sequence, or the first VpreB
sequence and the first A5 sequence to form a first sur-binding protein binding site. The sur-
binding protein binding site binds to and/or inhibits an ErbB3 protein. The bispecific SBP can
further comprise a second VpreB sequence, a second A5 sequence, or a second VpreB sequence
and a second A5 sequence; and a second heavy chain variable region amino acid sequence that is
paired with the second VpreB sequence, the second A5 sequence, or the second VpreB sequence
and the second A5 sequence to form a second sur-binding protein site. The second sur-binding
protein site binds to and/or inhibits a second target involved in cancer pathogenesis.

[0011] In some embodiments, a bispecific sur-binding protein is provided. The SBP
can comprise a VpreB sequence, a A5 sequence, or a VpreB sequence and a A5 sequence, a first
heavy chain variable region amino acid sequence that is paired with the VpreB sequence, the A5
sequence, or the VpreB sequence and first A5 sequence to form a first binding site. The sur-
binding protein binding site binds to and/or inhibits an ErbB3 protein. The SBP can further
comprise a light chain variable region. The SBP can further comprise a second heavy chain
variable region amino acid sequence that is paired with the light chain variable region to form a
second binding site, wherein said second binding site binds to and/or inhibits a second target

involved in cancer pathogenesis.
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[0012] In some embodiments, a sur-binding protein is provided that can reduce
cancer cell proliferation, cancer cell growth, or cancer cell proliferation and growth, wherein the
cancer cell is driven by overexpression of ErbB2.

[0013] In some embodiments, provided herein are antibodies that binds ErbB3 and
that can reduce cancer cell proliferation, cancer cell growth, or cancer cell proliferation and
growth, wherein the cancer cell is driven by overexpression of ErbB2.

[0014] In some embodiments, provided herein are antibodies and/or SBPs that bind to
a same or an overlapping epitope of any of the sur-binding proteins provided herein.

[0015] In some embodiments, an antibody that displaces any one of the sur-binding
proteins provided herein is provided, when the antibody binds to an epitope on ErbB3.

[0016] In some embodiments, a method for suppressing tumor growth is provided.
The method can comprise providing an ErbB3 sur-binding protein to a tumor that comprises a
cell that expresses ErbB3, thereby suppressing tumor growth.

[0017] In some embodiments, a method for suppressing a cancerous cell is provided.
The method comprises identifying a subject having a cancerous cell, wherein said cancerous cell
expresses ErbB3, and administering to the subject an ErbB3 sur-binding protein in an amount
sufficient to bind to ErbB3 on the cancerous cell and thereby block the PI3K, AKT, or PI3K and
AKT pathway.

[0018] In some embodiments, a method of treating cancer is provided. The method
comprises identifying a subject to receive a treatment for cancer, wherein said cancer involves
expression of ErbB2, ErbB3, or ErbB2 and ErbB3; and administering to the subject a sur-binding
protein or antigen binding portions thereof.

[0019] In some embodiments, a method of treating cancer is provided. The method
comprises administering a chemotherapeutic or a biologic to a subject and administering an Erb-
3 inhibitor to a subject.

[0020] In some embodiments, a method for suppressing a cancerous cell is provided.
The method comprises identifying a subject having a cancerous cell, wherein said cancerous cell
expresses ErbB3 and administering to the subject an ErbB3 sur-binding protein in an amount

sufficient to bind to ErbB3 on the cancerous cell and thereby block the Ras/Raf/MEK pathway.
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[0021] In some embodiments, a method of treating cancer is provided. The method
comprises identifying a subject to receive a treatment for cancer, wherein said cancer involves
expression of a variant ErbB2 protein and administering to the subject a sur-binding protein or

antigen binding portions thereof, as provided herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1A and FIG. 1B depict sequences of ErtbB3.

[0023] FIG. 2A and FIG. 2B depict sequences of SBP heavy chain variable region
sequences and then identify (by separate sequences) the heavy chain CDR1, CDR2, and CDR3.
The framework regions are the sequences in the heavy chain variable regions between the CDR
sequences.

[0024] FIG. 2C depicts a variable heavy chain sequence alignment between 2817-
CO01 and 2716-FO5 to show conserved regions between SBPs that can reduce ErbB3 activity.

[0025] FIG. 2D depicts a sequence alignment between several Sab variable heavy
chains to show structurally conserved regions. These SBPs also reduce ErbB3 activity.

[0026] FIGs. 3A-3D are graphs depicting the activity of various Sabs and SgGs in a
functional assay measuring ErbB2/ErbB3 dimerization.

[0027] FIGs. 4A and 4B are graphs demonstrating SgGs that can bind to ErbB3 that
1s expressed on the surface of cells.

[0028] FIG. 5 is a graph depicting the ability of Sabs to inhibit the binding of NRG to
ErbB3 .

[0029] FIGs. 6A-6E are graphs depicting competition among Sabs and SgGs for
binding to ErbB3. These data show that 2817-C0O1 and 2716-FO5 Sabs and SgGs strongly
compete for binding to ErbB3 indicating that they bind to identical or overlapping epitopes.

[0030] FIGs. 7A-7C depict the amino acid sequences for various chimeras of ErbB3
and ErbB2.

[0031] FIGs. 7D and 7E are graphs depicting binding of SgGs to various chimeras of
ErbB3 and ErbB2.
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[0032] FIGs. 8A-8C are graphs depicting results establishing that SgGs inhibit
proliferation of several cell lines, including those for epithelial human cancer, colorectal human
cancer and pancreatic human cancer.

[0033] FIG. 9 is a graph depicting the ability of anti-ErtbB3 SgGs to inhibit
proliferation of the A549 human lung cancer cell line, compared to a control anti-EGFR
antibody.

[0034] FIGs. 10A and 10B are graphs depicting results establishing that SgGs inhibit
proliferation of breast cancer cell lines that overexpress ErbB2 when cells are stimulated with
NRG.

[0035] FIGs. 11A and 11B are graphs depicting results establishing that SgGs inhibit
proliferation of breast cancer cell lines that overexpress ErB2 when cells are not stimulated with
NRG.

[0036] FIG. 11C is a graph depicting results establishing that SgGs inhibit
proliferation of gastric cancer cell line (NCI-N87) that overexpresses ErB2 when cells are not
stimulated with NRG.

[0037] FIG. 11D is a graph depicting that while several of the cell lines tested
secreted measurable amounts of stimulatory factor(s) (presumably NRG), neither BT474 nor
SKBR3 cells secreted measureable quanitities (<0.13 ng/ml).

[0038] FIG. 12A is a graph depicting the percent inhibition of proliferation from
various SgGs with and without an anti-EGFR antibody.

[0039] FIGs. 12B and 12C are graphs depicting the percent inhibition of proliferation
from trastuzumab with and without various SgGs and with and without NRG

[0040] FIGs. 13A and 13B are graphs depicting the percent proliferation inhibition
achieved by SgGs or anti-ErbB2 antibodies as single agents or in combination with lapatinib in
the absence (FIG. 13A) or in the presence (FIG. 13B) of NRG.

[0041] FIGs. 13C and 13D are graphs displaying the results of the abilities of anti-
ErbB3 antibodies (Ab A and Clone Ab B) and the SgGs to enhance various concentrations of
lapatinib (on x-axis). FIG. 13C was in the absence of NRG, while FIG. 13D was in the presence
of NRG.
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[0042] FIGs. 13E and 13F are graphs displaying the results of the abilities of anti-
ErbB3 antibodies trastuzumab or pertuzumab, or sur-binding proteins (2817-CO1 and 2716-F05)
to enhance the effectiveness of various concentrations of GDC-0941(on x-axis). FIG. 13E was
in the absence of NRG, while FIG. 13F was in the presence of NRG.

[0043] FIG. 13G is a graph comparing the ability of anti-ErbB3 antibodies Ab A and
Ab B with the SgGs to enhance the antiproliferative capacity of GDC-0941 in unstimulated
SKBR3 cells (in the absence of NRG).

[0044] FIG. 13H is a graph demonstrating that erlotinib combined with a SgG results
in a superior potency for inhibition.

[0045] FIG. 131 is a graph depicting how ErbB3 sur-binding proteins enhance the
activity of the AKT inhibitor, MK-2206, in ErtbB2 overexpressing cells in the absence of NRG.

[0046] FIG. 13] is a graph depicting how ErbB3 sur-binding proteins enhance the
activity of the AKT inhibitor, MK-2206, in ErbB2 overexpressing cells in the presence of NRG.

[0047] FIG. 13K is a graph depicting how ErbB3 sur-binding proteins enhance the
activity of the AKT inhibitor, MK-2206, in ErtbB2 overexpressing cells in the absence of NRG.

[0048] FIG. 13L is a graph depicting how ErbB3 sur-binding proteins enhance the
activity of the AKT inhibitor, MK-2206, in ErbB2 overexpressing cells in the presence of NRG.

[0049] FIG. 13M is a graph depicting how ErbB3 sur-binding proteins enhance the
antiproliferative activity of the B-RAF inhibitor vemurafinib in B-RAF mutant Colo205 cells.

[0050] FIG. 13N is a graph depicting how anti-ErbB3 sur-binding proteins augment
the activity of the MEK inhibitor selumetinib in Colo 205 NRG stimulated cells.

[0051] FIG. 130 is a graph depicting how anti-ErbB3 sur-binding proteins augment
the activity of the MEK inhibitor selumetinib in A431 NRG stimulated cells.

[0052] FIG. 13P is a graph depicting how anti-ErbB3 sur-binding proteins augment
the activity of the MEK inhibitor selumetinib in A549 NRG stimulated cells.

[0053] FIG. 14A is a graph depicting mean tumor burden as a function of time post
tumor implant separated by treatment group.

[0054] FIG. 14B is a graph depicting the percent survival, post tumor implant,

separated over time by treatment group.
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[0055] FIG. 15A is a graph depicting that SgGs potently inhibit phosphorylation of
ErbB3.

[0056] FIG. 15B is a graph depicting that SgGs potently inhibit phosphorylation of
AKT.

[0057] FIG. 15C is a graph depicting that SgGs potently inhibit phosphorylation of
ERK1/2.

[0058] FIG. 16A and 16B are graphs depicting that anti-ErbB3 SgGs potently inhibit
phosphorylation of AKT and ErbB3 in the ErbB2 overexpressing cell line SKBR3.

[0059] FIG. 16C and 16D are graphs depicting that anti-ErbB3 SgGs potently inhibit
phosphorylation of AKT and ErbB3 in the ErbB2 overexpressing cell line BT474.

[0060] FIG. 17 is a graph depicting caspase activity and demonstrates that SgGs can
counteract the antiapoptotic effects of growth factors, particularly NRG, in the tumor
environment and can restore more regulated programmed cell death to transformed cells

[0061] FIG. 18 depicts the nucleic acid sequence of some embodiments of the SBPs.

[0062] FIG. 19 is a schematic illustration of a surrogate light chain formed by VpreB
and A5 sequences, illustrative fusion polypeptides comprising surrogate light chain sequences,
and an antibody light chain structure derived from V-J joining.

[0063] FIG. 20 is a schematic illustration of various surrogate light chain deletion
and single chain constructs.

[0064] FIG. 21 shows the gene and protein structures of various illustrative sur-
binding proteins.

[0065] FIG. 22 is the alignment of VpreB1 sequences with antibody A5 light chain
variable region sequences. Regions with the highest degree of sequence similarity are boxed. As
shown in the figure, VpreB1 shows only 56%-62% (amino acids 2 to 97) sequence identity to the
A5 light chain variable region germline sequences.

[0066] FIG. 23 is the alignment of VpreB1 sequences with antibody A5 light chain
constant region sequences. As shown in the figure, the aligned VpreB1 sequences show only
62% (amino acids 97 to 209) sequence identity to the corresponding antibody A5 light chain

constant region sequences.
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[0067] FIG. 24 is the alignment of VpreB1 sequences with antibody « light chain
constant region sequences. As shown in the figure, the aligned VpreB1 sequences show only
35% (amino acids 105 to 209) sequence identity to the corresponding antibody x light chain
constant region sequences.

[0068] FIG. 25 shows the human VpreB1 sequence of SEQ ID NO: 1. the mouse
VpreB2 sequences of SEQ ID NOS: 2 and 3; the human VpreB3 sequence of SEQ ID NO: 4, the
human AS sequence of SEQ D NO: 6 and the mouse A5 protein sequence of SEQ ID NO: 5, and
sequences of various constructs used in the Examples. The figure also includes various
sequences for the surrogate light chain fusion options, such as fusion I (SEQ ID NOs: 10 and
276).

[0069] FIG. 26 illustrates various embodiments of trimeric and dimeric SBPs.

[0070] FIG. 27 shows the alignment of human VpreB1 (SEQ ID NO: 98) and human
A5 with antibody A chain variable and constant regions. VpreB1 shares some sequence similarity
to antibody A chain variable regions, while A5 shares some similarly to antibody A chain constant
regions and framework region 4. The boxed regions identify VpreB1 and AS loop regions 1
(LR1), 2 (LR2), and 3 (LR3).

[0071] FIG. 28A is a graph depicting data demonstrating that 2817-C01 and 2716-
FO5 significantly inhibit the proliferation of a gastric (NCI-N87) human cancer cell line.

[0072] FIG. 28B is a graph depicting data demonstrating that 2817-CO1 and 2716-
FO5 significantly inhibit the proliferation of a breast (MCF-7) human cancer cell line.

[0073] FIG. 28C is a depiction of the sequence of the variable region of an antibody.

[0074] FIG. 28D is a depiction of the sequence of the variable region of an antibody.

[0075] FIG. 29A-29C are graphs depicting that 2817-C01 and 2716-F05 significantly
inhibit ligand-induced phophorylation of AKT (FIG. 29A), ErbB3 (FIG. 29B), and ERK1/2
(FIG. 29C).

[0076] FIG. 30A is a graph depicting mean tumor growth for in vivo experiments
comparing the effectiveness of various sur-binding proteins and various antibodies.

[0077] FIG. 30B is a graph depicting the percent survival as a function of time for in
vivo experiments comparing the effectiveness of various sur-binding proteins and various

antibodies.
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[0078] FIGs. 31A-31C depict the results of the anti-proliferative capacity of anti-
ErbB2 and anti-ErbB3 agents in the absence of NRG. FIG. 31A displays the results for the items
noted individually. FIG. 31B displays the results of the noted items with 100 nM trastuzumab.
FIG. 31C displays the results of the noted items with 100 nM pertuzumab.

[0079] FIGs. 31D-31F depict the results of the anti-proliferative capacity of anti-
ErbB2 and anti-ErbB3 agents in the presence of NRG. FIG. 31D displays the results for the
items noted individually. FIG. 31E displays the results of the noted items with 100 nM
trastuzumab. FIG. 31F displays the results of the noted items with 100 nM pertuzumab.

[0080] FIG. 32 is a graph depicting the anti-proliferative activity of cetuximab in
combination with various options (including 2817-CO1 and 2716-F05).

[0081] FIG. 33 is a graph demonstrating that 2817-C01 and 2716-F05 reduce cell
surface ErbB3.

[0082] FIG. 34A is a CDR sequence alignment of 2817-CO1 sur-binding proteins.
The sequence alignment indicates positions and structures that allow for variation while
maintaining EC50s in a useful range. No variation was examined in the CDR3 region.

[0083] FIG. 34B is a CDR sequence alignment of 2716-FO5 sur-binding proteins.
The sequence alignment indicates positions and structures that allow for variation while
maintaining EC50s in a useful range. No variation was examined in the CDR3 region.

[0084] FIG. 34C is a consensus sequence of the sequences outlined in FIG. 34A.

[0085] FIG. 34D is a consensus sequence of the sequences outlined in FIG. 34B.

[0086] FIG. 34E includes the sequences of additional variants of the heavy chain
variable region of 2817-CO1.

[0087] FIG. 34F includes the sequences of additional variants of the heavy chain
variable region of 2716-F05.

[0088] FIG. 35is a graph demonstrating that ErbB3 sur-binding proteins bind
approximately equivalently to ErbB3-Fc in the presence or absence of NRG.

[0089] FIG. 36A and FIG. 36B depict the sequences of various forms of some
embodiments of variants of ErbB2.

[0090] FIG. 37A and FIG. 37B are graphs depicting the binding ability of SBP 2817-
CO01 and SBP 2716-F05 respectively.

10
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[0091] FIG. 38 is a pair of graphs depicting the percent inhibition of various agents in
SKBR3 cells in the presence and absence of NRG.

[0092] FIG. 39A is a graph depicting the percent inhibition of various agents in
SKBR3 cells in the absence of NRG for SBP 2817-COl.

[0093] FIG. 39B is a graph depicting the percent inhibition of various agents in
SKBR3 cells in the presence of NRG for SBP 2817-COl.

[0094] FIG. 39C is a graph depicting the percent inhibition of various agents in
SKBR3 cells in the absence of NRG for SBP 2716-F05.

[0095] FIG. 39D is a graph depicting the percent inhibition of various agents in
SKBR3 cells in the presence of NRG for SBP 2716-F05.

[0096] FIG. 39E is a graph depicting the percent inhibition of various agents in
BT474 cells in the absence of NRG for SBP 2817-COl.

[0097] FIG. 39F is a graph depicting the percent inhibition of various agents in
BT474cells in the presence of NRG for SBP 2817-COl.

[0098] FIG. 39G is a graph depicting the percent inhibition of various agents in
BT474cells in the absence of NRG for SBP 2716-F05.

[0099] FIG. 39H is a graph depicting the percent inhibition of various agents in
BT474cells in the presence of NRG for SBP 2716-F05.

[0100] FIG. 40 is a graph displaying the effectiveness of combinations over
individual SBPs and bispecifics over combinations.

[0101] FIG. 41A depicts the nucleic acid sequence (with leader sequence) and amino
acid sequence (without leader sequence) of the SBP SI.-396.

[0102] FIG. 41B depicts the nucleic acid sequence of 2716-F05 (SVD).

[0103] FIG 41C depicts the amino acid sequence of 2716-F05 (SVD) .

[0104] FIGs. 42A-42G are graphs depicting data that demonstrate that the anti-ErbB3
SBPs can be selective over other proteins.

[0105] FIGs. 43A and 43B depict examples of the full length amino acid and nucleic

acid sequences of some embodiments of the heavy chain sequences for 2817-C01 and 2716-F05.

11
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DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS

[0106] ErbB3 serves as a receptor for NRG1. Signaling through ErbB3 can occur
through the formation of FrbB3 heterodimers (such as ErbB3-ErbB1, ErbB3-ErbB2, or ErbB3-
ErbB4). As such, molecules that interact with, modulate, and/or reduce these interactions, can
reduce ErbB3 dependent signaling events, which include ErbB3 related disorders such as cancer.
In light of this, some of the embodiments provided herein are directed to sur-binding proteins
(“SBPs”) which can block and/or reduce such ErbB3 dependent signaling events by binding to
ErbB3 alone, or ErbB3 and other ErbB members. In some embodiments, the SBPs bind to
ErbB3 and prevent and/or reduce ErbB3 dimerization. In some embodiments, the SBPs bind to
ErbB3 and prevent and/or reduce NRG (such as NRG-1, NRG-2, etc) binding to ErbB3. In some
embodiments, the SBPs bind to ErbB3 and prevent and/or reduce ErbB3 NRG dependent
activation. In some embodiments, the SBPs bind to an ErbB3 that is already bound to NRG and
can displace the NRG to reduce ErbB3 dependent signaling, even in the presence of NRG. In
some embodiments, the SBPs bind to ErbB3 that is already bound to NRG and reduce and/or
block the dimerization of ErbB3 with other ErbB members. In some embodiments, the SBPs
bind to an ErbB3 that is already bound to NRG and reduce and/or block the signaling of ErbB3.
In some embodiments, any of the above can be antibodies or antibody-like molecules instead of
SBPs. Such antibodies or antibody-like molecules can include the SBP heavy chain variable
regions or one or more of the heavy chain CDRs described herein.

[0107] The present specification first provides a list of definitions and/or
embodiments. The specification then goes on to discuss various embodiments of the SBPs
and/or antibodies. That section is then followed by a description of various aspects regarding
SBPs generically (setting forth additional embodiments for the specific SBPs, exemplary VpreB
and A5 sequences, etc.). That section is then followed by a set of examples for ErbB3
embodiments, which is then followed by a set of examples regarding SBPs generally (which, of
course, are contemplated in combination with the specific SBP embodiments disclosed herein).
The headings and sections provided herein are provided for convenience only and are not to be
read as limiting in any way on the embodiments or combinations provided by this disclosure to

those of skill in the art.
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A, Definitions

[0108] Unless defined otherwise, technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Singleton et al., Dictionary of Microbiology and Molecular Biology 2nd ed., J. Wiley
& Sons (New York, NY 1994), provides one skilled in the art with a general guide to many of the
terms used in the present application.

[0109] One skilled in the art will recognize many methods and materials similar or
equivalent to those described herein, which can be used in the practice of the present invention.
Indeed, the present invention is in no way limited to the methods and materials described. For
purposes of the present invention, the following terms are defined below.

[0110] The term “surrogate light chain,” as used herein, refers to either a VpreB, A5,
or a VpreB and a A5 protein.

[0111] The term “VpreB” is used herein in the broadest sense and refers to any native
sequence, fragment, or variant VpreB polypeptide, specifically including, without limitation,
human VpreB1 of SEQ ID NO: 1, mouse VpreB2 of SEQ ID NOS: 2 and 3, human VpreB3 of
SEQ ID NO: 4 and isoforms, including splice variants and variants formed by posttranslational
modifications, other mammalian homologues thereof, as well as variants of such native sequence
polypeptides.

[0112] The term “A5” is used herein in the broadest sense and refers to any native
sequence, fragment, or variant A5 polypeptide, specifically including, without limitation, human
A5 of SEQ ID NO: 6, mouse A5 protein of SEQ ID NO: 5, and their isoforms, including splice
variants and variants formed by posttranslational modifications, other mammalian homologous
thereof, as well a variants of such native sequence polypeptides.

[0113] The terms “variant VpreB polypeptide” and “a variant of a VpreB
polypeptide” are used interchangeably, and are defined herein as a polypeptide differing from a
native sequence VpreB polypeptide at one or more amino acid positions as a result of an amino
acid modification. The “variant VpreB polypeptide,” as defined herein, will be different from a
native antibody A or ¥ light chain sequence, or a fragment thereof. The “variant VpreB
polypeptide” will preferably retain at least about 65%, or at least about 70%, or at least about

75%, or at least about 80%, or at least about 85%, or at least about 90%, or at least about 95%, or
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at least about 98% sequence identity with a native sequence VpreB polypeptide. In another
embodiment the “variant VpreB polypeptide” can contain up to 80%, or up to 90%, or up to
100% antibody light chain variable framework regions. In another preferred embodiment, the
“variant VpreB polypeptide” will be less than 95%, or less than 90%, or less than 85%, or less
than 80%, or less than 75%, or less than 70%, or less than 65%, or less than 60% identical in its
amino acid sequence to a native antibody A or ¥ light chain sequence. Variant VpreB
polypeptides specifically include, without limitation, VpreB polypeptides in which the non-Ig-
like unique tail at the C-terminus of the VpreB sequence is partially or completely removed.

[0114] The terms “variant A5 polypeptide” and “a variant of a A5 polypeptide” are
used interchangeably, and are defined herein as a polypeptide differing from a native sequence
A5 polypeptide at one or more amino acid positions as a result of an amino acid modification.
The “variant A5 polypeptide,” as defined herein, will be different from a native antibody A or ¥
light chain sequence, or a fragment thereof. The “variant A5 polypeptide” will preferably retain
at least about 65%, or at least about 70%, or at least about 75%, or at least about 80%, or at least
about 85%, or at least about 90%, or at least about 95%, or at least about 98% sequence identity
with a native sequence A5 polypeptide. In another embodiment the “variant A5 polypeptide” can
contain upto 80%, or up to 90%, or up to 100% antibody light chain variable J regions. In
another embodiment the “variant A5 polypeptide” can contain upto 80%, or up to 90%, or up to
100% antibody light chain constant regions. In another preferred embodiment, the “variant A5
polypeptide” will be less than 95%, or less than 90%, or less than 85%, or less than 80%, or less
than 75%, or less than 70%, or less than 65%, or less than 60% identical in its amino acid
sequence to a native antibody A or K light chain sequence. Variant A5 polypeptides specifically
include, without limitation, A5 polypeptides in which the unique tail at the N-terminus of the A5
sequence is partially or completely removed.

[0115] Percent amino acid sequence identity can be determined using the sequence

comparison program NCBI-BLLAST2 (Altschul et al., Nucleic Acids Res. 25:3389-3402 (1997)).

The NCBI-BLAST2 sequence comparison program can be downloaded from http:// followed by
www.ncbi.nlm.nih.gov or otherwise obtained from the National Institute of Health, Bethesda,
MD. NCBI-BLAST?2 uses several search parameters, wherein all of those search parameters are

set to default values including, for example, unmask = yes, strand = all, expected occurrences =
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10, minimum low complexity length = 15/5, multi-pass e-value = 0.01, constant for multi-pass =
25, dropoft for final gapped alignment = 25 and scoring matrix = BLOSUMO62.

[0116] The term “VpreB sequence” is used herein to refer to the sequence of
“VpreB,” as hereinabove defined, or a fragment thereof.

[0117] The term “A5 sequence” is used herein to refers to the sequence of “A5,” as
hereinabove defined, or a fragment thereof.

[0118] The term “surrogate light chain sequence,” as defined herein, means any
polypeptide sequence that comprises a “VpreB sequence” and/or a “A5 sequence,” as
hereinabove defined. The “surrogate light chain sequence,” as defined herein, specifically
includes, without limitation, the human VpreB1 sequence of SEQ ID NO 1, the mouse VpreB2
sequences of SEQ ID NOS: 2 and 3, and the human VpreB3 sequence of SEQ ID NO: 4, and
their various isoforms, including splice variants and variants formed by posttranslational
modifications, homologues thereof in other mammalian species, as well as fragments and
variants thereof. The term “surrogate light chain sequence” additionally includes, without
limitation, the human A5 sequence of SEQ ID NO: 6, the mouse A5 sequence of SEQ ID NO: 5,
and their isoforms, including splice variants and variants formed by posttranslational
modifications, homologues thereof in other mammalian species, as well as fragments and
variants thereof. The term “surrogate light chain sequence” additionally includes a sequence
comprising both VpreB and A5 sequences as hereinabove defined. In some embodiments, the
surrogate light chain can include any of the surrogate light chain options noted in the figures, for
example, in FIGs. 22, 23, 24, 25, or 27.

[0119] For the three-dimensional structure of the pre-B-cell receptor (pre-BCR),
including the structure of the surrogate light chain (SCL) and its components see, e.g. Lanig et
al., Mol. Immunol. 40(17):1263-72 (2004).

[0120] The surrogate light chain sequence can be optionally conjugated to a
heterogeneous amino acid sequence, or any other heterogeneous component, to form a “surrogate
light chain construct” herein. Thus, the term, “surrogate light chain construct” is used in the
broadest sense and includes any and all additional heterogeneous components, including a
heterogeneous amino acid sequence, nucleic acid, and other molecules conjugated to a surrogate

light chain sequence, wherein “conjugation” is defined below.
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[0121] In the context of the polypeptides of the present invention, the term
“heterogeneous amino acid sequence,” relative to a first amino acid sequence, is used to refer to
an amino acid sequence not naturally associated with the first amino acid sequence, at least not in
the form it is present in the SBPs herein. Thus, a “heterogenous amino acid sequence” relative to
a VpreB is any amino acid sequence not associated with native VpreB in its native environment,
including, without limitation, A5 sequences that are different from those A5 sequences that,
together with VpreB, form the surrogate light chain on developing B cells, such as amino acid
sequence variants, e.g. truncated and/or derivatized A5 sequences. A “heterogeneous amino acid
sequence” relative to a VpreB also includes A5 sequences covalently associated with, e.g. fused
to, VpreB, including native sequence A5, since in their native environment, the VpreB and A5
sequences are not covalently associated, e.g. fused, to each other. Heterogeneous amino acid
sequences also include, without limitation, antibody sequences, including antibody and heavy
chain sequences and fragments thereof, such as, for example, antibody light and heavy chain
variable region sequences, and antibody light and heavy chain constant region sequences.

[0122] The terms “conjugate,” “conjugated,” and “conjugation” refer to any and all
forms of covalent or non-covalent linkage, and include, without limitation, direct genetic or
chemical fusion, coupling through a linker or a cross-linking agent, and non-covalent association,
for example through Van der Waals forces, or by using a leucine zipper.

[0123] The term “fusion” is used herein to refer to the combination of amino acid
sequences of different origin in one polypeptide chain by in-frame combination of their coding
nucleotide sequences. The term "fusion" explicitly encompasses internal fusions, i.e., insertion of
sequences of different origin within a polypeptide chain, in addition to fusion to one of its
termini.

[0124] As used herein, the term “target” is a substance that interacts with a
polypeptide herein. In some embodiments, targets, as defined herein, specifically include
antigens with which the lambda-5-containing constructs, VpreB-containing constructs, or both
the lambda-5-containing constructs and the VpreB-containing constructs interact. In some
embodiments, as defined herein, “targets” specifically include antigens with which the heavy
chain interacts, e.g., CDRH1, CDRH2, CDRH3, and any combination thereof. Preferably,

interaction takes place by direct binding.
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[0125] As used herein, the terms "peptide,” "polypeptide” and "protein” all refer to a
primary sequence of amino acids that are joined by covalent "peptide linkages." In general, a
peptide consists of a few amino acids, typically from about 2 to about 50 amino acids, and is
shorter than a protein. The term "polypeptide,” as defined herein, encompasses peptides and
proteins.

[0126] The term “amino acid” or “amino acid residue” typically refers to an amino
acid having its art recognized definition such as an amino acid selected from the group consisting
of: alanine (Ala); arginine (Arg); asparagine (Asn); aspartic acid (Asp); cysteine (Cys); glutamine
(Gln); glutamic acid (Glu); glycine (Gly); histidine (His); isoleucine (Ile): leucine (I.eu); lysine
(Lys); methionine (Met); phenylalanine (Phe); proline (Pro); serine (Ser); threonine (Thr);
tryptophan (Trp); tyrosine (Tyr); and valine (Val) although modified, synthetic, or rare amino
acids can be used as desired. Thus, modified and unusual amino acids listed in 37 CFR
1.822(b)(4) are specifically included within this definition and expressly incorporated herein by
reference. Amino acids can be subdivided into various sub-groups. Thus, amino acids can be
grouped as having a nonpolar side chain (e.g., Ala, Cys, Ile, Leu, Met, Phe, Pro, Val); a
negatively charged side chain (e.g., Asp, Glu); a positively charged side chain (e.g., Arg, His,
Lys); or an uncharged polar side chain (e.g., Asn, Cys, Gln, Gly, His, Met, Phe, Ser, Thr, Trp,
and Tyr). Amino acids can also be grouped as small amino acids (Gly, Ala), nucleophilic amino
acids (Ser, His, Thr, Cys), hydrophobic amino acids (Val, Leu, Ile, Met, Pro), aromatic amino
acids (Phe, Tyr, Trp, Asp, Glu), amides (Asp, Glu), and basic amino acids (Lys, Arg).

[0127] The term “polynucleotide(s)” refers to nucleic acids such as DNA molecules
and RNA molecules and analogs thereof (e.g., DNA or RNA generated using nucleotide analogs
or using nucleic acid chemistry). As desired, the polynucleotides can be made synthetically, e.g.,
using art-recognized nucleic acid chemistry or enzymatically using, e.g., a polymerase, and, if
desired, be modified. Typical modifications include methylation, biotinylation, and other art-
known modifications. In addition, the nucleic acid molecule can be single-stranded or double-
stranded and, where desired, linked to a detectable moiety.

[0128] The term "variant" with respect to a reference polypeptide refers to a
polypeptide that possesses at least one amino acid mutation or modification (i.e., alteration) as

compared to a native polypeptide. Variants generated by "amino acid modifications” can be
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produced, for example, by substituting, deleting, inserting and/or chemically modifying at least
one amino acid in the native amino acid sequence.

[0129] An "amino acid modification" refers to a change in the amino acid sequence of
a predetermined amino acid sequence. Exemplary modifications include an amino acid
substitution, insertion and/or deletion.

[0130] An "amino acid modification at" a specified position, refers to the substitution
or deletion of the specified residue, or the insertion of at least one amino acid residue adjacent
the specified residue. By insertion "adjacent” a specified residue is meant insertion within one to
two residues thereof. The insertion can be N-terminal or C-terminal to the specified residue.

[0131] An "amino acid substitution” refers to the replacement of at least one existing
amino acid residue in a predetermined amino acid sequence with another different "replacement”
amino acid residue. The replacement residue or residues can be "naturally occurring amino acid
residues” (i.e. encoded by the genetic code) and selected from the group consisting of: alanine
(Ala); arginine (Arg); asparagine (Asn); aspartic acid (Asp); cysteine (Cys); glutamine (Gln);
glutamic acid (Glu); glycine (Gly); histidine (His); isoleucine (Ile): leucine (Leu); lysine (Lys);
methionine (Met); phenylalanine (Phe); proline (Pro); serine (Ser); threonine (Thr); tryptophan
(Trp); tyrosine (Tyr); and valine (Val). Substitution with one or more non-naturally occurring
amino acid residues is also encompassed by the definition of an amino acid substitution herein.

[0132] A "non-naturally occurring amino acid residue” refers to a residue, other than
those naturally occurring amino acid residues listed above, which is able to covalently bind
adjacent amino acid residues(s) in a polypeptide chain. Examples of non-naturally occurring
amino acid residues include norleucine, ornithine, norvaline, homoserine and other amino acid
residue analogues such as those described in Ellman et al. Meth. Enzym. 202:301 336 (1991).
To generate such non-naturally occurring amino acid residues, the procedures of Noren et al.
Science 244:182 (1989) and Ellman et al., supra, can be used. Briefly, these procedures involve
chemically activating a suppressor tRNA with a non-naturally occurring amino acid residue
followed by in vitro transcription and translation of the RNA.

[0133] An "amino acid insertion" refers to the incorporation of at least one amino
acid into a predetermined amino acid sequence. While the insertion will usually consist of the

insertion of one or two amino acid residues, the present application contemplates larger "peptide
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insertions", e.g. insertion of about three to about five or even up to about ten amino acid residues.
The inserted residue(s) can be naturally occurring or non-naturally occurring as disclosed above.

[0134] An "amino acid deletion" refers to the removal of at least one amino acid
residue from a predetermined amino acid sequence.

[0135] The term “mutagenesis” refers to, unless otherwise specified, any art
recognized technique for altering a polynucleotide or polypeptide sequence. Preferred types of
mutagenesis include error prone PCR mutagenesis, saturation mutagenesis, or other site directed
mutagenesis.

[0136] "Site-directed mutagenesis" is a technique standard in the art, and is conducted
using a synthetic oligonucleotide primer complementary to a single-stranded phage DNA to be
mutagenized except for limited mismatching, representing the desired mutation. Briefly, the
synthetic oligonucleotide is used as a primer to direct synthesis of a strand complementary to the
single-stranded phage DNA, and the resulting double-stranded DNA is transformed into a phage-
supporting host bacterium. Cultures of the transformed bacteria are plated in top agar, permitting
plaque formation from single cells that harbor the phage. Theoretically, 50% of the new plaques
will contain the phage having, as a single strand, the mutated form; 50% will have the original
sequence. Plaques of interest are selected by hybridizing with kinased synthetic primer at a
temperature that permits hybridization of an exact match, but at which the mismatches with the
original strand are sufficient to prevent hybridization. Plaques that hybridize with the probe are
then selected, sequenced and cultured, and the DNA is recovered.

[0137] The term “and/or” designates both the option of “and” as well as the option of
“or” in that particular circumstance. However, unless otherwise specified in the specification,
the use of the term “or” or “and” encompasses a description of both option as well. Thus, the use
of the term “or” should not be taken as excluding the option of “and”, unless additional context
indicates that it should (this definition does not apply to the language in the claims). The use of
the singular or plural forms of a term encompasses both options (singlular or plural) as well as
both options combined (singular and plural), unless indicated otherwise.

[0138] In the context of the present invention, the term "antibody” (Ab) is used in its

broadest sense. This includes, for example, a native antibody composed of both a recombined
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heavy chain, a product typically derived from V(D)J gene recombination and a recombined light
chain also a product typically derived from VJ gene recombination, or a fragment thereof.

[0139] A “native antibody” is heterotetrameric glycoprotein of about 150,000 daltons,
composed of two identical light (L) chains and two identical heavy (H) chains. Each light chain
1s linked to a heavy chain by covalent disulfide bond(s), while the number of disulfide linkages
varies between the heavy chains of different immunoglobulin isotypes. Each heavy and light
chain also has regularly spaced intrachain disulfide bridges. Each heavy chain has, at one end, a
variable domain (Vg) followed by a number of constant domains. Each light chain has a variable
domain at one end (V) and a constant domain at its other end; the constant domain of the light
chain is aligned with the first constant domain of the heavy chain, and the light chain variable
domain is aligned with the variable domain of the heavy chain. Particular amino acid residues
are believed to form an interface between the light- and heavy-chain variable domains, Chothia ef
al., J. Mol. Biol. 186:651 (1985); Novotny and Haber, Proc. Natl. Acad. Sci. U.S.A. 82:4592
(1985).

[0140] The term "monoclonal antibody" as used herein refers to an antibody obtained
from or prepared as a population of substantially homogeneous antibodies, i.e., the individual
antibodies comprising the population are identical except for possible naturally occurring
mutations that can be present in minor amounts. Monoclonal antibodies are highly specific, being
directed against a single antigenic site. Furthermore, in contrast to conventional (polyclonal)
antibody preparations which typically include different antibodies directed against different
determinants (epitopes), each monoclonal antibody is typically directed against a single
determinant on the antigen. Monoclonal antibodies can be prepared using any art recognized
technique and those described herein such as, for example, a hybridoma method, as described by
Kohler et al. (1975) Nature, 256:495, a transgenic animal, as described by, for example, (see e.g.,
Lonberg, et al. (1994) Nature 368(6474): 856-859), recombinant DNA methods (see, e.g., U.S.
Pat. No. 4,816,567), or using phage antibody libraries using the techniques described in, for
example, Clackson et al., Nature, 352:624-628 (1991) and Marks et al., J. Mol. Biol., 222:581-
597 (1991). Monoclonal antibodies include chimeric antibodies, human antibodies and

humanized antibodies and can occur naturally or be recombinantly produced.
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[0141] The term "recombinant antibody,” refers to antibodies that are prepared,
expressed, created or isolated by recombinant means, such as (a) antibodies isolated from an
animal (e.g., a mouse) that is transgenic or transchromosomal for immunoglobulin genes (e.g.,
human immunoglobulin genes) or a hybridoma prepared therefrom, (b) antibodies isolated from a
host cell transformed to express the antibody, e.g., from a transfectoma, (c) antibodies isolated
from a recombinant, combinatorial antibody library (e.g., containing human antibody sequences)
using phage display, and (d) antibodies prepared, expressed, created or isolated by any other
means that involve splicing of immunoglobulin gene sequences (e.g., human immunoglobulin
genes) to other DNA sequences. Such recombinant antibodies can have variable and constant
regions derived from human germline immunoglobulin sequences. In certain embodiments,
however, such recombinant human antibodies can be subjected to in vitro mutagenesis and thus
the amino acid sequences of the Vi and Vi, regions of the recombinant antibodies are sequences
that, while derived from and related to human germline Vi and Vi, sequences, may not naturally
exist within the human antibody germline repertoire in vivo.

[0142] The term "chimeric immunoglobulin” or "chimeric antibody" refers to an
immunoglobulin or antibody whose variable regions derive from a first species and whose
constant regions derive from a second species. Chimeric immunoglobulins or antibodies can be
constructed, for example by genetic engineering, from immunoglobulin gene segments belonging
to different species.

[0143] The term "human antibody," as used herein, is intended to include antibodies
having variable regions in which both the framework and CDR regions are derived from human
germline immunoglobulin sequences as described, for example, by Kabat et al. (See Kabat, et al.
(1991) Sequences of proteins of Immunological Interest, Fifth Edition, U.S. Department of
Health and Human Services, NIH Publication No. 91-3242). Furthermore, if the antibody
contains a constant region, the constant region also is derived from human germline
immunoglobulin sequences. The human antibodies can include amino acid residues not encoded
by human germline immunoglobulin sequences (e.g., mutations introduced by random or site-
specific mutagenesis in vitro or by somatic mutation in vivo). However, the term "human

antibody", as used herein, is not intended to include antibodies in which CDR sequences derived
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from the germline of another mammalian species, such as a mouse, have been grafted onto
human framework sequences.

[0144] The human antibody can have at least one ore more amino acids replaced with
an amino acid residue, e.g., an activity enhancing amino acid residue which is not encoded by the
human germline immunoglobulin sequence. Typically, the human antibody can have up to twenty
positions replaced with amino acid residues which are not part of the human germline
immunoglobulin sequence. In a particular embodiment, these replacements are within the CDR
regions as described in detail below.

[0145] The term "humanized immunoglobulin” or "humanized antibody" refers to an
immunoglobulin or antibody that includes at least one humanized immunoglobulin or antibody
chain (i.e., at least one humanized light or heavy chain). The term "humanized immunoglobulin
chain” or "humanized antibody chain" (i.e., a "humanized immunoglobulin light chain" or
"humanized immunoglobulin heavy chain") refers to an immunoglobulin or antibody chain (i.e.,
a light or heavy chain, respectively) having a variable region that includes a variable framework
region substantially similar to a human immunoglobulin or antibody and complementarity
determining regions (CDRs) (e.g., at least one CDR, preferably two CDRs, more preferably three
CDRs) substantially from a non-human immunoglobulin or antibody, and further includes
constant regions (e.g., at least one constant region or portion thereof, in the case of a light chain,
and preferably three constant regions in the case of a heavy chain). The term "humanized variable
region"” (e.g., "humanized light chain variable region" or "humanized heavy chain variable
region") refers to a variable region that includes a variable framework region substantially from a
human immunoglobulin or antibody and complementarity determining regions (CDRs)
substantially from a non-human immunoglobulin or antibody.

[0146] A "bispecific” or "bifunctional” Surrobody™ protein and/or antibody is an
artificial hybrid SBP and/or antibody having two different heavy/light chain pairs and two or
more different binding sites. Bispecific SBPs and/or antibodies can be produced by a variety of
methods including fusion of hybridomas or linking of Fab' fragments. See, e.g., Songsivilai &
Lachmann, (1990) Clin. Exp. Immunol. 79, 315-321; Kostelny et al. (1992) J. Immunol. 148,
1547-1553. In a particular embodiment, a bispecific SBP and/or antibody includes binding sites

for both ErbB3 and IGF1-R (i.e., insulin-like growth factor 1-receptor). In some embodiments, a
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bispecific SBP and/or antibody includes binding sites for both ErbB3 and C-MET. In some
embodiments, a bispecific SBP includes a binding site for ErbB3 and a binding site for ErbB2,
ErbB3, ErbB4, EGFR, Lewis Y, MUC-1, EpCAM, CA125, prostate specific membrane antigen,
PDGFR-.alpha, PDGFR-beta., C-KIT, or any of the FGF receptors. In some embodiments, the
bispecific antibody and/or SBP binds to and/or inhibits ErbB3 and EGFR. In some
embodiments, the bispecific antibody and/or SBP binds to and/or inhibits ErbB3 and ErbB2. In
some embodiments, the SBP is angiogenic. In some embodiments, the bispecific antibody and/or
SBP is anti-angiogenic.

[0147] As used herein, a "heterologous antibody" is defined in relation to the
transgenic non-human organism or plant producing such an antibody.

[0148] An "isolated antibody," as used herein, is intended to refer to an antibody
which is substantially free of other antibodies having different antigenic specificities (e.g., an
1solated antibody that specifically binds to ErbB3 is substantially free of antibodies that
specifically bind antigens other than ErbB3). In addition, an isolated antibody is typically
substantially free of other cellular material and/or proteins. In some embodiments, a combination
of "isolated" antibodies having different ErbB3 binding specificities are combined in a well
defined composition.

[0149] As used herein, "isotype" refers to the antibody class (e.g., IgM or IgG1) or
SBP that is encoded by heavy chain constant region genes. In some embodiments, an antibody or
antigen binding portion thereof is of an isotype selected from an IgGl1, an IgG2, an IgG3, an
IgG4, an IgM, an IgAl, an IgA2, an IgAsec, an IgD, or an IgE antibody isotype. In some
embodiments, an antibody is of the IgG1 isotype. In some embodiments, an antibody is of the
IgG2 isotype.

[0150] As used herein, "isotype switching" refers to the phenomenon by which the
class, or isotype, of an antibody changes from one Ig class to one of the other Ig classes.

[0151] As used herein, "nonswitched isotype" refers to the isotypic class of heavy
chain that is produced when no isotype switching has taken place; the CH gene encoding the
nonswitched isotype is typically the first CH gene immediately downstream from the functionally

rearranged VDI gene. Isotype switching has been classified as classical or non-classical isotype
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switching. Classical isotype switching occurs by recombination events which involve at least one
switch sequence regions in a gene encoding an antibody.

[0152] Non-classical isotype switching may occur by, for example, homologous
recombination between human sigmay, and human .SIGMA,,, (.delta.-associated deletion).
Alternative non-classical switching mechanisms, such as intertransgene and/or interchromosomal
recombination, among others, may occur and effectuate isotype switching.

[0153] The term "variable" with reference to SBP or antibody (for heavy and antibody
light chains, but not for the surrogate light chain) chains is used to refer to portions of the SBP
and/or antibody chains which differ extensively in sequence among SBP or antibody heavy
chains and participate in the binding and specificity of each particular SBP and/or antibody for its
particular antigen. Such variability is concentrated in three segments called hypervariable
regions in the heavy chain variable domains for the SBPs (but in both the light chain and the
heavy chain variable domains for antibodies). The more highly conserved portions of variable
domains are called the framework region (FR). The variable domains of native heavy and
antibody light chains each comprise four FRs (FR1, FR2, FR3 and FR4, respectively), largely
adopting a PB-sheet configuration, connected by three hypervariable regions, which form loops
connecting, and in some cases forming part of, the B-sheet structure. The hypervariable regions
in each chain are held together in close proximity by the FRs and, with the hypervariable regions
from the other chain, contribute to the formation of the antigen-binding site of antibodies (see
Kabat et al., Sequences of Proteins of Immunological Interest, 5Sth Ed. Public Health Service,
National Institutes of Health, Bethesda, Md. (1991), pages 647-669). The constant domains are
not involved directly in binding an SBP and/or antibody to an antigen, but exhibit various
effector functions, such as participation of the antibody and/or the SBP in antibody-dependent or
SBP-dependent cellular toxicity, respectively.

[0154] The term "hypervariable region” when used herein refers to the amino acid
residues of an SBP and/or antibody that are primarily responsible for antigen-binding. The
hypervariable region comprises amino acid residues from a "complementarity determining
region" or "CDR" that has a great propensity for target contact (i.e., residues 30-35 (H1), 47-58
(H2) and 93-101 (H3) in the heavy chain variable domain; MacCallum et al,. J Mol Biol.
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262(5):732-45 (1996). Alternatively they are defined by others to similar regions see Chothia
and/or Kabat.

[0155] The term “loop region” (“LR”), “LR1 region” and “ILR2”denotes a region in
the VpreB that forms a looped structure adjacent, or proximal, to heavy chain CDRs. “Loop
region” or “LLR3 region” can also denote the small predicted loop structure (approximately 10
amino acids long) created through recombinant fusion of 1) VpreB and A5, or 2) VpreB and
constant light chain that may contain a J-region, or 3) Variable light region, with or without a J-
region and A5.

[0156] The term “framework region” refers to the art recognized portions of an
antibody and/or SBP variable region that exist between the more divergent regions. Such
framework regions are typically referred to as frameworks 1 through 4 (FR1, FR2, FR3, and
FR4) and provide a scaffold for holding, in three-dimensional space, the three CDRs found in a
heavy or light chain antibody and/or SBP variable region, such that the CDRs can form an
antigen-binding surface. As will be appreciated by those of skill in the art, minor variations are
possible and contemplated for various embodiments involving framework regions. The term
“FR analogous region”, “FR1 analogous region”, “FR2 analogous region”, “FR3 analogous
region,” or “FR4 analogous region” denotes a region in the VpreB or A5 that would otherwise
correspond to a R region (or FR1, FR2, FR3, or FR4 region respectively) in an antibody’s light
chain, or otherwise lies adjacent to the “loop regions”.

[0157] Depending on the amino acid sequence of the constant domain of their heavy
chains, antibodies can be assigned to different classes. There are five major classes of antibodies
IgA, IgD, IgE, 1gG, and IgM, and several of these can be further divided into subclasses
(isotypes), e.g., 1gG1, 1gG2, IgG3, IgG4, IgA, and IgA2.

[0158] The heavy-chain constant domains that correspond to the different classes of
immunoglobulins are called a, 9, €, v, and p, respectively.

[0159] The "light chains" of antibodies from any vertebrate species can be assigned to
one of two clearly distinct types, called kappa () and lambda (L), based on the amino acid
sequences of their constant domains. Any reference to an antibody light chain herein includes

both x and A light chains.

25



WO 2013/016714 PCT/US2012/048730

[0160] "Antibody fragments" comprise a portion of a full length antibody, generally
the antigen binding or a variable domain thereof. Examples of antibody fragments include, but
are not limited to, Fab, Fab’, F(ab’),, Dab, scFv, and (scFv), fragments. "SBP fragments" or
“SBP fragments” comprise a corresponding portion of a full length SBP, generally the antigen
binding or a variable domain thereof. Examples of SBP fragments include, but are not limited to,
Sab, Sab’, S(ab’),, scSv, and (scSv), fragments. The term “Sur-binding protein” or “SBP”
encompasses both full length surroglobulins (SgGs) and binding fragments thereof, including,
but not limited to Sab, SgG, (2- piece or 3 piece), single chain SBP (scSv), and/or SLC domain.

[0161] As used herein the term “antibody binding region” refers to one or more
portions of an immunoglobulin or antibody variable region capable of binding a target. Typically,
the antibody binding region is, for example, an antibody light chain (VL) (or variable region
thereof), an antibody heavy chain (VH) (or variable region thereof), a heavy chain I'd region, a
combined antibody light and heavy chain (or variable region thereof) such as a Fab, F(ab’),,
single domain, or single chain antibody (scFv), or a full length antibody, for example, an 1gG
(e.g., an IgG1, IgG2, IgG3, or IgG4 subtype), IgA1, IgA2, IgD, IgE, or IgM antibody. Examples
of antibody binding regions encompassed within the term include (i) a Fab fragment, a
monovalent fragment consisting of the Vi, Vi, 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) a Fd fragment consisting of the Vi and CH1 domains; (iv) a Fv fragment consisting of the
V1 and Vi domains of a single arm of an antibody, (v) a dAb including VH and V1. domains; (vi)
a dAb fragment (Ward et al. (1989) Nature 341, 544-546), which consists of a Vi domain; (vii) a
dAb which consists of a VH or a VL. domain; and (viii) an isolated complementarity determining
region (CDR) or (ix) a combination of two or more isolated CDRs which may optionally be
joined by a synthetic linker. Furthermore, although the two domains of the Fv fragment, Vi, and
Vy, 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 Vi, and Vg
regions pair to form monovalent molecules (known as single chain Fv (scFv); see e.g., Bird et al.
(1988) Science 242, 423-426; and Huston et al. (1988) Proc. Natl. Acad. Sci. USA 85, 5879-
5883). Such single chain antibodies are also intended to be encompassed within the term

"antibody binding region" of an antibody. These antibody fragments are obtained using
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conventional techniques known to those with skill in the art, and the fragments are screened for
utility in the same manner as are intact antibodies. Antibody binding regions can be produced by
recombinant DNA techniques, or by enzymatic or chemical cleavage of intact immunoglobulins.
[0162] As used herein the term “Sur-binding protein” or “SBP”robody” refers to one
or more portions of a Surroglobulin or SBP variable region capable of binding an antigen(s). In
some embodiments, the SBP binding region is or includes, for example, an antibody heavy chain
(VH) (or variable region thereof), a heavy chain Fd region, a VpreB and/or lambda 5and an
antibody heavy chain (or variable region thereof) such as a Sab, a S(ab’), (a F(ab’), type
structure) or single chain SBP (scSv), or a full length surroglobulin (SgG). Examples of SBP
binding regions encompassed within the term include (i) a Surroglobulin which refers to a
bivalent binding protein including the VpreB1 and/or lambda 5 or CL or, VL and lambda 5, Vy,
CH1 domain, and an Fc (CH2 and CH3 domains); (ii) a Sab fragment, a monovalent fragment
including the VpreB1 and/or lambda 5 or CL, Vi and CH1 domains; (iii) a S(ab'), fragment, a
bivalent fragment comprising two Sab fragments linked by a disulfide bridge at the hinge region;
(iv) a Fd fragment consisting of the Vi and CH1 domains; (v) a Sv fragment including the VpreB
and/or lambda 5 and Vy; domains of a single arm of an antibody, (vi) a dAb including VH and
VpreB and/or lambda 5 domains; (vii) a dAb fragment (Ward et al. (1989) Nature 341, 544-546),
which includes of a Vi domain; (viii) a dAb which includes a VH or a VpreB and/or lambda 5
domain; and (ix) an isolated complementarity determining region (CDR) or (x) a combination of
two or more isolated CDRs which may optionally be joined by a synthetic linker. Furthermore,
although the two domains of the Sv fragment, VpreB and/or lambda 5 and Vg, 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 VpreB and/or lambda 5 and Vy regions
pair to form monovalent molecules (referred here as as single chain Sv (scSv); for corresponding
antibody correlates see e.g., Bird et al. (1988) Science 242, 423-426; and Huston et al. (1988)
Proc. Natl. Acad. Sci. USA 85, 5879-5883). Such single chain SBPs are also intended to be
encompassed within the term "SBP binding region" of an SBP. These SBP fragments are
obtained using conventional techniques known to those with skill in the art, and the fragments

are screened for utility in the same manner as are intact antibodies or SBPs. SBP binding regions
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can be produced by recombinant DNA techniques, or by enzymatic or chemical cleavage of intact
Surroglobulins.

[0163] In some embodiments, the heavy chain CDR is CDR1, CDR2, or CDR3. In
some embodiments, two heavy chain CDRs are included, and can be selected from CDR1 and
CDR2, CDR2 and CDR3, or CDR1 and CDR3. In some embodiments, the SBP comprises a
surrogate light chain sequence and a heavy chain CDR1 (HCDRI1), a heavy chain CDR2
(HCDR2), and a heavy chain CDR3 (HCDR3). In some embodiments, the SBP comprises a
surrogate light chain sequence and a heavy chain variable region. In some embodiments, the
SBP comprises a surrogate light chain sequence and a heavy chain sequence. The term SBP also
encompasses Sabs, SgGs, and other forms of variations on antibody type structures (including
those outlined herein, for example, Fab, Fab’, F(ab'),, scFv, and (scFv), except, for example, with
at least one VpreB and/or lambda 5 sequence instead of the corresponding light chain section).

[0164] As used herein the term “binding region” refers to one or more portions of a
binding protein, such as a SBP, capable of binding a target. Typically, the binding region is, for
example, an antibody light chain (VL) (or variable region thereof and/or surrogate light chain), an
antibody heavy chain (VH) (or variable region thereof), a heavy chain Fd region, a combined
antibody light (and/or surrogate light chain) and heavy chain (or variable region thereof) such as
a Fab, F(ab’),, single domain, or single chain antibody (scFv), or a full length antibody, for
example, an IgG (e.g., an IgGl, 1gG2, 1gG3, or IgG4 subtype), IgAl, IgA2, IgD, IgE, or 1gM
antibody. In some embodiments, the lambda 5 sequence and/or the VpreB sequence is employed
in place of an antibody light chain or fragment thereof.

[0165] The term "epitope" as used herein, refers to a sequence of at least about 3 to 5,
preferably at least about 5 to 10, or at least about 5 to 15 amino acids, and typically not more than
about 500, or about 1,000 amino acids, which define a sequence that by itself, or as part of a
larger sequence, is bound by a SBP and/or an antibody. An epitope is not limited to a
polypeptide having a sequence identical to the portion of the parent protein from which it is
derived. Indeed, viral genomes are in a state of constant change and exhibit relatively high
degrees of variability between isolates. Thus the term "epitope” encompasses sequences identical
to the native sequence, as well as modifications, such as deletions, substitutions and/or insertions

to the native sequence. Generally, such modifications are conservative in nature but non-
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conservative modifications are also contemplated. The term specifically includes “mimotopes,”
1.e. sequences that do not identify a continuous linear native sequence or do not necessarily occur
in a native protein, but functionally mimic an epitope on a native protein. The term “epitope”
specifically includes linear and conformational epitopes.

[0166] The term “vector” is used to refer to a IDNA molecule capable of autonomous
replication in a cell and to which a DNA segment, e.g., gene or polynucleotide, can be
operatively linked so as to bring about replication of the attached segment. Vectors capable of
directing the expression of genes encoding for one or more polypeptides are referred to herein as
"expression vectors. "The term “control sequences” refers to DNA sequences necessary for the
expression of an operably linked coding sequence in a particular host organism. 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,
polyadenylation signals, and enhancers.

[0167] A nucleic acid is “operably linked” when it is placed into a functional
relationship with another nucleic acid sequence. For example, DNA for a presequence or
secretory leader is operably linked to DNA for a polypeptide if it is expressed as a preprotein 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 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 phase. 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.

[0168] A "phage display library" is a protein expression library that expresses a
collection of cloned protein sequences as fusions with a phage coat protein. Thus, the phrase
"phage display library" refers herein to a collection of phage (e.g., filamentous phage) wherein
the phage express an external (typically heterologous) protein. The external protein is free to
interact with (bind to) other moieties with which the phage are contacted. Each phage displaying

an external protein is a "member"” of the phage display library.
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[0169] The term "filamentous phage" refers to a viral particle capable of displaying a
heterogenous polypeptide on its surface, and includes, without limitation, {1, fd, Pf1, and M13.
The filamentous phage can contain a selectable marker such as tetracycline (e.g., "fd-tet").
Various filamentous phage display systems are well known to those of skill in the art (see, e.g.,
Zacher et al. Gene 9: 127-140 (1980), Smith et al. Science 228: 1315-1317 (1985); and Parmley
and Smith Gene 73: 305-318 (1988)).

[0170] The term “panning” is used to refer to the multiple rounds of screening
process in identification and isolation of phages carrying compounds, such as antibodies, with
high affinity and specificity to a target.

[0171] The term "inhibition" as used herein, refers to any statistically significant
decrease in biological activity, including full blocking of the activity. For example, "inhibition"
can refer to a decrease of about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 100% in
biological activity.

[0172] The terms “treat” or “prevent” do not require complete treatment or complete
prevention under all conditions. A slowing of the onset of a disorder or its symptoms or a
decrease in the number of the symptoms can be adequate “prevention” in some embodiments.
Similarly, a decrease in the severity of the symptoms of the disorder can also be an effective
treatment for a disorder.

[0173] The term "consensus sequence”, as used herein with respect to
complementarity determining regions (CDRs), refers to a composite or genericized sequence for
a CDR that has been defined based on information as to which amino acid residues within the
CDR are amenable to modification without detriment to antigen binding. Thus, in a "consensus
sequence” for a CDR, certain amino acid positions are occupied by one of multiple possible
amino acid residues at that position. For example, within a CDR, if antigen binding has been
found to be unaffected by the presence of either a tyrosine or a phenylalanine at a particular
position, then that particular position within the consensus sequence can be either tyrosine or
phenylalanine (1/F). Consensus sequences for CDRs can be defined, for example, by scanning
mutagenesis (e.g., alanine scanning mutagenesis) of amino acid residues within the antibody
and/or SBP CDRs, followed by evaluation of the binding of the mutants to the antigen to

determine whether the mutated amino acid position affects antigen binding.
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[0174] As used herein, the terms "specific binding," "specifically binds," "selective
binding," and "selectively binds," mean that a SBP, antigen-binding portion thereof, or antibody
exhibits appreciable affinity for a particular antigen or epitope and, generally, does not exhibit
significant non-specific binding with other antigens and epitopes. "Appreciable" or preferred
binding includes binding with an affinity of at least 10°, 107, 10%, 10° M}, or 10'® M. Affinities
greater than 10'M™, preferably greater than 10° M are more preferred. Values intermediate of
those set forth herein are also intended to be within the scope of the present invention and a
preferred binding affinity can be indicated as a range of affinities, for example, 10° to 10'° M,
preferably 107 to 10" M, more preferably 10° to 10'> M'. An antibody and/or SBP that "does
not exhibit significant non-specific binding" is one that will not appreciably bind to an
undesirable entity (e.g., an undesirable proteinaceous entity). For example, in some
embodiments, a SBP and/or antibody or antigen-binding portion thereof that specifically binds to
ErbB3 will appreciably bind that ErbB3 molecule but will not significantly react with other ErbB
molecules and non-ErbB proteins or peptides. 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.

[0175] The term "Kp," as used herein, is intended to refer to the dissociation
equilibrium constant of a particular SBP and/or antibody-antigen interaction or the affinity of an
SBP and/or antibody for an antigen, preferably as measured using a surface plasmon resonance
assay (e.g., as determined in a BIACORE 3000 instrument (GE Healthcare) using recombinant
ErbB3 as the analyte and the antibody and/or SBP as the ligand) or a cell binding assay. In some
embodiments, the SBP , antigen binding portion, and/or antibody binds an antigen (e.g., ErtbB3)
with an affinity (Kp) of 50 nM or better (i.e., or less) (e.g., 40 nM or 30 nM or 20 nM or 10 nM
or less). In a particular embodiment, an SBP, antigen binding portion thereof, and/or antibody
according to the present invention binds ErbB3 with an affinity (Kp) of 8 nM or better (e.g., 7
nM, 6 nM, 5 nM, 4 nM, 2 nM, 1.5 nM, 1.4 nM, 1.3 nM, 1nM or less. In some embodiments, a
SBP , antigen binding portion thereof, and/or antibody binds an antigen (e.g., ErbB3) with an
affinity (Kp) of approximately less than 107 M, such as approximately less than 10° M, 10° M
or 10"° M or even lower, and binds to the predetermined antigen with an affinity that is at least

two-fold greater than its affinity for binding to a non-specific antigen (e.g., BSA, casein) other
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than the predetermined antigen or a closely-related antigen. The term "Ko," as used herein, is
intended to refer to the off rate constant for the dissociation of a SBP and/or antibody from their
respective antigen bound complexes.

[0176] The term "EC50," as used herein, refers to the concentration of a SBP or an
antigen-binding portion thereof and/or antibody, which induces a response, either in an in vitro or
an in vivo assay, which is 50% of the maximal response, i.e., halfway between the maximal
response and the baseline.

[0177] The term "naturally-occurring” as used herein as applied to an object refers to
the fact that an object can be found in nature. For example, a polypeptide or polynucleotide
sequence that is present in an organism (including viruses) that can be isolated from a source in
nature and which has not been intentionally modified by man in the laboratory is naturally-
occurring.

[0178] A "consensus sequence" is a sequence formed from the most frequently
occurring amino acids (or nucleotides) in a family of related sequences (See e.g., Winnaker,
From Genes to Clones (Verlagsgesellschaft, Weinheim, Germany 1987). In a family of proteins,
each position in the consensus sequence is occupied by the amino acid occurring most frequently
at that position in the family. If two amino acids occur equally frequently, either can be included
in the consensus sequence. A "consensus framework” of an immunoglobulin refers to a
framework region in the consensus immunoglobulin sequence.

[0179] In some embodiments, SBPs and/or antibodies are provided that bind the same
or an overlapping epitope as the SBPs and/or antibodies for which amino acid sequences are
disclosed herein, e.g., SBPs and/or antibodies that compete for binding to ErbB3, or bind
epitopes which overlap with epitopes bound by the antibodies described herein, e.g., an epitope
located on ectodomain of ErbB3, preferably on Domain I of the ectodomain of ErbB3. SBPs
and/or antibodies that recognize the same epitope can be identified using routine techniques such
as an immunoassay, for example, by showing the ability of one SBP and/or antibody to block the
binding of another SBP and/or antibody to a target antigen, i.e., a competitive binding assay.
Competitive binding is determined in an assay in which the immunoglobulin under test inhibits
specific binding of a reference antibody and/or SBP to a common antigen, such as ErbB3.

Numerous types of competitive binding assays are known, for example: solid phase direct or
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indirect radioimmunoassay (RIA), solid phase direct or indirect enzyme immunoassay (EIA),
sandwich competition assay (see Stahli et al., (1983) Methods in Enzymology 9:242); solid phase
direct biotin-avidin FIA (see Kirkland et al., (1986) J. Immunol. 137:3614); solid phase direct
labeled assay, solid phase direct labeled sandwich assay (see Harlow and Lane, (1988)
Antibodies: A Laboratory Manual, Cold Spring Harbor Press); solid phase direct label RIA using
1-125 label (see Morel et al., (1988) Mol. Immunol. 25(1):7); solid phase direct biotin-avidin
EIA (Cheung et al., (1990) Virology 176:546); and direct labeled RIA. (Moldenhauer et al.,
(1990) Scand. J. Immunol. 32:77). Typically, such an assay involves the use of purified antigen
(e.g., ErbB3) bound to a solid surface or cells bearing either of these, an unlabeled test
surroglobulin and a labeled reference immunoglobulin and/or SBP. Competitive inhibition is
measured by determining the amount of label bound to the solid surface or cells in the presence
of the test surroglobulin. Usually the test surroglobulin is present in excess. Usually, when a
competing SBP and/or antibody is present in excess, it will inhibit specific binding of a reference
SBP and/or antibody to a common antigen by at least 50-55%, 55-60%, 60-65%, 65-70% 70-
75% or more.

[0180] The term "sample" refers to tissue, body fluid, or a cell from a patient or a
subject. Normally, the tissue or cell will be removed from the patient, but in vivo diagnosis is
also contemplated. In the case of a solid tumor, a tissue sample can be taken from a surgically
removed tumor and prepared for testing by conventional techniques. In the case of lymphomas
and leukemias, lymphocytes, leukemic cells, or lymph tissues can be obtained and appropriately
prepared. Other patient samples, including urine, tear drops, serum, cerebrospinal fluid, feces,
sputum, cell extracts etc. can also be useful for particular tumors.

[0181] The term "patient” includes human and other mammalian subjects that receive
either prophylactic or therapeutic treatment.

[0182] As used herein, the term "subject” or "patient” includes any human or non-
human animal. For example, the methods and compositions disclosed herein can be used to treat
a subject having cancer. In a preferred embodiment, the subject is a human. The term "non-
human animal" includes all vertebrates, e.g., mammals and non-mammals, such as non-human

primates, sheep, dog, cow, etc.
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[0183] The terms "anti-cancer agent” and "antineoplastic agent" refer to drugs used to
treat malignancies, such as cancerous growths. Drug therapy can be used alone, or in
combination with other treatments such as surgery or radiation therapy. Several classes of drugs
can be used in cancer treatment, depending on the nature of the organ involved. For example,
breast cancers are commonly stimulated by estrogens, and can be treated with drugs which
inactive the sex hormones. Similarly, prostate cancer can be treated with drugs that inactivate
androgens, the male sex hormone. Anti-cancer agents include, among others, agents recited in
Table 0.1

Table 0.1

Antibodies Antibodies which bind A12 (fully humanized mAb)
IGF-1R (insulin-like growth | 19D12 (fully humanized mAb)
factor type 1 receptor), CP751-871 (fully humanized mAb)
which is expressed on the | H7CIO (humanized mAb)
cell surface of must alphalR3 (mouse)
human cancers scFV/FC (mouse/human chimera)

EM/I64 (mouse)

AMG 479 (fully humanized mAb; Amgen)
IMCA 12 (fully humanized mAb; Imclone) NSC-
742460 (Dyax)

MR-0646, F50035 (Pierre Fabre Medicament,

Merck)
Antibodies which bind matuzumab (EMD72000)
EGFR; Mutations affecting | Erbitux ®/cetuximab (Imclone)
EGFR expression or Vectibix ®/panitumumab (Amgen)
activity can result in mAb 806
cancer nimotuzumab (TheraCIM)

INCB7839 (Incyte)
panitumumab (Vectibix ®; Amgen)

Antibodies which bind AVEO (AV299) (AVEO)
cMET (mesenchymal AMGI02 (Amgen)

epithelial transition factor); | 5D5 (OA-5D5) (Genentech)
a member of the MET
family of receptor tyrosine

kinases)
Anti-ErbB2 antibodies Herceptin ® (trastuzumab; Genentech/Roche)
which bind various binds ectodomain Domain Il of ErbB2;
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epitopes Anti-ErbB2
(HER2) antibodies

Omnitarg ® (pertuzumab; 2C4, RI273;
Genentech/Roche) binds Domain N of ErbB2

Anti-ErbB3 antibodies

1B4C3; 2DID12 (U3 PharmaAQG)
U3-1287/AMG888 (U3 PharmalAmgen)

Small IGF-1R (insulin-like growth | NVP-AEW541-A
Molecules factor type 1 receptor), BMS-536,924 (IH-benzoimidazol-2-yl)-IH
Targeting which is expressed on the | pyridin-2-one)
IGF1R cell surface 0 f must BMS-554,417
human cancers Cycloligan
TAE226
PQ401
Small EGFR; Mutations affecting | Iressa ®/gefitinib (AstraZeneca)
Molecules EGFR expression or CI-1033 (PD 183805) (Pfizer)
Targeting activity can result in TYVERB/lapatinib (GlaxoSmithKline)
EGFR cancer Tykerb ®/lapatinib ditosylate (SmithKline
Beecham)
Tarceva ®@/Erlotinib HCL (OSI Pharma) PKI-
166 (Novartis)
PD-158780
EKB-569
Tyrphostin AG 1478(4-(3-Chloroanillino)-
6,7-dimetboxyquinazoline)
Small ErbB2, also known as HKI-272 (neratinib; Wyeth)
Molecules HER2, a member of the KOS-953 (tanespimycin; Kosan Biosciences)
Targeting ErbB family of receptors, Tykerb ®/lapatinib ditosylate (SmithKline
ErbB2 which is expressed on Beecham)
certain cancer cells
Small cMET (Mesenchymal PHA665752
Molecules epithelial transition factor); | ARQ 197 (ArQule)

Targeting cMET

a member of the MET
family of receptor tyrosine
kinases)

ARQ-650RP (ArQule)

Antimetabolites

An antimetabolite is a
chemical with a similar
structure to a substance (a
metabolite) required for
normal biochemical
reactions, yet different
enough to interfere with
the normal functions of

flourouracil (5-FU)

capecitabine/XELODA ® (HLR Roche)
5-trifluoromethyl-2'-deoxyuridine
methotrexate sodium (Trexall) (Barr)
raltitrexed/Tomudex ® (AstraZaneca)
pemetrexed/Alimta ® (Lilly)

tegafur

cytosine arabinoside (Cytarabine, Ara-C)/
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cells, including cell
division.

tioguanine/Lanvis ® (GlaxoSmithKline)
5-azacytidine

6-mercaptopurine (Mercaptopurine, 6-MP)
azatbioprine/Azasan ® (AAIPHARMA LLC)
6-thioguanine (6-TG)/Purinethol ® (TEVA)
pentostatin/Nipent ® (Hospira Inc.)
fludarabine phosphate/Fludara ® (Bayer
Health Care)

cladribine/Leustatin ® (2-CdA, 2-
chlorodeoxyadenosine) (Ortho Biotech)
floxuridine (5-fluoro-2'-deoxyuridine)/
FUDR ® (Hospira, Inc,)

Alkylating
agents

An alkylating
antineoplastic agent is an
alkylating agent that
attaches an alkyl group to
DNA. Since cancer cells
generally proliferate
unrestrictively more than
do healthy cells they are
more sensitive to DNA
damage, and alkylating
agents are used clinically
to treat a variety of
tumors.

Ribonucleotide Reductase Inhibitor (RNR)
cyclophosphamide/Cytoxan ® (BMS)/
Neosar ® (TEVA)

ifosfamide/Mitoxana ® (ASTA Medica)
ThioTEPA (Bedford, Abraxis, Teva)
BCNU — 1,3-bis(2-chloroethyl)-1-nitosourea
CCNU — 1,-(2-chloroethyl)-3-cyclohexyl-I
nitrosourea (methyl CCNU)
hexamethylmelamine (altretamine, HMM)/
Hexalen ® (MGI Pharma Inc.)
busulfan/Myleran ® (GlaxoSmithKline)
procarbazine HCL/Matulane ® (Sigma Tau)
Dacarbazine (DTIC ®)
chlorambucil/Leukaran ® (SmithKline
Beecham)

Melphalan/Alkeran ® (GlaxoSmithKline)
cisplatin (Cisplatinum, CDDP)/Platinol
(Bristol Myers)

carboplatin/Paraplatin (BMS)
oxaliplatin/Eloxitan ® (Sanofi-Aventis US)
Bendamustine

carboquone

carmustine

chloromethine

dacarbazine (DTIC)

fotemustine

lomustine

mannosulfan

nedaplatin

nimustine

prednimustine

ranimustine

satraplatin

semustine
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streptozocin
temozolomide
treosulfan
triaziquone
triethylene melamine
triplatin tetranitrate
trofosfamide
uramustine

Topoisomerase

Topoisomerase inhibitors

doxorubicin HCL/Doxil ® (Alza)

targeting agents

the components of the
cytoskeleton. They have
diameter of-24 nm and
length varying from
several micrometers to
possibly millimeters in
axons of nerve cells.
Microtubules serve as
structural components
within cells and are
involved in many cellular
processes including
mitosis, cytokinesis, and
vesicular transport.

inhibitors are chemotherapy agents | daunorubicin citrate/Daunoxome ® (Gilead)
designed to interfere with | mitoxantrone HCL/Novantrone (EMD
the action of Serono)
topoisomerase enzymes actinomycin D
(topoisomerase | and Il), etoposide/Vepesid ® (BMS)/Etopophos ®
which are enzymes that (Hospira, Bedford, Teva Parenteral, Etc.)
control the changes in topotecan HCL/Hycamtin ®
DNA structure by (GlaxoSmithKline)
catalyzing the breaking teniposide (VM-26)Vumon ® (BMS)
and rejoining of the irinotecan HCL(CPT-II)/
phosphodiester backbone | camptosar ® (Pharmacia & Upjohn)
of DNA strands during the | camptothecin (CPT)
normal cell cycle. belotecan
rubitecan
Microtubule Microtubules are one of vincristine/Oncovin @ (Lilly)

vinblastine sulfate/Velban ®(discontinued)
(Lilly)

vinorelbine tartrate/Navelbine ®
(PierreFabre)

vindesine sulphate/Eldisine ® (Lilly)
paclitaxel/Taxol ® (BMS)
docetaxel/Taxotere ® (Sanofi Aventis US)
Nanoparticle paclitaxel (ABI-007)!
Abraxane ® (Abraxis BioScience, Inc.)
ixabepilone/IXEMPRA ™ (BMS)

larotaxel

ortataxel

tesetaxel

vinflunine

Kinase
inhibitors

Tyrosine kinases are
enzymes within the cell
that function to attach
phosphate groups to the
amino acid tyrosine. By
blocking the ability of

imatinib mesylate/Gleevec (Novartis)
sunitinib malate/Sutent ® (Pfizer)
sorafenib tosylate/Nexavar ® (Bayer)
nilotinib hydrochloride monohydrate/
Tasigna ® (Novartis)

AMG 386 (Amgen)

37




WO 2013/016714

PCT/US2012/048730

protein tyrosine kinases to
function, these
compounds provide a tool
for controling cancerous
cell growth.

axitinib (AG-013736; Pfizer, Inc.)

bosutinib (SKI-606; Wyeth)

brivanib alalinate (BMS-582664; BMS)
cediranib (AZD2171; Recentin, AstraZeneca)
dasatinib (BMS-354825: Sprycel ®; BMS)
lestaurtinib (CEP-701; Cephalon)

motesanib diphosphage (AMG-706;
Amgen/Takeda)

pazopanib HCL (GW786034; Armala, GSK)
semaxanib (SU5416; Pharmacia)

vandetanib (AZD647; Zactima; AstraZeneca)
vatalanib (PTK-787; Novartis, Bayer Schering
Pharma)

XL184 (NSC718781; Exelixis, GSK)

Mk-2206
Protein Induces cell apoptosis L-asparaginase/Elspar ® (Merck & Co.)
synthesis
inhibitors
Immunotherape | Induces cancer patients to | Alpha interferon
utic agents exhibit immune Angiogenesis Inhibitor/Avastin ®
responsiveness (Genentech)
IL-2 — Interleukin 2 (Aldesleukin)/
Proleukin ® (Chiron)
IL-12 — Interleukin 12
Hormonal Hormonal therapies Ttoremifene citrate/Fareston ® (GTX, Inc.)
therapies associated with fulvestrant/Faslodex ® (AstraZeneca)

menopause and aging
seek to increase the
amount of certain
hormones in the body to
compensate for age-or
disease-related hormonal
declines. Hormonal
therapy as a cancer
treatment generally either
reduces the level of one or
more specific hormones,
blocks a hormone from
interacting with its cellular
receptor or otherwise
alters the cancer’s ability
to be stimulated by
hormones to grow and
spread. Such hormonal

raloxifene HCL/Evista ® (Lilly)
anastrazole/Arimidex ® (AstraZeneca)
letrozole/Femara ® (Novartis)

fadrozole (CGS 16949A)
exemestane/Aromasin ® (Pharmacia &
Upjohn)

leuprolide acetate/Eligard ® (QTL USA)
Lupron ® (TAP Pharm.)

goserelin acetate/Zoladex ® (AstraZeneca)
triptorelin pamoate/Trelstar ® (Watson Labs)
buserelin/Suprefact ® (Sanofi Aventis)
nafarelin

cetrorelix/Cetrotide ® (EMD Serono)
bicalutamide/Casodex ® (AstraZeneca)
nilutamide/Nilandron ® (Aventis Pharm.)
megestrol acetate/Megace ® (BMS)
somatostatin Analogs (e.g., Octreotide acetate/
Sandostatin ® (Novartis))
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therapies thus include
hormone antagonists and
hormone synthesis
inhibitors. In some
instances hormone
agonists can also be used
as anticancer hormonal
therapies.

abarelix (Plenaxis TM; Amgen)

abiraterone acetate (CB7630; BTG plc)
afunoxifene (TamoGel; Ascend Therapeutics,
Inc.)

aromatase inhibitor (Atamestane plus
toremifene; Intarcia Therapeutics, Inc.)
arzoxifene (Eli Lilly & Co)

Asentar™; DN-101 (Novacea; Oregon Health
Sciences U)

flutamide (Eulexin ®, Schering; Prostacur,
Laboratorios Almirall, S.A)

letrozole (CGS20267) (Femara ®, Chugai;
Estrochek ®, (Jagsonpal Pharmaceuticals Ltd;)
Delestrogen ®, estradiol valerate (Jagsonpal)
magestrol acetate/Megace ®
medroxyprogesteone acetate (Veraplex ®;
Combiphar)

MT206 (Medisyn Technologies, Inc.)
nandrolone decanoate (Zestabolin ®; Mankind
Pharma Ltd)

tamoxifen (Taxifen ®, Yung Shin
Pharmaceutical; Tomifen ®, Alkem
Laboratories Ltd.)

tamoxifen citrate (Nolvadex, AstraZeneca;
soltamox, EUSA Pharma Inc;

tamoxifen citrate SOPHARMA, Sopharma
JSCo.)

Glucocorticoids

Anti-inflammatory drugs
used to reduce swelling
that causes cancer pain.

predinsolone

dexamethasone/Decadron ® (Wyeth)
prednisone (Deltasone, Orasone, Liquid Pred,
Sterapred ®)

Aromatase
inhibitors mTOR
inhibitors

Includes imidazoles The
mTOR signaling pathway
was originally discovered
during studies of the
immunosuppressive agent
rapamycin. This highly
conserved pathway
regulates cell proliferation
and metabolism in
response to environmental
factors, linking cell growth
factor receptor signaling
via phosphoinositide-3-
kinase (PI-3K) to cell

ketoconazole

sirolimus (Rapamycin)/Rapamune ® (Wyeth)
Temsirolimus (CCI-779)/Torisel ® (Wyeth)
Deforolimus (AP23573) (Ariad Pharm.)
Everolimus (RAD0O01)/Certican ® (Novartis)
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growth, proliferation, and
angiogenesis.

Chemotherapeu
tic agents

adriamycin, 5-fluorouracil, cytoxin,
bleomycin, mitomycin C, daunomycin,
carminomycin, aminopterin, dactinomycin,
mitomycing, esperamicing, clofarabine,
mercaptopurine, pentostatin, thioguanine,
cytarabine, decitabine, floxuridine,
gemcitabine (Gemzar), enocitabine,
sapacitabine

Protein Kinase
B (PKB)
Inhibitors

AKT Inhibitor Astex ® (Astex Therapeutics)
AKT Inhibitors NERVIANO (Nerviano
Medical Sciences)

AKT Kinase Inhibitor TELIK (Telik Inc)
AKT DECIPHERA (Deciphera
Pharmaceuticals, LLC)

perifosine (KRX0401, D-21266; Keryx
Biopharmaceuticals Inc, AEterna Zentaris
Inc)

perifosine with Docetaxel (Keryx
Biopharmaceuticals Inc, AEterna Zentaris
Inc)

perifosine with Gemcitabine (AEterna
Zentaris In¢)

perifosine with paclitaxel (AEterna Zentaris
Inc) protein kinase-B inhibitor DEVELOGEN
(DeveloGen AG)

PX316 (Oncothyreon, Inc.)

RX0183 (Rexahn Pharmaceuticals Inc)
RX0201 (Rexahn Pharmaceuticals Inc)
VQDO002 (VioQuest Pharmaceuticals Inc)
XL418 (Exelixis Inc)

ZENO027 (AEterna Zentaris Inc)

Phosphatidylino
sitol 3-Kinase
(P13K)
Inhibitors

BEZ235 (Novartis AG)

BGT226 (Novartis AG)

CAL101 (Calistoga Pharmaceuticals, Inc.)
CHR4432 (Chroma Therapeutics Ltd)
Erk/P13K Inhibitors ETERNA (AEtema
Zentaris In¢)

GDC0941 (Genentech Inc/Piramed
Limited/Roche Holdings Ltd)

enzastaurin HCL (LY317615; Enzastaurin;
Eli Lilly)

LY294002/Wortmannin
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P13K Inhibitors SEMAFORE (Semafore
Pharmaceuticals)

PX866 (Oncothyreon, Inc.)

SF1126 (Semafore Pharmaceuticals)
VMD-8000 (VM Discovery, Inc.)

XL147 (Exelixis Inc)

XL147 with XL647 (Exelixis Inc)

XL765 (Exelixis Inc) PI1-103 (Roche/Piramed)

Cyclin CYC200, R-roscovitine (Seliciclib; Cyclacel
Dependent Pharma) NSC-649890, L86-8275, HMR-1275
Kinase (alvocidib; NCI)
Inhibitors
TLr9, CD289 IMOxine (Merck KGaA)
HYB2055 (Idera) IMO-2055 (Isis Pharma)
1018 ISS (Dynavax Technologies/UCSF)
PF-3512676 (Pfizer)
Enzyme lonafarnib(SCH66336; Sarasar; SuperGen, U
Inhibitor Arizona)
Anti-TRAIL AMG-655 (Aeterna Zentaris, Keryx

Biopharma)

Apo2L/TRAIL, AMG951 (Genentech,
Amgen)

APOMARB (fully humanized mAb;
Genentech)

MEK Inhibitors

[Mitogen-Activated
Protein Kinase Kinase 1
(MAP2K1); Mitogen
Activated Protein Kinase
Kinase 2 (MAP2K2)]

ARRY162 (Array BioPharma Inc)
ARRY704 (Array BioPharma Inc)
ARRY886 (Array BioPharma Inc)
AS703026 (Merck Serono S.A)
AZD6244 (AstraZeneca Plc)
AZD8330 (AstraZeneca Plc)
RDEA119 (Ardea Biosciences, Inc.)
RDEA436 (Ardea Biosciences, Inc.)
XL518 (Exelixis Inc; Genentech Inc)

Miscellaneous
Inhibitors

Imprime PGG (Biothera)

CHR-2797 (AminopeptidaseM1 inhibitor;
Chroma Therapeutics)

E7820, NSC 719239 (Integrin-alpha2
inhibitor, Eisai)

INCB007839 (ADAM 17, TACE Inhibitor;
Incyte)

CNF2024, BIIB021 (Hsp90 Inhibitor; Biogen
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Idec)

MP470, HPK-56 (Kit/Mel/Ret Inhibitor;
Schering-Plough)

SNDX-275/MS-275 (HDAC Inhibitor;
Syndax)

Zarnestra TM, Tipifarnib, R115777 (Ras
Inhibitor; Janssen Pharma)

volociximab; Eos 200-4, M200 (alpha581
integrin inhibitor; Biogen ldec; Eli
Lilly/UCSF/PDL BioPharma)

apricoxib (TP2001; COX-2 Inhibitor, Daiichi
Sankyo; Tragara Pharma)

vemurafenib

[0155] Thus, in some embodiments, any one or more of the compounds in Table 0.1 can be
combined with any one or more of the sur-binding proteins provided herein, including 2810-C01
and/or 2716-F05. In addition, one or more of the above items can be applied in a method of
treatment of a cancer and/or method of: suppressing tumor growth; suppressing a cancerous cell;
treating cancer; blocking the Ras/Raf/MEK pathway; and/or blocking the PI3K, AKT, or PI3K
and AKT pathway. The method can include one or more of the molecules from Table 0.1 and
one or more of the SBPs provided herein, such as 2817-C01 and/or 2716-F05.

[0184] The term "EGF-like ligand," encompasses molecules that bind to and activate
ErbB dependent pathways. Such ligands include variations on neuregulin (“NRG”) such as
NRG-1, NRG-2, NRG-3, and NRG-4, as well as isoforms of these types of neuregulin. The term
neuregulin is often used interchangeably with the term heregulin. The heregulin family includes
alpha, beta and gamma heregulins (Holmes et al., Science, 256: 1205-1210 (1992); U.S. Patent
No. 5,641,869; and Schaefer et o/. Oncogene 15:1385-1394 (1997)); neu differentiation factors
(NDFs), glial growth factors (GGFs); acetylcholine receptor inducing activity (ARIA); and
sensory and motor neuron derived factor (SMDF). For a review, see Groenen et al. Growth
Factors 11:235-257 (1994); Lemke, G. Molec. & Cell. Neurosci. 7:247-262 (1996) and Lee etal.
Pharm. Rev. 47:51-85 (1995); Falls and D. (2003). "Neuregulins: functions, forms, and signaling
strategies.” Experimental Cell Research 284(1): 14-30. Other EGF-like ligands include EGF,

TGF-alpha, epiregulin, betacellulin, heparin-binding EGF-like growth factor, and amphireguling.
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[0185] The terms "ErbB3," "HER3," "ErbB3 receptor,” and "HER3 receptor,” as used
interchangeably herein, refer to human ErbB3 protein, as described in U.S. Pat. No. 5,480,968
and Plowman et al., Proc. Natl. Acad. Sci. USA, 87:4905-4909 (1990); see, also, Kani et al.,
Biochemistry 44:15842-857 (2005), Cho and Leahy, Science 297:1330-1333 (2002)). The full-
length, human ErbB3 protein sequence (with leader sequence 1-19) is shown in SEQ ID NO: 36.
This sequence corresponds to the sequence shown in FIG 1A. The sequence is also shown in
SEQ ID NO: 4 of U.S. Pat. No. 5,480,968, minus the 19 amino acid leader sequence that is
cleaved from the mature protein. The full-length, mouse ErbB3 protein sequence (with leader
sequence 1- 19) is shown in SEQ ID NO: 37 This sequence corresponds to the sequence shown
in FIG. 1B.

[0186] An "antigen" is an entity (e.g., a proteinaceous entity or peptide) to which a
SBP, antigen-binding portion thereof, and/or antibody binds. In various embodiments disclosed
herein, the antigen is ErbB3 or a ErbB3-like molecule. In a particular embodiment, the antigen is
human ErbB3.

[0187] “Cetuximab” and “Panatumumab” are marketed mAbs that target EGFR.

[0188] “Pertuzumab” is a mAb that binds domain II of ErbB2 and inhibits its ability
to dimerize with ErbB3 (and likely ErbB1 as well). Domains II are the canonical dimerization
domains among the Erbs. For EGFR and ErbB3, domains II are only exposed for dimerization
when ligand is bound to the receptor. For ErbB2, there is no known ligand and domain II is
constitutively exposed. Consistent with this notion, Pertuzumab primarily inhibits dimerization
with ErbB3 when ErbB3 has ligand bound.

[0189] “Trastuzumab” is a marketed antibody that targets ErbB2 and binds to the
juxtamembrane extracellular domain. It has anti-proliferative activity primarily in cells that
overexpress ErbB2.

[0190] The term "disease associated with ErbB3 dependent signaling," “ErbB3
related disorder,” "disorder associated with ErbB3 dependent signaling," “ErbB3 dependent
disorder,” or “ErbB3 signaling dependent disorder” as used herein, includes disease states and/or
symptoms associated with a disease state, where increased levels of ErbB3 and/or activation of
cellular cascades involving ErbB3 are found. It is understood that ErbB3 heterodimerizes with

other ErbB proteins such as, EGFR and ErbB2, when increased levels of ErbB3 are found.
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Accordingly, the term "disease associated with ErbB3 dependent signaling," also includes disease
states and/or symptoms associated with disease states where increased levels of EGFR/ErbB3
and/or ErbB2/ErbB3 and/or ErbB3/ErbB4 heterodimers are found. In general, the term "disease
associated with ErbB3 dependent signaling," refers to any disorder, the onset, progression or the
persistence of the symptoms of which requires, or is influenced by the participation of ErbB3.
Exemplary ErbB3-mediated disorders include, but are not limited to, for example, cancer.

[0191] The terms "cancer" and "cancerous" refer to or describe the physiological
condition in mammals that is typically characterized by unregulated cell growth. Examples of
cancer include but are not limited to, carcinoma, lymphoma, blastoma, sarcoma, and leukemia.
More particular examples of such cancers include squamous cell cancer, small-cell lung cancer,
non-small cell lung cancer, gastric cancer, pancreatic cancer, glial cell tumors such as
glioblastoma and neurofibromatosis, cervical cancer, ovarian cancer, liver cancer, bladder cancer,
hepatoma, breast cancer, colon cancer, melanoma, colorectal cancer, endometrial carcinoma,
salivary gland carcinoma, kidney cancer, renal cancer, prostate cancer, vulval cancer, thyroid
cancer, hepatic carcinoma and various types of head and neck cancer. In a particular
embodiment, a cancer treated or diagnosed using the methods disclosed herein is selected from
melanoma, breast cancer, ovarian cancer, renal carcinoma, gastrointestinal cancer and/or colon
cancer (including gastric cancer), lung cancer, and prostate cancer, pancreatic cancer, and/or
epithelial cancer, including any combination thereof.

[0192] The term "effective amount,” as used herein, refers to that amount of an
antibody, an antigen binding portion thereof, and/or SBP that binds ErbB3, which is sufficient to
effect treatment, prognosis or diagnosis of a disease associated with ErbB3 dependent or
responsive signaling, as described herein, when administered to a subject. A therapeutically
effective amount will vary depending upon the subject and disease condition being treated, the
weight and age of the subject, the severity of the disease condition, the manner of administration
and the like, which can readily be determined by one of ordinary skill in the art. The dosages for
administration can range from, for example, about 1 ng to about 10,000 mg, about 5 ng to about
9,500 mg, about 10 ng to about 9,000 mg, about 20 ng to about 8,500 mg, about 30 ng to about
7,500 mg, about 40 ng to about 7,000 mg, about 50 ng to about 6,500 mg, about 100 ng to about
6,000 mg, about 200 ng to about 5,500 mg, about 300 ng to about 5,000 mg, about 400 ng to
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about 4,500 mg, about 500 ng to about 4,000 mg, about Imicrogram to about 3,500 mg, about 5
microgram to about 3,000 mg, about 10 microgram to about 2,600 mg, about 20 microgram to
about 2,575 mg, about 30 microgram to about 2,550 mg, about 40 microgram to about 2,500 mg,
about 50 microgram to about 2,475 mg, about 100 microgram to about 2,450 mg, about 200
microgram to about 2,425 mg, about 300 microgram to about 2,000, about 400 microgram to
about 1,175 mg, about 500 microgram to about 1,150 mg, about 0.5 mg to about 1,125 mg, about
1 mg to about 1,100 mg, about 1.25 mg to about 1,075 mg, about 1.5 mg to about 1,050 mg,
about 2.0 mg to about 1,025 mg, about 2.5 mg to about 1,000 mg, about 3.0 mg to about 975 mg,
about 3.5 mg to about 950 mg, about 4.0 mg to about 925 mg, about 4.5 mg to about 900 mg,
about 5 mg to about 875 mg, about 10 mg to about 850 mg, about 20 mg to about 825 mg, about
30 mg to about 800 mg, about 40 mg to about 775 mg, about 50 mg to about 750 mg, about 100
mg to about 725 mg, about 200 mg to about 700 mg, about 300 mg to about 675 mg, about 400
mg to about 650 mg, about 500 mg, or about 525 mg to about 625 mg, of an antibody, antigen
binding portion thereof, or and/or a SBP. Dosage regimen can be adjusted to provide the
optimum therapeutic response. An effective amount is also one in which any toxic or detrimental
effects (i.e., side effects) of an antibody, antigen binding portion thereof, and/or SBP are
minimized and/or outweighed by the beneficial effects. Additional preferred dosages regimens
are described further below in the section pertaining to pharmaceutical compositions.

[0193] In some embodiments, SBPs disclosed herein inhibit EGF-like ligand,
including NRG mediated phosphorylation of ErbB3 or reduce basal ErbB3 phosphorylation
(including ErbB3 phosphorylation driven by overexpression of ErbB2) and, in certain
embodiments, exhibit one or more of the following additional properties and/or functions: (i)
inhibition of one or more of heregulin, EGF, amphiregulin, hbEGF, epiregulin, epigen,
betacellulin, TGF-alpha and biregulin-mediated signaling or ligand-independent signaling
through ErbB3; (i1) inhibition of proliferation of cells expressing ErbB3; (iii) the ability to
decrease levels of ErbB3 on cell surfaces; (iv) inhibition of VEGF secretion of cells expressing
ErbB3; (v) inhibition of the migration of cells expressing ErbB3; (vi) inhibition of spheroid
growth of cells expressing ErbB3; (vii) apoptosis of cells expressing ErbB3, and/or (viii) specific
binding to an epitope located on Domains III and/or IV of ErbB3. In some embodiments, any of

the SBPs disclosed herein can be used to achieve any one or more of the above functions. In
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some embodiments, a method for achieving any one or more of the above functions can be
achieved by application of one or more SBPs disclosed herein.

[0194] Accordingly, the phrase "inhibition of ErbB3 phosphorylation," as used
herein, refers to the ability of an SBP, antigen binding portion, and/or antibody to statistically
significantly decrease the basal level phosphorylation of ErbB3, relative to the phosphorylation in
an untreated (control) cell, or that induced by an EGF-like ligand, relative to the phosphorylation
in an untreated (control) cell. The cell which expresses ErbB3 can be a naturally occurring,
transformed, or immortalized cell or cell line or alternatively it can be recombinantly produced
by introducing nucleic acid encoding ErbB3 into a host cell. In some embodiments, the SBP,
antigen binding portion thereof, and/or antibody inhibits basal or EGF-like ligand mediated
ErbB3 phosphorylation of by at least 10%, or at least 20%, or at least 30%, or at least 40%, or at
least 50%, or at least 60%, or at least 70%, or at least 80%, or at least 90%, or about 100%, as
determined, for example, by ELISA or Western blotting followed by probing with an anti-
phosphotyrosine antibody as described in Kim et al., (1998) Biochem J., 334:189-195 and the
Examples infra.

[0195] The phrase "inhibition of heregulin, EGF, epiregulin, betacellulin, TGF-alpha,
amphiregulin or biregulin-mediated signaling through ErbB3," as used herein, refers to the ability
of an SBP, an antigen-binding portion thereof, and/or antibody to statistically significantly
decrease signaling mediated by an ligand (e.g., heregulin, epiregullin, epigen betacellulin, TGF-
alpha, biregulin, EGF, hbEGF, and amphiregulin) through ErbB3, relative to the signaling in the
absence of the SBP and/or antibody (control). ErbB3-ligands are also referred to herein as
"heregulin-like ligands" This means that, in the presence of the SBP, antigen binding portion
thereof, and/or antibody, a signal mediated in a cell expressing ErbB3 by one or more of
heregulin, neuregulin, epiregullin, epigen betacellulin, TGF-alpha, biregulin, EGF, hbEGF, and
amphiregulin, relative to a control (no antibody), is statistically significantly decreased. An
ErbB3-ligand mediated signal can be measured by assaying for the level or activity of an ErbB3
substrate, and/or a protein which is present in a cellular cascade involving ErbB3. In some
embodiments, the SBP, antigen binding portion thereof, and/or antibody decreases the level or
activity of an ErbB3 substrate and/or that of a protein in a cellular cascade involving ErbB3, by at

least 10%, or at least 20%, or at least 30%, or at least 40%, or at least 50%, or at least 60%, or at
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least 70%, or at least 80%, or at least 90%, or about 100% relative to the level or activity in the
absence of such antibody, antigen binding portion thereof, and/or SBP (control). Such ErbB3-
ligand mediated signaling can be measured using art recognized techniques which measure the
level or activity of a substrate of ErbB3 (e.g., PI3K) or a protein in a cellular cascade involving
ErbB3 (e.g., the AKT pathway--AKT refers to a set of serine/threonine kinases also referred to as
protein kinases B or PKB) using kinase assays for such proteins (see, e.g., Horst et al. supra,
Sudo et al. (2000) Methods Enzymol, 322:388-92; and Morgan et al. (1990) Eur. J. Biochem.,
191:761-767).

[0196] In a particular embodiment, the SBP, antigen binding portion thereof, and/or
antibody inhibits ErbB3-ligand (e.g., heregulin,or neuregulin) mediated signaling through ErbB3
by inhibiting the binding of the ErbB3-ligand to ErbB3. Some ligands (e.g., biregulin, an
artificial chimeric ligand: Barbacci, et al., J Biol Chem 1995 270(16) 9585-9) function both as
EGF-like ligands (i.e., bind to EGFR/ErbB1) as well as FrbB3-like ligands (i.e., bind to ErbB3).

[0197] The phrase "inhibition of heregulin binding to ErbB3," as used herein, refers
to the ability of a SBP, an antigen-binding portion thereof, and/or antibody to statistically
significantly decrease the binding of an ErbB3 ligand (e.g., heregulin or neuregulin) to ErbB3,
relative to the binding in the absence of the SBP and/or antibody (control). This means that, in
the presence of the SBP, antigen binding portion thereof, and/or antibody, the amount of the
ErbB3-ligand (e.g., heregulin, neuregulin, ) which binds to ErbB3 relative to a control (no SBP
and/or antibody), is statistically significantly decreased. The amount of an ErbB3 ligand which
binds ErbB3 can be decreased in the presence of an SBP, antigen binding portion thereof, and/or
antibody of the present disclosure by at least 10%, or at least 20%, or at least 30%, or at least
40%, or at least 50%, or at least 60%, or at least 70%, or at least 80%, or at least 90%, or 100%
relative to the amount in the absence of the SBP, antigen binding portion thereof, and/or
antibody (control). A decrease in ErbB3-ligand binding can be measured using art recognized
techniques which measure the level of binding of labeled ErbB3-ligand (e.g., radiolabeled
heregulin, neuregulin) to cells expressing ErbB3 in the presence or absence (control) of the SBP,
antigen binding portion thereof, and/or antibody.

[0198] The phrase "inhibition of proliferation of a cell expressing ErbB3," as used

herein, refers to the ability of an SBP, antigen binding portion thereof, and/or antibody to
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statistically significantly decrease proliferation of a cell expressing ErbB3 relative to the
proliferation in the absence of the surrobody and/or antibody. In some embodiments, the
proliferation of a cell expressing ErbB3 (e.g., a cancer cell) can be decreased by at least 10%, or
at least 20%, or at least 30%, or at least 40%, or at least 50%, or at least 60%, or at least 70%, or
at least 80%, or at least 90%, or at least 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% when the
cells are contacted with a SBP, antigen binding portion thereof, and/or antibody of the present
disclosure, relative to the proliferation measured in the absence of the SBP, antigen binding
portion thereof, and/or antibody (control). Cellular proliferation can be assayed using art
recognized techniques which measure cell number and/or rate of cell division, the fraction of
cells within a cell population undergoing cell division, and/or rate of cell loss from a cell
population due to terminal differentiation or cell death (e.g., using a CellTiter-Glo™. assay or
thymidine incorporation).

[0199] The phrase "the ability to decrease levels of ErbB3 on cell surfaces,” as used
herein, refers to the ability of an antibody, antigen binding portion thereof, and/or SBP to
statistically significantly reduce the amount of ErbB3 found on the surface of a cell which has
been exposed to the surrobody and/or antibody relative to an untreated (control) cell. For
example, a decrease in levels of ErbB3 on cell surfaces can result from increased internalization
of ErbB3 (or increased ErbB3 endocytosis). In some embodiments, the SBP, antigen binding
portion thereof, and/or antibody decreases cell surface expression of ErbB3 by at least 10%, or at
least 20%, or at least 30%, or at least 40%, or at least 50%, or at least 60%, or at least 70%, or at
least 80%, or at least 90%, or 100% and/or increases internalization of the ErbB3 receptor by at
least 10%, or at least 20%, or at least 30%, or at least 40%, or at least 50%, or at least 60%, or at
least 70%, or at least 80%, or at least 90%, or 100% relative to the cell surface expression or
internalization in the absence of the antibody, antigen binding portion thereof, and/or SBP
(control). The levels of ErbB3 on surfaces of cells and/or internalization of the ErbB3 receptor in
the absence and the presence of an antibody, antigen-binding portion thereof, and/or SBP can be
readily measured using art recognized techniques, such as those described in Horst et al., supra
and in the examples herein.

[0200] The phrase "inhibition of VEGF secretion of cells expressing ErbB3," as used

herein, refers to the ability of an antibody, an antigen-binding portion thereof, and/or SBP to
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statistically significantly decrease VEGF secretion of a cell expressing ErbB3 relative to the
VEGF secretion in the absence of the SBP and/or antibody. In some embodiments, the VEGF
secretion of a cell expressing ErbB3 (e.g., a cancer cell) can be decreased by at least 10%, or at
least 20%, or at least 30%, or at least 40%, or at least 50%, or at least 60%, or at least 70%, or at
least 80%, or at least 90%, or 100% when the cells are contacted with an SBP, antigen binding
portion thereof, and/or antibody of the present disclosure, relative to the VEGF secretion
measured in the absence of the SBP, antigen binding portion thereof, and/or antibody (control).
VEGF secretion can be assayed using art recognized techniques, such as those described herein.

[0201] The phrase "inhibition of the migration of cells expressing ErbB3," as used
herein, refers to the ability of an SBP, antigen binding portion thereof, and/or antibody to
statistically significantly decrease the migration of a cell expressing ErbB3 relative to the
migration of the cell in the absence of the SBP and/or antibody. In some embodiments, the
migration of a cell expressing ErbB3 (e.g., a cancer cell) can be decreased by at least 10%, or at
least 20%, or at least 30%, or at least 40%, or at least 50%, or at least 60%, or at least 70%, or at
least 80%, or at least 90%, or 100% when the cells are contacted with an antibody, SBP, antigen
binding portion thereof, and/or antibody of the present disclosure, relative to cell migration
measured in the absence of the SBP, antigen binding portion thereof, and/or antibody (control).
Cell migration can be assayed using art recognized techniques, such as those described herein.

[0202] The phrase "inhibition of spheroid growth of cells expressing ErbB3," as used
herein, refers to the ability of an SBP, antigen binding portion thereof, and/or antibody to
statistically significantly decrease the anchorage independent growth of cells expressing ErbB3
relative to the anchorage independent growth of the cells in the absence of the SBP and/or
antibody. In some embodiments, the growth of cells expressing ErbB3 (e.g., a cancer cell) can be
decreased by at least 10%, or at least 20%, or at least 30%, or at least 40%, or at least 50%, or at
least 60%, or at least 70%, or at least 80%, or at least 90%, or 100% when the cells are contacted
with an SBP, antigen binding portion thereof, and/or antibody of the present disclosure, relative
to cell migration measured in the absence of the SBP, antigen binding portion thereof, and/or
antibody (control). Spheroid growth can be assayed using art recognized techniques (e.g. Juergen
Friedrich et al. Spheroid-based drug screen: considerations and practical approach. NATURE
PROTOCOLS 4: 309. 2009) such as those described herein.
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[0203] The phrase "apoptosis of cells expressing ErbB3," as used herein, refers to the
ability of an SBPs, antigen binding portion thereof, and/or antibody to induce apoptosis of a cell
expressing ErbB3 relative to the apoptosis in the absence of the SBP and/or antibody. In some
embodiments, the apoptosis of a cell expressing ErbB3 (e.g., a cancer cell) can be increased by at
least 10%, or at least 20%, or at least 30%, or at least 40%, or at least 50%, or at least 60%, or at
least 70%, or at least 80%, or at least 90%, or at least 91, 92, 93, 94, 95, 96, 97, 98, 99%, or
100% when the cells are contacted with an SBPs, antigen binding portion thereof, and/or
antibody of the present disclosure, relative to the apoptosis measured in the absence of the SBPs,
antigen binding portion thereof, and/or antibody (control). Cellular apoptosis can be assayed
using art recognized techniques which measure cellular viability, metabolic activity, annexin V
binding, apoptotic caspase activation, and/or rate of cell loss from a cell population due to
terminal differentiation or cell death (e.g., using a CellTiter-Glo™. assay or thymidine
incorporation).

[0204] The term “human SBP," as used herein, is intended to include SBPs having
variable regions in which both the framework and other regions are derived from human heavy
chain immunoglobulin sequences as described, for example, by Kabat et al. (See Kabat, et al.
(1991) Sequences of proteins of Immunological Interest, Fifth Edition, U.S. Department of
Health and Human Services, NIH Publication No. 91-3242). Furthermore, if the SBP contains a
constant region, the constant region also is derived from human germline immunoglobulin
sequences. The human SBPs can include amino acid residues not only encoded by human
germline immunoglobulin sequences (e.g., mutations introduced by random or site-specific
mutagenesis in vitro or by somatic mutation in vivo). However, the term "human SBP", as used
herein, is not intended to include SBPs in which CDR sequences derived from the germline of
another mammalian species, such as a mouse, have been grafted onto human framework
sequences.

[0205] The term "humanized SBP" refers to a SBP that includes at least one
humanized immunoglobulin chain (e.g., a humanized heavy chain). The term "humanized SBP"
refers to a SBP chain having a variable region that includes a variable framework region

substantially from a human SBP and complementarity determining regions (CDRs) (e.g., at least
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one CDR, preferably two CDRs, more preferably three CDRs) substantially from a non-human
heavy chain.

[0206] As used herein, "isotype switching," in reference to a surroglobulin (in the
context of a transgenic or ex vivo system) refers to the phenomenon by which the class, or
isotype, of a surroglobulin changes, or is changed, from one Ig class to one of the other Ig

classes.

B. Detailed Description

[0207] Techniques for performing some of the methods of noted herein are well
known in the art and described in standard laboratory textbooks, including, for example, Ausubel
et al., Current Protocols of Molecular Biology, John Wiley and Sons (1997); Molecular Cloning:
A Laboratory Manual, Third Edition, J. Sambrook and D. W. Russell, eds., Cold Spring Harbor,
New York, USA, Cold Spring Harbor Laboratory Press, 2001; Antibody Phage Display, Methods

and Protocols, Humana Press, 2001; and Antibodies, G. Subramanian, ed., Kluwer Academic,
2004. Mutagenesis can, for example, be performed using site-directed mutagenesis (Kunkel et
al., Proc. Natl. Acad. Sci USA 82:488-492 (1985)). PCR amplification methods are described in
U.S. Pat. Nos. 4,683,192, 4,683,202, 4,800,159, and 4,965,188, and in several textbooks

including "PCR Technology: Principles and Applications for DNA Amplification", H. Erlich,
ed., Stockton Press, New York (1989); and PCR Protocols: A Guide to Methods and

Applications, Innis et al., eds., Academic Press, San Diego, Calif. (1990).

[0208] In some embodiments, the present disclosure provides polypeptides
comprising VpreB and/or A5 sequences and having the ability to bind a target. Targets
specifically include all types of targets generally referred to as “antigens” in the context of
antibody binding. In some embodiments, the target is an ErbB3 protein. In some embodiments,
SBPs to ErbB3 are provided herein. In some embodiments, the SBPs bind to ErbB3. In some
embodiments, the SBPs bind and prevent and/or reduce one or more signaling aspects related to
ErbB3 dependent signaling.

[0209] As shown in Example 1 a number of Sabs to ErbB3 were discovered.
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[0210] As outlined in Example 2, numerous Sabs demonstrated an ability to inhibit
ErbB3 function. The sequences of these Sabs are outlined in FIGs. 2A and 2B, and the results of
the corresponding SgGs are outlined in FIGs. 3A-3D.

[0211] In some embodiments, the inhibition of ErbB3 signaling is direct. In some
embodiments, the inhibition does not need to be direct. In some embodiments, the inhibition can
be through a number of possible mechanisms including stimulation of ErbB3 internalization
and/or through inhibition of NRG (e.g., NRG-1, NRG-2, NRG-3, and/or NRG-4) binding.

[0212] In some embodiments, variants of SBPs are provided. In some embodiments,
the SBPs will include a heavy chain variable region that is at least 85% identical to one of the
sequences in FIG. 2A or 2B. In some embodiments, the variant heavy chain for the SBPs will be
85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or nearly identical to one of the
sequences of 2817-CO1. As shown in FIG. 2C, 2817-CO1 and 2716-F05 include heavy chain
variable regions that are 87.8% identical to one another. In some embodiments, clones that are
86.2% identical to the framework are provided with respect to 2716-F05. In some embodiments,
clones that are 83.7% identical to the framework are provided with respect to 2817-COl.
Interestingly, not only do these two SBPs share a high percent identity for their heavy chain
variable region, but, as shown in the epitope binning example below, they appear to bind to the
same, similar, or at least overlapping epitopes on ErbB3. Thus, the noted sequences and
alignments, in combination with the high percent identity between the two, may indicate that
Sabs or SgGs having this percent identity would have the desired functionality of blocking ErbB3
signaling. In some embodiments, variants of nucleic acids encoding SBPs are provided. In some
embodiments, the nucleic acids encoding the SBPs will include have a sequence that encodes a
heavy chain variable region that is at least 85% identical to one of the sequences in FIG. 18. In
some embodiments, the variant heavy chain for the SBPs will be encoded by a nucleic acid
sequence that is at least 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or nearly
identical to one of the sequences in FIG. 18.

[0213] In some embodiments, other variants are contemplated for SBPs. FIG. 2D
depicts an alignment of another collection of SBPs disclosed herein. As can be seen, these SBPs
are all approximately 90% identical to 2816-D12, which is itself 87.8% identical to its

framework. Table (.2 outlines the percent identity of these heavy chain sequences for the Sabs.
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Table 0.2
Clone % identity to 2816-D12
2818-E01 043
2716-E01 91.9
2815-A05 01.1
2815-E04 91.1

2815-A08 890 4

2815-C06 90.2

2817-E06 91.1

2818-B04 90.2

[0214] In some embodiments, the SBPs are binding fragment forms, such as Sabs. In
some embodiments, the SBPs are full Surroglobulin forms, such as SgGs. Example 3 outlines a
method by which various initial Sabs were converted to SgGs.

[0215] In some embodiments, the SBPs bind to both human ErbB3 and mouse
ErbB3. In some embodiments, the SBPs bind selectively to human ErbB3 over mouse ErbB3. In
some embodiments, the SBPs bind selectively to mouse ErbB3 over human ErbB3. In some
embodiments, the EC50 of the SBP for such an interaction with human ErbB3 is less than 0.36
nM, for example 0.3, 0.2, 0.1 0.09, 0.08, 0.07, 0.06, 0.05, 0.04, 0.03 nM or less, including any
range lower than any of the preceding values and any range defined between any two of the
preceding values. In some embodiments, the EC50 of the SBP for such an interaction with
mouse ErbB3 is less than 0.4 nM, for example 0.3, 0.2, 0.1 0.09, 0.08, 0.07, 0.06, 0.05 nM or
less, including any range lower than any of the preceding values and any range defined between
any two of the preceding values.

[0216] In some embodiments, the surroglobulins can bind FrbB3 that is expressed in
cells, such as human BxPC-3 cells, as shown in Example 5. In some embodiments, the EC50 of
the SBP for such an interaction with human ErbB3 expressed in a cell is less than 0.4 nM, for
example 0.3, 0.2, 0.15, 0.1 0.09, 0.08, 0.07, 0.06, 0.05, 0.04, 0.03 nM or less, include any range
lower than any of the preceding values and any range defined between any two of the preceding

values.
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[0217] In some embodiments, the surroglobulins can bind FrbB3 and inhibit the
binding of NRG to ErbB3, as outlined in Example 6. In some embodiments, the IC50 of the
surroglobulin for inhibiting the binding of NRG to ErbB3 is less than 1.39 nM, for example 1.38,
1.37,1.36,1.35, 1.3, 1.2, 1.1, 1, 0.9, 0.99, 0.8, 0.7, 0.6, 0.55, 0.52, 0.5, 0.4 nM or less, including
any range lower than any of the preceding values and any range defined between any two of the
preceding values.

[0218] In some embodiments, the surroglobulins can bind to ErbB3 and inhibit
binding of NRG. In some embodiments, the surroglobulins can bind to ErbB3 and increase the
dissociation of NRG from ErbB3. In some embodiments, the SBPs can bind to ErbB3 and
inhibit the dimerization of ErbB3 with other molecules. In some embodiments, the SBPs can
bind to ErbB3 and cause internalization or reduction of cell surface ErbB3. In some
embodiments, the SBPs can bind to ErbB3 and sequester ErbB3 on the cell surface so it is
unavailable for dimerization. In some embodiments, the SBPs can bind to ErbB3 and induce
apoptosis or increasing the number of apoptotic cells. In some embodiments, the SBPs can bind
to ErbB3 and promote antibody-dependent cell-medicated cytotoxicity.

[0219] In some embodiments, the ErbB3 SBP comprises a VpreB sequence, a A5
sequence, or a VpreB sequence and a A5 sequence and a heavy chain variable region amino acid
sequence that is paired with the VpreB sequence, the A5 sequence, or the VpreB sequence and
the A5 sequence to form the SBP that can bind to an ErbB3 protein. In some embodiments, a
VpreB sequence is fused to a constant light chain sequence.

[0220] In some embodiments the FErbB3 protein to which the SBP binds is that
depicted in FIG. 1A, FIG. 1B, or both FIG. 1A and FIG. 1B.

[0221] In some embodiments, the ErbB3 SBP (or Ab) comprises a heavy chain
variable region. In some embodiments, the heavy chain variable region comprises a sequence as
shown in FIG. 2A or FIG. 2B. In some embodiments, for example, variants that are 80, 85, 90,
95, 96, 97, 98, 99% identical to the sequences in FIGs. 2A and/or 2B can be employed for the
SBP. In some embodiments, the SBP comprises a heavy chain variable region, or variant
thereof, from FIG. 2A or 2B in combination with a VpreB sequence and/or a A5 sequence. In
some embodiments, the VpreB sequence and/or A5 sequence comprises part or all of one or more

of the sequences shown in FIGs. 18, 22, 23, 24, 25, or 27.
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[0222] In some embodiments, the ErbB3 surroglobulin, antigen binding portion
thereof, and/or antibody comprises one or more heavy chain CDR regions (e.g., 1, 2, or 3). In
some embodiments, the heavy chain CDR region comprises a sequence as shown in FIG. 2A or
2B. In some embodiments, for example, variants that are 80, 85, 90, 95, 96, 97, 98, 99%
identical to 1, 2, or 3 of the CDR sequences in FIGs. 2A, 2B, 34A, 34B, 34C, 34D, 34E, and/or
34F can be employed for the SBP. In some embodiments, the surroglobulin, antigen binding
portion thereof, comprises 1, 2, or 3 CDRs or variants thereof, from FIG. 2A, 2B, 34A, 34B,
34C, 34D, 34E, and/or 34F in combination with a VpreB sequence and/or a A5 sequence. In
some embodiments, the VpreB sequence and/or A5 sequence comprises part or all of one or more
of the sequences shown in FIGs. 27, 22, 23, 24, 25, or 27. In some embodiments, the CDRs are
selected from the following group: CDRI1, CDR2, CDR3, CDR1 and CDR2, CDR2 and CDR3,
CDR1 and CDR3, and CDR1 CDR2 and CDR3. In some embodiments, the CDR is defined as a
Kabat sequence. In some embodiments, the CDR is defined as a Chothia sequence.

[0223] In some embodiments, the SBP comprises a surroglobulin or antigen binding
portion thereof, combination as put forth in Table 0.3A below:

TABLE 0.3A

Heavy Chain Variable Region | VpreB and/or lambda 5
and/or CDR (SEQ ID NO:)

38 SEQIDNO:1,2,3,4,5,6,7, 10, 11, 12, 90, 91, 92, 93,
94, 95, 96, 97, 98, 99, 100, and/or 276 (and varians
thereof, such as outlined in SEQ ID NO: 190, 191, and
192) and/or sequences within FIGs: 22, 23, 24, 25, and/or
27

42 SEQIDNO: 1, 2,3,4,5,6,7, 10, 11, 12, 90, 91, 92, 93,
94, 95, 96, 97, 98, 99, 100, and/or 276 (and varians
thereof, such as outlined in SEQ ID NO: 190, 191, and
192) and/or sequences within FIGs: 22, 23, 24, 25, and/or
27

46 SEQIDNO:1,2,3,4,5,6,7, 10, 11, 12, 90, 91, 92, 93,
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94, 95, 96, 97, 98, 99, 100, and/or 276 (and varians
thereof, such as outlined in SEQ ID NO: 190, 191, and
192) and/or sequences within FIGs: 22, 23, 24, 25, and/or
27

50

SEQIDNO: 1, 2,3,4,5,6,7, 10, 11, 12, 90, 91, 92, 93,
94, 95, 96, 97, 98, 99, 100, and/or 276 (and varians
thereof, such as outlined in SEQ ID NO: 190, 191, and
192) and/or sequences within FIGs: 22, 23, 24, 25, and/or
27

54

SEQIDNO: 1, 2,3,4,5,6,7, 10, 11, 12, 90, 91, 92, 93,
94, 95, 96, 97, 98, 99, 100, and/or 276 (and varians
thereof, such as outlined in SEQ ID NO: 190, 191, and
192) and/or sequences within FIGs: 22, 23, 24, 25, and/or
27

58

SEQIDNO: 1, 2,3,4,5,6,7, 10, 11, 12, 90, 91, 92, 93,
94, 95, 96, 97, 98, 99, 100, and/or 276 (and varians
thereof, such as outlined in SEQ ID NO: 190, 191, and
192) and/or sequences within FIGs: 22, 23, 24, 25, and/or
27

62

SEQIDNO: 1, 2,3,4,5,6,7, 10, 11, 12, 90, 91, 92, 93,
94, 95, 96, 97, 98, 99, 100, and/or 276 (and varians
thereof, such as outlined in SEQ ID NO: 190, 191, and
192) and/or sequences within FIGs: 22, 23, 24, 25, and/or
27

39, 40, and/or 41

SEQIDNO: 1, 2,3,4,5,6,7, 10, 11, 12, 90, 91, 92, 93,
94, 95, 96, 97, 98, 99, 100, and/or 276 (and varians
thereof, such as outlined in SEQ ID NO: 190, 191, and
192) and/or sequences within FIGs: 22, 23, 24, 25, and/or
27

43, 44, and/or 45

SEQIDNO:1,2,3,4,5,6,7, 10, 11, 12, 90, 91, 92, 93,
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94, 95, 96, 97, 98, 99, 100, and/or 276 (and varians
thereof, such as outlined in SEQ ID NO: 190, 191, and
192) and/or sequences within FIGs: 22, 23, 24, 25, and/or
27

47, 48, and/or 49

SEQIDNO: 1, 2,3,4,5,6,7, 10, 11, 12, 90, 91, 92, 93,
94, 95, 96, 97, 98, 99, 100, and/or 276 (and varians
thereof, such as outlined in SEQ ID NO: 190, 191, and
192) and/or sequences within FIGs: 22, 23, 24, 25, and/or
27

51, 52, and/or 53

SEQIDNO: 1, 2,3,4,5,6,7, 10, 11, 12, 90, 91, 92, 93,
94, 95, 96, 97, 98, 99, 100, and/or 276 (and varians
thereof, such as outlined in SEQ ID NO: 190, 191, and
192) and/or sequences within FIGs: 22, 23, 24, 25, and/or
27

55, 56, and/or 57

SEQIDNO: 1, 2,3,4,5,6,7, 10, 11, 12, 90, 91, 92, 93,
94, 95, 96, 97, 98, 99, 100, and/or 276 (and varians
thereof, such as outlined in SEQ ID NO: 190, 191, and
192) and/or sequences within FIGs: 22, 23, 24, 25, and/or
27

59, 60, and/or 61

SEQIDNO: 1, 2,3,4,5,6,7, 10, 11, 12, 90, 91, 92, 93,
94, 95, 96, 97, 98, 99, 100, and/or 276 (and varians
thereof, such as outlined in SEQ ID NO: 190, 191, and
192) and/or sequences within FIGs: 22, 23, 24, 25, and/or
27

63, 64, and/or 65

SEQIDNO: 1, 2,3,4,5,6,7, 10, 11, 12, 90, 91, 92, 93,
94, 95, 96, 97, 98, 99, 100, and/or 276 (and varians
thereof, such as outlined in SEQ ID NO: 190, 191, and
192) and/or sequences within FIGs: 22, 23, 24, 25, and/or
27

39 and 40; 40 and 41; 39 and 41

SEQIDNO:1,2,3,4,5,6,7, 10, 11, 12, 90, 91, 92, 93,
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94, 95, 96, 97, 98, 99, 100, and/or 276 (and varians
thereof, such as outlined in SEQ ID NO: 190, 191, and
192) and/or sequences within FIGs: 22, 23, 24, 25, and/or
27

43 and 44; 44 and 45; 43 and 45

SEQIDNO: 1, 2,3,4,5,6,7, 10, 11, 12, 90, 91, 92, 93,
94, 95, 96, 97, 98, 99, 100, and/or 276 (and varians
thereof, such as outlined in SEQ ID NO: 190, 191, and
192) and/or sequences within FIGs: 22, 23, 24, 25, and/or
27

47 and 48, 49 and 49; 47 and 49

SEQIDNO: 1, 2,3,4,5,6,7, 10, 11, 12, 90, 91, 92, 93,
94, 95, 96, 97, 98, 99, 100, and/or 276 (and varians
thereof, such as outlined in SEQ ID NO: 190, 191, and
192) and/or sequences within FIGs: 22, 23, 24, 25, and/or
27

51 and 52; 52 and 53; 51 and 53

SEQIDNO: 1, 2,3,4,5,6,7, 10, 11, 12, 90, 91, 92, 93,
94, 95, 96, 97, 98, 99, 100, and/or 276 (and varians
thereof, such as outlined in SEQ ID NO: 190, 191, and
192) and/or sequences within FIGs: 22, 23, 24, 25, and/or
27

55 and 56; 56 and 57; 55 and 57

SEQIDNO: 1, 2,3,4,5,6,7, 10, 11, 12, 90, 91, 92, 93,
94, 95, 96, 97, 98, 99, 100, and/or 276 (and varians
thereof, such as outlined in SEQ ID NO: 190, 191, and
192) and/or sequences within FIGs: 22, 23, 24, 25, and/or
27

59 and 60; 60 and 61; 59 and 61

SEQIDNO: 1, 2,3,4,5,6,7, 10, 11, 12, 90, 91, 92, 93,
94, 95, 96, 97, 98, 99, 100, and/or 276 (and varians
thereof, such as outlined in SEQ ID NO: 190, 191, and
192) and/or sequences within FIGs: 22, 23, 24, 25, and/or
27

63 and 64; 64 and 65; 63 and 65

SEQIDNO:1,2,3,4,5,6,7, 10, 11, 12, 90, 91, 92, 93,
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94, 95, 96, 97, 98, 99, 100, and/or 276 (and varians
thereof, such as outlined in SEQ ID NO: 190, 191, and
192) and/or sequences within FIGs: 22, 23, 24, 25, and/or
27

One of a)105, 106, 107, 108, 109,
110, 111, 112, 113, 114, 115,
116, 151, 152, 153, 154, 155,
156, 178, or 180;

with one of 117, 118, 119, 120,
121, 122, 123, 124, 124, 126,
127, 128, 129, 130, 131, 132,
133, 134, 135, 136, 137, 138,
139, 140, 141, 142, 143, 144,
145, 146, 147, 148, 149, 157,
158, 159, 160, 161, 162, 163,
164, 165, 166, 167, 168, 169,
170, 171, 172, 173, 174, 175,
176, 179, or 181;

with one of 150 or 177

SEQIDNO: 1, 2,3,4,5,6,7, 10, 11, 12, 90, 91, 92, 93,
94, 95, 96, 97, 98, 99, 100, and/or 276 (and varians
thereof, such as outlined in SEQ ID NO: 190, 191, and
192) and/or sequences within FIGs: 22, 23, 24, 25, and/or
27

A heavy chain variable region of

SEQ ID NO: 193-275

SEQIDNO: 1, 2,3,4,5,6,7, 10, 11, 12, 90, 91, 92, 93,
94, 95, 96, 97, 98, 99, 100, and/or 276 (and varians
thereof, such as outlined in SEQ ID NO: 190, 191, and
192) and/or sequences within FIGs: 22, 23, 24, 25, and/or
27

All three CDRs within any one of
the heavy chain variable regions

of SEQ ID NO: 19-275

SEQIDNO: 1, 2,3,4,5,6,7, 10, 11, 12, 90, 91, 92, 93,
94, 95, 96, 97, 98, 99, 100, and/or 276 (and varians
thereof, such as outlined in SEQ ID NO: 190, 191, and
192) and/or sequences within FIGs: 22, 23, 24, 25, and/or
27

188, 186, or 185

SEQIDNO:1,2,3,4,5,6,7, 10, 11, 12, 90, 91, 92, 93,
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94, 95, 96, 97, 98, 99, 100, and/or 276 (and varians
thereof, such as outlined in SEQ ID NO: 190, 191, and
192) and/or sequences within FIGs: 22, 23, 24, 25, and/or

27
CDRs within SEQ ID NO: 178, | SEQID NO: 1, 2, 3,4, 5,6,7, 10, 11, 12, 90, 91, 92, 93,
277,179, and/or 278 94, 95, 96, 97, 98, 99, 100, and/or 276 (and varians

thereof, such as outlined in SEQ ID NO: 190, 191, and
192) and/or sequences within FIGs: 22, 23, 24, 25, and/or

27
CDRs within SEQ ID NO: 180, | SEQID NO: 1,2,3,4,5,6,7,10, 11, 12, 90, 91, 92, 93,
279, 181, and/or 280 94, 95, 96, 97, 98, 99, 100, and/or 276 (and varians

thereof, such as outlined in SEQ ID NO: 190, 191, and
192) and/or sequences within FIGs: 22, 23, 24, 25, and/or

27
CDRs within Figures 34A, 34B, | SEQID NO: 1, 2,3, 4,5, 6,7, 10, 11, 12, 90, 91, 92, 93,
34C, 34D, 34E, 34F 94, 95, 96, 97, 98, 99, 100, and/or 276 (and varians

thereof, such as outlined in SEQ ID NO: 190, 191, and
192) and/or sequences within FIGs: 22, 23, 24, 25, and/or
27

[0224] In some embodiments, any of the heavy chain variable regions and/or heavy
chains CDR options outlined in Table 0.3A can be combined with an antibody light chain
variable region to ErbB3 or one or more light chain CDRs to ErbB3 (e.g., LCDR1, LCDR2,
and/or LCDR3). In some embodiments, any light chain, germline or rearranged, can be
employed. In some embodiments, lambda is employed. In some embodiments, kappa is
employed. In some embodiments, any of the CDRs outlined in FIGs. 2A, 2B, 34A, 34B, 34C,
34D, 34E, and/or 34F can be employed with any of the VpreB and/or lambda 5 sequences of
SEQID NO: 1, 2,3,4,5,6,7, 10, 11, 12, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, and/or 276.
In some embodiments, a sequence that is at least 40% identical to a CDR1 in FIG. 34A can be
used as the CDR1 (e.g., at least 50, 60, 70 80, 90, 95, or 99% identical). In some embodiments, a
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sequence that is at least 69% identical to a CDR2 in FIG. 34A can be used as the CDR2 (e.g., at
least 70, 80, 90, 95, or 99% identical). In some embodiments, a sequence that is at least 60%
identical to a CDR1 in FIG. 34B can be used as the CDRI1 (e.g., at least 70 80, 90, 95, or 99%
identical). In some embodiments, a sequence that is at least 54% identical to a CDR2 in FIG.
34B can be used as the CDR2 (e.g., at least 55, 60, 70, 80, 90, 95, or 99% identical). In some
embodiments, a sequence that is at least 40% identical to the parent CDRI1 in FIG. 34A can be
used as the CDR1 (e.g., at least 50, 60, 70 80, 90, 95, or 99% identical). In some embodiments, a
sequence that is at least 69% identical to the parent CDR2 in FIG. 34A can be used as the CDR2
(e.g., at least 70, 80, 90, 95, or 99% identical). In some embodiments, a sequence that is at least
60% identical to the parent CDR1 in FIG. 34B can be used as the CDR1 (e.g., at least 70 80, 90,
95, or 99% identical). In some embodiments, a sequence that is at least 54% identical to the
parent CDR2 in FIG. 34B can be used as the CDR2 (e.g., at least 55, 60, 70, 80, 90, 95, or 99%
identical). In some embodiments, a similar percent identity can be applied to the sequences in
CDR3 (e.g., 50% or greater identity to any of the CDR3 in FIGs. 34A and 34B). In some
embodiments, HCDRI1 of the antibody and/or SBP can be that of SEQ ID NO: 178 and HDR2
can be that of SEQ ID NO: 179 (FIG. 34C). In some embodiments, HCDRI of the antibody
and/or SBP can be that of SEQ ID NO: 180 and HCDR2 can be that of SEQ ID NO: 181 (FIG.
34D). In some embodiments, HCDR1 of the antibody and/or SBP can be that of SEQ ID NO:
178, HCDR2 can be that of SEQ ID NO: 179, and HCDR3 can be SEQ ID NO: 150. In some
embodiments, HCDR1 of the antibody and/or SBP can be that of SEQ ID NO: 180, HCDR2 can
be that of SEQ ID NO: 181, and HCDR3 can be SEQ ID NO: 177. It is noted that the alignment
generated in FIGs. 34A and 34B indicates where variation is permissible, and thus, the
consensus sequence, outlined in FIGs. 34C and 34D indicates which positions are expected to be
modifiable and how they can be modified. Thus, in some embodiments, the CDRs are permitted
to vary by at least this amount and at, at least, these positions. In some embodiments, the above
CDR sequences can be used in combination with a traditional antibody light chain, and thus, be
employed in an antibody arrangement. In some embodiments, the full length heavy chain
variable region of the SBP and/or antibody can be that in FIG. 43A and/or 43B.

[0225] In some embodiments, the surrogate light chain can be that of SEQ ID NO:
10, SEQ ID NO: 11, SEQ ID NO: 12, or SEQ ID NO: 276. In some embodiments, the SBPs can
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have the heavy chain variable sequence of SEQ ID NO: 38 (2716-F05) or SEQ ID NO:42 (2817-
F05), with a surrogate light chain of SEQ ID NO: 10 or SEQ ID NO: 276. In some
embodiments, the SBPs can have the heavy chain variable sequence of SEQ ID NO: 38 (2716-
FO5) or SEQ ID NO:42 (2817-F05), with a surrogate light chain of SEQ ID NO: 11. In some
embodiments, the SBPs can have the heavy chain variable sequence of SEQ ID NO: 38 (2716-
FO5) or SEQ ID NO:42 (2817-F05), with a surrogate light chain of SEQ ID NO: 12. In some
embodiments, the SBPs can have the heavy chain variable sequence of SEQ ID NO: 38 (2716-
FO5) or SEQ ID NO:42 (2817-F05), with a surrogate light chain of SEQ 1D NO: 276.

[0226] In some embodiments, the SBP and/or antibody can have a heavy chain
variable region that includes a CDR1 of SEQ ID NO: 39, a CDR2 of SEQ ID NO: 40, and a
CDR3 of SEQ ID NO: 41 combined with a surrogate light chain of SEQ ID NO: 10 or SEQ ID
NO: 276. In some embodiments, the SBP and/or antibody can have a heavy chain variable
region that includes a CDR1 of SEQ ID NO: 39, a CDR2 of SEQ ID NO: 40, and a CDR3 of
SEQ ID NO: 41 combined with a surrogate light chain of SEQ ID NO: 11. In some
embodiments, the SBP and/or antibody can have a heavy chain variable region that includes a
CDR1 of SEQ ID NO: 39, a CDR2 of SEQ ID NO: 40, and a CDR3 of SEQ ID NO: 41
combined with a surrogate light chain of SEQ ID NO: 12. In some embodiments, the SBP and/or
antibody can have a heavy chain variable region that includes a CDR1 of SEQ ID NO: 39, a
CDR?2 of SEQ ID NO: 40, and a CDR3 of SEQ ID NO: 41 combined with a surrogate light chain
of SEQ ID NO: 276.

[0227] In some embodiments, the SBP and/or antibody can have a heavy chain
variable region that includes a CDR1 of SEQ ID NO: 43, a CDR2 of SEQ ID NO: 44, and a
CDR3 of SEQ ID NO: 45 combined with a surrogate light chain of SEQ ID NO: 10 or 276. In
some embodiments, the SBP and/or antibody can have a heavy chain variable region that
includes a CDR1 of SEQ ID NO: 43, a CDR2 of SEQ ID NO: 44, and a CDR3 of SEQ ID NO:
45 combined with a surrogate light chain of SEQ ID NO: 11. In some embodiments, the SBP
and/or antibody can have a heavy chain variable region that includes a CDRI1 of SEQ ID NO: 43,
a CDR2 of SEQ ID NO: 44, and a CDR3 of SEQ ID NO: 45 combined with a surrogate light
chain of SEQ ID NO: 12. In some embodiments, the SBP and/or antibody can have a heavy
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chain variable region that includes a CDR1 of SEQ ID NO: 43, a CDR2 of SEQ ID NO: 44, and
a CDR3 of SEQ ID NO: 45 combined with a surrogate light chain of SEQ ID NO: 276.

[0228] In some embodiments, variants of SBPs (including those herein and those
outlined in Table 0.3A) can be provided that differ at various positions of the surrogate light
chain corresponding to loop structures that are adjacent to, or that affect structural features
proximal to heavy chain CDR1, CDR2, and/or, CDR3. Such constructs can be expressed and
tested singly, in combination, or as a plurality of constructs for improved function.

[0229] The selectivity and strength of SBP binding can be attributed to the
combination of variable heavy chain frameworks and specific CDR composition. It is predicted
that these binding attributes can be altered by judicious substitutions of specific surrogate light
chain residues. For example it is predicted that loops in VpreB, lambda 5, or a loop formed by
the chimeric fusion of both VpreB and lambda 5, can be substituted with other residues to allow
these changes. The nature of these substitutions can be conservative, nonconservative, or a
combination of either, or both.

[0230] Substitution of any of the residues of the surrogate light chain proximal to, or
distant from, the heavy chain CDRs can be made for purposes of affinity optimization. The
benefit of these conservative changes can derived from improving access between the target and
the heavy chain. By maintaining the side chain chemistry termini and altering the lengths to the
peptide backbone, the requisite complementary structure and its’ steric accessibility can be
improved. Decreasing the side chain or repositioning the side chain termini can provide more
free room that can result in better binding. Alternatively, opposing changes that reduce the
distance from side chain chemistries to peptide bond could bring interactive chemistries into
better and closer position for binding. Tables 0.3B-0.3D provide a list of options for areas of the

surrogate light chain that can be changed and examples of how they can be changed.

Table 0.3B
Position 29 | 30 | 31 32 1 33 [ 34 | 35| 36 (37| 38
Existing residue D I G |V Y S VIiY |[W|Y
\Y 1 T 1
Possible residues
L L L
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SEQ ID NO 190 X301 X302 X303 X304 X305 X306 X307 X308 \\ X309

Table 0.3C

Position | 49 | 50 | 51 | 52 | 53 | 54 | 55 | 56 | 57 | 58 | 59 | 60 | 61

Existing
L L R Y F S Q S D K S Q G
residue

Possible | 1 1 K F Y T N T E R T N A

residues | V A%

SEQ ID
NO: Kato | Xsun | Koz | Xais | Xawa | Xais | Xawe | X7 | Xaus | Xsio | Xaoo | Xson | Xsnz
191

Table 0.3D
Position 97 | 98 | 99 | 100 | 101 | 102 | 103 | 104 | 105 | 106
Existing residue Al M| G| A R S S v T H

G L A G K T T 1 S
Possible residues

L

SEQ ID NO 192 X323 X324 X325 X326 X327 X328 X329 XSSO X331 H

[0231] The numbering of the residues noted above is in regard to SEQ ID NO: 276
(FIG. 25). Thus, any of the residues noted above can be altered within SEQ ID NO: 276 and still
be predicted to be acceptable. In some embodiments, other residues within the surrogate light
chain can be altered (for example 80%, 85%, 90%, 95%, 98%, and 99% identical sequences to
the surrogate light chain sequences provided herein (for example, FIG. 25)).

[0232] It is possible to incorporate chemically diverse amino acids that create new
opportunistic interactions with either the target or the complementary heavy chain structure in a
structurally similarly manner as that described above, except that the improved “fitness” to target
is derived from previously nonexisting side chain interactions. Possible substitutions within

predicted target adjacent loops (SEQ ID 190-192 as shown by their respective positions within
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Tables 0.3B, 0.3C, and/or 0.3D). In some embodiments, any of the surrogate light chains
provided herein can be paired with any of the heavy chain sequences provided herein.

[0233] The above description highlights changes to affinity, but can be extended to
other beneficial functions, such as thermal stability, pharmacokinetic properties,
immunogenicity, solubility, expression, and aggregation.

[0234] In some embodiments, any of the heavy chain variable regions and/or heavy
chains CDR options outlined in Table 0.3A can be combined with 1, 2, and/or 3 light chain loop
regions from any of the sequences listed in Table 0.3A. In some embodiments, LR1 and .R2 are
employed. In some embodiments, LR2 and .R3 are employed. In some embodiments, LR1 and
LLR3 regions are employed. Exemplary Loop Regions can be found in FIG. 27.

[0235] In some embodiments, the surroglobulin, antigen binding portion thereof,
and/or antibody binds to an ErbB3 epitope that is in one or more of domains I, II, III, and IV of
ErbB3 or combinations thereof. In some embodiments, the epitope is not in domain I. In some
embodiments, the epitope is not in domain II. In some embodiments, the epitope is not in
domain III. In some embodiments, the epitope is not in domain IV. In some embodiments, the
epitope is in domain I. In some embodiments, the epitope is in domain II. In some
embodiments, the epitope is in domain III. In some embodiments, the epitope is in domain IV.
In some embodiments, the SBP binds to domains IIl and IV, as shown in Example 7, for
example. In some embodiments, the SBP does not require domains I, 1I, or I and II in order to

bind to ErbB3. The domains are outlined below in Table 0.4.

Table 0.4
Domain Amino acid range in sequence FIG. 1A
I 19-179
I 180-330
I 331-491
v 498-641

[0236] In some embodiments, the SBPs bind to an epitope of ErbB3 comprising
residues 19-39, 40-59, 60-79, 80-99, 100-119, 120-139, 140-159, 160-179, 180-199, 200-219,
220-239, 240-259, 260-279, 280-299, 300-319, 320-339, 340-359, 360-379, 380-399, 400-419,
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420-439, 440-459, 460-479, 480-499, 500-519, 520-539, 540-559, 560-579, 580-599, 600-619,
620-641 of (SEQ ID NO: 36), or tandem combinations, or binary combinations, or tandem binary
combinations of these residues.

[0237] In some embodiments, the surroglobulin or antigen binding portion thereof,
reduces or blocks signal transduction of ErbB3. In some embodiments, this is achieved by the
SBP directly blocking binding between ErbB3 and its ligand NRG-1, NRG-2, NRG-3, and/or
NRG-4. In some embodiments, this is achieved by the SBPallosterically blocking or reducing
binding between ErbB3 and its ligand.

[0238] In some embodiments, the surroglobulin or antigen binding portion thereof, is
capable of binding to a ligand bound configuration of ErbB3.

[0239] In some embodiments, the surroglobulin or antigen binding portion thereof,
binds to ErbB3 at an ErbB3/membrane surface interface.

[0240] In some embodiments, the surroglobulin or antigen binding portion thereof,
binds to a dimerization domain of ErbB3. In some embodiments, the surroglobulin or antigen
binding portion thereof, once bound to ErbB3 at the dimerization domain, reduces or blocks
ErbB3 dimerization.

[0241] In some embodiments, the surroglobulin or antigen binding portion thereof,
has a Kp, that is less than 20 nM. In some embodiments, the KD is from about 10 nM to about
1pM.

[0242] In some embodiments, the VpreB sequence is selected from the group
consisting of a native VpreB1 sequence, a native VpreB2 sequence, a native VpreB3 sequence,
fragments of any of the preceding, and variants of any of the preceding. In some embodiments,
the native VpreB sequence is selected from the group consisting of human VpreB1 of SEQ ID
NO: 1, mouse VpreB2 of SEQ ID NOS: 2 and 3, human VpreB3 of SEQ ID NO: 4, fragments of
any of the preceding, and variants of any of the preceding.

[0243] In some embodiments, the SBP includes the A5 sequence. In some
embodiments, the A5 sequence comprises all or part of a human A5 of SEQ ID NO: 6 or a mouse
A5 polypeptide of SEQ ID NO: 5. In some embodiments, the A5 sequence is fused to said VpreB
sequence. In some embodiments, the SBP comprises a VpreB sequence fused to a A5 sequence.

In some embodiments, the VpreB sequence is selected from the group consisting of human
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VpreB1 of SEQ ID NO: 1, mouse VpreB2 of SEQ ID NOS: 2 and 3, human VpreB3 of SEQ ID
NO: 4, fragments of any of the preceding, variants of any of the preceding, and any combination
thereof. In some embodiments, the A5 sequence is selected from the group consisting of a human
A5 of SEQ ID NO: 6, a mouse A5 polypeptide of SEQ ID NO:5, fragments of any of the
preceding, variants of any of the preceding, and any combination thereof. In some embodiments,
the VpreB sequence is fused to the A5 sequence at or around a LLR3 of said VpreB sequence and
A5, respectively. In some embodiments, the A5 is covalently linked to the VpreB sequences. In
some embodiments, the A5 is covalently linked to the VpreB sequences by a connecting peptide
or polypeptide sequence. In some embodiments, the SBPcomprises the VpreB and the AS
sequence and the VpreB sequence is conjugated to the AS sequence by a non-covalent
association, and wherein at least one of said VpreB and A5 sequences is other than a full-length
native VpreB and A5 sequence, respectively. In some embodiments, at least one of said VpreB
and AS sequences is a fragment or variant of a native VpreB and A5 sequence, respectively. In
some embodiments, the VpreB sequence is fused to the A5 sequence, and the VpreB sequence
fused to the A5 sequence is paired with the heavy chain variable region amino acid sequence. In
some embodiments, the VpreB, A5, or VpreB and A5 seqeunce is fused to a variable heavy chain
construct as disclosed herein. In some embodiments, the antibody heavy chain variable region
amino acid sequence is covalently paired via a peptide linker.

[0244] In some embodiments, the SBP comprises a VpreB sequence fused to a AS
sequence, wherein the antibody heavy chain variable region amino acid sequence is conjugated to
the VpreB sequence fused to the A5 sequence by non-covalent association, to form a dimeric
complex. In some embodiments, the SBP comprises a VpreB fused to a constant light sequence.
In some embodiments, the SBP comprises a Lambda-5 fused to a variable light sequence.

[0245] In some embodiments, the heavy chain variable region amino acid sequence
binds to ErbB3 and the VpreB sequence, the A5 sequence, or the VpreB sequence and the AS
sequence also bind to ErbB3.

[0246] In some embodiments, the antibody heavy chain variable region amino acid
sequence binds to a target different from the target to which the VpreB sequence, the A5

sequence, or the VpreB sequence and the A5 sequence binds.
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[0247] In some embodiments, the VpreB sequence, the A5 sequence, or the VpreB
sequence and the A5 sequence binds to ErbB3 and the antibody heavy chain variable region
amino acid sequence binds to a different target and/or epitope.

[0248] In some embodiments, the heavy chain variable region amino acid sequence
binds to ErbB3 and the VpreB sequence, the A5 sequence, or the VpreB sequence and the AS
sequence binds to ErbB1. In some embodiments, the heavy chain variable region amino acid
sequence binds to ErbB3 and the VpreB sequence, the A5 sequence, or the VpreB sequence and
the A5 sequence binds to ErbB2.

[0249] In some embodiments, the heavy chain variable region amino acid sequence
binds to ErbB1 and the VpreB sequence, the A5 sequence, or the VpreB sequence and the AS
sequence binds to ErbB3. In some embodiments, the heavy chain variable region amino acid
sequence binds to ErbB2 and the VpreB sequence, the A5 sequence, or the VpreB sequence and
the A5 sequence binds to ErbB3. In some embodiments, the heavy chain variable region amino
acid sequence binds to ErbB4 and the VpreB sequence, the A5 sequence, or the VpreB sequence
and the A5 sequence binds to ErbB3.

[0250] In some embodiments, a bispecific surroglobulin or antigen binding portions
thereof, comprises a first VpreB sequence, a first A5 sequence, or a first VpreB sequence and a
first A5 sequence. It can further include a first heavy chain variable region amino acid sequence
that is paired with the first VpreB sequence, the first A5 sequence, or the first VpreB sequence
and the first A5 sequence to form a first SBP site, wherein said surroglobulin or antigen binding
portions thereof, binds to and/or inhibits an ErbB3 protein. In some embodiments, it can further
include a second VpreB sequence, a second A5 sequence, or a second VpreB sequence and a
second AS sequence. In some embodiments, it can further include a second heavy chain variable
region amino acid sequence that is paired with the second VpreB sequence, the second AS
sequence, or the second VpreB sequence and the second A5 sequence to form a second SBP
binding protein site. The second SBP site can bind to and/or inhibit an EGFR protein and/or an
ErbB2 protein as part of a bispecific surroglobulin or antigen binding portions thereof, or an

independent SBP.
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[0251] In some embodiments, a bispecific SBP not only works better than either
agent alone, or as well as the combination of two SBPs that each bind a different type of GIR,
but the bispecific SBPs can work significantly better. Thus, in some embodiments, bispecific
SBPs (such as the Surrobody protein in Example 51), are superior to not only other SBPs, but
also to other combinations of SBPs. In some embodiments, the bispecific SBP provides at least
10% greater inhibition over the combination of two different SBPs (for example, one to ERbB3
and one to EGFR), for example, at least 10, 50, 100, 200, 300, 400, 500, 600, 700, 800, 900,
1000, 12000, 15000%, or greater superiority (for example concentration required for a particular
percent inhibition) than the combination of two, separate, SBPs.

[0252] In some embodiments, the bispecific SBP will include at least one of the
heavy chain CDRs from SBP 2817-CO1 and/or SBP 2716-F05. In some embodiments, the
bispecific SBP can include any of the surrogate light chains provided herein. In some
embodiments, the bispecific SBP will include at least one heavy chain CDR from SBP 2817-C01
and/or SBP 2716-F05. In some embodiments, the bispecific SBP will include at least two heavy
chain CDRs from SBP 2817-C01 and/or SBP 2716-F05. In some embodiments, the bispecific
SBP will include at least three heavy chain CDRs from SBP 2817-CO1 and/or SBP 2716-F05. In
some embodiments, the bispecific SBP will include at least one, two, or three heavy chain CDRs
from SL-396 (see, for example, FIG. 41A). In some embodiments, the bispecific SBP will
include at least the heavy chain variable region of at least one of SBP 2817-C01 or SBP 2716-
FO5. In some embodiments, the bispecific SBP will include at least a heavy chain variable region
that is at least 85% identical to the sequence of the heavy chain variable region of SBP 2817-C01
or SBP 2716-F05. In some embodiments, the bispecific SBP will include at least a heavy chain
variable region that is at least 90% identical to the sequence of the heavy chain variable region of
SBP 2817-CO1 and/or SBP 2716-F05. In some embodiments, the bispecific SBP will include at
least a heavy chain variable region that is at least 95% identical to the sequence of the heavy
chain variable region of SBP 2817-C01 or SBP 2716-F05. In some embodiments, the bispecific
SBP will include at least a heavy chain variable region that is at least 98% identical to the
sequence of the heavy chain variable region of SBP 2817-C0O1 or SBP 2716-F05. In some

embodiments, the bispecific SBP will include at least a heavy chain variable region that is at least
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99% identical to the sequence of the heavy chain variable region of SBP 2817-C0O1 or SBP 2716-
FO5.

[0253] In some embodiments, the bispecific SBP includes one or more of the CDRs
(1, 2, or 3) from SBP 2716-F05 (see for example, FIG. 41C).

[0254] In some embodiments, the heavy chain variable sequence is the heavy chain
variable region within the sequence of SEQ ID NO: 183 (FIG. 41A). In some embodiments, the
heavy chain variable sequences are those shown in FIGs. 41A and 41C. In both 41A and 41C
the heavy chain variable sequence begins before CDR 1 with “GluValGIn” and ends after CDR 3
with “AlaSerThr”) In some embodiments, the heavy chain can be from a nucleic acid as shown
in SEQ ID NO: 182 and/or 184. In some embodiments, the heavy chains can be the amino acid
sequence as in SEQ ID NO: 183 and/or 185. In FIG. 41A, the arrangement of the SBP was Vh-
VpreB-lambdaS5. In FIG. 41C the arrangement of the SBP was VpreB-Vh-CH1-Fc.

[0255] In some embodiments, the bispecific SBP includes the heavy chain variable
domains for 2716-F05 and SL.-396. In some embodiments, the bispecific SBP includes the heavy
chain CDRs (1, 2, and 3) for 2716-F05 and SL-396.

[0256] In some embodiments, the SBP selectively binds and inhibits ErbB3 signaling
and cell growth in vitro and in vivo. In some embodiments, the SBP inhibits ErbB2
overexpressing tumor cell lines in vitro and in vivo. In some embodiments, the SBP is capable of
inhibiting ErbB2 overexpressing tumor cell lines in the presence or absence of neuregulin. In
some embodiments, the ErbB3 Surrobodies augment the activities of ErbB2 antibody
trastuzumab to a greater extent than pertuzumab. In some embodiments, a bispecific Surrobody
targeting ErbB3 and another growth factor receptor (e.g., EGFR or any of the others provided in
the specification) demonstrate greater anti-proliferative activity than the combination of the two
monospecific SBPs.

[0257] In some embodiments, the SBP comprises loop regions of a VpreB sequence.

[0258] In some embodiments, one or more of the disclosed SBPs bind to a similar,
same, or overlapping epitope. In some embodiments, they bind to nonoverlapping epitopes. In
some embodiments, 2817-C01 and 2716-FO5 bind to overlapping and/or identical epitopes (as

shown in Example 8). In some embodiments, surroglobulins or antigen binding portions thereof,
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that bind to similar, overlapping, or identical epitopes as 2817-COl and 2716-FO5 are
contemplated.

[0259] In some embodiments, the surroglobulin or antigen binding portions thereof,
can bind to any of the epitopes of the SBP s in Table 0.3A can bind to.

[0260] In some embodiments, an antibody is provided that binds to a same or an
overlapping epitope that any of the SBPs disclosed herein binds to. In some embodiments, the
Ab has the same or similar heavy chain CDR, CDRs, or heavy chain variable regions of any of
the SBP s herein (including those noted in Table 0.3A). In some embodiments, the antibody
displaces the SBP when the antibody binds to an epitope on ErbB3. In some embodiments, the
antibody will not displace the SBP if the SBP is already bound to ErbB3.

Surrogate light chain constructs

[0261] Precursors of B cells (pre-B cells) have been identified in the bone marrow as
lymphocytes at a developmental stage that produce i heavy chains but have not yet begun to
produce light chains and instead express a set of B lineage-specific genes called VpreB(1-3) and
A5, respectively.

[0262] One isoform of human VpreB1 (CAG30495) is a 145 aa-long polypeptide
(SEQ ID NO: 1, FIG. 25). It has an Ig V domain-like structure, but lacks the last B-strand (B7)
of a typical V domain, and instead has a carboxyl terminal end that shows no sequence
homologies to any other proteins. VpreB2 has several isoforms, including a 142-amino acid
mouse VpreB2 polypeptide (P13373; SEQ ID NO: 2, FIG. 25), and a 171-amino acid long splice
variant of the mouse VpreB2 sequence (CAA019641 SEQ ID NO: 3, FIG. 25). VpreBl and
VpreB2 sequences have been disclosed in EP 0 269 127 and U.S. Patent No. 5,182,205; Collins
et al.,, Genome Biol. 5(10):R84 (2004); and Hollins et al., Proc. Natl. Acad. Sci. USA
86(14):5552-5556 (1989). One isoform of human VpreB3 (SEQ ID NO: 4, FIG. 25) is a 123
amino acid long protein (CAG30496), disclosed in Collins et al., Genome Biol. 5(10):R84
(2004).

[0263] In some situations, VpreB(1-3) can be non-covalently associated with another
protein, AS. The human A5 is a 213-amino acid polypeptide (NP_064455; SEQ ID NO: 6, FIG.

25) that carries an Ig C domain-like structure with strong homologies to antibody light chains

71



WO 2013/016714 PCT/US2012/048730

and, towards its amino terminal end, two functionally distinct regions, one of which shows strong
homology to the B7 strand of the VA domains. A mouse A5 protein has 209 amino acids
(CAA01962; SEQ ID NO: 5, FIG. 25) and shows about 62% sequence identity to the antibody A
light chain constant region.

[0264] For further details, see the following review papers: Karasuyama et al., Adv.
Immunol. 63:1-41 (1996); Melchers et al., Immunology Today 14:60-68 (1993); and Melchers,
Proc. Natl. Acad. Sci. USA 96:2571-2573 (1999).

[0265] Traditionally, the VpreB and A5 polypeptides together form a non-covalently
associated, structure, called a surrogate light chain. On the surface of early preB cells, the
surrogate light chain is complexed to membrane-bound Ig 1 heavy chain in association with a
signal transducer CD79a/CD79b heterodimer to form a B cell receptor-like structure, the so-
called preB cell receptor (preBCR).

[0266] As discussed above, pre-B cells have been identified in the bone marrow as
lymphocytes that produce L heavy chains but instead of the fully developed light chains express a
set of B lineage-specific genes called VpreB(1-3) and A5, respectively. The VpreB and A5
polypeptides together form a non-covalently associatedstructure, called the surrogate light chain.
The surrogate light chain, although not an antibody chain, naturally associates with all
recombined antibody heavy chains.

[0267] In some embodiments, the SBPs include, without limitation, conjugates of
VpreB sequences to heterogeneous amino acid sequences, provided that they retain the ability to
bind a desired target. The binding of the VpreB sequence to the heterogeneous amino acid
sequence can be either covalent or non-covalent, and can occur directly, or through a linker,
including peptide linkers.

[0268] Specific examples of the polypeptide constructs herein include polypeptides in
which a VpreB sequence, such as a VpreB1, VpreB2, or VpreB3 sequence, including fragments
and variants of the native sequences, is conjugated to a AS sequence, including fragments and
variants of the native sequence. Representative fusions of this type are illustrated in FIGs. 19 and
26 and described in the Examples.

[0269] In a direct fusion, typically the C-terminus of a VpreB sequence (e.g. a

VpreB1, VpreB2 or VpreB3 sequence) is fused to the N-terminus of a A5 sequence. While it is
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possible to fuse the entire length of a native VpreB sequence to a full-length A5 sequence (see,
e.g. the first diagram in FIG. 19), typically the fusion takes place at or around a non-
immunoglobulin like peptide site in each of the two polypeptides. Such similar sites for VpreB1
and A5 are illustrated in FIG. 18, and a representative fusion construct is illustrated in FIG. 19.
In this embodiment, the fusion can take place within, or at a location within about 10 amino acid
residues at either side of this region. In a preferred embodiment, the fusion takes place between
about amino acid residues 116-126 of the native human VpreB1 sequence (SEQ ID NO: 1) and
between about amino acid residues 87 and 97 of the native human A5 sequence (SEQ ID NO: 6).

[0270] It is also possible to fuse the VpreB sequence to the CDR3 region of an
antibody A light chain, as shown in FIG. 19. It is also possible to fuse the carboxy terminus of a
VpreB and A5 construct to the amino terminus of the constant light region of antibody A light
chain, also as shown in FIG. 19. Further constructs, in which only one of VpreB and A5 is
truncated are shown in FIG. 20. Similar constructs can be prepared using antibody x light chain
sequences.

[0271] Further direct fusion structures are illustrated on the right side of FIG. 26.
The structure designated “SLC fusion 17 is a tetramer, composed of two dimers, in which the
fusion of a truncated V-preB1 sequence (lacking the characteristic “tail” at the C-terminus of
native VpreBl) to a similarly truncated AS sequence is non-covalently associated with an
antibody heavy chain. The structure designated “SLC fusion 27 is a tetramer, composed of two
dimers, in which the fusion of a truncated VpreB1 sequence (lacking the characteristic “tail” at
the C-terminus of native VpreB1) to an antibody light chain constant region is non-covalently
associated with an antibody heavy chain. The structure designated “SLC fusion 3” is a tetramer,
composed of two dimers, in which the fusion of an antibody light chain variable region to a
truncated A5 sequence (lacking the characteristic “tail” at the N-terminus of native A5) is non-
covalently associated with an antibody heavy chain.

[0272] As noted above, in addition to direct fusions, the polypeptide constructs
include non-covalent associations of a VpreB sequence (including fragments and variants of a
native sequence) with a heterogeneous sequence, such as a A5 sequence (including fragments and

variants of the native sequence), and/or an antibody sequence. Thus, for example, a full-length
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VpreB sequence can be non-covalently associated with a truncated A5 sequence. Alternatively, a
truncated VpreB sequence can be non-covalently associated with a full-length A5 sequence.

[0273] Surrogate light chain constructs comprising non-covalently associated VpreB1
and A5 sequences, in non-covalent association with an antibody heavy chain, are shown on the
left side of FIG. 26. As the various illustrations show, the structures can include, for example,
full-length VpreB1 and A5 sequences, a full-length VpreB1 sequence associated with a truncated
A5 sequence (“Lambda 5dT”), a truncated VpreB1 sequence associated with a full-length A5
sequence (VpreB dT”) and a truncated VpreB1 sequence associated with a truncated A5 sequence
(“Short™).

[0274] Although FIG. 26 illustrates certain specific constructs, one of ordinary skill
will appreciate that a variety of other constructs can be made and used in a similar fashion. For
example, the structures can be asymmetrical, comprising different surrogate light chain
sequences in each arm, and/or having trimeric or pentameric structures, as opposed to the
structures illustrated in FIG. 26. It is also possible to include different functionalities in various
portions of the surrogate light chain constructs, thereby producing multi-specific and/or
multivalent constructs.

[0275] If desired, the constructs can be engineered, for example, by incorporating or
appending known sequences or sequence motifs from the CDR1, CDR2 and/or CDR3 regions of
antibodies, including known therapeutic antibodies into similar regions of the surrogate light
chain constructs. This allows the creation of molecules that are not antibodies, but will exhibit
binding specificities and affinities very similar to those of a known therapeutic antibody.

[0276] All surrogate light chain constructs herein can be associated with antibody
heavy chain sequences. For example, as shown in FIG. 21, a VpreB-AS5 fusion can be linked to
an antibody heavy chain variable region sequence by a peptide linker. In some embodiments, a
VpreB-A5 fusion is associated with an antibody heavy chain, or a fragment thereof including a
variable region sequence to form a dimeric complex. In yet another embodiment, the VpreB and
A5 sequences are associated with each other and an antibody heavy chain, or a fragment thereof
including a variable region sequence, thereby forming a trimeric complex. Exemplary constructs

comprising an antibody heavy chain are illustrated in FIG. 26.
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[0277] While the constructs are illustrated by reference to certain embodiments, one
of ordinary skill will understand that numerous further embodiments obtained by various
permutations of surrogate light chain and antibody sequences are possible, and are within the
scope of the present invention. The present invention includes all constructs that comprise
surrogate light chain sequences and have the ability to bind a desired target. In certain
embodiment, the constructs also have the ability to associate with antibody heavy chain variable
region sequences.

[0278] The constructs can be used to build libraries of surrogate light chain
sequences, which can be used for various purposes, similarly to antibody libraries, including
selection of constructs with the desired binding specificities and affinities.

[0279] When the VpreB and A5 surrogate light chain sequences are non-covalently
associated with each other, the free ends of one or both components (i.e. the C-terminal end of
the VpreB sequence and/or the N-terminal end of the A5 sequence) are available for
incorporating an additional diversity into the library of such sequences. For instance, a random
peptide library can be appended or substituted to one of these free ends and panned for specific
binding to a particular target. By combining the surrogate light chain identified to have the
desired binding specificity with a heavy chain or heavy chain fragment from an antibody to the
same target, a molecule can be created that has the ability to bind to the cognate target on two
distinct places. This tandem binding, or “chelating” effect, strongly reinforces the binding to a
single target, similarly to the avidity effects seen in dimeric immunoglobulins. It is also possible
to use components binding to different targets. Thus, for example, the surrogate light chain
component with the desired binding specificity can be combined with an antibody heavy chain or
heavy fragment binding to a different target. For instance, the surrogate light chain component
can bind a tumor antigen while the antibody heavy chain or heavy chain fragment can bind to
effector cells. This way, a single entity with targeting and anti-tumor activity can be created. In
a particular embodiment, the appendage or the polypeptide that connects the VpreB and A5
sequences can be an antibody or antibody fragments, such as a Fab or a scFv fragment. The
incorporation of an antibody sequence will not only create a “chelating” effect but can also
generate bispecificity in a single molecule, without the need of a second independent arm, such

as that found in bispecific antibodies. The two specificities can be to different parts of the same
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target, to disparate targets, or to a target antibody complex. Similarly, multi-specific constructs
can be made with any type of molecule, other than antibodies or antibody fragments, including
peptides, proteins, enzymes, and the like. For example, the surrogate light chain component with
the desired specificity can be combined with any therapeutic peptide or protein.

[0280] In some embodiments, the VpreB and A5 components of the SBP can be
modified in numerous ways to improve the structure, performance, and/or stability of resulting
SBPs. An approach to improving the qualities of the SBPs can be accomplished by incorporating
elements of antibody light chains into the surrogate light chain. One example would be the
substitution of one or more framework regions of antibody light chain variable domains into the
structurally similar regions of the surrogate light chain. Specifically one could substitute Contact
defined variable light chain framework-related Kabat numbered residues 1-29, 37-45, or 56-88,
for VpreB residues 21-47, 58-67, or 82-117, respectively. Alternatively, one could substitute
Chothia defined variable light chain framework-related Kabat numbered residues 1-23, 35-49,
57-88, for VpreB residues 21-41, 56-71, or 83-117, respectively. These regional substitutions
can be done in whole, or as a continuous or discontinuous portion to achieve the desired
surrogate light chain. Additionally, substitution of one or more regions of the antibody light
chain variable and constant domains into the structurally similar regions of the surrogate light
chain can be performed. In this instance one could substitute light chain domain Kabat residues
97-215 for A5 residues 94-211 respectively. This regional substitution can also be done in whole
or as a continuous or discontinuous portion to achieve the desired surrogate light chain. Also
combinations of such substitutions for both VpreB and A5 can be incorporated to achieve the
desired light chain. In any event any or all of the modified surrogate light chains and their
respective resulting SBPs can be produced in protein expression systems and tested, or used for
their potential improved qualities.

[0281] In some embodiments, the ability of anti-ErbB3 sur-binding proteins to reduce
tumor growth, in vitro, can be influenced by engaging ErbB3 through binding sites located
within, and/or proximal to, surface exposed loops in the variable heavy and VpreB domains.
While these remain the elements of recognition of ErbB3 in vivo, the overall efficacious potential
can be significantly influenced by the composition of the constant heavy regions. For example,

in some embodiments, an I1gG3-based constant heavy region can be used in the ErbB3 sur-
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binding proteins to impart maximal effector function for sur-binding protein-dependent cell-
mediated cytotoxicity, and even complement mediated cytotoxicity. However, in some
situations, an Ig(G3-based constant heavy region can have a fairly short half-life, compared to an
IgG1-origin constant heavy region. Maintaining the use of an 1gG3-based constant heavy region
for the ErbB3 sur-binding proteins, instead of one based upon I1gG1 would be a reasonable and
preferable if longer term exposure caused greater drug-related adverse effects and no greater
efficacy. However, in the instance where effector function is believed to impart dose limiting
undesirable activities to nonpathological tissues, then the choice of an Ig(G2-based constant heavy
region that has minimal effector function capacity can be desirable. Additionally, in some
embodiments, various allotypes and designed Fc regions can be used to impart greater levels of
desired effector function, as well as variants and Fc chimeras, to specifically tune and optimally
empower the ErbB3 sur-binding proteins. In some embodiments, other heavy chain classes, such
as IgA, IgM, IgD, IgE can serve as additionally optimized candidates, based upon the overall

desired pharmacophore properties.

Preparation of surrogate light chain constructs

[0282] The surrogate light chain constructs can be prepared by methods known in the
art, including well known techniques of recombinant DNA technology.

[0283] Nucleic acid encoding surrogate light chain, e.g. VpreB and A5 polypeptides,
can be isolated from natural sources, e.g. developing B cells and/or obtained by synthetic or
semi-synthetic methods. Once this DNA has been identified and isolated or otherwise produced,
it can be ligated into a replicable vector for further cloning or for expression.

[0284] Cloning and expression vectors that can be used for expressing the coding
sequences of the polypeptides herein are well known in the art and are commercially available.
The vector components generally include, but are not limited to, one or more of the following: a
signal sequence, an origin of replication, one or more marker genes, an enhancer element, a
promoter, and a transcription termination sequence. Suitable host cells for cloning or expressing
the DNA encoding the surrogate light chain constructs in the vectors herein are prokaryote, yeast,

or higher eukaryote (mammalian) cells, mammalian cells are being preferred.
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[0285] Examples of suitable mammalian host cell lines include, without limitation,
monkey kidney CV1 line transformed bySV40 (COS-7, ATCC CRL 1651); human embryonic
kidney line 293 (293 cells) subcloned for growth in suspension culture, Graham et al, J. Gen
Virol. 36:59 (1977)); baby hamster kidney cells (BHK, ATCC CCL 10); Chinese hamster ovary
cells/-DHFR (CHO, Urlaub et al., Proc. Natl. Acad. Sci. USA 77:4216 (1980)); mouse sertoli
cells (TM4, Mather, Biol. Reprod. 23:243-251 (1980)); monkey kidney cells (CV1 ATCC CCL
70); African green monkey kidney cells (VERO-76, ATCC CRL-1587); human cervical
carcinoma cells (HELA, ATCC CCL 2); canine kidney cells (MDCK, ATCC CCL 34); buffalo
rat liver cells (BRL 3A, ATCC CRL 1442); human lung cells (W138, ATCC CCL 75); human
liver cells (Hep G2, HB 8065); mouse mammary tumor (MMT 060562, ATCC CCL51); TRI
cells (Mather et al., Annals N.Y. Acad. Sci. 383:44-68 (1982)); MRC 5 cells; FS4 cells; and a

human hepatoma line (Hep G2).

[0286] For use in mammalian cells, the control functions on the expression vectors
are often provided by viral material. Thus, commonly used promoters can be derived from the
genomes of polyoma, Adenovirus2, retroviruses, cytomegalovirus, and Simian Virus 40 (SV40).
Other promoters, such as the B-actin protomer, originate from heterologous sources. Examples
of suitable promoters include, without limitation, the early and late promoters of SV40 virus
(Fiers et al., Nature, 273: 113 (1978)), the immediate early promoter of the human
cytomegalovirus (Greenaway et al., Gene, 18: 355-360 (1982)), and promoter and/or control
sequences normally associated with the desired gene sequence, provided such control sequences
are compatible with the host cell system.

[0287] Transcription of a DNA encoding a desired heterologous polypeptide by
higher eukaryotes is increased by inserting an enhancer sequence into the vector. The enhancer is
a cis-acting element of DNA, usually about from 10 to 300 bp, that acts on a promoter to enhance
its transcription-initiation activity. Enhancers are relatively orientation and position independent,
but preferably are located upstream of the promoter sequence present in the expression vector.
The enhancer can originate from the same source as the promoter, such as, for example, from a
eukaryotic cell virus, e.g. the SV40 enhancer on the late side of the replication origin (bp 100-
270), the cytomegalovirus early promoter enhancer, the polyoma enhancer on the late side of the

replication origin, and adenovirus enhancers.
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[0288] Expression vectors used in mammalian host cells also contain polyadenylation
sites, such as those derived from viruses such as, e.g., the SV40 (early and late) or HBV.

[0289] An origin of replication can be provided either by construction of the vector to
include an exogenous origin, such as can be derived from SV40 or other viral (e.g., Polyoma,
Adeno, VSV, BPV) source, or can be provided by the host cell.

[0290] The expression vectors usually contain a selectable marker that encodes a
protein necessary for the survival or growth of a host cell transformed with the vector. Examples
of suitable selectable markers for mammalian cells include dihydrofolate reductase (DHFR),
thymidine kinase (TK), and neomycin.

[0291] Suitable mammalian expression vectors are well known in the art and
commercially available. Thus, for example, the surrogate light chain constructs can be produced
in mammalian host cells using a pCl expression vector (Promega), carrying the human
cytomegalovirus (CMV) immediate-early enhancer/promoter region to promote constitutive
expression of a DNA insert. The vector can contain a neomycin phosphotransferase gene as a
selectable marker.

[0292] The surrogate light chain constructs can also be produced in bacterial host
cells. Control elements for use in bacterial systems include promoters, optionally containing
operator sequences, and ribosome binding sites. Suitable promoters include, without limitation,
galactose (gal), lactose (lac), maltose, tryptophan (trp), B-lactamase promoters, bacteriophage A
and T7 promoters. In addition, synthetic promoters can be used, such as the tac promoter.
Promoters for use in bacterial systems also generally contain a Shine-Dalgarno (SD) sequence
operably linked to the DNA encoding the Fab molecule. The origin of replication from the
plasmid pBR322 is suitable for most Gram-negative bacteria.

[0293] The coding sequences of the individual chains within a multi-chain construct
comprising antibody surrogate light chain sequences can be present in the same expression
vector, under control of separate regulatory sequences, or in separate expression vectors, used to
cotransfect a desired host cells, including eukaryotic and prokaryotic hosts. Thus, multiple genes
can be coexpressed using the Duet™ vectors commercially available from Novagen.

[0294] The transformed host cells can be cultured in a variety of media.

Commercially available media for culturing mammalian host cells include Ham's F10 (Sigma),
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Minimal Essential Medium ((MEM), (Sigma), RPMI-1640 (Sigma), and Dulbecco's Modified
Eagle's Medium ((DMEM), Sigma). In addition, any of the media described in Ham ef al., Meth.
Enz. 58:44 (1979) and Barnes et al., Anal. Biochem. 102:255 (1980) can be used as culture

media for the host cells. The culture conditions, such as temperature, pH, and the like, are those
previously used with the host cell selected for expression, and are included in the manufacturer’s
instructions or will otherwise be apparent to the ordinarily skilled artisan.

[0295] Further suitable media for culturing mammalian, bacterial (e.g. E. coli) or
other host cells are also described in standard textbooks, such as, for example, Sambrook et al.,
supra, or Ausubel et al., supra.

[0296] Purification can be performed by methods known in the art. In a preferred
embodiment, the surrogate antibody molecules are purified in a 6xHis-tagged form, using the Ni-

NTA purification system (Invitrogen).

Uses of surrogate light chain sequences, constructs and libraries containing same

[0297] The libraries can be used to identify surrogate light chain sequences and
surrogate light chain constructs, such as fusions comprising surrogate light chain sequences, with
desired properties. For example, in vitro or in vivo screening of the libraries herein can yield
polypeptides comprising surrogate light chain sequences binding to desired targets with high
binding specificity and affinity. Thus, the libraries herein can be used to identify molecules for
therapeutic and diagnostic purposes, such as polypeptides comprising surrogate light chain
sequences that bind to tumor markers or other molecular targets of therapeutic intervention. In
addition, by the techniques described above, highly diverse libraries of surrogate light chain
polypeptides can be engineered, including libraries comprising a collection of polypeptides
binding to the same target, libraries of polypeptides binding to different targets, libraries of
polypeptides with multiple specificities, and the like.

[0298] As a result of their ability to bind to any desired target, the antibody surrogate
light chain constructs can be used in analytical and diagnostic assays, to detect the presence of a
desired target molecule, such as a tumor antigen or any polypeptide associated with a disease

state or condition. In addition, the surrogate light chain constructs can be used as therapeutic
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agents, such as, for example, in cancer therapy, to target tumor antigens that have been

determined to associate with the development and/or spread of cancer.

Coupling SBPs to Therapeutic Agents or Labels

[0299] While, for some embodiments, the binding of the SBPs toErbB3 can modulate
the biological activity of the target cell, the effect of the SBPs on biological activity can be
increased by coupling a therapeutic agent to the SBPs. In some embodiments, therefore, the SBPs
are derivatized to introduce functional groups permitting the attachment of a therapeutic agent.
The SBP can be derivatized to introduce, for example, side chains terminating in hydrazide,
hydrazine, primary amine, or secondary amine groups. Therapeutic agents can be conjugated
through, for example, a Schiffs base linkage, a hydrazone or acyl hydrazone bond or a hydrazide
linker (see, e.g., U.S. Pat. Nos. 5,474,765 and 5,762,918, each of which is specifically
incorporated herein by reference). A number of other chemistries suitable for conjugating
therapeutic agents to SBP are well known in the art, as exemplified by Hermanson, G.,
Bioconjugate Techniques, Academic Press, San Diego, Calif. (1996).

[0300] Therapeutic agents can be selected from, for example, anti-neoplastic agents,
anti-metabolic agents, radioactive agents, cytotoxic agents, and chemotherapeutic agents.

[0301] Anti-cancer agents include Cytotoxic agents such as the following: auristatins
and derivatives, calicheamicins and derivatives, maytansinoids and derivatives, Pseudomonas
exotoxin, ricin, diphtheria toxin, gemcitabine; methotrexate; 5-FU; FUDR; FdUMP;
hydroxyurea; docetaxel; discodermolide; epothilones; vincristine; vinblastine; vinorelbine; meta-
pac; irinotecan; SN-38; 10-OH campto; topotecan; etoposide; adriamycin; flavopiridol; cisplatin;
carboplatin; bleomycin; mitomycin C; mithraniycin; capecitabine; cytarabine; 2-Cl-
2'deoxyadenosine; mitoxantrone; mitozolomide; pentostatin; and raltitrexed.

[0302] The SBPs can further be modified or labeled to facilitate diagnostic or
therapeutic uses. For example, detectable labels such as a radioactive, fluorescent, heavy metal,
or other label, can be conjugated to the SBPs. Single, dual, or multiple labeling of the SBPs can
be advantageous. For example, a SBPs can be dual labeled, with both radioactive iodination of

one or more residues and the coupling of, for example, Y via a chelating group to amine-
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containing side or reactive groups. This combination labeling can be useful for specialized
diagnostic needs such as identification of widely dispersed small neoplastic cell masses.

[0303] Radioisotopes for radiolabeling the SBPs can include any radioisotope that
can be conjugated or coupled to a residue of the SBPs. The radioisotopes can be selected from
radioisotopes that emit either beta or gamma radiation, or alternatively, the peptide agents can be
modified to contain chelating groups that, for example, can be covalently bonded to lysine
residue(s) of the analog. The chelating groups can then be modified to contain any of a variety of
radioisotopes, such as gallium, indium, technetium, ytterbium, rhenium, or thallium (e.g., 12SI,
Ga, In, ®mTe, 'Yb, ¥Re).

[0304] Chelating groups can be used to indirectly couple detectable labels or other
molecules to the SBPs. For example, a bifunctional stable chelator can be linked to one or more
terminal or internal amino acid reactive groups via an isothiocyanate beta-Ala or an appropriate
non alpha-amino acid linker which prevents Edman degradation. Examples of chelators known in
the art include, for example, the ininocarboxylic and polyaminopolycarboxylic reactive groups,
DTPA (N,N-Bis[2-[bis(carboxymethyl)amino]ethyl]glycine), and DOTA (1,4,7,10-
tetraazacyclododecane-1,4,7,10-tetraacetic acid).

[0305] In terms of cancer diagnosis and treatment, the SBPs can be used to prepare
diagnostic and imaging compositions, and kits utilizing the SBPs in diagnostic and imaging
methods (e.g., in vivo and in vitro diagnostic methods). For example, a vascularized tumor can
be imaged using a diagnostically effective amount of a SBPs that includes at least a first binding
molecule that binds to an accessible component of a tumor cell, tumor vasculature, or tumor
stroma, attached to an in vivo diagnostic imaging agent.

[0306] In some embodiments in which the disease or disorder is cancer, pre-imaging
before cancer treatment can be carried out by: (a) administering to the animal or patient a
diagnostically effective amount of a pharmaceutical composition comprising a detectably-labeled
SBP that has a first binding molecule that binds with high affinity to a highly expressed receptor
characteristic of a tumor cell, or to the tumor vasculature or tumor stroma, and a second binding
molecule that binds with at least an order of magnitude lower affinity to a second ubiquitously-

expressed receptor; and (b) subsequently detecting the detectably-labeled SBP bound to the
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tumor cells, tumor blood vessels, or tumor stroma; thereby obtaining an image of the tumor,
tumor vasculature, and/or tumor stroma.

[0307] Without wishing to be bound by theory, in some embodiments, the SBPs can
reduce, prevent, or inhibit cell signaling by competing with a natural ligand for binding to a cell
surface receptor. In this situation, the SBPs function by blocking cell signaling induced upon
ligand binding. In some embodiments, the SBPs can also act by inducing
internalization/downregulation of the cell surface receptors. The reduction in the number of
receptors at the cell surface caused by internalization/downregulation results in reduced receptor
activation, which reduces or prevents cell signaling along the signal transduction pathway for
those receptors. In another embodiment the SBPs can impede ErbB3 signaling that is dependent
upon a physically associated receptor such as ErbB2 , or on a network associated receptor such as
c-met. Finally, in cases where receptor dimerization is required for signal transduction, the SBPs

can act by preventing dimerization of the two cell surface receptors.

Therapeutic Uses

[0308] In some embodiments, SBPs can be used for/in therapies which involve
administering SBPs to an animal, preferably a mammal, and most preferably a human patient, for
treating one or more of the described diseases or disorders. Therapeutic compounds include, but
are not limited to, SBPs or antigen binding portions thereof. The SBPs or antigen binding
portions thereof, can be used to treat, inhibit, or prevent the diseases and disorders disclosed
herein that are associated with aberrant expression and/or activity of a cell surface receptor. The
treatment and/or prevention of diseases and disorders associated with aberrant expression and/or
activity of a cell surface receptor includes, but is not limited to, alleviating symptoms associated
with those diseases and disorders. SBPs or antigen binding portions thereof, can be provided in
pharmaceutically acceptable compositions as known in the art or as described herein. Armed with
the teachings provided herein, one of ordinary skill in the art will know how to use the SBPs or
antigen binding portions thereof, for diagnostic, monitoring, or therapeutic purposes without

undue experimentation.
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[0309] In some embodiments, SBPs or antigen binding portions thereof, can be
administered alone or in combination with other types of treatments (e.g., radiation therapy,
chemotherapy, hormonal therapy, therapeutic antibodies, immunotherapy and anti-tumor agents).

[0310] Methods of using SBPs, antigen binding portions thereof, and antibodies that
bind ErbB3 in a variety of ex vivo and in vivo diagnostic and therapeutic applications are also
provided. For example, SBPs and/or antibodies disclosed herein can be used for treating a
disease associated with ErbB3 dependent signaling, including a variety of cancers.

[0311] In some embodiments, the present invention provides a method for treating a
disease associated with ErbB3 dependent signaling by administering to a subject SBPs, antigen
binding portions thereof, and/or antibodies in an amount effective to treat the disease. Suitable
diseases include, for example, a variety of cancers including, but not limited to, melanoma, breast
cancer, ovarian cancer, renal carcinoma, gastrointestinal cancer, colon cancer, lung cancer (e.g.,
non-small cell lung cancer), and prostate cancer. In some embodiments, a tumor sample obtained
from the patient is tested and treatment is provided in accordance with the methods disclosed in
International Application No. PCT/US09/054051, filed Aug. 17, 2009, titled "Methods, Systems
And Products For Predicting Response Of Tumor Cells To A Therapeutic Agent And Treating A
Patient According To The Predicted Response" which is incorporated herein by reference.

[0312] In some embodiments, the cancer comprises a KRAS mutation. SBPs
disclosed herein are capable of inhibiting the growth of tumor cells that comprise a KRAS
mutation, either when used as a single agent (monotherapy) or in combination with another
therapeutic agent. In some embodiments, the cancer comprises a PI3K mutation. SgGs disclosed
herein are capable of inhibiting the growth of tumor cells that comprise a PI3K mutation, either
when used as a single agent (monotherapy) or in combination with another therapeutic agent. In
some embodiments, the cancer overexpressed the Her2 gene product. SgGs disclosed herein are
capable of inhibiting the growth of tumor cells that overexpress Her2, either when used as a
single agent (monotherapy) or in combination with another therapeutic agent. SgGs disclosed
herein are capable of inhibiting the growth of tumor cells that overexpress EGFR, either when
used as a single agent (monotherapy) or in combination with another therapeutic agent.

[0313] In some embodiments, a SBP, antigen binding portions thereof, and/or

antibodies can be administered alone or with another therapeutic agent that acts in conjunction
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with or synergistically with a SBP, antigen binding portions thereof, and/or antibody to treat the
disease associated with ErbB3 mediated signaling. Such therapeutic agents include, for example,
the anticancer agents described infra (e.g., cytotoxins, chemotherapeutic agents, small molecules
and radiation). In some embodiments, the therapeutic agents for combination therapy include
erlotinib (TarcevaTM), paclitaxel (TaxolTM) and cisplatin (CDDP). In some embodiments, the
agents include aromatase inhibitors, estrogen receptor inhibitors, lapatinib, gefitinib, PI3kinase

inhibitors, and/or AKT inhibitors.

[0314] In certain aspects, SBPs and/or antibodies disclosed herein are administered to
patients.
[0315] In some embodiments, a method is provided for diagnosing a disease (e.g., a

cancer) associated with ErbB3 upregulation in a subject, by contacting SBPs, antigen binding
portions thereof, and/or antibodies disclosed herein (e.g., ex vivo or in vivo) with cells from the
subject, and measuring the level of binding to ErbB3 on the cells. Abnormally high levels of
binding to ErbB3 indicate that the subject has a disease associated with ErbB3 upregulation.

[0316] In some embodiments, a method for suppressing tumor growth is provided.
The method can include providing an ErbB3 SBP (such as in Table 0.3A) to a tumor that
comprises a cell that expresses ErbB3, thereby suppressing tumor growth.

[0317] In some embodiments, a method for suppressing a cancerous cell is provided.
The method can include identifying a subject having a cancerous cell that expresses ErbB3. In
some embodiments, one can then administer to the subject an ErbB3 SBP or antigen binding
portion thereof, in an amount sufficient to bind to ErbB3 on the cancerous cell and thereby block
the AKT pathway.

[0318] In some embodiments, the SBPs or antigen binding portions thereof, disclosed
herein can be used to inhibit, block, and/or reduce the proliferation of various cells in vitro (as
shown in Example 9), in vivo, or ex vivo. In some embodiments, the SBP can block or reduce
the proliferation of various cells (e.g., epithelial, colorectal, and/or pancreatic cancer cell lines) in
the absence of NRG.

[0319] In some embodiments, the SBPs or antigen binding portions thereof, inhibit
proliferation of cells in the presence and/or absence of an ErbB3 activator, such as NRG. In

some embodiments, the SBPs or antigen binding portions thereof, can reduce proliferation of
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ErbB2 overexpressing cells in the presence and/or absence of NRG-1. In some embodiments, the
SBP can achieve 5, 10, 15, 20, 25, 30, 35, 40, 45, 50% or greater inhibition of FrbB3 signaling in
the absence of NRG-1 (e.g., as shown in FIG. 8A). In some embodiments, the SBP can achieve
5, 10, 15, 20, 25, 30, 35, 40, 45, 50% or greater inhibition of ErbB3 signaling in the presence of
NRG-1. In some embodiments, the SBPs or antigen binding portions thereof, can prevent and/or
reduce NRG-1 driven signaling, even when NRG is already bound to ErbB3.

[0320] In some embodiments, the SBPs or antigen binding portions thereof, block
one or more of the functions or activities of ErbB3 disclosed herein. In some embodiments, the
SBPs or antigen binding portions thereof, reduce and/or block NRG binding to ErbB3. In some
embodiments, the SBPs or antigen binding portions thereof, block or reduce dimerization of
ErbB3 with another ErbB3 molecule and/or ErbB1, and/or ErbB2, and/or ErbB4.

[0321] In some embodiments, the SBP or antigen binding portions thereof, can be
used to reduce a cancer’s resistance, or increase the sensitivity, to another therapy.

[0322] In some embodiments, one or more of the SBPs or antigen binding portions
thereof, noted herein can enhance the antiproliferative activity of Erb targeted antibodies. In
some embodiments, the SBPs or antigen binding portions thereof, can be combined with
cetuximab or panitimumab to provide a composition with enhanced antiproliferative activity. In
some embodiments, the SBPs or antigen binding portions thereof, disclosed herein can be
combined with anti-ErbB2 SBPs or anti-ErbB2 antibodies such as trastuzumab and/or
pertuzumab. In some embodiments, any one or more of the sur-binding proteins provided herein
can be combined with other molecules. In some embodiments, this can provide for enhanced
effectiveness. In some embodiments, the SBPs (e.g., 2817-C01 or 2716-F05) or antigen binding
portions thereof, can be combined with cetuximab, panitimumab, pertuzumab, trastuzumab,
lapatinib, GDC-0941, Ab B (having a VH and VL as shown in FIG. 28C, and/or Ab A (having
the VH and VL as shown in FIG. 28D) to provide a composition with enhanced antiproliferative
activity and/or inproved inhibition. In some embodiments, this can be effective in the presence
of NRG. In some embodiments, this can be effective in the absence of NRG. In some
embodiments, this allows for a greater amount of inhibition to be achieved than either molecule
acting alone (e.g., at least 10, 50, 100, 200, 300, or 400 percent or more increase in inhibition, or

a final inhibition of at least 40, 50, 60, 70, 80, 90, 95, 98, 99, 99.9 or effectively complete
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inhibition). In some embodiments, 2817-C0O1 or 2716-F05 can be combined with at least one of
cetuximab, panitimumab, pertuzumab, trastuzumab, Ab B, or Ab A to provide for at least one of
the following: reduction in cell surface ErbB3, enhancement in antiproliferative activity for
EGFR targeted molecules (antibodies or other molecules), enhance the antiproliferative activity
of ERB2 targeted molecules (antibodies or other molecules), enhance the activity of PI3K, AKT,
mTOR targeted molecules, reduction in ligand-induced ERBB3 phosphorylation, AKT
phosphoylation, and/or ERK phosphorylation, and/or improvement in the inhibition of
proliferation of cancer cell line (including any provided herein, such as gastric and/or breast
cancer cells).

[0323] In some embodiments, the amount of trastuzumab used can be enough to
demonstrate some improvement or desired effect when used in combination with one or more of
the sur-binding proteins provided herein. In some embodiments, the amount of trastuzumab used
can be 0.01, 0.1, 1, 10, 50, 100, 150, 200, 500, 1,000, 10,000, 100,000, 1,000,000, 10,000,000, or
100,000,000 nM, including any range defined between any two of these values. In some
embodiments, any one of these values and/or ranges can be combined with 0.01, 0.1, 1, 10, 50,
100, 150, 200, 500, 1,000, 10,000, 100,000, 1,000,000, 10,000,000, or 100,000,000 nM
(including any range defined with any two of these values) of any of the sur-binding proteins
provided herein (for example, 2817-C01 and/or 2716-F05).

[0324] In some embodiments, the amount of pertuzumab used can be enough to
demonstrate some improvement or desired effect when used in combination with one or more of
the sur-binding proteins provided herein. In some embodiments, the amount of pertuzumab used
can be 0.01, 0.1, 1, 10, 50, 100, 150, 200, 500, 1,000, 10,000, 100,000, 1,000,000, 10,000,000, or
100,000,000 nM including any range defined between any two of these values. In some
embodiments, any one of these values and/or ranges can be combined with 0.01, 0.1, 1, 10, 50,
100, 150, 200, 500, 1,000, 10,000, 100,000, 1,000,000, 10,000,000, or 100,000,000 nM
(including any range defined with any two of these values) of any of the sur-binding proteins
provided herein (for example, 2817-C01 and/or 2716-F05).

[0325] In some embodiments, the amount of lapatinib used can be enough to
demonstrate some improvement or desired effect when used in combination with one or more of

the sur-binding proteins provided herein. In some embodiments, the amount of Lapatinib used
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can be 0.01, 0.1, 1, 10, 50, 100, 150, 200, 500, 1,000, 10,000, 100,000, 1,000,000, 10,000,000, or
100,000,000 nM, including any range defined between any two of these values. In some
embodiments, any one of these values and/or ranges can be combined with 0.01, 0.1, 1, 10, 50,
100, 150, 200, 500, 1,000, 10,000, 100,000, 1,000,000, 10,000,000, or 100,000,000 nM
(including any range defined with any two of these values) of any of the sur-binding proteins
provided herein (for example, 2817-C01 and/or 2716-F05).

[0326] In some embodiments, the amount of GDC-0941 used can be enough to
demonstrate some improvement or desired effect, when used in combination with one or more of
the sur-binding proteins provided herein. In some embodiments, the amount of GDC-0941 used
can be 0.01, 0.1, 1, 10, 50, 100, 150, 200, 500, 1,000, 10,000, 100,000, 1,000,000, 10,000,000, or
100,000,000 nM, including any range defined between any two of these values. In some
embodiments, any one of these values and/or ranges can be combined with 0.01, 0.1, 1, 10, 50,
100, 150, 200, 500, 1,000, 10,000, 100,000, 1,000,000, 10,000,000, or 100,000,000 nM
(including any range defined with any two of these values) of any of the sur-binding proteins
provided herein (for example, 2817-C01 and/or 2716-F05).

[0327] In some embodiments, the amount of cetuximab used can be enough to
demonstrate some improvement or desired effect, when used in combination with one or more of
the sur-binding proteins provided herein. In some embodiments, the amount of Cetuximab used
can be 0.01, 0.1, 1, 10, 50, 100, 150, 200, 500, 1,000, 10,000, 100,000, 1,000,000, 10,000,000, or
100,000,000 nM, including any range defined between any two of these values. In some
embodiments, any one of these values and/or ranges can be combined with 0.01, 0.1, 1, 10, 50,
100, 150, 200, 500, 1,000, 10,000, 100,000, 1,000,000, 10,000,000, or 100,000,000 nM
(including any range defined with any two of these values) of any of the sur-binding proteins
provided herein (for example, 2817-C01 and/or 2716-F05).

[0328] In some embodiments, the amount of panitimumab used can be enough to
demonstrate some improvement or desired effect when used in combination with one or more of
the sur-binding proteins provided herein. In some embodiments, the amount of Panitimumab
used can be 0.01, 0.1, 1, 10, 50, 100, 150, 200, 500, 1,000, 10,000, 100,000, 1,000,000,
10,000,000, or 100,000,000 nM including any range defined between any two of these values. In

some embodiments, any one of these values and/or ranges can be combined with 0.01, 0.1, 1, 10,
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50, 100, 150, 200, 500, 1,000, 10,000, 100,000, 1,000,000, 10,000,000, or 100,000,000 nM
(including any range defined with any two of these values) of any of the sur-binding proteins
provided herein (for example, 2817-C0O1 and/or 2716-F05).

[0329] In some embodiments, the amount of Ab B and/or Ab A used can be enough
to demonstrate some improvement or desired effect, when used in combination with one or more
of the sur-binding proteins provided herein. In some embodiments, the amount of Ab B and/or
Ab A used can be 0.01, 0.1, 1, 10, 50, 100, 150, 200, 500, 1,000, 10,000, 100,000, 1,000,000,
10,000,000, or 100,000,000 nM, including any range defined between any two of these values.
In some embodiments, any one of these values and/or ranges can be combined with 0.01, 0.1, 1,
10, 50, 100, 150, 200, 500, 1,000, 10,000, 100,000, 1,000,000, 10,000,000, or 100,000,000 nM
(including any range defined with any two of these values) of any of the sur-binding proteins
provided herein (for example, 2817-C01 and/or 2716-F05).

[0330] In some embodiments, the amount of any of the sur-binding proteins provided
herein (for example, 2817-CO1 and/or 2716-F05) can be used at an amount of at least 0.001
mg/kg of subject weight, e.g., 0.001, 0.01, 0.1, 1, 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100 mg/kg
of subject weight, including any range defined between any two of the preceding values. In some
embodiments, the amount of the sur-binding protein used is from 0.1 to 100 mg/kg.

[0331] In some embodiments, in the combination of any of the antibodies noted
herein and any of the sur-binding proteins, the amount of any of the antibodies provided herein
can be used in an amount of at least 0.001 mg/kg of subject weight, e.g., 0.001, 0.01, 0.1, 1, 10,
20, 30, 40, 50, 60, 70, 80, 90, or 100 mg/kg of subject weight, including any range defined
between any two of the preceding values. In some embodiments, the amount of the antibody
used is from 0.1 to 100 mg/kg. In some embodiments, more sur-binding protein is used than
antibody. In some embodiments, more antibody is used than sur-binding protein. In some
embodiments, an approximately equal amount of the antibody and sur-binding protein is used.

[0332] In some embodiments, the result of the combination is a superior degree of
inhibition. In some embodiments, the degree of inhibition is greater than what would have been
achieved with one or the other compound. In some embodiments, the effectiveness of the
compound is greater at lower concentrations of the individual compounds (that is, the potency of

the combination is superior). In some embodiments, the effectiveness of a compound that was
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previously ineffective in the presence of NRG (such as trastuzumab) can still provide a boost in
effectiveness in the presence of NRG, when combined with one of the sur-binding proteins. In
some embodiments, the effectiveness of a compound that was previously ineffective in the
absence of NRG can still provide a boost in effectiveness in the absence of NRG, when
combined with one of the sur-binding proteins. In some embodiments, a sur-binding protein
combination with trastuzumab is more potent (e.g., 1, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, or
100%) and/or more effective (e.g., 1, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100%), than a
pertuzumab/trastuzumab combination of a same amount. In some embodiments, the sur-binding
protein is a) effective in the presence of NRG and in the absence of NRG, and b) provides a
further benefit when combined with GDC-0941, lapatinib, trastuzumab, pertuzumab,
panitimumab, and/or cetuximab. In some embodiments, the sur-binding protein combination can
afford a superior tumor growth control and/or decreased resistance than compared to ErbB2
antibodies.

[0333] In some embodiments, one or more of the SBPs or antigen binding portions
thereof, can down regulate AKT phosphorylation/ErbB3 phosphorylation. In some
embodiments, the phosphorylation that is reduced is related to NRG stimulation. Thus, in some
embodiments, the SBPs or antigen binding portions thereof, can down regulate AKT
phosphorylation that is relevant to NRG signaling to ErbB3. In some embodiments, the
phosphorylation that is reduced is unrelated to NRG stimulation. In some embodiments, one or
more of the SBPs or antigen binding portions thereof, can down regulate the signaling. In some
embodiments, the phosphorylation can be reduced in ErbB2 overexpressing cells even when
NRG is not present. In some embodiments, the SBP can reduce ligand-induced activation of
ErbB3 and of the AKT and/or ERK signaling pathways in cells that overexpress ErbB2. In some
embodiments, the SBP can reduce and/or inhibit ligand-induced phosphorylation of AKT,
ErbB3, and/or ERK1/2. In some embodiments, any one or more of the SBPs provided herein are
more potent (in inhibiting phosphorylation) than the antibodies Ab B, Ab A or pertuzumab. In
some embodiments, the SBPs comprise at least 2716-FO05 and/or 2817-C0l. In some
embodiments, any one or more of the SBPs presented herein can reduce proliferation and/or
intracellular signaling. In some embodiments, the SBPs can reduce tumor growth in vivo in both

ErbB2-overexpressing and non-overexpressing cells. In some embodiments, the SBP is at least
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as effective as at least one or more of: cetuximab, panitimumab, pertuzumab, trastuzumab, Ab B,
or Ab A. In some embodiments, the SBP is at least as effective as one or more of cetuximab,
panitimumab, pertuzumab, trastuzumab, Ab B, or Ab A and the SBP is more potent. In some
embodiments, the SBP is at least 1% more potent, e.g., 1, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90,
100, 200, 300, 500, 1000, 5000, 10,000, 100,000, 1,000,000, or 10,000,000 percent more potent,
including any range of potencies defined between any two of the preceding values. In some
embodiments, the SBP acts to reduce cell proliferation in a manner that is not limited to a NRG-
stimulated growth mechanism. In some embodiments, the SBPs can work via a mechanism of
action that is distinct from other ErbB approaches (e.g., independent of NRG), and still maintain
an ability to augment EGFR inhibitors (e.g., any of the inhibitors provided herein). In some
embodiments, the sur-binding protein decreases cell surface ErbB3 In some embodiments, the
sur-binding protein decreases cell surface expression of ErbB3.

[0334] In some embodiments, any one or more of the SBPs can augment another
(non-SBP and/or non-ErbB3) drug that inhibits EGFR. In some embodiments, the SBPs are
administered or included in a composition without another active ingredient (and/or without a
different ErbB3 inhibitor).

[0335] In some embodiments, the SBPs or antigen binding portions thereof, are
effective against cells that are resistant to EGFR antibodies. In some embodiments, the SBPs or
antigen binding portions thereof, are effective against cells that are resistant to inhibitors of
EGFR tyrosine kinase activity. In some embodiments, the SBPs or antigen binding portions
thereof, are effective against cells bearing K-ras gene variants. In some embodiments, the SBPs
or antigen binding portions thereof, is effective against lung cancer. In some embodiments, the
SBPs or antigen binding portions thereof, is effective for a subject having lung cancer and a
mutation in a K-ras gene. In some embodiments, the SBPs or antigen binding portions thereof, is
effective for a subject having pancreatic cancer and a mutation in a K-ras gene. In some
embodiments, one first tests a subject for the presence or absence of a K-ras gene variation. In
situations where the subject has a K-ras point mutation, the subject is administered a SBPs or
antigen binding portions thereof, as disclosed herein.

[0336] In some embodiments, the SBP is effective at reducing mean tumor burden at

levels at least as effectively as Ab A and/or Ab B. In some embodiments, the SBP can delay
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tumor growth by at least 10, 15, 20, 25, 30, 35, 40, 45, 50, 54, 55, 56, 60, 62, 65, 70, 75, 80, 84,
85, 90, 95, 98, 99, 99.9% or more (including any range above any one of the preceding values).
[0337] In some embodiments, the SBP can prolong survival in a mouse model for at
least some percentage of a population of mice out past 60 days. In some embodiments, the SBP
can exend survival to more than 10% of a mouse population to, and/or beyond, 70, 75, or 80
days. In some embodiments, the SBP can exend survival to more than 20% of a mouse
population to, and/or beyond, 70, 75, or 80 days. In some embodiments, the SBP can exend

survival to about 30% of a mouse population to, and/or beyond, 70, 75, or 80 days.

Sur-binding protein-Based Therapeutic/Prophylactic Composition and Administration Thereof

[0338] Some embodiments provide methods of treatment, inhibition, and prophylaxis
by administration to a subject of an effective amount of a SBP or antigen binding portion
thereof,. In some embodiments, the SBP or antigen binding portion thereof, is substantially
purified (e.g., substantially free from substances that limit its effect or produce undesired side
effects). The subject can be an animal, including but not limited to animals such as cows, pigs,
horses, chickens, cats, and dogs, and is preferably a mammal, and in some embodiments a
human.

[0339] Various delivery systems are known and can be used to administer a SBP ,
e.g., encapsulation in liposomes, microparticles, microcapsules, recombinant cells capable of
expressing the SBPs or antigen binding portions thereof, receptor-mediated endocytosis (see,
e.g., Wu and Wu, J. Biol. Chem. 262:4429-4432, 1987), construction of a nucleic acid as part of
a retroviral or other vector, etc. Methods of introduction include but are not limited to
intradermal, intramuscular, intraperitoneal, intravenous, subcutaneous, intranasal, epidural, and
oral routes. The SBPs or antigen binding portions thereof, can be administered by any convenient
route, for example by infusion or bolus injection, by absorption through epithelial or
mucocutaneous linings (e.g., oral mucosa, rectal and intestinal mucosa, etc.), and can be
administered together with other biologically active agents. Administration can be systemic or
local. In addition, it can be desirable to introduce the SBP or antigen binding portion thereof into
the central nervous system by any suitable route, including intraventricular and intrathecal

injection; intraventricular injection can be facilitated by an intraventricular catheter, for example,
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attached to a reservoir, such as an Ommaya reservoir. Pulmonary administration can also be
employed, e.g., by use of an inhaler or nebulizer, and formulation with an aerosolizing agent.

[0340] In some embodiments, it may be desirable to administer the SBPs or antigen
binding portions thereof, and/or antibodies locally to the area in need of treatment; this can be
achieved by, for example, and not by way of limitation, local infusion during surgery, topical
application, e.g., in conjunction with a wound dressing after surgery, by injection, by means of a
catheter, by means of a suppository, or by means of an implant, said implant being of a porous,
non-porous, or gelatinous material, including membranes, such as sialastic membranes, or fibers.
In some embodiments, when administering a SBP or antigen binding portion thereof,, care can be
taken to use materials to which the SBP or antigen binding portion thereof, does not absorb.

[0341] In some embodiments, the SBPs, antigen binding portions thereof, and
antibodies can be delivered in a vesicle, in particular a liposome (see Langer, Science 249:1527-
1533, 1990; and Treat et al., in Liposomes in the Therapy of Infectious Disease and Cancer,
Lopez-Berestein and Fidler (eds.), Liss, New York, pp. 353-365, 1989).

[0342] In some embodiments, the SBP or antigen binding portion thereof, can be
delivered in a controlled release system. In some embodiments, a pump can be used (see Langer,
supra; Sefton, CRC Crit. Ref. Biomed. Eng. 14:201, 1987; Buchwald et al., Surgery 88:507,
1980; Saudek et al., N. Engl. J. Med. 321:574, 1989). In some embodiments, polymeric materials
can be used (see Medical Applications of Controlled Release, Langer and Wise (eds.), CRC
Pres., Boca Raton, Fla. (1974); Controlled Drug Bioavailability, Drug Product Design and
Performance, Smolen and Ball (eds.), Wiley, N.Y. (1984); Ranger and Peppas, J., 1983,
Macromol. Sci. Rev. Macromol. Chem. 23:61; see also Levy et al., 1985, Science 228:190;
During et al., 1989, Ann. Neurol. 25:351; Howard et al., 1989, J. Neurosurg. 71:105). In some
embodiments, a controlled release system can be placed in proximity of the therapeutic target,
e.g., an affected organ of the body, such as the brain, lungs, kidney, liver, ovary, testes, colon,
pancreas, breast, and skin, thus requiring only a fraction of the systemic dose (see, e.g., Goodson,
in Medical Applications of Controlled Release, supra, vol. 2, pp. 115-138 (1984)). Other
controlled release systems are discussed in the review by Langer (1990, Science 249:1527-1533).

[0343] SBPs, antigen binding portions thereof, and/or antibodies can also be provided

in a pharmaceutical composition. Such compositions can comprise a therapeutically effective
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amount of a SBP, antigen binding portion thereof, and/or antibody and a pharmaceutically
acceptable carrier. In some embodiments, the term "pharmaceutically acceptable” means
approved by a regulatory agency of the Federal or a state government or listed in the U.S.
Pharmacopeia or other generally recognized pharmacopeia for use in animals, and more
particularly in humans. The term "carrier” refers to a diluent, adjuvant, excipient, or vehicle with
which the therapeutic is administered. Such pharmaceutical carriers can be sterile liquids, such as
water and oils, including those of petroleum, animal, vegetable or synthetic origin, such as peanut
oil, soybean oil, mineral oil, sesame oil and the like. Water is a preferred carrier when the
pharmaceutical composition is administered intravenously. Saline solutions and aqueous
dextrose and glycerol solutions can also be employed as liquid carriers, particularly for injectable
solutions. Suitable pharmaceutical excipients include starch, glucose, lactose, sucrose, gelatin,
malt, rice, flour, chalk, silica gel, sodium stearate, glycerol monostearate, talc, sodium chloride,
dried skim milk, glycerol, propylene, glycol, water, ethanol and the like. The composition, if
desired, can also contain minor amounts of wetting or emulsifying agents, or pH buffering
agents. These compositions can take the form of solutions, suspensions, emulsion, tablets, pills,
capsules, powders, sustained-release formulations and the like. The composition can be
formulated as a suppository, with traditional binders and carriers such as triglycerides. Oral
formulation can include standard carriers such as pharmaceutical grades of mannitol, lactose,
starch, magnesium stearate, sodium saccharine, cellulose, magnesium carbonate, etc. Examples
of suitable pharmaceutical carriers are described in "Remington: The Science and Practice of
Pharmacy," A. R. Gennaro, ed. Lippincott Williams & Wilkins, Philadelphia, Pa. (20th Ed.,
2003). Such compositions will contain a therapeutically effective amount of the compound,
preferably in purified form, together with a suitable amount of carrier so as to provide the form
for proper administration to the patient. The formulation should suit the mode of administration.
[0344] In some embodiments, the composition is formulated in accordance with
routine procedures as a pharmaceutical composition adapted for intravenous administration to
human beings. Typically, compositions for intravenous administration are solutions in sterile
1sotonic aqueous buffer. Where necessary, the composition can also include a solubilizing agent
and a local anesthetic such as lignocaine to ease pain at the site of the injection. Generally, the

ingredients are supplied either separately or mixed together in unit dosage form, for example, as
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a dry lyophilized powder or water free concentrate in a hermetically sealed container such as an
ampoule or sachette indicating the quantity of active agent. Where the composition is to be
administered by infusion, it can be dispensed with an infusion bottle containing sterile
pharmaceutical grade water or saline. Where the composition is administered by injection, an
ampoule of sterile water for injection or saline can be provided so that the ingredients can be
mixed prior to administration.

[0345] The SBPs or antigen binding portions thereof, when formulated in
pharmaceutical compositions, can be formulated as neutral or salt forms. Pharmaceutically
acceptable salts include those formed with anions such as those derived from hydrochloric,
phosphoric, acetic, oxalic, tartaric acids, etc., and those formed with cations such as those
derived from sodium, potassium, ammonium, calcium, ferric hydroxides, isopropylamine,
triethylamine, 2-ethylamino ethanol, histidine, or procaine.

[0346] The amount of SBP, antigen binding portion thereof, and/or antibody that will
be effective in the treatment, inhibition and prevention of a disease or disorder associated with
aberrant expression and/or activity of a cell surface receptor can be determined by standard
clinical techniques, in light of the disclosure presented herein. In addition, in vitro assays can
optionally be employed to help identify optimal dosage ranges. The precise dose to be employed
in the formulation will also depend on the route of administration, and the seriousness of the
disease or disorder, and should be decided according to the judgment of the practitioner and each
patient's circumstances. Effective doses can be extrapolated from dose-response curves derived
from in vitro or animal model test systems.

[0347] For SBPs or antigen binding portions thereof, the dosage administered to a
patient is typically 0.1 mg/kg to 100 mg/kg of the patient's body weight. Preferably, the dosage
administered to a patient is between 0.1 mg/kg and 20 mg/kg of the patients body weight, more
preferably 1 mg/kg to 20 mg/kg of the patient's body weight. The dosage and frequency of
administration of SBPs or antigen binding portions thereof, can be reduced by enhancing uptake
and tissue penetration of the SBP or antigen binding portion thereof, by modifications such as,
for example, lipidation.

[0348] In some embodiments, any of the disclosed SBPs can be used for the

preparation of a medicament for the treatment of any of the above disorders.
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[0349] In another aspect, the present invention provides a composition, e.g., a
pharmaceutical composition, containing one or a combination of a SBPs, antigen binding
portions thereof, and/or antibodies thereof disclosed herein, formulated together with a
pharmaceutically acceptable carrier. In some embodiments, the compositions include a
combination of multiple (e.g., two or more) isolated agents, which bind different epitopes on
ErbB3.

[0350] 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
active agent, i.e., SBP or binding portion thereof, antibody or fragment, bispecific and
multispecific molecule, can be coated in a material to protect the agent from the action of acids
and other natural conditions that can inactivate it.

[0351] A "pharmaceutically acceptable salt" refers to a salt that retains the desired
biological activity of the parent compound and does not impart any undesired toxicological
effects (see e.g., Berge, S. M., et al. (1977) J. Pharm. Sci. 66:1-19). Examples of such salts
include acid addition salts and base addition salts. Acid addition salts include those derived from
nontoxic inorganic acids, such as hydrochloric, nitric, phosphoric, sulfuric, hydrobromic,
hydroiodic, phosphorous and the like, as well as from nontoxic organic acids such as aliphatic
mono- and dicarboxylic acids, phenyl-substituted alkanoic acids, hydroxy alkanoic acids,
aromatic acids, aliphatic and aromatic sulfonic acids and the like. Base addition salts include
those derived from alkaline earth metals, such as sodium, potassium, magnesium, calcium and
the like, as well as from nontoxic organic amines, such as N,N'-dibenzylethylenediamine, N-
methylglucamine, chloroprocaine, choline, diethanolamine, ethylenediamine, procaine and the
like.

[0352] Pharmaceutical compositions can comprise other agents. For example, the
composition can include at least one or more additional therapeutic agents, such as the anti-
cancer agents described infra. The pharmaceutical compositions can also be administered in

conjunction with radiation therapy and/or surgery. Alternately a composition can be separately
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co-administered with at least one or more additional therapeutic agents, such as the anti-cancer
agents described infra.

[0353] For the therapeutic compositions, formulations of the present disclosure
include those suitable for oral, nasal, topical (including buccal and sublingual), transdermal,
subcutaneous, intrathecal, intraspinal, rectal, vaginal and/or parenteral administration. The
formulations can conveniently be presented in unit dosage form and can be prepared by any
methods known in the art of pharmacy. The amount of active ingredient which can be combined
with a carrier material to produce a single dosage form will vary depending upon the subject
being treated, and the particular mode of administration. The amount of active ingredient which
can be combined with a carrier material to produce a single dosage form will generally be that
amount of the composition which produces a therapeutic effect. Generally, out of one hundred
per cent, this amount will range from about 0.001 per cent to about ninety percent of active
ingredient, preferably from about 0.005 per cent to about 70 per cent, most preferably from about
0.01 per cent to about 30 per cent.

[0354] Formulations of the present disclosure which are suitable for vaginal
administration also include pessaries, tampons, creams, gels, pastes, foams or spray formulations
containing such carriers as are known in the art to be appropriate. Dosage forms for the topical or
transdermal administration of compositions include powders, sprays, ointments, pastes, creams,
lotions, gels, solutions, patches and inhalants. The active agent can be mixed under sterile
conditions with a pharmaceutically acceptable carrier, and with any preservatives, buffers, or
propellants which may be required.

[0355] The phrases "parenteral administration” and "administered parenterally” as
used herein means modes of administration other than enteral and topical administration, usually
by injection, and includes, without limitation, intravenous, intramuscular, intraarterial,
intrathecal, intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal, transtracheal,
subcutaneous, subcuticular, intraarticular, subcapsular, subarachnoid, intraspinal, epidural and
intrasternal injection and infusion.

[0356] Examples of suitable aqueous and nonaqueous carriers which can be
employed in the pharmaceutical compositions include water, ethanol, polyols (such as glycerol,

propylene glycol, polyethylene glycol, and the like), and suitable mixtures thereof, vegetable oils,
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such as olive oil, and injectable organic esters, such as ethyl oleate. Proper fluidity can be
maintained, for example, by the use of coating materials, such as lecithin, by the maintenance of
the required particle size in the case of dispersions, and by the use of surfactants.

[0357] These compositions can also contain adjuvants such as preservatives, wetting
agents, emulsifying agents and dispersing agents. Particular examples of adjuvants which are
well-known in the art include, for example, inorganic adjuvants (such as aluminum salts, e.g.,
aluminum phosphate and aluminum hydroxide), organic adjuvants (e.g., squalene), oil-based
adjuvants, virosomes (e.g., virosomes which contain a membrane-bound hemagglutinin and
neuraminidase derived from the influenza virus).

[0358] Prevention of presence of microorganisms can be ensured both by sterilization
procedures, supra, and by the inclusion of various antibacterial and antifungal agents, for
example, paraben, chlorobutanol, phenol sorbic acid, and the like. It can also be desirable to
include isotonic agents, such as sugars, sodium chloride, and the like into the compositions.

[0359] In addition, prolonged absorption of the injectable pharmaceutical form can be
brought about by the inclusion of agents which delay absorption such as aluminum monostearate
and gelatin.

[0360] When the SBPs of the present disclosure are administered as pharmaceuticals,
to humans and animals, they can be given alone or as a pharmaceutical composition containing,
for example, 0.001 to 90% (more preferably, 0.005 to 70%, such as 0.01 to 30%) of active
ingredient in combination with a pharmaceutically acceptable carrier.

[0361] Regardless of the route of administration selected, the SBPs of the present
disclosure, which can be used in a suitable hydrated form, and/or the pharmaceutical
compositions of the present disclosure, are formulated into pharmaceutically acceptable dosage
forms by conventional methods known to those of skill in the art.

[0362] Actual dosage levels of the active ingredients in the pharmaceutical
compositions of the present disclosure can be varied so as to obtain an amount of the active
ingredient which is effective to achieve the desired therapeutic response for a particular patient,
composition, and mode of administration, without being toxic to the patient. The selected dosage
levels will depend upon a variety of pharmacokinetic factors including the activity of the

particular compositions employed, or, for compounds co-administered with antibodies or
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fragments thereof provided herein, the ester, salt or amide thereof, the route of administration,
the time of administration, the rate of excretion of the particular agent being employed, the
duration of the treatment, other drugs, compounds and/or materials used in combination with the
particular compositions employed, the age, sex, weight, condition, general health and prior
medical history of the patient being treated, and like factors well known in the medical arts. A
physician or veterinarian having ordinary skill in the art can readily determine and prescribe the
effective amount of the pharmaceutical composition required. For example, the physician or
veterinarian can start doses of the antibodies or fragments thereof employed in the
pharmaceutical composition at levels lower than that required in order to achieve the desired
therapeutic effect and gradually increase the dosage until the desired effect is achieved. In
general, a suitable daily dose of a composition will be that amount which provides the lowest
dose effective to produce a therapeutic effect. Such an effective dose will generally depend upon
the factors described above. It is preferred that administration be intravenous, intramuscular,
intraperitoneal, or subcutaneous, preferably administered proximal to the site of the target. If
desired, the effective daily dose of a therapeutic composition can be administered as two, three,
four, five, six or more sub-doses administered separately at appropriate intervals throughout the
day, optionally, in unit dosage forms. While it is possible for a SBP, antigen binding portions
thereof, and/or antibody of the present disclosure to be administered alone, it is preferable to
administer the SBP, antigen binding portions thereof, and/or antibody as a pharmaceutical
formulation (composition).

[0363] Therapeutic compositions can be administered with medical devices known in
the art. For example, in a preferred embodiment, a therapeutic composition can be administered
with a needleless hypodermic injection device, such as the devices disclosed in U.S. Pat. Nos.
5,399,163, 5,383,851, 5,312,335, 5,064,413, 4,941,880, 4,790,824, or 4,596,556. Examples of
well-known implants and modules useful include: U.S. Pat. No. 4,487,603, which discloses an
implantable micro-infusion pump for dispensing medication at a controlled rate; U.S. Pat. No.
4.,486,194, which discloses a therapeutic device for administering medications through the skin;
U.S. Pat. No. 4,447,233, which discloses a medication infusion pump for delivering medication
at a precise infusion rate; U.S. Pat. No. 4,447,224, which discloses a variable flow implantable

infusion apparatus for continuous drug delivery; U.S. Pat. No. 4,439,196, which discloses an
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osmotic drug delivery system having multi-chamber compartments; and U.S. Pat. No. 4,475,196,
which discloses an osmotic drug delivery system. Many other such implants, delivery systems,
and modules are known to those skilled in the art. In some embodiments, the SBPs or antigen
binding portions thereof, can be administered intravenously, transdermally, subcutaneously,
intraperitoneally, intrathecally, epidurally, and/or spinal.

[0364] In certain embodiments, compositions disclosed herein can be formulated to
ensure proper distribution in vivo. For example, the blood-brain barrier (BBB) excludes many
highly hydrophilic compounds. To ensure that therapeutic compounds in compositions cross the
BBB (if desired), they can be formulated, for example, in liposomes. For methods of
manufacturing liposomes, see, e.g., U.S. Pat. Nos. 4,522,811; 5,374,548; and 5,399,331. The
liposomes can comprise one or more moieties which are selectively transported into specific cells
or organs, thus enhance targeted drug delivery (see, e.g., V. V. Ranade (1989) J. Clin. Pharmacol.
29:685). Exemplary targeting moieties include folate or biotin (see, e.g., U.S. Pat. No. 5,416,016
to Low et al.); mannosides (Umezawa et al., (1988) Biochem. Biophys. Res. Commun.
153:1038); antibodies (P. G. Bloeman et al. (1995) FEBS Lett. 357:140; M. Owais et al. (1995)
Antimicrob. Agents Chemother. 39:180); surfactant protein A receptor (Briscoe et al. (1995) Am.
J. Physiol. 1233:134), different species of which can comprise the formulations, as well as
components of the invented molecules; p 120 (Schreier et al. (1994) J. Biol. Chem. 269:9090);
see also K. Keinanen; M. L. Laukkanen (1994) FEBS Lett. 346:123; J. J. Killion; 1. J. Fidler
(1994) Immunomethods 4:273.

[0365] In some embodiments, the SBP compound or composition includes more than
one SBP or antigen binding portions thereof, and/or antibody. In some embodiments, the
composition comprises at least one SBP or antigen binding portions thereof, that binds ErbB3.
In some embodiments, the composition comprises at least one SBP or antigen binding portions
thereof, that binds ErbB3 and a second SBP or antigen binding portions thereof, that binds
ErbB3. In some embodiments, the two or more SBPs or antigen binding portions thereof, bind to
different epitopes or do not compete with one another for binding to ErbB3. In some
embodiments, the two or more SBPs or antigen binding portions thereof, bind to similar or

overlapping epitopes.
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[0366] In some embodiments, the composition comprises at least one SBP or antigen
binding portion thereof, that binds ErbB3 and a second SBP or antigen binding portion thereof,
that binds ErbB1. In some embodiments, the composition comprises at least one SBP or antigen
binding portion thereof, that binds ErbB3 and a second SBP or antigen binding portion thereof,
that binds ErbB2. In some embodiments, the composition comprises at least one SBP or antigen
binding portion thereof, that binds ErbB3 and a second SBP or antigen binding portion thereof,
that binds ErbB4. In some embodiments, the composition comprises at least one SBP or antigen
binding portion thereof, that binds ErbB3 and an antibody that binds that ErbB1. In some
embodiments, the composition comprises at least one SBP or antigen binding portion thereof,
that binds ErbB3 and an antibody that binds ErbB2. In some embodiments, the composition
comprises at least one SBP or antigen binding portion thereof, that binds ErbB3 and an antibody
that binds ErbB3. In some embodiments, the composition comprises at least one SBP or antigen
binding portion thereof, that binds ErbB3 and an antibody that binds ErbB4. In some
embodiments, the composition comprises at least one SBP that binds ErbB3 and an antibody that
binds ErbB2. For these aforementioned embodiments, the SBPs can either be a single bispecific
construct or a pair of constructs

[0367] In some embodiments, one can combine a SBP or antigen binding portion
thereof that binds ErbB3 and a second SBP or antigen binding portion thereof, that binds, with
one or more growth factors, non-ErbB receptors, and/or immune cell recruitment specificities to
increase tumor cell killing. For these embodiments, the SBPs can either be a single bispecific
construct or a pair of constructs.

[0368] In some embodiments, a SBP or antigen binding portion thereof, can be
combined with one or more traditional chemotherapeutic, growth factor tyrosine kinase inhibitor,
protein kinase inhibitor, caspase or apoptotic activators, microtubule inhibitors (e.g. taxanes),
estrogen receptor inhibitors (tamoxifin), and/or aromatase inhibitors, HSP90 inhibitors.

[0369] In some embodiments, any of the methods provided herein can employ any of

the compositions, compounds, kits, SBPs, SBP combinations, etc. disclosed herein.

Kits
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[0370] Some embodiments also encompass kits for use in detecting cells expressing
or overexpressing target molecules in vivo, or in biological samples. In some embodiments, the
kits contain SBPs or antigen binding portions thereof, targeted to ErbB3. Depending on use, the
SBP or antigen binding portion thereof, can be functionalized with linkers or chelators, or both,
for coupling to an effector (e.g. a radioactive moiety, a liposome, a cytotoxin, an antibody, a SBP
or antigen binding portion thereof, etc.) as described herein. The kits optionally further comprise
buffers and compositions to be used for detection of the SBP or antigen binding portion thereof.

[0371] The kits can also include instructional materials teaching the use of the SBPs
or antigen binding portions thereof, for detecting, e.g. cancer cells, and/or teaching the
combination of the SBPs or antigen binding portions thereof, with functionalizing reagents or
teaching the use of functionalized SBPs or antigen binding portions thereof, for imaging and/or
therapeutic applications. In some embodiments, the SBPs or antigen binding portions thereof, is
provided functionalized with a linker and/or a chelator (in one container) along with one or more
effectors, e.g. cytotoxins, radioactive labels (in a second container) such that the two components
can be separately administered (e.g. in pre-targeting approaches) or such that the two components
can be administered shortly before use.

[0372] Certain instructional materials can provide recommended dosage regimen,
counter indications, and the like. While the instructional materials typically comprise written or
printed materials, any medium capable of storing such instructions and communicating them to
an end user is contemplated. Such media include, but are not limited to electronic storage media
(e.g., magnetic discs, tapes, cartridges, chips), optical media (e.g., CD ROM), and the like, or
internet locations that provide the instructions. In some embodiments, a pharmaceutical pack or
kit comprising one or more containers filled with one or more of the ingredients of the
pharmaceutical compositions of the SBP is also provided. Optionally associated with such
container(s) can be a notice in the form prescribed by a governmental agency regulating the
manufacture, use or sale of pharmaceuticals or biological products, which notice reflects
approval by the agency of manufacture, use or sale for human administration.

[0373] In some embodiments, any of the disclosed SBPs can be part of a kit for the
treatment of one of the above disorders. In some embodiments, the kit will include a unit dose to

be administered to a subject 1, 2, 3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,

102



WO 2013/016714 PCT/US2012/048730

22, 23, or 24 times a day, or as infrequently as 1, 2, 3, 4, or 5 times a month. In some
embodiments, the composition is configured for subcutaneous, or IV administration.

[0374] Some embodiments provided herein provide a unique, high affinity, antigen-
binding structure composed of an immunoglobulin heavy chain and an invariant surrogate light
chain. Some of these SBPs are predicted to work by a previously unrecognized mechanism of
action. As a consequence, they not only inhibited cell proliferation and intracellular signaling
driven by stimulation with the ErbB3 ligand neuregulin (NRG), but also inhibit signaling and
proliferation that was driven by overexpression of ErbB2. In addition, some of these SBPs
inhibited tumor growth in vivo in both ErbB2-overexpressing and non-overexpressing cells. In
ErbB2 overexpressing cells, both of the anti-ErbB3 SBPs significantly augmented the activities
of agents that inhibit cell proliferation by different mechanisms. Moreover, although NRG
diminished the efficacy of these agents, when they were combined with anti-ErbB3 SBPs the
effect of NRG was abrogated. In this capacity, the anti-ErbB3 SBPs were more effective than an
ErbB2/ErbB3 dimerization inhibitory antibodies. Despite the fact that these SBPs appear to
engage ErbB3 differently than previously described anti-ErB3 antibodies currently undergoing
clinical testing, in some embodiments, they can retain one or more (even all) of the beneficial
characteristics of this class of agents. In some embodiments, these anti-ErbB3 agents therefore
show greater therapeutic applicability than previously described anti-ErbB3 antibodies for
development as single agents, in combination with other ErbB directed antibodies or small
molecules.

[0375] In some embodiments, the SBP binds ErbB3 selectively over EGFR and
ErbB2. In some embodiments, the SBP is amenable to all chromatography methods for antibody
purification. In some embodiments, 89-154 mg/L. of pure protein can be collected from transient
expression in HEK293 cells, for example, 90-150 or 80-160 mg/L.. In some embodiments, the
SBP is stable in buffer at room temperature for at least 1 year, for example, 1.1, 1.2, 1.3, 1.4, 1.5,
2 or more years at 25, 27, or 28 degrees Celsius. In some embodiments, the SBP has protein
aggregates at about less than 3%, for example, less than 3, 2, or 1%. In some embodiments, the
protein aggregate can be greater than 3%.

[0376] In some embodiments, the SBP can have an ECs that is equal to or superior to

that shown in Table 0.5. In some embodiments, the ECsq can be lower than about 50 pM for
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human ErbB3. In some embodiments, the EC50 can be about 40 or about 50 pM for human
ErbB3. In some embodiments the ECsq can be less than about 140 pM for cell surface ErbB3. In

some embodiments the ECsg can be less than or equal to about 40 pM for cell surface FrbB3.

Table 0.5
ErbB3-Fc Cell surface receptor (flow
Target
(ELISA) cytometry)
binding £C50
BxPC-3 cells
(pM) human|murine}

(human pancreatic)
2817-CO01 41 | 124 138

2716-FO5 49 05 40

[0377] In some embodiments, the SBP selectively binds and inhibits ErbB3

signaling and cell growth in vitro and in vivo. In some embodiments, the SBP inhibits ErbB2
overexpressing tumor cell lines in vitro and in vivo. In some embodiments, the SBP is
capable of inhibiting ErbB2 overexpressing tumor cell lines in the presence or absence of
neuregulin. In some embodiments, the ErbB3 Surrobodies augment the activities of ErbB2
antibody trastuzumab to a greater extent than pertuzumab. In some embodiments, a
bispecific Surrobody targeting ErbB3 and another growth factor receptor (e.g., EGFR or any
of the others provided in the specification) demonstrate greater anti-proliferative activity than
the combination of the two monospecific SBPs.

[0378] In some embodiments, a method for suppressing a cancerous cell is
provided. The method can comprise identifying a subject having a cancerous cell, wherein
the cancerous cell expresses ErbB3, and administering to the subject an ErbB3 sur-binding
protein in an amount sufficient to bind to ErbB3 on the cancerous cell and thereby block the
Ras/Raf/MEK pathway.

[0379] In some embodiments, a method for suppressing a cancerous cell is
provided. The method can comprise identifying a subject having a cancerous cell, wherein
said cancerous cell expresses ErbB3, and administering to the subject an ErbB3 sur-binding
protein in an amount sufficient to bind to ErbB3 on the cancerous cell and thereby block the

PI3K, AKT, or PI3K and AKT pathway.
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[0380] Some breast cancer patients are unresponsive to anti-ErbB2 treatment,
such as trastuzumab. One mechanism for trastuzumab resistance in ErbB2-positive breast
cancer involves truncation of the ErbB2 such that the extracellular domain to which
trastuzumab binds is absent. ErbB2 truncation can occur by several mechanisms including
proteolytic shedding and alternative initiation of translation using internal methionine
residues that exclude trastuzumab and other epitopes. In either of these cases expression of
truncated ErbB2 (“p95 HER-2”) has been shown to be a negative prognostic factor and
defines a group of patients with significantly worse outcome.

[0381] As outlined in the examples below, in some embodiments, one can use
anti-ErbB3 antibody and/or sur-binding protein to treat anti-ErbB2 unresponsive tumors, such
as those that have truncated ErbB2. These tumors are expected to be resistant to both
trastuzumab and pertuzumab therapy. To demonstrate these benefits experimentally, one can
use a human tumor cell line bearing ErbB3 and truncated ErbB2 (p95 Her-2) and test the
ErbB3 Sur-binding proteins for inhibition of proliferation or ErbB3 mediated signaling,
similar to in vitro assays described previously. Alternatively, cultured tumor cells that bear
ErbB3, can be transiently or stably transfected or transduced to overexpress truncated Her-2.
Different deleted forms of Her-2 could be introduced to recapitulate proteolytically cleaved
or the alternatively translated forms and the resulting cell lines or pools could be tested to
demonstrate their responsiveness to anti-ErbB3.  Since the binding of anti-ErbB3 sur-
binding proteins is independent of the presence of ErbB2, and since they inhibit the growth of
ErbB2 driven tumors, they are expected inhibit growth of tumors expressing truncated ErbB2
and benefit this patient population.

[0382] As the binding of anti-ErbB3 sur-binding proteins is independent of the
presence of ErbB2, and since they inhibit the growth of ErbB2 driven tumors, they are
predicted to inhibit growth of tumors expressing truncated ErbB2 and benefit this patient
population.

[0383] In some embodiments, the SBPs and antibodies provided herein can be
used in combination with an MTOR (mammalian target of rapamycin) inhibitor. mTORC1
acts in a feedback pathway to reduce signaling through PI3K and mTORC?2. Examples of

mTOR inhibitors include, but are not limited to temsirolimus, everolimus, ridaforolimus and
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BEZ235. Inhibition of mTOR using a single agent can result in activation of upstream
receptor tyrosine kinase signaling and AKT activation. In contrast, the result of the combined
therapy is an improved inhibition of tumor growth that is at least greater than the use of the
SgG and/or the compound alone at an equivalent dose. In some embodiments, the method
can include identifying a subject at risk of developing a cancer, administering a dose of 2817-
CO01 and/or 2716-F05 (or other Sg(G) either prior to, subsequent to, or in combination with
one or more inhibitors of mTOR. The dose of the SBP can be varied, for example, an
amount that is effective on its own or an amount that is effective in combination with the
inhibitor of mTOR.

[0384] It is hypothsized that upon binding NRG, ErbB3 adopts an extended
conformation such that the canonical dimerization domain becomes available for interaction
with other members of the ErbB family. In order to determine if 2817-C0O1 or 2716-F05 are
influenced by this alteration in confiromation, ELISAs were performed to determine if the
SBPs preferentially bind to either the extended (ligand bound) or closed (non-ligand bound)
conformation of ErbB3. The results of this analysis are presented in FIG. 35 and support that
the binding abilities of the SBPs are unaffected when NRG was pre-bound to ErbB3. Thus,
in some embodiments, provided herein are SBPs and/or antibodies that can be effective even
when ErbB3 is already bound to NRG. In some embodiments, the SBP’s binding ability
shifts by less than 50 % in the presence of NRG, for example, less than 40, 30, 20, 10, 5 or 1
% of a shift will occur in binding ability when NRG is present, compared to when NRG is
absent. In some embodiments, the SBP and/or antibodies do not lock ErbB3 in a closed

conformation.

[0385] Further details of the invention are provided in the following non-limiting
Examples.
EXAMPLE 1
ISOLATION OF SURROGLOBULINS THAT BIND TO ERBB3
[0386] This example outlines the construction of a SBP (Sabs in particular)
library and the identification of SBPs (Sabs in particular) that bind ErbB3.
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[0387] Phage displayed Sab libraries were composed of CDR diversified Sabs
displayed as pllI fusions on the surface of M13 bacteriophage. Specifically, the Sabs are
comprised of heavy chains (in particular VH1 or VH3 variable domain family members
diversified in CDRs 1, 2, and 3) and the CHI region of the IgG1 heavy chain fused to pIll
protein of m13 filamentous phage, complexed with the surrogate light chain fusion 1. (Xu,
Yee et al. 2008). The design and construction of diversified heavy chains for use in phage
display is essentially as described in U.S. Pat. App. No. 20090082213 CONSTRUCTION OF
DIVERSE SYNTHETIC PEPTIDE AND POLYPEPTIDE LIBRARIES. The sequence of
the mature form of the surrogate light chain fusion 1 protein is noted in FIG. 25, SEQ ID
NO: 276.

[0388] Phagemid expression of Sab libraries was accomplished by standard
methods. TG-1 cells transformed with expression plasmids were grown to mid log (O.D. 600
~0.3) in 2-YT media supplemented with 100 mcg/ml ampicillin and 2% glucose repression
and then infected with m13KO07 helper phage and grown overnight in 2-YT media
supplemented with 100 mcg ampicillin, 70 mcg/ml kanamycin, and 200 micromolar IPTG.
Phage containing supernatants were precipitated using polyethylene glycol and PBS
resuspended phage were used to pan on immobilized ErbB3.

[0389] Panning of the libraries was performed by using either ErbB3-Fc (R&D
Systems) immobilized on the wells of a microtiter dish or on biotinylated ErbB3-Fc
immobilized on streptavidin derivatized magnetic beads (Invitrogen - Dynal).

[0390] In the plated based format, Immulon 4HBX ELISA plates were coated
with ErbB3-Fc. Plates were then blocked in PBS, 0.05% Tween 20, 4% non-fat dried milk
for 1 hour. Approximately 10"-10" CFU of phage were blocked as above and applied to the
target coated wells. To help reduce retrieval of phage that specifically bind to the Fc region
of the target, 15 ug/ml of an unrelated Fc containing protein was added to the phage solution.
In some instances, the phage population was additionally depleted of Fc binding clones by
incubation with magnetic beads coated with an unrelated Fc containing protein. Following a
two hour incubation, the wells were washed using PBS, 0.05% Tween 20. Phage were then
eluted 0.2M Glycine-HCl, pH 2.2, 1 mg/ml BSA. Eluted phage were neutralized using 2M

Tris base. The eluted phage were subjected to additional rounds of amplification and panning
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until the titer of the phage eluted from the ErbB3 coated wells exceeded the titer eluted from
the wells coated with an unrelated Fc containing protein, typically 2-4 rounds.

[0391] In bead based panning, ErbB3-Fc was biotinylated using a NHS-PEO:-
biotinylation kit (Pierce). The biotinlyated protein was then immobilized on magnetic
streptavidin beads (Dynal). Panning was carried out essentially as described above for plate
based panning except that PBS, 0.05% Tween 20, 1% BSA was used as the blocking agent.
Beads were collected magnetically following the initial phage binding and after each wash
step.

[0392] To identify phage clones that encoded ErbB3-binding Sabs, a portion of
the eluted phage were used to infect E. coli HB2151 allowing expression of periplasmic
phage-encoded Sabs. Individual clones were picked into deep-well plates and grown
overnight in 2YT containing ampicillin and 0.2 mM IPTG. Bacteria were lysed in BPERII
and the lysates were applied to ErbB3-Fc coated plates. Following washing, binding of SBPs
was detected using an HRP-conjugated anti-E tag antibody (Abcam).

[0393] The Sabs were sequenced and examples of the resulting sequences for the

specific heavy chains are shown in FIGs. 2A and 2B.

EXAMPLE 2
IDENTIFICATION OF INHIBITORS USING A FUNCTIONAL REPORTER ASSAY

[0394] To identify Sabs from the library screening that inhibit ErbB3 function, a
reporter assay was employed. Bacterial clones harboring phagemids encoding ErbB3-binding
Sabs were grown under inducing conditions and lysates were prepared using BPERIL. The
His-tagged Sabs were batch purified from the lysates using Ni-NTA beads (Qiagen)
according to the manufacturer’s instructions. The batch purified SBPs were functionally
tested using the PathHunter™ ErbB2/ErbB3 functional assay (DiscoveRx, Fremont, CA).
For 2815-B08, inhibition was tested using an SgG formatted molecule (see example 3)
expressed in mammalian cells.

[0395] The activities of the active molecules are shown in FIGs. 3A-3D. For
comparison, the activity of Pertuzumab, a monoclonal antibody that inhibits ErbB2/ErbB3

dimerization (Franklin, Carey et al. 2004) is also shown. The sequence of rhuMab
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pertuzumab (2C4) was obtained from (Adams, Allison et al. 2006). The data show that all of
the Sabs shown interfere with the ability of NRG-1 to induce ErbB2 and ErbB3 to form

heterodimers and recruit the signal transduction adaptor protein GRB.

EXAMPLE 3
MODIFICATION OF SABS TO HUMAN SURROGLOBULINs

[0396] This example outlines one way to reformat E. coli expressed monovalent
Sabs into mammalian expressed bivalent SgGs. In this example, SgGs are comprised of a
full length heavy chain framework complexed with the surrogate light chain fusion 1. (Xu,
Yee et al. 2008). The heavy chain in this example contains a human Fc gamma 1. The
sequences of the heavy chains were optimized for expression in mammalian cells by DNA
2.0 (Menlo Park, CA). Following synthesis, they were subcloned into a mammalian
expression vector such that variable regions were fused to a full length IgG1 Fe. These
constructs were co-transfected along with a surrogate light chain expression vector that was
similarly optimized for expression in mammalian cells. SgGs were transiently produced in
HEK?293-based systems essentially as described (Xu, Yee et al. 2008) "Combinatorial
surrobody libraries." Proc Natl Acad Sci U S A 105(31): 10756-61). The resulting SgGs

described in the examples were FPLC purified via Protein A chromatography.

EXAMPLE 4
SURROGLOBULINS BIND TO HUMAN ERBB3 AND MURINE ERBB3

[0397] This example demonstrates that SgGs bind to human ErbB3 and Murine
ErbB3.

[0398] Serial dilutions of anti-ErbB3 SgGs (as described in example 3) were
bound to ELISA plates coated with human ErbB3-Fc (R&D Systems). Binding was detected
using a biotinylated antibody that specifically recognizes VpreB, followed by streptavidin
HRP. Detection used a colorimetric HRP substrate. Data was analyzed via using GraphPad

Prism. The results are presented in Table 0.5 and 4.1.
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Table 4.1
Molecule | EC50 (nM) | R®
2817-C01 | 0.04 0.99
2716-F05 | 0.05 0.99
2890-A03 | 0.36 0.99
2900-B11 | 4.47 0.99

[0399] Serial dilutions of anti-ErbB3 SgGs were bound to ELISA plates coated
with murine ErbB3-Fc (R&D Systems). Binding was detected using a biotinylated antibody
that recognizes VpreB, followed by strepatvidin HRP. Detection used a colorimetric HRP
substrate. Data was analyzed via using GraphPad Prism. The results of this analysis are

presented in Table 0.5 and 4.2.

Table 4.2
Molecule | EC50 (nM) | R®
2817-C01 | 0.12 0.98
2716-F05 | 0.06 0.97
EXAMPLE 5

SURROGLOBULINS BIND TO HUMAN TUMOR CELL LINES EXPRESSING ERBB3
[0400] This example demonstrates that the SgGs bind to human tumor cells that
express ErbB3.
[0401] 2817-CO1 or 2716-F05 binding to human BxPC-3 cells was analyzed by
flow cytometry. Briefly, BXPC-3 cells were first dissociated using 0.25% trypsin, 0.2%
EDTA, washed in cold PBS, 1%BSA, and then resuspended at 3x10° cells/ml. SeGs
(described above) were added at the indicated concentrations in Staining Buffer (Becton

Dickinson) and incubated at 4 degrees C for 1 hour. Next the cells were washed in stain
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buffer and resuspended with 1:133 diluted biotinylated goat anti-human IgG (Southern
Biotech #2040-08) and incubated at 4 degrees C for 1 hour. Cells were then washed in stain
buffer and resuspended with Alexa488 conjugated streptavidin (Invitrogen #S11223) and
incubated at 4 degrees C for 1 hour. One microliter of the vital stain 7AAD (Invitrogen
#A1310) was added during the last 15 minutes of incubation. Cells were washed with stain
buffer and analyzed on a flow cytometer.

[0402] Initially, cells that had not been stained with SgG were used to establish a
gate for live cells (7TAAD negative population in FIG. 4A). Thereafter only signals arising
from this gated population were analyzed. Geometric mean fluorescence intensity for cells
stained using the indicated concentrations of SBPs were determined using FLOWJO analysis
software and EC50s were calculated using Graphpad Prism. The results are presented in
Table 0.5 and 5.1 and FIGs. 4A and 4B and demonstrate that the SBPs bind to ErbB3 that is

expressed on cells.

Table 5.1
Molecule EC50 (nM) |R?
2817-C01 0.12 0.99
2716-F05 0.04 0.99
EXAMPLE 6

SURROGLOBULINS INHIBIT BINDING OF NRG TO ERBB3

[0403] The present example demonstrates that SgGs inhibit binding of NRG to
immobilized ErbB3 on plates.

[0404] ELISA plates were coated with human ErbB3-Fc. Various concentrations
of the indicated anti-ErbB3 SBPs were then allowed to bind to the coated wells. Without
removing the anti-ErbB3 SBPs, 0.26 ug/ml recombinant human NRG1-beta 1 extracellular
domain (Ser2-lys246) (R&D Systems) was added to the wells and allowed to further
incubate for 1 hour. Bound NRG1-beta was detected using a biotinylated goat anti-NRG1-
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beta 1 extracellular domain (R&D Systems), followed by streptavidin HRP. Detection used a
colorimetric HRP substrate.

[0405] Data was analyzed using GraphPad Prism. The results of this analysis,
presented in Table 6.1 and FIG. 5, demonstrate that the SBPs inhibit the binding of NRG to

ErbB3. The degree of inhibition varies among the molecules.

Table 6.1
Molecule |IC50 (Nm) |R®
2817-C01 | 0.99 0.97
2716-F05 |0.52 0.97
2890-A03 | 1.39 0.95
2900-B11 |2.28 0.61
EXAMPLE 7
EPITOPE BINNING DATA

[0406] To determine whether the anti-ErbB3 SgGs or Sabs bind to overlapping or
distinct portions of ErbB3, competition ELISAs were performed. ELISA plates were coated
with ErbB3-Fc (R&D). After blocking, each of the competitor molecules indicated in the
figure (FIG. 6) were individually added at a concentration of 1 ug/ml and allowed to bind for
one hour. Test articles (indicated in the title to each graph: SgG for A, B and Sab for C, D,
E) were biotinylated. The indicated concentrations of each of the test articles were then
applied without removing competitor. Following 1 hour incubation, binding of the
biotinylated species was detected using streptavidin HRP using colorimetric substrate.

[0407] The results are presented in FIGs. 6A-6E. These data show that 2817-C01
and 2716-F05 strongly compete with one another for binding to ErbB3 suggesting that they
bind to identical or overlapping epitopes. Binding of 2816-D12 is also inhibited. The
binding of 2900-B11 was affected to a far lesser extent. The binding of 2890-A03 is not
affected by either 2817-C01 or 2716-F05 indicating that it binds to a different epitope. These
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molecules, all of which inhibit ErbB3 activity thus bind to several epitopes at least one of

which is clearly distinct from the others.

EXAMPLE 8
DOMAINS 1, 3 AND 4 OF ERBB3 ARE INVOLVED IN SURROGLOBULIN BINDING

[0408] The present example demonstrates the mapping of surroglobulin binding
sites on the various ErbB3 domains.

[0409] Chimeric molecules were recombinantly constructed such that single
domains derived from ErbB2 were used to replace the analogous domains in ErbB3. The
chimeric proteins were expressed in HEK 293 cells as Fc fusion proteins and purified via
protein A chromatography. The sequences of each of the chimeras tested are shown in FIGs.
7A, 7B, and 7C. In the sequence designations, the numbers indicate the derivation of each of
the domains (I-IV) in order. For example, 2-3-3-3 comprises a chimeric protein in which
domain I is from ErbB2 and the remaining domains (II — IV) are from ErbB3. 3-3-2-3
comprises a chimeric protein in which domain III is from ErbB2 and the remaining domains
(I, II, and IV) are from ErbB3. 3-3-3-2 comprises a chimeric protein in which domain IV
derives from FErbB2 and the remaining domains (I — III) derive from ErbB3.

[0410] ELISA plates were coated with each of these chimeric proteins along with
a wild-type ErbB3-Fc fusion as a control (R&D systems). 10 nM of each of the indicated
SBPs was applied to the blocked and coated wells to test for their ability to bind the chimeric
proteins. After allowing the SgGs to bind, the wells were washed, and biotinylated anti-
VpreB was added. To detect binding, strepatavidin—horseradish peroxidase was applied to
the washed wells followed by detection using a colorimetric horseradish peroxidase substrate.

[0411] The results of the binding studies for the surroglobulins to the chimeras are
shown in FIGs. 7D and 7E.  FIG. 7D shows that binding of 2900-B11 is markedly reduced
when domain I is replaced and binding of 2890-A03 is diminished. These data suggest that
domain I is important for binding of these two surroglobulins and that they bind directly to
domain I. In contrast, binding of both 2817-CO1 and 2716-F05 is fully retained when
domain I is replaced indicating that domain I is dispensible for binding of these two SgGs.

However, when domain III or IV is replaced, binding of 2817-C01 and 2716-F05 is reduced,

113



WO 2013/016714 PCT/US2012/048730

indicating that each of them requires intact domains III and IV and that the binding epitopes

for these molecules can reside within these domains (FIG. 7E).

EXAMPLE 9

SURROGLOBILINS INHIBIT PROLIFERATION OF CANCER CELL LINES

[0412] The present example demonstrates the ability of select anti-ErbB3
surroglobulins to inhibit proliferation A431 (vulval), Colo205 (colorectal) and BxPC-3
(pancreatic) human cancer cell lines.

[0413] Cells were plated at a density of 10* cells/well in 96 well plates in serum-
free medium. They were then treated with the indicated concentrations of SgGs for 30
minutes at 37 degrees C.  NRG1P was then added to a final concentration of 10 ng/ml. Cells
were allowed to grow for 96 hours and cell content was measured using Cell Titer-Glo®
(Promega).

[0414] The results presented in FIGs. 8A-8C demonstrate that 2817-C01 and
2716-F05 significantly inhibit the proliferation of epithelial tumor cell lines.

EXAMPLE 10
SURROGLOBULINS INHIBIT PROLIFERATION OF CANCER CELLS BEARING A
MUTATION IN THE K-RAS or B-RAF GENE

[0415] The present example demonstrates that surroglobulins can inhibit the
growth of cells having a mutation in the K-RAS or B-RAF gene.

[0416] A549 cells bear a point mutation in codon 12 of the ras gene. Point
mutations of ras genes are among the most frequent events in human malignancies. RAS
mutations are found in 30-50% of colorectal and lung cancers and an even higher percentage
of pancreatic cancers. K-ras gene point mutations cause constitutive activation of signaling
pathways involved in cell growth, proliferation, invasion, and metastasis, including the PI3
kinase pathway. Because the ras gene is downstream of EGFR, inhibitors of EGFR mediated
activation of proliferation are unable to inhibit proliferation.

[0417] The ability of anti-ErbB3 SgGs to inhibit proliferation of the A549 human

lung cancer cell line was tested. Cells were plated at a density of 10" cells/well in 96 well
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plates in serum-free medium. They were then treated with the indicated concentrations of
SgGs or with a neutralizing antibody against EGFR (Clone LA1 Millipore) for 30 minutes at
37 °C.  NRGI1 was then added to a final concentration of 10 ng/ml. Cells were allowed to
grow for 96 hours and cell content was measured using Cell Titer-Glo® (Promega). The
results are shown in FIG. 9.

[0418] Activating mutations in the B-RAF gene occur in approximately 50% of
melanomas as well as other tumors. The most common mutation among these is a change of
valine to glutamic acid at codon 600 (VOOOE). Activating mutations cause constitutive
downstream signaling. Colo205 cells harbor a B-RAF V600E mutation rendering them
resistant to anti-EGFR antibodies. The ability of anti-ErbB3 sur-binding proteins to inhibit
proliferation of Colo205 cells was tested using the same protocol as for A549 cells. FIG. 8B
shows that the sur-binding proteins inhibit proliferation of Colo205 cells.

[0419] Taken together, these results demonstrate that SBPs can be effective
against cells that are resistant to inhibition by antibodies to EGFR or other EGFR directed
inhibitors that are resistant as a consequence of a mutation in the K-ras, B-RAF, or other

downstream activated genes.

EXAMPLE 11
SURROGLOBULINS INHIBIT PROLIFERATION OF CANCER CELL LINES THAT
OVEREXPRESS ERBB2

[0420] Approximately 25 percent of breast cancers overexpress ErbB2.
Overexpression of this receptor in breast cancer is associated with increased disease
recurrence and worse prognosis. Overexpression also occurs in other cancer types such as
ovarian cancer, stomach cancer, and biologically aggressive forms of uterine cancer.

[0421] The ability of anti-ErbB3 SgGs to inhibit proliferation of ErbB2
overexpressing human breast cancer cell lines was tested. Cells were plated at a density of
5x10° cells/well in 96 well plates in complete DMEM/F12 medium. The cells were then
treated with the indicated concentrations of SgGs for one hour and then either 1 ng/ml

(SKBR3) or 3 ng/ml (BT474) NRG. The NRG concentrations used have been shown to
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optimally stimulate growth of the respective cell lines. Cells were allowed to grow for 3 days

(SKBR3) or 6 days (BT474) and cell content was measured using Cell Titer-Glo® (Promega).
[0422] The results, shown in FIGs. 10A (SKBR3) and 10B (BT474), demonstrate

that both 2817-CO1 and 2716-FO05 inhibit proliferation of ErbB2 overexpressing cell lines.

EXAMPLE 12
SURROGLOBULINS INHIBIT PROLIFERATION OF CELL LINES THAT
OVEREXPRESS ERBB2 IN THE ABSENCE OF EXOGENOUS NRG

[0423] The ability of ErbB3 to form dimers with the other members of the ErbB
family is thought to depend on stimulation with its ligand NRG. However, in cells that
overexpress ErbB2, evidence has been presented that ErbB2 and ErbB3 can form
heterodimers in the absence of NRG resulting in downstream AKT signaling.

[0424] The ability of anti-ErbB3 sur-binding proteins to inhibit ligand-
independent proliferation was tested. Cells were plated at a density of 5x10° cells/well in 96
well plates in complete medium. The cells were then treated with the indicated
concentrations of sur-binding proteins (see FIG. 11). Cells were allowed to grow for 6 days
and cell content was measured using Cell Titer-Glo® (Promega). FIGs. 11A, 11B, and 11C
show the results from these experiments, which demonstrate that anti-ErbB3 sur-binding
proteins potently and effectively inhibit the proliferation of the ErbB2 overexpressing breast
cancer cell lines SKBR3 and BT474, as well as inhibiting ErbB2 overexpressing gastric
cancer cell line NCI-N87 respectively. Antibodies Ab A, Ab B display little if any inhibition
of proliferation of these cell lines in the absence of NRG.

[0425] To further ascertain whether growth in these cells is NRG-independent
or whether cells might be secreting NRG and signaling in an autocrine fashion, stimulatory
activity was measured using conditioned medium from the cells. Each of the cell lines
indicated in FIG. 11D was grown for 3 days in complete medium to 85-90% confluence.
Conditioned medium from the cells was harvested and its ability to stimulate ErbB2/ErbB3
heterodimerization was determined using the PathHunter™ ErbB2/ErbB3 functional assay
(DiscoveRx, Fremont, CA) (see example 2). Various amounts of NRG, ranging from 0-30

ng/ml, were spiked into complete medium to establish the dynamic range of the assay. FIG.
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11D shows that while several of the cell lines tested secreted measurable amounts of
stimulatory factor(s) (presumed to be NRG), BT474, SKBR3, and NCI-N87 cells did not
secrete measureable quanitities (<0.12 ng/ml). This observation is in keeping with published
reports that BT474 cells do not secrete NRG.

[0426] Since the ErbB2 overexpressing cell lines in this example did not secrete
NRG and no exogenous NRG was added, the anti-ErbB3 antibodies and sur-binding proteins
inhibited proliferation in the absence of this ligand in ErbB2 overexpressing cells. It is
notable that Ab B and Ab A displayed minimal inhibition of proliferation in these ErbB2

overexpressing cell lines.

EXAMPLE 13
SgGs ENHANCE ANTIPROLIFERATIVE ACTIVITY OF OTHER ERB TARGETED
ANTIBODIES
[0427] The ability of SgGs to enhance the anti-proliferative activity of other Erb
targeted antibodies was examined. In FIG. 12A, the indicated concentrations of 2817-C01,
2716-F0O5 or a neutralizing anti-EGFR antibody (Millipore) were incubated with BxPC-3
cells for 96 hours in the presence of 10 ng/ml NRG1. To ascertain whether the combination
of anti-EGFR and anti-ErbB3 SBPs can further inhibit BxPC-3 cell proliferation, the
indicated concentrations of anti-EGFR were combined with either 200 nM 2817-CO1 or
2716-F05 and incubated with cells for 96 hours in the presence of 10 ng/ml NRG1. Cell
content was measured using Cell Titer-Glo® (Promega). These data demonstrate that
combining inhibition of EGFR signaling using an antibody and ErbB3 signaling via these
SBPs is beneficial.

[0428] The ability of SgGs to enhance the activity of Trastuzumab (an anti-ErbB2
antibody) was investigated in the ErbB2 overexpressing cell line SKBR3. FIGs. 12B and
12C show the percent inhibition of Trastuzumab alone at the indicated concentrations, or 100
nM Trastuzumab in combination with the indicated concentrations of 2817-CO1 or 2716-F05.
In FIG. 12B cells were then treated with 1 ng/ml NRG1 and allowed to proliferate for 3 days.
In FIG. 12C no NRG was added and cells were allowed to proliferate for 6 days. Cell
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content was measured using Cell Titer-Glo® (Promega). The data in FIGs. 12B and C
demonstrate that the anti-ErbB3 SgGs enhance the activity of Trastuzumab in the presence
and absence of NRG.

[0429] Similarly to EGFR and ErbB2, ErbB4 interacts with ErbB3 and activates
proliferative pathways. Combination treatment with antibodies that inhibit the activities of

ErbB4 are expected to similarly enhance the activity of the anti-ErbB3 SBPs or Sabs.

EXAMPLE 14
SURROGLOBULINS ENHANCE ANTIPROLIFERATIVE ACTIVITY OF TARGETED
KINASE INHIBITORS
[0430] The ability of 2817-CO1 and 2716-F05 to enhance the activity of targeted
agents that inhibit proliferative signaling of other growth factor receptors or of proliferative
signal transduction kinases was tested. In the first two instances the ErbB3 SBPs were tested
for their ability to enhance inhibitors of other ErbB family of growth factor receptors and in
the remaining four instances the ErbB3 SBPs were tested for their ability to enhance

inhibitors of proliferative signal transduction kinases.

EXAMPLE 14A
SURROGLOBULINS ENHANCE ANTIPROLIFERATIVE ACTIVITY OF TARGETED
ERBB KINASE INHIBITOR LAPATINIB

[0431] In this example, the results of which are shown in FIG. 13A, the ErbB3
SgGs combined with Lapatinib results in superior inhibition. Lapatinib is a dual tyrosine
kinase inhibitor that inhibits the activity of ErbB2, as well as EGFR. The ability of single
agent lapatinib or anti-ErbB3 SBPs to inhibit proliferation of unstimulated SKBR3 (Her2
overexpressing) cells was compared to combination treatments. Values to the left of the
break in the X-axis denote the level of inhibition achieved with 10 nM of the single agents
2817-CO01, 2716-F05, trastuzumab, or pertuzumab. In the combination treatments, the
concentrations of lapatinib indicated to the right of the break in the x-axis were combined

with 10 nM 2817-CO1, 2716-F05, trastuzumab or pertuzumab. Cells were allowed to grow
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for 6 days and cell content was measured using Cell Titer-Glo® (Promega).  The SgGs
enhance the activity of lapatinib to a similar extent as trastuzumab and better than
pertuzumab.

[0432] In FIG. 13B the ability of single agent lapatinib or anti-ErbB3 SBPs to
inhibit proliferation of NRG stimulated SKBR3 cells was compared to combination
treatments. Values to the left of the break in the X-axis denote the level of inhibition
achieved with 100 nM of the single agents 2817-CO01, 2716-F05, trastuzumab or pertuzumab.
In the combination treatments, the concentrations of lapatinib indicated to the right of the
break in the x-axis were combined with 100 nM 2817-C01, 2716-F05, trastuzumab or
pertuzumab in the presence of 1 ng/ml NRG. Cells were allowed to grow for 3 days and cell
content was measured using Cell Titer-Glo® (Promega). The data (FIG. 13B) showed that
the SgGs enhance the activity of lapatinib in the presence or in the absence of NRG.

[0433] FIG. 13C and 13D compare the ability of anti-ErbB3 antibodies Ab A,
Ab B and the SgGs to enhance the properties of lapatinib. Values to the left of the break in
the X-axis denote the level of inhibition achieved with 10 nM of the single agents 2817-C01,
2716-F0O5, Ab B or Ab A. In the combination treatments, the concentrations of lapatinib
indicated to the right of the break in the x-axis were combined with 10 nM 2817-C01, 2716-
FO5, Ab A or Ab B. In the absence of NRG (FIG. 13C), Ab A and Ab B fail to impact the
anti-proliferative ability of lapatinib. In the presence of NRG (FIG. 13D), Ab A and Ab B
enhance lapatinib, but to a lesser extent than 2817-C0land 2716-F05. Cells were allowed to
grow for 6 days in the absence of NRG (FIG. 13C) or 3 days in the presence of 1 ng/ml NRG
(FIG. 13D). Cell content was measured using Cell Titer-Glo® (Promega).

EXAMPLE 14B
SURROGLOBULINS ENHANCE ANTIPROLIFERATIVE ACTIVITY OF TARGETED
EGFR KINASE INHIBITOR ERLOTINIB
[0434] In this example, the results of which are shown in FIG. 13H the ErbB3
SgGs combined with erlotinib resulted in a superior inhibition. Erlotinib is a tyrosine kinase
inhibitor that inhibits the activity of EGFR. The ability of single agent erlotinib or anti-

ErbB3 SgGs to inhibit proliferation of A431 cells was compared to combination treatments.
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Values to the left of the break in the X-axis indicate the level of inhibition achieved with
single agents 2817-COl1 or 2716-F05. In the combination treatments, the indicated
concentrations of erlotinib were combined with 100 nM 2817-C0O1 or 2716-FO5. NRG1p
was added to a final concentration of 10 ng/ml. Cells were then allowed to grow for 96 hours

and cell content was measured using Cell Titer-Glo® (Promega).

EXAMPLE 14C
SURROGLOBULINS ENHANCE ANTIPROLIFERATIVE ACTIVITY OF THE
TARGETED PI3 KINASE INHIBITOR GDC-0941

[0435] In this example, the results of which are shown in FIG. 13E the ErbB3
SgGs combined with GDC-0941 resulted in a superior inhibition. GDC-0941 is a selective,
orally bioavailable inhibitor of class I PI3 kinase (PI3K). The ability of single agent GDC-
0941 or anti-ErbB3 SgGs to inhibit proliferation of unstimulated SKBR3 (Her2
overexpressing) cells was compared to combination treatments. Values to the left of the
break in the X-axis denote the level of inhibition achieved with 10 nM of the single agents
2817-CO1, 2716-FO5, trastuzumab or pertuzumab. In the combination treatments,
concentrations of GDC-0941 indicated to the right of the break in the x-axis were combined
with 10 nM 2817-CO1 or 2716-F05, trastuzumab or pertuzumab. Cells were allowed to grow
for 6 days and cell content was measured using Cell Titer-Glo® (Promega).

[0436] FIG. 13F presents data regarding the ability of the SgGs to enhance GDC-
0941 in NRG-stimulated SKBR3 cells. Values to the left of the break in the X-axis denote
the level of inhibition achieved with 100 nM of the single agents 2817-C01, 2716-F05,
trastuzumab or pertuzumab. To the right of the break, the indicated concentrations of GDC-
0941 were combined with 100 nM 2817-C01 or 2716-F05 in the presence of 1 ng/ml NRG.
Cells were allowed to grow for 3 days and cell content was measured using Cell Titer-Glo®
‘Promega).  The data in FIGs. 13E and 13F show that the SgGs enhance the activity of
GDC-0941 in the presence or in the absence of NRG.

[0437] FIG. 13G presents data that compared the ability of anti-ErbB3 antibodies
Ab A and Ab B and the SgGs to enhance the antiproliferative capacity of GDC-0941 in

unstimulated SKBR3 cells. Values to the left of the break in the X-axis denote the level of
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inhibition achieved with 10 nM of the single agents 2817-C01, 2716-F05, Ab A or Ab B. In
the combination treatments, concentrations of GDC-0941 indicated to the right of the break
in the x-axis were combined with 10 nM 2817-C01, 2716-F05, Ab A or Ab B. In the absence
of NRG, Ab A and Ab B fail to impact the anti-proliferative ability of GDC-0941. Cells
were allowed to grow for 6 days in the absence of NRG. Cell content was measured using

Cell Titer-Glo® (Promega).

EXAMPLE 14D
SURROGLOBULINS ENHANCE ANTIPROLIFERATIVE ACTIVITY OF THE
TARGETED AKT KINASE INHIBITOR MK-2206

[0438] In this example, the results of which are shown in FIGs. 13I-13L the
ErbB3 SgGs were combined with MK-2206 and resulted in a superior inhibition. The ability
of the SgGs to enhance AKT inhibition in unstimulated or NRG-stimulated SKBR3 cells was
compared. An AKT inhibitor, MK-2206, was tested against the ErbB2 overexpressing cell
lines SKBR3 (131, 13]) and BT474 (13K, 13L). The indicated amounts of MK-2206 were
applied to the cells and they were allowed to proliferate in complete medium containing 10%
fetal bovine serum for 6 days (131, 13K, 13L) or 3 days (13J). Cell content was measured
using Cell Titer-Glo® (Promega). When these cells were stimulated with 0.125 (13]) or
0.375 (13L) nM NRG, the ability of MK-2206 to inhibit cell proliferation was dramatically
reduced. Combined treatment with MK-2206 and 10 nM of either of the sur-binding protein
significantly enhanced the antiproliferative activity of MK-2206, and in NRG stimulated
cells, restored activity to a level similar to that observed in unstimulated cells. The SgGs also
augmented the activity of MK-2206 in non-ligand stimulated cells wherease Ab A and Ab B
did not augment MK-2206.

EXAMPLE 14E
SURROGLOBULINS ENHANCE ANTIPROLIFERATIVE ACTIVITY OF THE
TARGETED B-RAF KINASE INHIBITOR VEMURAFINIB
[0439] In this example, the results of which are shown in FIG. 13M the ErbB3

SgGs were combined with vemurafinib, which resulted in a superior inhibition. The ability

121



WO 2013/016714 PCT/US2012/048730

of the SgGs to enhance B-RAF inhibition in B-RAF mutated cells was determined. A B-
RAF inhibitor vemurafinib, was tested using the B-RAF mutated Colo205 cells, in
combination with either 2817-CO1 or 2716-F05. Colo205 cells were treated with the
indicated concentrations of vemurafinib (and the indicated amount of the SgGs) for 4 days in
the presence of 10% fetal bovine serum and 10 ng/ml NRG. Cell content was measured
using Cell Titer-Glo® ‘Promega).

[0440] Combined treatment with the anti ErbB3 sur-binding proteins and
vemurafinib exhibited superior growth inhibition to treatment with vemurafinib alone (see

FIG. 13M).

EXAMPLE 14F
SURROGLOBULINS ENHANCE ANTIPROLIFERATIVE ACTIVITY OF THE
TARGETED EKKINASE INHIBITOR SELUMETINIB

[0441] In this example, the results of which are shown in FIGs. 13N-13P, the
ErbB3 SgGs were combined with selumetinib and resulted in a superior inhibition.

[0442] The ability of anti-ErbB3 SgGs to augment the activity of the MEK
inhibitor selumetinib were compared and demonstrated. Colo205 cells (B-RAF mutant)
(FIG. 13N), A431 cells (overexpress EGFR) (FIG. 130) or A549 cells (k-RAS mutant cells)
(FIG. 13P) were stimulated with 10 ng/ml NRG and allowed to proliferate for 96 hours in the
presence of the indicated concentrations of selumetinib. Cell content was measured using
Cell Titer-Glo® ‘Promega).

[0443] In each of the cell lines, combined treatment with 10 nM SgG and

selumetinib inhibited cell growth markedly better than selumetinib alone.

[0444] As will be appreciated by those skilled in the art, in light of the present
disclosure, combining various drugs with anti-ErbB3 SgGs allows them to be efficacious
over a wider range of concentrations. The clinical consequence can be that enhanced efficacy
can enable patients to be more effectively treated, and, in some embodiments, as effectively

treated, but with lower doses of the drugs thereby reducing toxic side effects. Moreover,
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combined treatment with these agents can overcome inherent or acquired mechanisms that
render cells resistant to treament with single agents.

[0445] It will also be appreciated that numerous agents are capable of inhibiting
the kinase activities of ErbB1 and ErbB2 as well as PI3K. In addition, numerous agents are
capable of inhibiting members of the AKT and MAPK signaling pathways, and that in light
of the present disclosure, all of the above mentioned agents can have enhanced or superior
activity when used in combination with anti-ErbB3 SBPs. In some embodiments, the clinical
consequence can be that enhanced efficacy can enable patients to be more effectively treated,
and possibly be as effectively treated with lower doses of the drugs thereby reducing toxic

side effects.

EXAMPLE 15
SBPs INHIBIT TUMOR GROWTH IN VIVO

[0446] 2817-CO1 and 2716-FO5 were tested for their ability to inhibit tumor
growth in vivo. 5x10° human BxPC-3 pancreatic tumor cells in 50% matrigel were injected
subcutaneously into nude mice (Charles River Laboratories). Seven days after injection,
mice were divided into groups of 10. Each group was dosed via intraperitoneal injection with
one of the test articles indicated in FIG. 14A. Animals received a loading dose of 25 mg/kg
and were dosed twice weekly thereafter with 12.5 mg/kg.

[0447] These data show that both SgGs reduced the growth of tumors in vivo and
that 2716-F05 can cause tumor shrinkage. Notably, both agents performed as well as, or
better than, the EGFR targeted therapeutic antibody Cetuximab.

[0448] FIG. 14B shows animal survival in the study. Among the animals treated
with 2716-F0S5, 2 sustained complete remissions of the tumors and 4 sustained partial

remissions.

EXAMPLE 16
SURROGLOBULINS INHIBIT LIGAND-INDUCED ERBB3 PHOSPHORYLATION, AKT
PHOSPHORYLATION AND ERK PHOSPHORYLATION
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[0449] This example examines the impact of anti-ErbB3 SgGs on ligand-induced
activation ErbB3 and of the AKT and ERK signaling pathways. Ligand induced activation
was measured by increased phosphorylation of ErbB3, AKT and ERK1/2.

[0450] 500,000 BxPC-3 cells were plated into each well of a 12 well tissue
culture dish in serum free medium. The cells were incubated for 1 hour with the indicated
amounts of SgG. They were then stimulated with 10 ng/ml NRG for 12 minutes.  Cells
were then washed in ice cold PBS, and lysed. Phosphorylated AKT, phosphorylated ErbB3
and phosphorylated ERK1/2 were measured in the lysates using ELISA kits from Cell
Signaling Technologies®.

[0451] The data show that the anti-ErbB3 SgGs potently inhibit ligand-induced
phosphorylation of ErbB3 (FIG. 15A), AKT (FIG. 15B) and ERK1/2 (FIG. 15C).

EXAMPLE 17
SURROGLOBULINS INHIBIT ERBB3 PHOSPHORYLATION and AKT
PHOSPHORYLATION IN CELLS THAT OVEREXPRESS ERBB2

[0452] This example examines the impact of anti-ErbB3 SgGs on basal activation
of ErbB3 and of the AKT signaling pathways in cells that overexpress ErbB2. Activation
was measured by increased phosphorylation of ErbB3, AKT.

[0453] 500,000 cells were plated into each well of a 12 well tissue culture. The
cells were incubated for 1 hour with the indicated amounts of SgG. Cells were then washed
in ice cold PBS, and lysed. Phosphorylated AKT and phosphorylated ErbB3 were measured
in the lysates using ELISA kits from Cell Signaling Technologies®.

[0454] The data show that the anti-ErbB3 SgGs potently inhibit phosphorylation
of AKT and ErbB3 in the ErbB2 overexpressing cell lines SKBR3 (FIGs. 16A and B) and
BT474 (FIGs. 16C and 16D).

EXAMPLE 18
SURROGLOBULINS INCREASE APOPTOSIS IN CULTURED TUMOR CELLS
[0455] The ERK and AKT pathways are pivotal regulators of cellular

proliferation and apoptosis. In cancer cells, the balance between these two pathways is
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perturbed such that proliferation procedes in an unregulated fashion. Since SgGs alter the
phosphorylation state of AKT and ERK, the impact of the SgGs on apoptosis was
investigated.

[0456] BxPC-3 cells were plated at a density of 10* cells/well in a 96 well dish in
serum-free medium. On the following day SgGs (as indicated in FIG. 17) were added to a
final concentration of 100 nM and incubated for 1 hr. NRG was then added to a final
concentration of 10 ng/ml. Six hours, 24 hours and 48 hours after SgG addition, an equal
volume of Caspase-Glo® 3/7 (Promega) detection reagent was added to the cells. Caspase-
Glo® 3/7 is a specific substrate for caspases 3 and 7 and provides chemiluminescent readout
when it is cleaved by one of these enzymes.

[0457] Caspase-3 is activated in the apoptotic cell both by extrinsic (death ligand)
and intrinsic (mitochondrial) pathways. FIG. 17 shows that the activity of this enzyme, and
by inference the number of cells undergoing apoptosis, increases over time from 6 to 48
hours in serum-free medium. Addition of NRG partially ameliorates this effect. However, if
SBPs are added to the cells, not only is NRG unable to diminish apoptosis, the number of
cells undergoing apoptosis increases beyond the basal level seen in cells maintained in
serum-free medium. These results show that SBPs can counteract the antiapoptotic effects of
growth factors, particularly NRG, in the tumor environment and can restore more regulated

programmed cell death to transformed cells.

EXAMPLE 19
SBPs INHIBIT CELL MIGRATION/INVASION
[0458] Cell migration/invasion is thought to be an early step in cancer metastasis.
To investigate whether SgGs can inhibit cell migration, MCF-7 cells or other cells prone to
migration will be tested for their ability to migrate through a collagen coated membrane,
essentially as described in (Albini, Iwamoto et al. 1987). MCF-7 cells are plated at a density
of 50,000 cells per well in serum free medium containing various concentraions of SgGs in
the top of a collagen coated transwell (Trevigen Inc). The bottom chamber of the transwell
contains serum free medium supplemented with 10 ng/ml NRG. Migration is allowed to

proceed for various lengths of time from 6 hours to 10 hours. After this period of time the

125



WO 2013/016714 PCT/US2012/048730

upper chamber is immersed in dissociation solution (Trevigen 3455-096-05) and the number
of cells dissociated from the lower face of the membrane (migrated cells) is quantitated using
Calcein AM.

[0459] The metatastic potential of different cells types has been shown to
coorelate with migration in this type of assay. Reduced migration as a consequence of SgG

treatment will demonstrate that the SgGs can reduce the metastatic potential of tumors.

EXAMPLE 20
TREATMENT OF CANCER USING AN SGG TO ERBB3
[0460] This example outlines the treatment of a cancer using a SgG to ErbB3.
[0461] A subject at risk of developing a cancer in which ErbB3 plays a role is
administered a dose of 2817-CO1 and/or 2716-F05. The SgG is administered at an amount
sufficient to reduce to ErbB3 responsive or dependent activity. The treatment results in the
reduction of ErbB3 mediated signaling, thereby slowing, reducing, or eliminating the cancer

in which ErbB3 plays a role.

EXAMPLE 21
TREATMENT OF AN ERBB3 DISORDER USING A SGG TO ERBB3
[0462] This example outlines the treatment of a cancer using a SgG to ErbB3. A
subject at risk of developing a cancer in which ErbB3 plays a role is administered a first SgG
or antibody that binds to ErbB3. The first SBP or antibody includes a detection moiety, by
which the amount and/or activity of ErbB3 in the subject is monitored. A dose of a SgG is
administered to the subject in light of the amount and/or activity of ErbB3 detected in the
subject. The administration is repeated, optionally with further monitoring of the activity of

ErbB3 until the treatment results in the reduction of ErbB3 mediated signaling.

EXAMPLE 22
TREATMENT OF CANCER USING A SGG COMBINATION THERAPY USING
TARGETED TYROSINE KINASE INHIBITORS OF THE ERB SIGNALLING
PATHWAYS
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[0463] This example outlines the treatment of a cancer using an SgG to ErbB3
and a compound that reduces the tyrosine kinase activity of ErbB1 or ErbB2. A subject at
risk of developing a cancer in which ErbB3 plays a role is administered a dose of 2817-C01
and/or 2716-FO5 (or other SgG) either prior to, subsequent to, or in combination with a
compound that inhibits tyrosine kinase activity. Examples of tyrosine kinase inhibitors that
can be used in this capacity are Frlotitinib, Gefitinib, Lapatinib, Neratinib, Afatinib. The
SgG is administered in an amount sufficient to reduce ErbB3 mediated signaling. The
tyrosine kinase inhibitor is administered in an amount sufficient to reduce ErbB1 or ErbB2
activity. The treatment results in the reduction of ErbB3 mediated signaling, thereby slowing
or reducing the cancer in which ErbB3 plays a role. The result of the combined therapy is an
increase in duration or magnitude of inhibition of signaling that is at least greater than the use

of the SgG and/or the compound alone at an equivalent dose.

EXAMPLE 23
TREATMENT OF CANCER USING AN SGG COMBINATION THERAPY AND A
TARGETED INHIBITOR OF CELLULAR TRANSLATION, PROTEIN FOLDING,
PROLIFERATION OR SURVIVAL
[0464] This example outlines the treatment of a cancer using an SgG to ErbB3
and a targeted compound that inhibits cancer growth. A subject at risk of developing a
cancer in which ErbB3 plays a role is administered a dose of 2817-C01 and/or 2716-F05 (or
other Sg() either prior to, subsequent to, or in combination with a compound that inhibits
properly regulated cellular proliferation or survival. Inhibitors that can be used in this
capacity are PI3K inhibitors, Protein kinase C inhibitors, RAF inhibitors, MAPK inhibitors,
MEK inhibitors, AKT inhibitors, mTOR inhibitors, BCR/ABL and Src family tyrosine kinase
inhibitors, aurora kinase inhibitors, and HSP90 inhitors. Examples of such inhibitors can
include, but are not limited to BAY43-9006, PLX4032, SB590885, PLX4720, XI1.281,
RAF265, X1.518, CI-1040, PD035901, AZD6244, GSK1120212, Sorafenib, Dasatinib,
nilotinib, and imatinib, Geldanamycin.
[0465] The SgG is administered in an amount sufficient to reduce ErbB3

mediated signaling. The treatment results in the reduction of ErbB3 mediated signaling,
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thereby slowing or reducing the cancer in which ErbB3 plays a role. The result of the
combined therapy is an improved inhibition of tumor growth that is at least greater than the

use of the SgG and/or the compound alone at an equivalent dose.

EXAMPLE 24
TREATMENT OF CANCER USING AN SGG COMBINATION THERAPY WITH A
CYTOTOXIC CHEMOTHERAPEUTIC AGENT

[0466] This example outlines the treatment of a cancer using an SgG to ErbB3
and a chemotherapeutic agent that inhibits cancer growth. A subject at risk of developing a
cancer in which ErbB3 plays a role is administered a dose of 2817-C01 and/or 2716-F05 (or
other SgG) either prior to, subsequent to, or in combination with one or more
chemotherapeutic compounds.  Compounds that can be used in this capacity are
topoisomerase inhibitors, alkylating agents, nucleoside analogs, microtubule inhibitors, DNA
crosslinking agents and DNA intercalating agents,. Examples of such inhibitors can include,
but are not limited Cisplatin, Etoposide, Carboplatin, Paclitaxel, Docetaxel, Vinorelbine
tartrate, Doxorubicin, Vincristine sulfate, Ifosfamide, Gemcitabine hydrochloride, and/or 5-
FU. The SgG is administered in an amount sufficient to reduce ErbB3 mediated signaling.
The treatment results in the reduction of ErbB3 mediated signaling, thereby slowing or
reducing the cancer in which ErbB3 plays a role. The result of the combined therapy is an
improved inhibition of tumor growth that is at least greater than the use of the SgG and/or the

compound alone at an equivalent dose.

EXAMPLE 25
TREATMENT OF CANCER USING AN SGG COMBINATION THERAPY WITH A
TARGETED INHIBITOR OF ANGIOGENESIS
[0467] This example outlines the treatment of a cancer using a SgG to ErbB3 and
a targeted inhibitor of angiogenesis that inhibits cancer growth. A subject at risk of
developing a cancer in which ErbB3 plays a role is administered a dose of 2817-C01 and/or
2716-F05 (or other SgG) either prior to, subsequent to, or in combination an inhibitor of

angiogenesis. Compounds that can be used in this capacity are antibodies or surroglobulins
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to VEGF, PLGF, Angiopoietin, DLL-4 or receptors to any of these factors. Additional
compounds that can be used in this capacity are decoy receptors, such as Aflibercept and
inhibitors of signaling elicited by binding of proangiogenic compounds to thir receptors
including, but not limited to Axitinib, Cediranib, Regorafenib, Sunitinib, Vandetanib,
Vatalanib. The SgG is administered in an amount sufficient to reduce ErbB3 mediated
signaling. The treatment results in the reduction of ErbB3 mediated signaling, thereby
slowing or reducing the cancer in which ErbB3 plays a role. The result of the combined
therapy is an improved inhibition of tumor growth that is at least greater than the use of the

SgG and/or the compound alone at an equivalent dose.

EXAMPLE 26
TREATMENT OF CANCER USING A SGG COMBINATION THERAPY WITH A
THERAPEUTIC ANTIBODY OR SGG TARGETING ANOTHER MEMBER OF THE
ERB FAMILY
[0468] This example outlines the treatment of a cancer using an SgG to ErbB3
and an antibody or surroglobulin to another member of the ErbB family. A subject at risk of
developing a cancer in which ErbB3 plays a role is administered a dose of 2817-C01 and/or
2716-FO05 (or other SgG) either prior to, subsequent to, or in combination with one or more
antibodies or surroglobulins targeting ErbB1, ErbB2 or ErbB4 or one of their ligands.
Compounds that can be used in this capacity can include, but are not limited Cetuximab,
Panitumumab, Trastuzumab, or Pertuzumab. The SgG is administered in an amount
sufficient to reduce ErbB3 mediated signaling. The treatment results in the reduction of
ErbB3 mediated signaling, thereby slowing or reducing the cancer in which ErbB3 plays a
role. The result of the combined therapy is an improved inhibition of tumor growth that is at
least greater than the use of the SgG and/or the additional antibody or SgG alone at an

equivalent dose.

129



WO 2013/016714 PCT/US2012/048730

EXAMPLE 27
TREATMENT OF CANCER USING A SGG COMBINATION THERAPY WITH A
THERAPEUTIC ANTIBODY OR SGG TARGETING ANOTHER GROWTH FACTOR
RECEPTOR OR ITS LIGAND

[0469] This example outlines the treatment of a cancer using a SgG to ErbB3 and
an antibody or surroglobulin to another growth factor receptor or its ligand. A subject at risk
of developing a cancer in which ErbB3 plays a role is administered a dose of 2817-CO1
and/or 2716-F05 (or other SgG) either prior to, subsequent to, or in combination with one or
more antibodies or surroglobulins targeting another growth factor receptor or its ligand.
Compounds that can be used in this capacity can include, but are not limited to antibodies or
surroglobulins targeting Insulin like growth factor receptors (IGF1R or IGF2R), fibroblast
growth factor receptors (FGFR1, FGFR2, FGFR3, FGFR4), MET, RON, and Platelet-derived
growth factor receptor (PDGFR). They can also include antibodies or surroglobulins
targeting the ligands insulin like growth factor, fibroblast growth factor, HGF or MSP. The
SgG is administered in an amount sufficient to reduce ErbB3 mediated signaling. The
treatment results in the reduction of ErbB3 mediated signaling, thereby slowing or reducing
the cancer in which ErbB3 plays a role. The result of the combined therapy is an improved
inhibition of tumor growth that is at least greater than the use of the SgG and/or the

additional antibody or SBP alone at an equivalent dose.

EXAMPLE 28
USES OF A BISPECIFIC ERB3 SGG
[0470] This example outlines potential bispecific treatments of a cancer using a
combination of an ErbB3 SgG and another distinctly targeted specific SgG or antibody. As
mentioned previously, coadministration of complimentary agents can have significant
benefits compared to the use of single agents alone. However, bispecific entities, containing
two or more specificities of these types of combinations, within a single molecular entity can
yield even greater benefit compared either agent alone, as well as that of coadministered

combinations.
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[0471] A bispecific SgG is constructed so that it comprises a variable domain that
recognizes ErbB3 as well as one or more additional distinct variable domains. The additional
variable domain(s) can be directed against a ligand, associated factor, receptor, or even a
different epitope to ErbB3. The ErbB3 specific variable domain derives from one of the
variable domains of SgGs or Sabs as shown in FIG. 2. The variable domain of additional
specificity is derived by panning a Sab phage displayed library as outlined in example 1. The
variable domains can be joined by numerous methods. An example of such bispecific joining
has been disclosed in (Xu, et. al, JMB 2010) Further strategies to generate bispecifics can
adapt novel technologies or adapt techniques previously described for bispecific assembly.

[0472] As a specific example, inhibition of both ErbB3 and another ErbB family
member, as a bispecific can work synergistically through several mechanisms. For example,
a bispecific ErbB3/EGFR can have greater potency/efficacy and therefore be administered at
lower doses that maintain efficacy, but have superior adverse effect profiles to those typically
seen with EGFR antibodies. Secondly, it can be possible to have greater potency as a result
of selectively inhibiting oncologic ErbB3/EGFR dimers and networks while sparing normal
EGFR homodimer physiological signaling. Since activation of ErbB3 has been implicated in
generating resistance to other targeted agents, simultaneously targeting two oncological
targets via a bispecific SgG or IgG can help reduce or delay the incidence of resistance to
single agents.

[0473] To test an ErbB3/EGFR bispecific combination the EGFR specific SBP is
generated in a manner described previously and then recombinantly express the protein, for
example by using the formats as previously published (Xu, JMB 2010). The recombinant
ErbB3/EGFR bispecific can be tested in vitro for growth inhibition of A431 cells or in vivo
against A431 xenograft tumor growth inhibition. Furthermore, the use of ErbB3/EGFR in ras
mutated tumors can reveal susceptibilities normally not addressed by EGFR inhibition alone.

[0474] Benefits similar to those possible with ErbB3/EGFR combinations can be
achieved with ErbB3/ErbB2 bispecific SgGs as well. Furthermore, bispecific ErbB3 SgGs,
composed of the distinct variable domains that recognize different epitopes of ErbB3, can

have greater benefits to that of ErbB3 monospecific SgGs. Possible mechanisms for
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increased activity can be due to increased cellular internalization and receptor destruction,
novel inhibitory physical engagement, or even greater ErbB3 heterodimer inhibition.

[0475] In addition ErbB3 bispecific SgGs can be made as combinations with anti-
angiogenic factors such as anti-VEGF, anti-DLI4, or anti-Angiopoietin-2. In these
combinations specifically concentrating the neutralization of angiogenic factors at an ErbB3
bearing tumor site can increase the efficacy of the anti-angiogenic inhibition at the site of
tumor neovasculature. Similarly, ErbB3 bispecifics that are combined with other receptor
tyrosine kinase growth factors or their cognate receptors can have benefits similar to those

described above.

EXAMPLE 29
INHIBITING NON-ERBB3 NETWORKS WITH ANTI-ERBB3 SGGS

[0476] This example outlines potential treatments of a cancer that uses an ErbB3
SBP to quell an associated cancer promoting network. As ErbB signal transduction uses
elements common to other signal transduction cascades it is possible that ErbB3 can
contribute to the signaling or inhibition of non-ErbB3 receptor-linked pathways. ErbB3
SgGs can therefore directly reduce the non-ErbB3 signaling directly or possibly through a
“bystander effect” to reduce the establishment or progression of cancers.

[0477] For example, HGF and its cognate receptor, c-met, are known mitogens
and have established linkages to poor cancer prognosis. To test the consequence of ErbB3
inhibitors one can test the effects, in vitro, on HGF-stimulated proliferation. By extension,
one can also test the effects of FrbB3 SgG inhibition on PDGFs, FGFs, IGFs, or other

receptor kinase growth factor stimulation.

EXAMPLE 30
[0478] A subject at risk of developing a cancer in which ErbB3 plays a role is
administered a dose of SBP 2817-C01 and/or SBP 2716-F05. In combination with the SBP,
the subject is also administered at least one compound that binds to and/or reduces binding of
ErbB2 to ErbB3 The SBP is administered in an amount sufficient to reduce ErbB3 mediated

signaling. The compound is administered in an amount sufficient to reduce ErbB2
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dimerization with ErbB3. The treatment results in the reduction of ErbB3 mediated
signaling, thereby slowing or reducing the cancer in which ErbB3 plays a role. The result of
the combined therapy is an increase in inhibition of signaling that is at least greater than the

use of the SBP and/or the compound alone.

EXAMPLE 31
TREATMENT OF CANCER USING A SBP COMBINATION THERAPY
[0479] This example outlines the treatment of a cancer using two SBPs to ErbB3.
A subject at risk of developing a cancer in which ErbB3 plays a role is administered a dose of
SBP 2817-CO1 and/or SBP 2716-F05 or in combination with at least a second SBP that also
binds ErbB3. The SBPs could be administered in an amount equal to or less than an amount
sufficient to reduce ErbB3 mediated signaling for either of the SBPs individually. The
treatment results in the reduction of ErbB3 mediated signaling, thereby slowing or reducing

the cancer in which ErbB3 plays a role.

EXAMPLE 32
IDENTIFICATION OF AN ERBB3 POSITIVE CANCER

[0480] A sample is taken from a subject. A SBP and/or an antibody that binds to
ErbB3 is applied to the sample at a level sufficient to detect a relevant level of any ErbB3 that
may be present in the sample. Binding of the SBP is detected either via a direct label or by
use of a secondary antibody or agent. If the level of ErbB3 in the sample is greater than
normal, the subject can have an ErbB3 related disorder.

[0481] In the alternative, the subject can be one who is known to have a cancer,
but the particular cancer and/or source of the cancer may be unknown. In this arrangement,
the test for ErbB3 can be used by subjects with cancer to identify that they have an ErbB3
related cancer.

EXAMPLE 33
SUBSEQUENT TREATMENT OF AN ERBB3 POSITIVE CANCER
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[0482] The subject in Example 32 who has elevated levels of ErbB3 is
administered a NRG inhibiting SBP. The administration of the SBP is repeated until the

growth and/or any symptoms of the cancer are reduced.

EXAMPLE 34
IDENTIFICATION OF A SUBJECT AT RISK OF DEVELOPING AN ERBB3 RELATED
DISORDER

[0483] A sample is taken from a subject who wants to know if they are at risk of
developing an ErbB3 related disorder. A labeled SBP that binds to ErbB3 is applied to the
sample. Excess/unbound SBP/label is washed away from the sample. The sample is
examined for remaining label. Samples having elevated levels (compared to the level of label
remaining for subjects that are not at risk of an ErbB3 related disorder) of the remaining label
will indicate the presence of higher levels of ErbB3, and thus an elevated risk of an ErbB3

related disorder.

EXAMPLE 35
SUR-BINDING PROTEINS INHIBIT PROLIFERATION OF CANCER CELL LINES

[0484] The present example demonstrated the ability of anti-ErbB3 sur-binding
proteins to inhibit proliferation of NCI-N87 (gastric) and MCF-7 (breast) human cancer cell
lines.

[0485]  Target cells were plated at a density of 0.75-1 x 10" cells/well in 96 well
plates in serum-free medium. They were then treated with the indicated concentrations of
SgGs or anti-ErB3 antibodies (Ab A or Ab B) for 30 minutes at 37 degrees C. NRGI1P was
then added to a final concentration of 10 ng/ml. Cells were allowed to grow for 96 hours and
cell content was measured using Cell Titer-Glo® (Promega).

[0486] The results are presented in FIGs. 28A (for NCI-N87) and 28B (for MCF-
7) and demonstrate that 2817-C01 and 2716-FO5 significantly inhibit the proliferation of
these epithelial tumor cell lines. Indeed, the results demonstrate that 2817-CO1 and 2716-F05

both inhibit more effectively than either Ab A or Ab B. Furthermore, both are also more

134



WO 2013/016714 PCT/US2012/048730

effective in inhbiting breast cancer than Pertuzumab. The sequences of the variable regions

for Ab A and Ab B are provided in FIG. 28C and FIG. 28D respectively.

EXAMPLE 36
SURROGLOBULINS INHIBIT LIGAND-INDUCED ERBB3 PHOSPHORYLATION, AKT
PHOSPHORYLATION AND ERK PHOSPHORYLATION IN CELLS THAT
OVEREXPRESS ERBB2

[0487] This example examined the impact of anti-ErbB3 SgGs on ligand-induced
activation of ErbB3 and of the AKT and ERK signaling pathways in cells that overexpress
ErbB2.

[0488] Ligand induced activation was measured by increased phosphorylation of
ErbB3, AKT and ERK1/2. 500,000 SKBR3 cells were plated into wells of a 12 well tissue
culture dish in serum free medium. The cells were incubated for 1 hour with the indicated
amounts of SgG (see FIG. 29A, FIG. 29B, and FIG. 29C). They were then stimulated with
1 ng/ml NRG for 12 minutes. Cells were then washed in ice cold PBS, and lysed.
Phosphorylated AKT, phosphorylated ErbB3 and phosphorylated ERK1/2 were measured in
the lysates using ELISA kits from Cell Signaling Technologies®.

[0489] The data show that the anti-ErbB3 SgGs potently inhibit ligand-induced
phosphorylation of AKT (FIG. 29A), ErbB3 (FIG. 29B) and ERK1/2 (FIG. 29C). The
SgGs 2817-C01 and 2716-FO5 were more potent in inhibiting phosphorylation than the
antibodies Ab B, Ab A or pertuzumab. Trastuzumab did not inhibit phosphorylation under

this ligand stimulated condition.

EXAMPLE 37
SBPs INHIBIT ERBB2 OVEREXPRESSING TUMOR GROWTH IN VIVO
[0490] 2817-CO1 and 2716-F0O5 were tested for their effectiveness in inhibiting
the growth of an ErbB2 overexpressing tumor in vivo. NCI-N87 gastric cancer cells were
injected subcutaneously as a matrigel suspension into CB.17 SCID mice. When tumors
reached 120-170 mg, animals received a loading dose of 25 mg/kg and were dosed twice

weekly thereafter with 12.5 mg/kg. 10 mice were evaluated per treatment group. The sur-
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binding proteins significantly delayed tumor growth by 84% and 62% respectively, and
conferred a survival advantage, whereas Ab A and Ab B delayed tumor growth by 54% and
19%, respectively. The comparative results are presented in FIG. 30A (for mean tumor

burden) and FIG. 30B (for the in vivo survival data).

EXAMPLE 38
SgGs ENHANCE ANTIPROLIFERATIVE ACTIVITY OF ERB2 TARGETED
ANTIBODIES

[0491]  The ability of sur-binding proteins to enhance the anti-proliferative activity
of Erb targeted antibodies was examined.

[0492] The ability of sur-binding proteins to enhance the activity of trastuzumab
and pertuzumab (anti-ErbB2 antibodies) was investigated in the ErbB2 overexpressing cell
line SKBR3. ErbB2 overexpressing tumors were heterogeneous with respect to the amount
of ligand in the tumor microenvironment. The anti-proliferative capacity of anti-ErbB2 and
anti-ErbB3 agents in the absence (FIGs. 31 A, B, and C) and in the presence (FIGs. 31 D, E,
and F) of NRG was examined.

[0493] FIG. 31A shows the percent inhibition conferred by the anti-ErbB2
antibodies pertuzumab and trastuzumab, the anti-ErbB3 antibodies Ab B andAb A and the
anti-ErbB3 SgGs when the cells were not stimulated with NRG. Agents were applied to cells
in complete medium and proliferation was determined after 6 days using Cell Titer-Glo®
(Promega). As shown, the anti-ErbB3 sur-binding proteins inhibited growth in the absence of
NRG whereas Ab B and Ab A did not appreciably affect growth. In addition, the sur-binding
proteins showed superior potency to trastuzumab.

[0494] FIG. 31B shows the percent inhibition when increased amounts of the
indicated agents were combined with 100 nM trastuzumab. The anti-ErbB3 sur-binding
proteins showed superior enhancement to pertuzumab and to the anti-ErbB3 Ab A and Ab B.
Indeed, the results demonstrate superior effectiveness of the sur-binding proteins with
trastuzmab in comparison to trastuzmab and pertuzumab.

[0495] FIG. 31C shows the percent inhibition when increasing amounts of the

indicated agents are combined with 100 nM pertuzumab. The sur-binding proteins showed
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markedly superior enhancement compared to the anti-ErbB3 antibodies, and superior potency
compared to trastuzumab. Indeed, the results demonstrate superior effectiveness of the sur-
binding proteins with pertuzumab in comparison to trastuzmab and pertuzumab.

[0496] FIG. 31D shows the percent inhibition of the anti-ErbB2 antibodies
pertuzumab and trastuzumab, the anti-ErbB3 antibodies Ab B and Ab A and the anti-ErbB3
sur-binding proteins when the cells were stimulated with NRG. Agents were applied to cells
in complete medium for 1 hour followed by stimulation with 1 ng/ml NRG. Proliferation
was determined after 3 days using Cell Titer-Glo® (Promega). The anti-ErbB3 sur-binding
proteins were more potent and more effective at inhibiting ligand stimulated growth than
pertuzumab or the anti-ErB3 antibodies. Trastuzumab did not appreciably inhibit growth in
NRG stimulated cells.

[0497] FIG. 31E shows the percent inhibition when increasing amounts of the
indicated agents were combined with 100 nM trastuzumab in the presence of NRG. The anti-
ErbB3 sur-binding proteins showed superior enhancement to pertuzumab and the anti-ErbB3
antibodies (Ab A and Ab B). It is notable that although trastuzumab had little detectable
activity as a single agent in the presence of NRG, the combined treatment with trastuzumab
and the anti-ErbB3 directed agents was superior to single agent treatments.

[0498] FIG. 31F shows the percent inhibition achieved when increasing amounts
of the indicated agents were combined with 100 nM pertuzumab in the presence of NRG.
The sur-binding proteins showed markedly superior enhancement compared to the anti-

ErbB3 antibodies and to trastuzumab.

EXAMPLE 39
SgGs ENHANCE THE ANTIPROLIFERATIVE ACTIVITY OF EGFR TARGETED
ANTIBODIES
[0499]  The ability of sur-binding proteins to enhance the anti-proliferative activity
of EGFR targeted antibodies was examined. The results are shown in FIG. 32. Equimolar
quantities of cetuximab and either 2817-C01 or 2716-F05 were combined and were incubated
with BXxPC-3 cells for 96 hours in the presence of 10 ng/ml NRGI1. Cell content was

measured using Cell Titer-Glo® (Promega). Combined treatment with anti-ErbB3 sur-
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binding proteins and cetuximab resulted in markedly superior growth inhibition compared to
treatment with cetuximab alone and to treatment with sur-binding proteins as single agents.
These data demonstrate that combining inhibition of EGFR signaling and ErbB3 signaling
(via these sur-binding proteins) is highly beneficial, and allows one to approach near

complete inhibition.

EXAMPLE 40
2817-C01 AND 2716-F05 REDUCE CELL SURFACE ErbB3
[0500] BxPC-3 cells were treated for the indicated lengths of time with 2817-CO1
or 2716-F05 at 37°C. Cells were then stained using a noncompeting biotinylated anti-ErbB3
polyclonal antibody followed by alexa-488 labeled streptavidin. The mean fluorescence
intensity (MFI) was determined by flow cytometry. FIG. 33 shows that the amount of ErbB3
on the cell surface that was detectable using the polyclonal antibody was reduced after

exposing the cells to the anti-ErbB3 SgGs.

EXAMPLE 41

TREATMENT OF CANCER USING COMBINATION THERAPY
[0501] This example outlines the treatment of a cancer using a SgG to ErbB3 and
a small molecule (kinase inhibitor). A subject at risk of developing a cancer in which ErbB3
plays a role is administered a dose of 2817-C0O1 and/or 2716-FO5 (or other SgG) either prior
to, subsequent to, or in combination with one or more small molecule (kinase inhibitor). The

SgG is administered in an amount sufficient to reduce ErbB3 mediated signaling.
[0502] The treatment results in the reduction of ErbB3 mediated signaling,
thereby slowing or reducing the cancer in which ErbB3 plays a role. The result of the
combined therapy is an improved inhibition of tumor growth that is at least greater than the

use of the SgG and/or the small molecule (kinase) inhibitor alone at an equivalent dose.
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EXAMPLE 42
SUR-BINDING PROTEIN VARIANTS

[0503] Sabs that differed from 2817-C01 and 2716-F05 at various positions of
CDR1 and CDR2 were expressed as phage and panned on ErbB3-Fc.

[0504] 32 variants of 2817-CO1 were identified and expressed as soluble
monovalent Sabs. Their affinities for ErtbB3 were determined by ELISA. FIG. 34A shows
the sequences of the variants and their EC50s as determined by ELISA. Shaded amino acids
differ from the corresponding amino acids in 2817-CO1. All variants shared identical germ
line VH3-23 frameworks with 2817-C01. They differed from 2817-C01 by 40-60% in CDR1
and 7.7-30.7% in CDR2. Despite these large variations, they all bound to ErbB3-Fc. The
heavy chain variable region sequences for the 2817-CO1 variants are shown in FIG. 34E.

[0505] 22 variants of 2716-FO5 were identified and expressed as soluble
monovalent Sabs. Their affinities for ErbB3 were determined by ELISA. FIG. 34B shows
the sequences of the variants and their EC50s as determined by ELISA. Shaded amino acids
differ from the corresponding amino acids in 2716-F05. All variants share identical germ
line VH3-23 frameworks with 2716-F05. They differ from 2716-F05 by 17-40% in CDR1
and 7.7-46.1% in CDR2. Despite these large variations, they all exhibited impressive EC50
values. FIGs. 34C and 34D provide a consensus sequence of the various residues within the
CDRs that were altered and to what amino acid they were altered. The heavy chain variable

region sequences for the 2716-F05 variants are shown in FIG. 34F.

[0506] In some embodiments, the consensus sequences provided in Example 42
can be used to provide variants of SBPs with the desired properties. In some embodiments,
any variant of 2716-F05 and/or 2817-CO1 that includes CDRs (1 or 2) within the consensus
sequence in FIGs. 34C or 34D is contemplated. In some embodiments, provided herein are
SBPs and/or antibodies with HCDR1 and HCDR2 according to any of the consensus
sequences provided herein. In some embodiments, the HCDRs fall within the consensus
sequence of all of the variants of 2716-F05 or 2817-CO1 (including those in FIGs. 34E and
34F). Such consensus sequences are shown below in Table 34.1 (HCDRI1 for 2817-CO01),
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Table 34.2 (HCDR2 for 2817-C01), Table 34.3 (HCDRI1 for 2716-F05), Table 34.4 (HCDR2
for 2716-F05).

Table 34.1
S{ N Y| G (M| H
D \\ N
S A S
E
S
S X332 Y X333 M X334 SEQ 1D NO 277

Table 34.2
WI[V] A L 1S S G G A Y T Y
S N G N S G 1 1 S
A N S S T K
A\ D R N
G A T
S Y
T w
WV [ Xass | Xaze | TS| Xsa7 | Xazs | X3z | Xzso | Xza | Xzao | Xz | SEQID
1 NO: 278
Table 34.3
S D Y A% M H
S A N
N S
S X344 Y X345 M X346 SEQ ID NO:
279
Table 34.4
W V]| A L 1| S S G G G Y K |Y
S A\ N N S T 1 1
N A S S N T
A G A S
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Y R
WIV | Xar | Xaas IS | Xago | Xss0 | X351 | X352 | X353 | X354 | Y | SEQID
NO:
280
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[0507] Thus, SBPs and/or antibodies that include one or more of the above CDRs
in the heavy chain are contemplated. In some embodiments, the SBP and/or antibody can
include an HCDR1 of SEQ ID NO: 277 or 279. In some embodiments, the SBP and/or
antibody can include an HCDR2 of SEQ ID NO: 278 or 280.

EXAMPLE 43

SUR-BINDING PROTEINS BIND TO ERBB3 IN THE PRESENCE OF NRG

[0508] The present example investigates if some of the present SBPs
preferentially bind to different conformations of ErbB3. ELISAs were performed to
determine if the sur-binding proteins preferentially bind to either the extended (ligand bound)
or closed (non-ligand bound) conformation of ErbB3.

[0509] ELISA plates were coated with human FrbB3-Fc, and after washing and
blocking 1.85 nM (approximately 2X the EC90 under these conditions) NRGI1-beta 1
extracellular domain (Ser2-1.ys246) (R&D Systems) was added to the wells. Next various
concentrations of the indicated anti-ErbB3 SBPs (FIG. 35) were applied and allowed to
further incubate for 1 hour, either in the continued presence of NRG or in its” absence. The
resulting bound SgGs were detected using a biotinylated anti-VpreB, followed by streptavidin
HRP colorimetric detection.

[0510] The results of this analysis, presented in FIG. 35, demonstrate that the

binding of SBPs was virtually unaffected when NRG was pre-bound to ErbB3.

[0511] As demonstrated in the above example, some embodiments of the SBPs
can bind to and be effective against ErbB3 even in the presence of NRG. Thus, in some
embodiments, the SBPs and/or antibodies provided herein can be administered or applied in
situations where NRG is already or will be present, without having to worry about the impact
that NRG may have. In such embodiments, such SBPs can be administered in lower amounts
and/or less frequently than molecules that are adversely impacted by the presence of NRG. In
some embodiments, such SBPs can be immediately active, unlike conventional competitive

antagonists that require competitive dissociation of the ligand prior to demonstrating
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inhibitory activity. In some embodiments, the SBP is one that, as shown above, can be
effective, even though it does not bind to and lock ErbB3 in a closed conformation. Thus, in
some embodiments, the SBP can be effective even though it does not lock ErbB3 in a closed

conformation.

EXAMPLE 44
IDENTIFICATION OF RESPONSIVE NRG POSITIVE CANCER
[0512] A tumor sample is taken from a subject for whom treatment with an anti-
ErbB3 agent is contemplated. The level of NRG or NRG encoding mRNA in the sample is
determined using immunohistochemistry.
[0513] If NRG is present the patient is considered to be a responsive candidate for
treatment with the anti-ErbB3 agent provided herein. The tumor is also considered to be

potentially can sensitized to additional agents when treated in combination with an anti-

ErbB3 agent.

EXAMPLE 45

USE OF ERBB3 SUR-BINDING PROTEINS TO TREAT ANTI-ERBB2 UNRESPONSIVE
TUMORS
[0514] This example outlines the use of an anti-ErbB3 antibody and/or sur-

binding protein to treat anti-ErbB2 unresponsive tumors, such as those that have truncated
ErbB2. These tumors are expected to be resistant to both trastuzumab and pertuzumab
therapy.

[0515] One obtains a human tumor cell line bearing ErbB3 and truncated ErbB2
(p95 Her-2) and tests the ErbB3 Sur-binding proteins for inhibition of proliferation or ErbB3
mediated signaling, similar to in vitro assays described previously.

[0516] Furthermore, cultured tumor cells that bear ErbB3, are transiently and/or
stably transfected or transduced to overexpress truncated Her-2. Different deleted forms of
Her-2 are introduced to recapitulate proteolytically cleaved or the alternatively translated
forms and the resulting cell lines or pools are tested to demonstrate their responsiveness to

anti-ErbB3.  Since the binding of anti-ErbB3 sur-binding proteins is independent of the
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presence of ErbB2, and since they inhibit the growth of ErbB2 driven tumors, they will

inhibit growth of tumors expressing truncated ErbB2.

EXAMPLE 46
IDENTIFYING ANTI-ERBB2 UNRESPONSIVE TUMORS

[0517] This example outlines a method of screening for subjects that are anti-
ERBB?2 unresponsive.

[0518] A tumor sample is obtained from a patient. The tumor is subjected to
testing to detect the presence of truncated ErbB2. Detection involves the use of 1 or more
antibodies that selectively recognize the intracellular domain or the extracellular domain of
ErbB2 [for example, Clin Cancer Res. 2010 Aug 15;16(16):4226-35. Quantitation of
p9SHER?2 in paraffin sections by using a p95-specific antibody and correlation with outcome
in a cohort of trastuzumab-treated breast cancer patients. Sperinde J, Jin X, Banerjee J,
Penuel E, Saha A, Diedrich G, Huang W, Leitzel K, Weidler J, Ali SM, Fuchs EM, Singer
CF, Kostler W], Bates M, Parry G, Winslow J, Lipton A.]. Preferential binding to the
intracellular domain indicates the presence of the truncated form.

[0519] In addition or alternatively, the presence of circulating proteolytically
cleaved ErbB2 extracellular domain is detected by commercially available ELISA (Siemens
Healthcare Diagnostics,Erlagen, Germany). A positive result indicates truncated ErbB2
expression. Patients expressing a truncated form are treated with 2817-C0O1 and/or 2716-F05
either as a single sur-binding agent or, in the alternative, in combination with other
treatments.

[0520] As the binding of anti-ErbB3 sur-binding proteins is independent of the
presence of ErbB2, and as they inhibit the growth of ErbB2 driven tumors, they are predicted

to inhibit growth of tumors expressing truncated ErbB2 and benefit the subject.

[0521] As outlined in the above examples, in some embodiments, the antibodies
and/or sur-binding proteins provided herein can be useful in treating ErbB2 related disorders,
especially where the disorder involves a variant of ErbB2. In some embodiments, this can

include a method of treating cancer or other disorder in which a variant of ErbB2 is produced.
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The method can include identifying a subject to receive a treatment for cancer. The cancer
can involve the expression of a variant form of an ErbB2 protein. The method can further
comprise administering to the subject any of the SBPs or antigen binding portiosn thereof, as
described herein. In some embodiments, this can be administered without a compound that
targets ErbB2 or variants thereof. In some embodiments, this can be administered with
another ErbB3 therapeutic. In some embodiments, the variant ErbB2 protein is a
proteolytically cleaved ErbB2 protein. In some embodiments, the variant ErbB2 protein is an
alternatively translated truncated ErbB2 protein. In some embodiments, the cancer comprises
a cancerous cell that expresses p95 Her2. In some embodiments, the SBP can be used to treat
a herceptin unresponsive tumor. In some embodiments, the SBP can also be used to treat
gastric cancer, lung cancer, and/or other epithelial cancers. In some embodiments, the variant
ErbB2 protein is selected from one or more of the group consisting of 611-HER2-CTF,
A648-HER2-CTF, K676-HER2-CTF, and 687-HER2-CTF.

EXAMPLE 47
TREATMENT OF CANCER USING AN SGG COMBINATION THERAPY WITH AN
INHIBITOR OF MTOR

[0522] This example outlines the treatment of a cancer using an SgG to ErbB3
and an inhibitor of mTOR (mammalian target of rapamycin). A subject at risk of developing
a cancer is administered a dose of 2817-CO1 and/or 2716-F05 prior to, subsequent to, or in
the alternative, in combination with everolimus, an inhibitor of mTOR.

[0523] The result of the combined therapy is an improved inhibition of tumor
growth that is at least greater than the use of the SgG and/or the compound alone at an

equivalent dose.

[0524] As demonstrated in the example above, the SGG can be combined with an
inhibitor of mTOR. Thus, in some embodiments, a method for a cancer therapy can include
administering to a subject an effective amount of an inhibitor of mTOR and an effective
amount of a SGG. The compounds can be administered at different times and/or at the same

time. In some embodiments, a pharmaceutical composition comprising an mTOR inhibitor
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and an SGG is provided. FEach ingredient can be provided in an amount that is effective for
the molecule in isolation and/or in an amount that is effective when one part is co-

administered with the other.

EXAMPLE 48
ANTIBODY VERSIONS OF SUR-BINDING PROTEINS

[0525] This example illustrates that when the heavy chains of the sur-binding
proteins are complexed with conventional mature germ line immunoglobulin light chains,
their binding to ErbB3 can be significantly lower compared to when the heavy chains are
complexed with surrogate light chain.

[0526] The heavy chains of 2817-C01 (FIG. 37A) and 2716-F05 (FIG 37B) were
co-expressed in HEK293 cells with with 10 germline antibody kappa or lambda light chains
essentially as described in EXAMPLE 3. The listing of these light chains is provide in FIG.
37A and FIG. 37B.

[0527] Binding of the resulting proteins was evaluated by ELISA. Various
concentrations, as shown in FIGs. 37A and 37B, were allowed to bind to plates coated with
human ErbB3-Fc (R&D Systems). Binding was detected using biotinylated antibodies that
specifically recognize immunoglobulin kappa, immunoglobulin lambda or VpreB, followed
by streptavidin HRP. Detection used a colorimetric HRP substrate.

[0528] The results are shown in FIGs. 37A and 37B. The results demonstrate
that the surrogate light chain provided markedly superior properties to the sur-binding

proteins, demonstrating that surrogate light chain provides superior aspects for binding.

EXAMPLE 49
INHIBITION OF ERBB2-OVEREXPRESSING CELL PROLIFERATION
[0529] SKBR3 and NCI-N87 cells were incubated in complete media in the
absence of NRG for 6 days or for 3 days with 1 ng/ml NRG, as indicated. All experiments
were performed in triplicate. FIG. 38 depicts a comparison of the inhibition in SKBR3 cell
proliferstion in the presence and absence of NRG. FIG. 11C depicts a graph demonstrating
the ability of the SBPs to inhibit NCI-N87 cell growth.
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In some embodiments, the SBP has the ability to induce the noted percent inhibition

shown in FIG. 38 or FIG. 11C in the presence or absence of NRG.

EXAMPLE 50
SBP BASED AUGMENTATION OF TRASTUZUMAB IS GREATER THAN
AUGMENTATION BY PERTUZUMAB

[0530] The present example outlines data comparing the effectiveness of 2817-
C01 and 2716-F05 with trastuzumab and the combination of trastuzumab and pertuzumab or
trastuzumab and 2810-C0O1 and 2716-F05. SKBR3 cells were incubated in complete media
in the absence or presence of NRG for 6 or 3 days, respectively. BT474 cells were incubated
in complete media for 6 days under both conditions. All experiments were performed in
triplicate.  As shown in FIGs. 39A-39D, 2817-CO1 and 2716-F05 were just as, if not more
(especially in the presence of NRG), effective as the combination of pertuzumab and
trastuzumab, and the combination of 2817-C01 or 2716-F05 and trastuzumab was more
effective than the antibody combinations in SKBR3 cells. Similarly, as shown in FIGs. 39E-
39H, 2817-C01 and 2716-FO5 were more effective than any single antibody tested (in the
presence of NRG), and the combination of 2817-COlor 2716-F05 and trastuzumab was more
effective than any antibody combination in BT474 cells, both in the presence and absence of
NRG. The results in FIGs. 39A-39H in regard to the combinations noted are co-titration
values. The value on the x-axis is the concentration of both a) the SBP and trastuzumab or b)

pertuzumab and trastuzumab.

In some embodiments, the SBP has the ability to induce the noted percent inhibition
shown in FIGs. 39A-39D (SKBR3 cells) and/or FIGs. 39E-39H (BT474 cells) in the
presence or absence of NRG. In some embodiments, the SBP can be combined with
trastuzumab in an amount equal to that noted in FIGs. 39A-39H and/or in an amount

sufficient to achieve the level of inhibition present in FIGs. 39A-39H.
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EXAMPLE 51
BISPECIFIC SBPS

[0531] The present example presents evidence that bispecific SBPs for ErbB3 and
EGFR provide superior properties over the SBPs individually, as well as the combination of
the SBPs.

[0532] A431 cells were incubated in serum-free media for 4 days. When tested in
combination, the monospecific SBP 2716-F05 (SBP to ErbB3) and SBP S1.-396 (SBP to
EGFR) were present at equal concentration as indicated in FIG. 40. The nucleic and amino
acid heavy chain sequences of the SBP to EGFR (SL.-396) are provided in FIG. 41A. The
nucleic acid for the ErbB3 heavy chain is provided in FIG. 41B. The amino acid sequence of
2716-F05 is provided in FIG. 41C. The surrogate light chain employed in this case was the
fusion 1 arrangement.

[0533] As can be seen in the results shown in FIG. 40, while the combination of
the two SBPs provided a superior benefit over the individual SBPs, the bispecific SBP (SL-
461), which bound to both ErbB3 and EGFR, provided an even greater benefit over the

combination.

EXAMPLE 52
SELECTIVITY OF ANTI-ERBB3 SBPS

[0534] The present example demonstrates the selectivity of the SBPs for ErbB3
over other ErbB family members. ELISA plates were coated with human ErbB3-Fc, EGFR-
Fc (ErbB1) or ErbB2-Fc. Various concentrations of the indicated anti-ErbB3 SBPs were then
allowed to bind to the coated wells. Binding was detected using a biotinylated antibody that
specifically recognizes VpreB, followed by streptavidin HRP. Detection used a colorimetric
HRP substrate. The results, shown in FIG. 42A, indicate that the sur-binding proteins
selectively bind ErbB3 and not EGFR or ErbB2 in an ELISA format. In FIGs. 42B-G, the
indicated cell lines were stained with anti-EGFR (R&D systems), trastuzumab or 2817-CO1
and analyzed by flow cytometry. The results demonstrated that variations in the abundance

of EGFR and ErbB2 among different cell lines do not impact the staining with the sur-
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binding protein and additionally indicate that the sur-binding protein does not appreciably

bind these members of the ErbB family.

[0535] All references cited throughout the specification, and the references cited

therein, are hereby expressly incorporated by reference in their entirety.
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WHAT IS CLAIMED IS:

1. A sur-binding protein (“SBP”’) comprising:

a VpreB sequence, a A5 sequence, or a VpreB sequence and a A5 sequence;
and
a heavy chain variable region amino acid sequence that is paired with the

VpreB sequence, the A5 sequence, or the VpreB sequence and the A5 sequence to

form a sur-binding protein, wherein said sur-binding protein binds to an ErbB3

protein.

2. The sur-binding protein of Claim 1, wherein the ErbB3 protein comprises the
sequence of SEQ ID NO: 36.

3. The sur-binding protein of Claim 1 or Claim 2, wherein the sur-binding
protein binds to an epitope of ERBB3 selected from the group consisting of domains III and
V.

4. The sur-binding protein of any one of Claims 1-3, wherein the sur-binding
protein reduces or blocks signal transduction of ErbB3.

5. The sur-binding protein of any one of Claims 1-4, wherein the sur-binding
protein directly reduces binding between ErbB3 and its ligand, wherein the ligand is selected
from the group consisting of: neuregulins 1, 2, 3, 4, isoforms thereof, membrane associated or
secreted, and any combination thereof.

6. The sur-binding protein of any one of Claims 1-5, wherein the sur-binding
protein allosterically reduces binding between ErbB3 and its ligand.

1. The sur-binding protein of any one of Claims 1-6, wherein the sur-binding
protein binds to a ligand bound configuration of ErbB3.

8. The sur-binding protein of any one of Claims 1-7, wherein the sur-binding
protein binds to ErbB3 at an ErbB3/membrane surface interface.

9. The sur-binding protein of any one of Claims 1-8, wherein the sur-binding
protein binds to a dimerization domain of ErbB3.

10. The sur-binding protein of any one of Claims 1-9, wherein binding reduces

ErbB3 dimerization.
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11. The sur-binding protein of any one of Claims 1-10, wherein the sur-binding
protein reduces cell surface levels of ErbB3

12. The sur-binding protein of any one of Claims 1-11, wherein the sur-binding
protein sequesters ErbB3 from the cell surface so that it is unavailable for dimerization.

13. The sur-binding protein of any one of Claims 1-12, wherein the sur-binding
protein alters cleavage of the extracellular domain of ErbB3 from the cell surface.

14. The sur-binding protein of any one of Claims 1-13, wherein the sur-binding
protein comprises a heavy chain CDR3 comprising SEQ ID NO: 41 or 45.

15. The sur-binding protein of any one of Claims 1-14, wherein the sur-binding
protein comprises a heavy chain CDR2 comprising SEQ ID NO: 40 or 44

16. The sur-binding protein of any one of Claims 1-15, wherein the sur-binding
protein comprises a heavy chain CDR1 comprising SEQ ID NO: 39 or 43.

17. The sur-binding protein of any one of Claims 1-16, wherein the sur-binding
protein has an ICsg of.from 0.001nM to 100nM

18. The sur-binding protein of any one of Claims 1-17, comprising a VpreB
sequence.

19. The sur-binding protein of Claim 18, wherein said VpreB sequence is selected
from the group consisting of a native VpreB1 sequence, a native VpreB2 sequence, a native
VpreB3 sequence, fragments of any of the preceding, and variants of any of the preceding.

20. The sur-binding protein of Claim 19, wherein said native VpreB sequence is
selected from the group consisting of human VpreB1 of SEQ ID NO: 1, mouse VpreB2 of
SEQ ID NOS: 2 and 3, human VpreB3 of SEQ ID NO: 4, fragments of any of the preceding,
and variants of any of the preceding.

21. The sur-binding protein of any one of Claims 1-20, comprising the AS
sequence.

22 The sur-binding protein of Claim 21, wherein the A5 sequence comprises all
or part of a human A5 of SEQ ID NO: 6 or a mouse A5 polypeptide of SEQ ID NO: 5.

23. The surrogate binding protein of Claim 21, wherein said A5 sequence is fused

to said VpreB sequence.
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24. The sur-binding protein of any one of Claims 1-23, comprising a VpreB
sequence fused to a A5 sequence.

25. The sur-binding protein of Claim 24, wherein said VpreB sequence is selected
from the group consisting of human VpreB1 of SEQ ID NO: 1, mouse VpreB2 of SEQ ID
NOS: 2 and 3, human VpreB3 of SEQ ID NO: 4, fragments of any of the preceding, variants
of any of the preceding, and any combination thereof.

26. The sur-binding protein of Claim 25, wherein said A5 sequence is selected
from the group consisting of a human A5 of SEQ ID NO: 6, a mouse A5 polypeptide of SEQ
ID NO: 5, fragments of any of the preceding, variants of any of the preceding, and any
combination thereof.

27. The sur-binding protein of Claim 24, wherein the VpreB sequence is fused to
the AS sequence at or around a LR3 region of said VpreB sequence and A5, respectively.

28. The sur-binding protein of Claim 27, wherein the sur-binding protein
comprises the amino acid sequence in SEQ ID NO: 12.

29. The sur-binding protein of Claim 24, wherein the A5 is covalently linked to
the VpreB sequences.

30. The sur-binding protein of Claim 29, wherein the A5 is covalently linked to
the VpreB sequences by a connecting peptide or polypeptide sequence.

31. The sur-binding protein of any one of Claims 1-30, wherein the sur-binding
protein comprises the VpreB and the A5 sequence, wherein the VpreB sequence is conjugated
to the A5 sequence by a non-covalent association, and wherein at least one of said VpreB and
A5 sequences is other than a full-length native VpreB and A5 sequence, respectively.

32. The sur-binding protein of Claim 31, wherein at least one of said VpreB and
A5 sequences is a fragment or variant of a native VpreB and A5 sequence, respectively.

33. The sur-binding protein of Claim 32, comprising the VpreB sequence fused to
the A5 sequence, wherein the VpreB sequence fused to the A5 sequence is covalently paired
with the heavy chain variable region amino acid sequence.

34. The sur-binding protein of Claim 33, wherein said antibody heavy chain

variable region amino acid sequence is covalently paired via a peptide linker.
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35. The surrogate binding protein of any one of Claims 1-34, comprising the
VpreB sequence fused to the A5 sequence, wherein said antibody heavy chain variable region
amino acid sequence is conjugated to the VpreB sequence fused to the A5 sequence by non-
covalent association, to form a dimeric complex.

36. The sur-binding protein of any one of claims 1-35 comprising:

a VpreB sequence, a A5 sequence, or a VpreB sequence and a A5 sequence;

a heavy chain CDR1;

a heavy chain CDR2; and

a heavy chain CDR3, wherein the VpreB sequence, the A5 sequence, or the

VpreB sequence and the A5 sequence is paired with the heavy chain CDRI1, the heavy

chain CDR2 and the heavy chain CDR3 so as to form a sur-binding protein that binds

to ErbB3.

37. The sur-binding protein of any one of Claims 1-36, further conjugated to a
therapeutic agent.

38. The sur-binding protein of any one of Claims 1-37, further conjugated to a
label.

39. The sur-binding protein of any one of Claims 1-38, further conjugated to
cytotoxic agent.

40. The sur-binding protein of any one of Claims 1-39, wherein the sur-binding
protein inhibits cleavage of the extracellular domain from the cell surface.

41. The sur-binding protein of any one of Claims 1-40, wherein the VpreB
sequence, the A5 sequence, or the VpreB sequence and the A5 sequence comprises a loop
region as shown in FIG. 27.

42. The sur-binding protein of any one of Claims 1-41, wherein the sur-binding
protein alters clustering of ErbB3 on the cell surface.

43. The sur-binding protein of any one of Claims 1-42, wherein the sur-binding
protein alters an Erb/Erb interaction thereby impacting signaling.

44, A bispecific sur-binding protein comprising:

a first VpreB sequence, a first A5 sequence, or a first VpreB sequence and a

first AS sequence;
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a first heavy chain variable region amino acid sequence that is paired with the
first VpreB sequence, the first A5 sequence, or the first VpreB sequence and the first

A5 sequence to form a first sur-binding protein binding site, wherein sur-binding

protein binding site binds to and/or inhibits an ErbB3 protein;

a second VpreB sequence, a second A5 sequence, or a second VpreB sequence
and a second A5 sequence; and

a second heavy chain variable region amino acid sequence that is paired with
the second VpreB sequence, the second A5 sequence, or the second VpreB sequence
and the second A5 sequence to form a second sur-binding protein site, wherein said
second sur-binding protein site binds to and/or inhibits a second target involved in
cancer pathogenesis.

45. The bispecific sur-binding protein of Claim 44, wherein the second target
involved in cancer pathogenesis involves EGFR protein, an ErbB2 protein, an c-met protein,
a VEGF protein, an IGFR1 Protein, an FGFR protein, an angiopoietin protein, or any
combination thereof.

46. A bispecific sur-binding protein comprising:

a VpreB sequence, a A5 sequence, or a VpreB sequence and a A5 sequence;
a first heavy chain variable region amino acid sequence that is paired with the

VpreB sequence, the A5 sequence, or the VpreB sequence and first A5 sequence to

form a first binding site, wherein sur-binding protein binding site binds to and/or

inhibits an ErbB3 protein;

a light chain variable region; and

a second heavy chain variable region amino acid sequence that is paired with
the light chain variable region to form a second binding site, wherein said second
binding site binds to and/or inhibits a second target involved in cancer pathogenesis.

47. A sur-binding protein, wherein the surbinding protein can reduce cancer cell
proliferation, cancer cell growth, or cancer cell proliferation and growth, wherein the cancer

cell is driven by overexpression of ErbB2.
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48. An antibody that binds ErbB3 and that can reduce cancer cell proliferation,
cancer cell growth, or cancer cell proliferation and growth, wherein the cancer cell is driven
by overexpression of ErbB2.

49. An antibody that binds to a same or an overlapping epitope that the sur-
binding protein of any one of Claims 1-48 binds to.

50. An antibody that displaces the sur-binding protein of any one of Claims 1-49
when the antibody binds to an epitope on ErbB3.

51. A method for suppressing tumor growth comprising providing an ErbB3 sur-
binding protein to a tumor that comprises a cell that expresses ErbB3, thereby suppressing
tumor growth.

52. The method of Claim 51, wherein the tumor cell is selected from the group
consisting of: squamous cell cancer, small-cell lung cancer, non-small cell lung cancer,
gastric cancer, pancreatic cancer, glial cell tumors such as glioblastoma and
neurofibromatosis, cervical cancer, ovarian cancer, liver cancer, bladder cancer, hepatoma,
breast cancer, colon cancer, gastric cancer, melanoma, colorectal cancer, endometrial
carcinoma, salivary gland carcinoma, kidney cancer, renal cancer, prostate cancer, vulval
cancer, thyroid cancer, hepatic carcinoma and various types of head and neck cancer

53. A method for suppressing a cancerous cell, said method comprising:

identifying a subject having a cancerous cell, wherein said cancerous cell
expresses ErbB3; and

administering to the subject a ErbB3 sur-binding protein in an amount
sufficient to bind to ErbB3 on the cancerous cell and thereby block the PI3K, AKT, or

PI3K and AKT pathway.

54. A method of treating cancer, said method comprising:

identifying a subject to receive a treatment for cancer, wherein said cancer
involves expression of ErbB2, FrbB3, or ErbB2 and FrbB3; and

administering to the subject a sur-binding protein or antigen binding portions
thereof, of any one of Claims 1-50.
55. A method of treating cancer, said method comprising:

administering a chemotherapeutic or a biologic to a subject; and
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administering an Erb-3 inhibitor to a subject.

56. The method of Claim 55, wherein the Erb-3 inhibitor comprises a sur-binding
protein.

57. The method of Claim 55 or Claim 56, wherein the sur-binding protein is
further conjugated to a therapeutic agent.

58. The method of Claim 57, wherein the therapeutic agent is the
chemotherapeutic agent that is administered to the subject.

59. The method of Claim 57 or Claim 58, wherein the therapeutic agent inhibits
cancer cell growth.

60. The method of any one of Claims 55-59, wherein the therapeutic agent is

different from the chemotherapeutic agent or the biologic that is administered to the subject.

61. The method of any one of Claims 55-60, wherein the biologic comprises an
antibody.
62. A method for suppressing a cancerous cell, said method comprising:

identifying a subject having a cancerous cell, wherein said cancerous cell
expresses ErbB3; and
administering to the subject an ErbB3 sur-binding protein in an amount
sufficient to bind to ErbB3 on the cancerous cell and thereby block the Ras/Raf/MEK
pathway.
63. A method of treating cancer, said method comprising:
identifying a subject to receive a treatment for cancer, wherein said cancer
involves expression of a variant ErbB2 protein; and
administering to the subject a sur-binding protein or antigen binding portions
thereof, of any one of Claims 1-50.
64. The method of Claim 63, wherein the variant ErbB2 protein is a
proteolytically cleaved ErbB2 protein.
65. The method of Claim 63, wherein the variant ErbB2 protein is an alternatively
translated truncated ErbB2 protein.
66. The method of Claim 65, wherein the cancer comprises a cancerous cell that

expresses p95 Her2.
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67. The method of Claim 65, wherein the variant ErbB2 protein is selected from
the group consisting of 611-HER2-CTF, A648-HER2-CTF, K676-HER2-CTF, and 687-
HER2-CTF.
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Sequence of human ErbB3 accession number p2isso.

MetArgAlaAénAspAlaLeuGanalLeuGlyLeuLeuPheSerLeuAlaArgGlySer
GluValGlyAsnSerGlnAlaValCysProGlyThrLeuAsnGlyLeuSerValThrGly
AspAlaGluAsnGlnTyrGlnThrLeuTyrLysLeuTyrGluArgCysGluvValValMet
GlyAsnLeuGlulleValLeuThrGlyHisAsnAlaAspleuSerPheleuGlnTrplle
ArgGluValThrGlyTyrValleuValAlaMetAsnGluPheSerThrLeuProLeuPro
AsnleulArgValValArgGlyThrGlnValTyrAspGlyLysPheAlallePheValMet
LeuAsnTyrAsnThrAsnSerSerHisAlalLeuArgGlnLeuArgLeuThrGlnLeuThr
GlulleLeuSerGlyGlyValTyrIleGluLysAsnAspLysLeuCysHisMetAspThr
IleAspTrpArgAsplleValArgAspArgAspAlaGlulleValVallysAspAsnGly
ArgSerCysProProCysHisGluValCysLysGlyRrgCysTrpGlyProGlySerGlu
AspCysGIlnThrLeuThrLysThrIleCysAlaProGlnCysAsnGlyHisCysPheGly
ProAsnProAsnGlnCysCysHisAspGluCysAlaGlyGlyCysSerGlyProGlnAsp
ThrAspCysPheAlaCysArgHisPheAsnAspSerGlyAlaCysValProArgCysPro
GlnProLeuValTyrAsnLysLeuThrPheGlnLeuGluProAsnProHisThrLysTyr
GlnTyrGlyGlyvValCysValAlaSerCysProHisAsnPheValValAspGlnThrSer
CysValArgAlaCysProProAspLysMetGluValAsplysAsnGlyLeulLysMetCys
GluProCysGlyGlyLeuCysProlysAlaCysGluGlyThrGlySexrGlySerArgPhe
GlnThrValAspSerSerAsnIleAspGlyPheValAsnCysThrLysIleLeuGlyAsn
LeuAspPhelLeulleThrGlyLeuAsnGlyAspProTrpHisLysIleProAlaLeuAsp
ProGluLysLeuAsnValPheArgThrValArgGlulleThrGlyTyrLeuAsnIleGln
SerTrpProProHisMetHisAsnPheSerValPheSerAsnLeuThrThrIleGlyGly
ArgSerLeuTyrAsnArgGlyPheSerLeuleulleMetLysAsnLeuAsnValThrSer
LeuGlyPheArgSerLeulbysGluIleSerAlaGlyArglleTyrIleSerAlaAsnArg
GlnLeuCysTyrHisHisSerLeuAsnTrpThrLysVallLeuArgGlyProThrGluGlu
ArgleuAspllelLysHisAsnArgProArglArglAspCysValAlaGluGlyLysValCys
AspProLeuCysSerSerGlyGlyCysTrpGlyProGlyProGlyGlnCysLeuSexrCys
ArgAsnTyrSerArgGlyGlyValCysValThrHisCysAsnPheLeuAsnGlyGluPro
ArgGluPheAlaHisGluAlaGluCysPheSerCysHisProGluCysGlnProMetGlu
GlyThrAlaThrCysAsnGlySerGlySerAspThrCysAlaGlnCysAlaHisPheArg
AspGlyProHisCysValSerSerCysProHisGlyVallLeuGlyAlalLysGlyProlle
TyrLysTyrProAspValGlnAsnGluCysArgProCysHisGluAsnCysThrGlnGly
CysLysGlyProGluLeuGlnAspCysLeuGlyGlnThrLeuValleulleGlyLysThr
HisLeuThrMetAlaLeuThrVallleAlaGlyLeuValValIlePheMetMetlLeuGly
GlyThxrPheLeuTyrTrpArgGlyArgArgIlleGlnAsnLysArgAlaMetArgArgTyr
LeuGluArgGlyGluSerIleGluProLeuAspProSerGlulysAlaAsnLysValLleu
AlaArgIlePhelysGluThrGluLeuArghyslheulysValleuGlySerGlyValPhe
GlyThrValHisLysGlyValTrpIleProGluGlyGluSerIleLysIleProValCys
IleLysVallleGluAspLysSerGlyArgGlnSerPheGlnAlavValThrAspHisMet
LeuRlaIleGlySerLeuBispHisAlaHisIleValArgLeuLeuGlyLeuCysProGly
SerSerLeuGlnLeuValThrGlnTyrLeuProLeuGlySerLeuleuAspHisValArg
GlnHisArgGlyAlalLeuGlyProGlnLeuLeuleuAsnTrpGlyValGlnIleAlaLys
GlyMetTyrTyrLeuGluGluHisGlyMetVallisArgAsnLeuAlaAlaArgAsnVal
LeuLeuLysSerProSerGlnValGlnValAlaAspPheGlyValAlaAspLeuleuPro
ProAspAsplLysGlnLeuleuTyrSerGluAlaLysThrProlleLysTrpMetAlaleu
GluSerIleHisPheGlyLysTyrThrHisGlnSerAspValTrpSerTyrGlyValThr
ValTrpGluLeuMetThrPheGlyAlaGluProTyrAlaGlyLeuArgLeuAlaGluval
ProAspLeulLeuGluLysGlyGluArgLeuAlaGlnProGlnIleCysThrIleAspVal
TyrMetValMetValLysCysTrpMetIleAspGluAsnIleArgProThrPheLysGlu
LeuAlaAsnGluPheThrArgMetAlaArgAspProProArgTyrLeuvVallleLysArg
GluSerGlyProGlyIleAlaProGlyProGluProHisGlyLeuThrAsnLysLysLeu
GluGluvalGlulLeuGluProGluLeuAspLeuAspLeuAspLeuGluAlaGluGluAsp
AsnLeuAlaThrThrThrLeuGlySerAlaleuSerLeuProvValGlyThrLeuAsnArg
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ProArgGlySerGlnSerLeul.euSerProSerSerGlyTyrMetProMetAsnGlnGly
AsnLeuGlyGluSerCysGlnGluSerAlaValSerGlySerSerGluRrgCysProArg
ProValSerLeuHisProMetProArgGlyCysLeuAlaSerGluSerSerGluGlyHis
ValThrGlySerGluAlaGluLeuGlnGluLysValSerMetCysArgSerArgSerArg
SerArgSerProArgProArgGlyAspSerAlaTyrHisSerGlnArgHisSerLeuLleu
ThrProValThrProLeuSerProProGlyLeuGluGluGluAspValAsnGlyTyrval
MetProAspThrHisLeulysGlyThrProSerSerArgGluGlyThrleuSerSerVal
GlyLeuSerSerValLeuGlyThrGluGluGluAspGlulspGluGluTyrGluTyrMet
AsnArgArgArgArgHisSerProProHisProProArgProSerSerLeuGluGlulLeu
GlyTyrGluTyrMetAspValGlySerAspLeuSerAlaSerleuGlySerThrGlnSer
CysProlLeulisProValProlleMetProThrAlaGlyThrThrProAspGluAspTyr
GluTyrMetAsnArgGlnArgAspGlyGlyGlyProGlyGlyAspTyrAlaAlaMetGly
AlaCysProAlaSerGluGlnGlyTyrGluGluMetArgAlaPheGlnGlyProGlyHis
* GlnAlaProHisValHisTyrAlaArgLeuLysThrlLeuArgSerLeuGluAlaThrAsp
SerAlaPheAspAsnProAspTyrTrpHisSerArgleuPheProLysAlaAsnAlaGln
ArgThr

(SEQ ID NO: 36) FIG IA
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Sequence of murine ErbB3 accession as1s2s

MetSerAlaIleGlyThrLeuGlnVallLeuGlyPheLeuLeuSerLeuAlaArgGlySer
GluMetGlyAsnSerGlnAlaValCysProGlyThrLeuAsnGlyLeuServVvalThrGly
AspAlaAspAsnGInTyrGlnThrLeuTyrLysLeuTyrGluLysCysGluvValValMet
GlyAsnLeuGlulleValLeuThrGlyHisAsnAlaAspLeuSerPheLeuGlnTrplle
ArgGluValThrGlyTyrValleuValAlaMetAsnGluPheSerValleuProLeuPro
AsnLeuArgValValArgGlyThrGinValTyrAspGlyLysPheRlallePheValMet
LeuAsnTyrAsnThrAsnSerSerHisAlaleuArgGlnLeuArgPheThrGlnLeuThr
GluIleleuleuGlyGlyValTyrIleGluLysAsnAsplysLeuCysHisMetAspThr
IleAspTrpArgAspIleValArgValProAspAlaGlulleValVallysAsnAsnGly
GlyAsnCysProProCysHisGluValCysLysGlyArgCysTrpGlyProGlyProGlu
AspCysGlnIleLeuThrLysThrIleCysAlaProGlnCysAsnGlyArgCysPheGly
ProAsnProAsnGlnCysCysHisAspGluCysAlaGlyGlyCysSerGlyProGlnAsp
ThrAspCysPheAlaCysArgHisPheAsnAspSerGlyAlaCysValProArgCysPro
AlaProLéuValTyrAsnLysLeuThrPheGlnLeuGluProAsnProHisIleLysTyr
GlnTyrGlyGlyValCysValAlaSerCysProHisAsnPheValValAspGlnThrPhe
CysValArgAlaCysPrbAlaAspLysMetGluValAspLysAsnGlyLeuLysMetCys
GluProCysArgGlyLeuCysProlysAlaCysGluGlyThrGlySerGlySexrArgTyr
GInThrValAspSerSerAsnIleAspGlyPheValAsnCysThrLysIleLeuGlyAsn
LeuAspPhelLeulleThrGlyLeuAsnGlyAspProTrpHisLysIleProAlaLeuAsp
ProGlulysLeuAsnValPheArgThrValArgGluIleThrGlyTyrLeuAsnIleGln
SerTrpProProHisMetHisAsnPheSerValPheSerAsnLeuThrThxIleGlyGly
ArgSerLeuTyrAsnArgGlyPheSerlLeuleulleMetLysAsnLeuAsnValThrSer
LeuGlyPheArgSerLeulysGlulleSerAlaGlyArgValTyrIleSerAlaAsnGln
GlnLeuCysTyrHisHisSerLeuBAsnTrpThrArgleuleuArgGlyProAlaGluGlu
ArgLeuAspllelysTyrAsnArgProleuGlyGluCysValAlaGluGlyLysValCys
AspProLeuCysSerSerGlyGlyCysTrpGlyProGlyProGlyGlnCysLeuSerCys
ArgAsnTyrSerArgGluGlyValCysValThrHisCysAsnvValLeuGlnGlyGluPro
ArgGluPheValHisGluAlaHisCysPheSerCysHisProGluCysGlnProMetGlu
GlyThrSerThrCysAsnGlySerGlySerAspAlaCysAlaArgCysAlaHisPheArg
AspGlyProHisCysValAsnSerCysProHisGlyIleLeuGlyAlaLysGlyProlle
TyrLysTyrProAspAlaGlnAsnGluCysArgProCysHisGluAsnCysThrGlnGly
CysLysGlyProGluLeuGlnAspCysLeuGlyGlnAlaGluValLeuMetSerLysPro
HisLeuValIleAlaValThrValGlyLeuThrValllePheLeulleLeuGlyGlySer
PhelLeuTyrTrpArgGlyArgArgIlleGlnAsnLysArgAlaMetArgArgTyrLeuGlu
ArgGlyGluSerIleGluProLeuAspProSerGlulysAlaAsnLysValLleuAlaArg
"IlePhelysGluThrGlulLeuhrglLysleulysValleuGlySerGlyValPheGlyThr
ValHisLysGlyIleTrpIleProGluGlyGluSerIleLysIleProValCysIleLys
ValIleGluAspLlysSerGlyArgGlnSerPheGlnAlaValThrAspHisMetLeuAla
ValGlySerLeuAspHisAlaHisIleValArgLeuLeuGlyLeuCysProGlySerSer
LeuGlnLeuValThrGlnTyrLeuProLeuGlySerLeulleuAspHisValArgGlnHis
ArgGluThrLeuGlyProGlnLeuLeuLeuAsnTrpGlyValGlnIleAlaLysGlyMet
TyrTyrlLeuGluGluHisSerMetValHisArgAspLeuAlalLeuArgAsnValMetLeu
LysSerProSerGlnvValGlnValAlaAspPheGlyValAlaAspLeuleuProProAsp
AspLysGlinLeuleuHisSerGluAlaLysThrProlleLysTrpMetAlaLeuGluSer
IleHisPheGlyLysTyrThrHisGlnSerAspValTrpSerTyrGlyValThrValTrp
GluLeuMetThrPheGlyAlaGluProTyrAlaGlyLeuArgLeuAlaGlulleProAsp
LeuleuGluLysGlyGluArgleuAlaGlnProGlnIleCysThrIleAspValTyrMet
ValMetValLysCysTrpMetIleAspGluAsnIleArgProThrPhelysGluLeuAla
AsnGluPheThrArgMetAlaArgAspProProArgTereuValIleLysArgAlaSer
GlyProGlyIleProProAlaAlaGluProSerAlaLeuSerThrLysGluLeuGlnAsp
AlaGluLeuGluProAsplLeuAspLeuAspLeuAspValGluvValGluGluGluGlyLeu
AlaThrThrLeuGlySerAlaLeuSerLeuProThrGlyThrLeuThrArgProArgGly
SerGlnSerLeuleuSerProSerSerGlyTyrMetProMetAsnGlnSerAsnLeuGly
GluAlaCysLeuAspSerAlaValLeuGlyGlyArgGluGlnPheSerArgProlleSer
LeuHisProIleProArgGlyArgGlnThrSerGluSerSerGluGlyHisValThrGly
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SerGluAlaGluLeuGlnGluArgValSerMetCysArgSerArgSerArgSerArgSer
ProArgProArgGlyAspSerAlaTyrHisSerGlnArgHisSerLeuleuThrProval
ThrProLeuSerProProGlyLeuGluGluGluAspGlyAsnGlyTeralMetProAsp
ThrHlsLeuArgGlyThrSerSerSerArgGluGlyThrLeuSerSerValGlyLeuSer
SerValLeuGlyThrGluGluGluAspGluAspGluGluTyrGluTeretAsnArgLys
ArgArgGlySerProAlaArgProProArgProGlySerLeuGluGluLeuGlyTyrGlu
TeretAspValGlySerAspLeuSerAlaSerLeuGlySerThrGlnSerCysProLeu
HlsProMetAlaIleValProSerAlaGlyThrThrProAspGluAspTyrGluTeret
AsnArgArgArgGlyAlaGlyGlySerGlyGlyAspTyrAlaAlaMetGlyAlaCysPro
AlaAlaGluGlnGlyTyrGluGluMetArgAlaPheGlnGlyProGlyHlsGlnAlaPro
1sValArgTyrAlaArgLeuLysThrLeuArgSerLeuGluAlaThrAspSerAlaPhe
AspAsnProAspTerrlesSerArgLeuPheProLysAlaAsnAlaGlnArgIle

(SEQ ID NO: 37)

FI1G. 1B
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Fig. 7A

2-3-3-3

ThrG1lnValCysThrGlyThrAspMetLysLeuArgLeuProAlaSerProGluThrHis
LeuAspMetLeuArgHisLeuTyrGlnGlyCysGlnValValGlnGlyAsnleuGluLeu
ThrTyrLeuProThrAsnAlaSerLeuSerPhelLeuGlnAsplleGlnGluvalGlnGly
TyrValleuIleAlaHisAsnGlnValArgGlnValProLeuGlnArgLeuArgIleval
ArgGlyThrGinLeuPheGluAspAsnTyrAlaLeuAlavValLleuAspAsnGlyAspPro
LeuAsnAsnThrThrProValThrGlyAlaSerProGlyGlyLeuvArgGluLeuGlnLeu
ArgSerLeuThrGlulleLeuLysGlyGlyValLeulleGlnArgAsnProGlnLeuCys
TyrGlnAspThrlleLeuTrpLysAspllePhelisLysAsnAsnGlnLevAlaleuThr
LeulleAspThrAsnArgSerArgSerCysProProCysHisGluValCysLysGlyArg
CysTrpGlyProGlySerGluAspCysGlnThrLeuThrLysThrIleCysAlaProGln
CysAsnGlyHisCysPheGlyProAsnProAsnGlnCysCysHisAspGluCysAlaGly
GlyCysSerGlyProGlnAspThrAspCysPheAlaCysArgHisPheAsnAspSerGly
AlaCysValProArgCysProGlnProLeuValTyrAsnLysLeuThrPheGlnLeuGlu
ProAsnProHisThrLysTyrGlnTyrGlyGlyValCysValAlaSerCysProHisAsn
PheValValAspGlnThrSerCysValArgAlaCysProProAspLysMetGluValAsp
LysAsnGlyLeuLysMetCysGluProCysGlyGlyLeuCysProLysAlaCysGluGly
ThrGlySerGlySerArgPheGlnThrValAspSerSerAsnIleAspGlyPheValAsn
CysThrlysIleLeuGlyAsnLeuAspPheleuIlleThrGlyLeuAsnGlyAspProTrp
HislLysIleProAlaLeuAspProGluLysLeuAsnValPheArgThxrValArgGluIle
ThrGlyTyrLeuAsnIleGlnSerTrpProProHisMetHisAsnPheServValPheSer
AsnLeuThrThrIleGlyGlyArgSerLeuTyrAsnArgGlyPheSerLeuleulleMet
LysAsnLeuAsnValThrSerLeuGlyPheArgSerLeuLysGlulleSerAlaGlyArg
IleTyrIleSerAlaAsnArgGlnLeuCysTyrHisHisSerLeuAsnTrpThrLysVal
LeuArgGlyProThrGluGluArgleuAsplleLysHisAsnArgProArgArgAspCys
ValAlaGluGlyLysValCysAspProLeuCysSerSerGlyGlyCysTrpGlyProGly
ProGlyGinCysLeuSerCysArgAsnTyrSerArgGlyGlyValCysValThrHisCys
AsnPheleuAsnGlyGluProArgGluPheAlaHisGluAlaGluCysPheSerCysHis
ProGluCysGlnProMetGluGlyThrAlaThrCysAsnGlySerGlySerAspThrCys
AlaGInCysAlalisPheArgAspGlyProHisCysValSerSerCysProHisGlyVal
LeuGlyAlaLysGlyProlleTyrLysTyrProAspValGlnAsnGluCysArgProCys
HisGluAsnCysThrGlnGlyCysLysGlyProGluLeuGlnAspCysLeuGlyGlnThr
LeuvalleulleGlyLysThrHisLeuThrIleGluGlyArgMetAspAspLysThriis
ThrCysProProCysProAlaProGluLeuleuGlyGlyProServValPheLeuPhePro
ProLysProLysAspThrLeuMetIleSerArgThrProGluValThrCysValValvVal
AspValSerHisGluAspProGluValLysPheAsnTrpTyrValAspGlyValGluval
HisAsnAlaLysThrLysProArgGluGluGlnTyrAsnSerThrTyrArgValValSer
ValLeuThrValleuHisGlnAspTrpLeuAsnGlyLysGluTyrLysCysLysValSer
AsnLysAlaLeuProAlaProlleGluLysThrIleSerLysAlalysGlyGlnProArg
GluProGinValTyrThrLeuProProSerArgAspGluleuThrLysAsnGlnvValSer
LeuThrCysLeuValLysGlyPheTyrProSerAspIleAlaValGluTrpGluSerAsn
GlyGlnProGluAsnAsnTyrLysThrThrProProValleuAspSerAspGlySerPhe
PheLeuTyrSerLysLeuThrValAspLysSerArgTrpGlnGlnGlyAsnValPheSer
CysServValMetHisGluAlaLeuHisAsnHisTyrThrGlnlysSerLeuSerLeuSer
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Fig. 7B

3-3-2-3

GlyAsnSerGlnAlaValCysProGlyThrLeuAsnGlyLeuSerValThr
GlyAspAlaGluAsnGinTyrGlnThrLeuTyrLysLeuTyrGluArgCysGluvalval
MetGlyAsnLeuGlulleValLeuThrGlyHisAsnAlaAspLeuSerPheLeuGlnTrp
IleArgGluValThrGlyTyrValleuvalAlaMetAsnGluPheSerThrLeuProLeu
ProAsnLeuArgValValArgGlyThrGinValTyrAspGlyLysPheAlallePheVal
MetLeuAsnTyrAsnThrAsnSerSerHisAlaleuArgGlnLeuArgleuThrGlnLeu
ThrGlulleLeuSerGlyGlyValTyrIleGluLysAsnAspLysLeuCysHisMetAsp
ThrIleAspTrpArgAsplleValArgAspArgAspAlaGlulleValVallysAspAsn
GlyArgSerCysProProCysHisGluValCysLysGlyArgCysTrpGlyProGlySer
GluAspCysGlnThrLeuThrLysThrIleCysAlaProGlnCysAsnGlyHisCysPhe
GlyProAsnProAsnGlnCysCysHisAspGluCysAlaGlyGlyCysSerGlyProGln
AspThrAspCysPheAlaCysArgHisPheAsnAspSerGlyAlaCysValProArgCys
ProGlnProLeuValTyrAsnLysLeuThrPheGlnLeuGluProAsnProHisThrLys
TyrGlnTyrGlyGlyValCysValAlaSerCysProHisAsnPheValValAspGlnThr
SerCysValArgAlaCysProProAspLysMetGluValAspLysAsnGlyLeul.ysMet
CysGluProCysGlyGlyLeuCysProLysAlaCysTyrGlyLeuGlyMetGluHisLeu
ArgGluValArgAlaValThrSerAlaAsnIleGlnGluPheAlaGlyCysLysLysIle
PheGlySerLeuAlaPheLeuProGluSerPheAspGlyAspProAlaSerAsnThrAla
ProLeuGlnProGluGlnLeuGlnValPheGluThrLeuGluGlulleThrGlyTyrLeu
TyrIleSerAlaTrpProAspSerLeuProAsplLeuServValPheGlnAsnLeuGlnVal
IleArgGlyArgIleLeuHisAsnGlyAlaTyrSerLeuThrLeuGlnGlyLeuGlylle
SerTrpleuGlyLeuArgSerLeuArgGluLeuGlySerGlyLeuAlaleulleHisHis
AsnThrHisLeuCysPheValHisThrValProTrpAspGlnLeuPheArgAsnProHis
GlnAlaLeuleuHisThrAlaAsnArgProGluAspGluCysValGlyGluGlyLysVal
CysAspProleuCysSerSerGlyGlyCysTrpGlyProGlyProGlyGlnCysLeuSer
CysArgAsnTyrSerArgGlyGlyValCysValThrHisCysAsnPheleulsnGlyGlu
ProArgGluPheAlaRisGluAlaGluCysPheSexrCysHisProGluCysGlnProMet
GluGlyThrAlaThrCysAsnGlySerGlySerAspThrCysAlaGlnCysAlaHisPhe
ArgAspGlyProHisCysValSerSerCysProHisGlyValleuGlyAlaLysGlyPro
IleTyrLysTyrProAspValGlnAsnGluCysArgProCysHisGluAsnCysThrGln
GlyCysLysGlyProGluLeuGlnAspCysLeuGlyGlnThrLeuValLeulleGlyLys
ThrHEisLeuThrIleGluGlyArgMetAspAspLysThrHisThrCysProProCysPro
AlaProGluLeuLleuGlyGlyProSerValPheLeuPheProProLysProLysAspThr
LeuMetTleSerArgThrProGluValThrCysValValValAspValSerHisGluAsp
ProGluValLysPheAsnTrpTyrValAspGlyValGluValHisAsnAlaLysThrLys
ProArgGluGluGlnTyrAsnSerThrTyrArgValValSerValleuThrValleuHis
GlnAspTrpLeuAsnGlyLysGluTyrLysCysLysValSerAsnlLysAlaLeuProAla
ProIleGluLysThrIleSerLysAlalysGlyGlnProArgGluProGlnValTyrThr
LeuProProSerArgAspGluLeuThrLysAsnGinValSerLeuThrCysLeuVallys
GlyPheTyrProSerAsplleAlaValGluTrpGluSerAsnGlyGlnProGluAsnAsn
TyrLysThrThrProProValLeuAspSerAspGlySerPhePheleuTyrSerLysLeu
ThrValAspLysSerArgTrpGilnGlnGlyAsnValPheSerCysSerValMetHisGlu
AlaleuHisAsnHisTyrThrGlnLysSerLeuSerLeuSerProGly

SE@ 10 Mo I=)
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Fig. 7C

3-3-3-2 ;
GlyAsnSerGlnAlavValCysProGlyThrLeuAsnGlyLeuSerValThrGlyAspAla
GluAsnGlnTyrGlnThrLeuTyrlysLeuTyrGluArgCysGluValValMetGlyAsn
LeuGlulleValLeuThrGlyHisAsnAlaAspLeuSerPheLeuGlnTrpIlleArgGlu
ValThrGlyTyrValLeuValAlaMetAsnGluPheSerThrleuProLeuProAsnLeu
ArgvValValArgGlyThrGlnValTyrAspGlyLysPheAlaIllePheValMetLeuAsn
TyrAsnThrAsnSerSerHisAlaLeuArgGlnLeuArgLeuThrGlnLeuThrGlulle
LeuSerGlyGlyValTyrIleGluLysAsnAspLysLeuCysHisMetAspThrIleAsp
TrpArgAsplleValArgAspArgAspAlaGlulleValVallysAspAsnGlyArgSer
CysProProCysHisGluValCysLysGlyArgCysTrpGlyProGlySerGlulAspCys
GlnThrLeuThrLysThrIleCysAlaProGlnCysAsnGlyHisCysPheGlyProAsn |
ProAsnGlnCysCysHisAspGluCysAlaGlyGlyCysSerGlyProGlnAspThrAsp
CysPheAlaCysArgHisPheAsnAspSerGlyAlaCysValProArgCysProGlnPro
LeuValTyrAsnlysLeuThrPheGlnLeuGluProAsnProHisThrLysTyrGlnTyxr
GlyGlyValCysValAlaSerCysProHisAsnPheValValAspGlnThrSerCysVal
ArgAlaCysProProAspLySMetGluValAspLysAshGlyLeuLysMetCysGluPro
CysGlyGlylLeuCysProLysAlaCysGluGlyThrGlySerGlySerArgPheGlnThr
ValhAspSerSerAsnlleAspGlyPhevalAsnCysThriLysIleLeuGlyAsnLeuAsp
PheLeulleThrGlyLeuAsnGlyAspProTrpHisLysIleProAlaLeuAspProGlu
LysLeuAsnValPheArgThrValArgGluIleThrGlyTyrLeuAsnIleGlnSerTrp
ProProHisMetHisAsnPheSerValPheSerAsnLeuThrThrIleGlyGlyArgSer
LeuTyrAsnArgGlyPheSerLeuleulleMetLysAsnLeuAsnValThrSerLeuGly
PheArgSerLeulysGlulleSerAlaGlyArglleTyrIleSerAlaAsnArgGlnLeu
CysTyrHisHisSerLeuAsnTrpThrLysValleuRArgGlyProThrGluGluArgLeu
AspllelysHisAsnBrgProArgArgAspCysValAlaGluGlyLeuAlaCysHisGln
LeuCysAlaBArgGlyHisCysTrpGlyProGlyProThrGlnCysValAsnCysSerGln
PheLeuArgGlyGinGluCysValGluGluCysArgValLeuGlnGlyLeuProArgGlu
TyrValAsnAlaArgHisCysLeuProCysHisProGluCysGlnProGlnAsnGlySer
ValThrCysPheGlyProGluAlaAspGlnCysValAlaCysAlaHisTyrLysAspPro
ProPheCysValAlaArgCysProSerGlyValLysProAspLeuSerTyrMetProlle
TrpLysPheProAspGluGluGlyAlaCysGlnProCysProlleAsnCysThrHisSer
CysValAspLeuAspAspLysGlyCysProAlaGluGlnArgAlaSerProLeuThrIle
GluGlyArgMetAspAspLysThrHisThrCysProProCysProAlaProGluleuleu
GlyGlyProSerValPheLeuPheProProLysProLysAspThrLeuMetIleSerArg
ThrProGluValThrCysValValValAspValSerHisGluAspProGluValLysPhe
AsnTrpTyrValAspGlyValGluValHisAsnAlaLysThrLysProArgGluGluGln
TyrAsnSerThrTyrArgValValSerValLeuThrVallLeuHisGlnAspTrpLeulAsn
GlyLysGluTyrLysCysLysValSerAsnLysAlaLeuProAlaProIleGluLysThr
IleSerLysAlalysGlyGlnProArgGluProGlnValTyrThrLeuProProSerArg
AspGluLeuThrLysAsnGlnValSerLeuThrCysLeuVallysGlyPheTyrProSer
AspIleAlaVélGluTrpGluSerAsnGlyGlnProGluAsnAsnTerysThrThrPro
ProValleuAspSerAspGlySerPhePheleuTyrSerLysLeuThrValAspLysSerxr
ArgTrpGlnGlnGlyAsnValPheSerCysSerValMetHisGluAlaLeuHisAsnHis

TyrThrGlnLysSerLeuSerLeuSerProGly
(Sew 10 mo £3)
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Nucleic Acid sequences

2716-F05
GAAGTCCAGTTGTTGGAATCAGGCGGAGGTCTGGTACAGCCCGGAGGGAGCTTGC
GACTGTCGTGTGCGGCCTCCGGGTTCACCTTCTCGAATTACTGGATGCACTGGGTG
CGCCAAGCCCCAGGGAAGGGTCTTGAGTGGGTGGCCTTGATCTCAGGGGGAGGAG
GTAACACATACTACGCGGATTCCGTCAAAGGACGGTTTACAATTTCCAGAGACAA
CTCGAAGAACACGCTCTACCTCCAGATGAATAGCCTTAGGGCGGAGGACACGGCG
GTCTATTACTGCGCGAAAGATAACGAGAAGAATCTGTACACGTGGCTCGACTACT
GGGGACAGGGAACCCTCGTGACTGTATCGTCAGTTTGATTACTGGGGACAGGGTA
CACTCGTGACGGTGAGCAGC (S€B /0 ~o6 3Y)

2817-C01
GAAGTCCAGTTGTTGGAATCAGGCGGAGGTCTGGTACAGCCCGGAGGGAGCTTGC
GACTGTCGTGTGCGGCCTCCGGGTTCACCTTICTCGACGTACGCGATGAATTGGGTG
CGCCAAGCCCCAGGGAAGGGTCTTGAGTGGGTGGCCCTCATTTCCTCGGGAGGGT
CATACAAGTATTACGCGGATTCCGTCAAAGGACGGTTTACAATITCCAGAGACAA
CTCGAAGAACACGCTCTACCTCCAGATGAATAGCCTTAGGGCGGAGGACACGGCG
GTCTATTACTGCGCAAAAGACAACTTCATCTTGCTGAACAGCTGGTTTGATTACTG
GGGACAGGGAACCCTCGTGACTGTATCGTCA (SEEr wD WO &S

2816-D12
CAGGTCCAGCTTGTACAATCAGGAGCAGAGGTCAAGAAACCCGGATCGTCAGTCA
AAGTAAGCTGCAAGGCGTCCGGCGGTACCTTTAGCAGCTACGCGATCTCGTGGGT
GAGGCAGGCGCCAGGACAGGGTTTGGAATGGATGGGAGGGATCACGGTGTACAC
GGGGACTACAAACTATGCACAGAAGTTCCAAGGGCGGGTCACTATCACAGCTGAC
AAATCCACGTCAACAGCGTATATGGAGCTGTCGTCCTTGAGATCGGAAGATACCG
CCGTGTACTATTGTGCCCGAGCGAACGCAATTACGGTGAATCGCTCGCTCGATTAC
TGGGGACAGGGGACGCTCGTGACGGTGAGCTCG sep /0 Mo &)

2890-A03
GAGGTCCAGCTCGTGGAAAGCGGTGGGGGTTTGGTAAAGCCGGGAGGCTCGCTGC
- GGCTTTCATGTGCGGCCTCCGGATTCACCTTTCGGAACTACTCCATGTCGTGGGTC
AGACAGGCTCCCGGTAAAGGGTTGGAATGGGTCGCGGCAATCTCATACGGGGGTG
CCTATAAGTACTACGCGGACTCAGTAAAGGGAAGGTITTACAATTITCGCGAGATAA
TGCCAAAAACTCCTTGTATCTCCAAATGAACTCACTGAGAGCAGAGGATACTGCC
‘GTGTACTATTGCGCGAGGGAGGTGGGACTCGATTATGCTATGGACTACTGGGGAC
AGGGTACACTCGTGACGGTGAGCAGC  [Sc© .0 wo £7)

2900-B11
GAGGTCCAGCTCGTGGAAAGCGGTGGGGGTTTGGTAAAGCCGGGAGGCTCGCTGC
GGCTTTCATGTGCGGCCTCCGGATTCACCTTTTCGAACTATTCAATGTCGTGGGTCA
GACAGGCTCCCGGTAAAGGGTTGGAATGGGTGGCAAACATCAGCGCGGGTGGAGC
CTACAAATACTACGCGGACTCAGTAAAGGGAAGGTTTACAATTTCGCGAGATAAT
GCCAAAAACTCCTTGTATCTCCAAATGAACTCACTGAGAGCAGAGGATACTGCCG
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TGTACTATTGCGCTCGGGACAGGTTCAAGTATCTCTGGTCCTGGTTTGATTACTGG
GGACAGGGTACACTCGTGACGGTGAGCAGC (K& ,0 ~o IF.

2815-B08
GAGGTCCAGCTCGTGGAAAGCGGTGGGGGTTTGGTAAAGCCGGGAGGCTCGCTGC
GGCTTTCATGTGCGGCCTCCGGATTCACCTTTTCCAATTACGAGATGTCGTGGGTC
AGACAGGCTCCCGGTAAAGGGTTGGAATGGGTGGCCACGATCTCATATGATGGGG
GATACAAGTACTACGCGGACTCAGTAAAGGGAAGGTTTACAATTTCGCGAGATAA
TGCCAAAAACTCCTTGTATCTCCAAATGAACTCACTGAGAGCAGAGGATACTGCC
GTGTACTATTGCGCGAGAGACAACAGCTATCTCTTGTATTACTGGTTCGACTACTG
GGGACAGGGTACACTCGTGACGGTGAGCAGC G%@ 10 Wo 89)

FI1G. 18
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MSWAPVLLMLFVYCTGCGPQPVLHQPPAMSSALGTTIRLTCTLRNDHDIGVYSVYWYQQRPGHPPRF
LI RYFSQSDKSQGPQVPPRFSGSKDVARNRGYLSISELQPEDEAMYYCAMGARSSEKEEREREWEE
EMEPTAARTRVP

(Human VpreB1; CAG30495; 145 amino acids; SEQ ID NO:1)

MAWTSVLLMLLAHLTGCGPQPMVHQPPSASSSLGATIRLSCTLSNDHNIGIYSIYWYQ
QRPGHPPRFLLRYFSHSDKHQGPDIPPRFSGSKDTARNLGYLSISELQPEDEAVYYCAV
GLRSHEKKRMEREWEGEKSYTDLGS

(Mouse VpreB2; P13373; 142 amino acids; SEQ ID NO:2)

MAWTSVLLMLLAHLTGKGTLGVQGFLAPPVALLCPSDGHASIFSGCGPQPMVHQPPS
ASSSLGATIRLSCTLSNDHNIGIYSIYWYQQRPGHPPRFLLR YFSHSDKHQGPDIPPRFSG
SKDTARNLGYLSISELQPEDEAVYYCAVGLRSHEKKRMEREWEGEKSYTDLGS

(Mouse VpreB2 splice variant; CAA01964; 171 amino acids; SEQ ID NO:3)

MACRCLSFLLMGTFLSVSQTVLAQLDALLVFPGQVAQLSCTLSPQHVTIRDYGVSWY
QQRAGSAPRYLLYYRSEEDHHRPADIPDRF SAAKDEAHNACVLTISPVQPEDDADYYC
SVGYGFSP

(Human VpreB3 splice variant, CAG30496; 123 amino acids; SEQ ID NO:4)

MKLRVGQTLGTIPRQCEVLLLLLLLGLVDGVHHILSPSSAERSRAVGPGASVGSNRPSLWALPGRLLFQ
HPRGAGPRCSPHRLPSKPQFWYVFGGGTQLTILGQPKSDPLVTLFLPSLKNLGPTRPHVVCLVSEFYP
GTLVVDWKVDGVPVTQGVETTQPSKQTNNKYMVSSYLTLISDQWMPHSRYSCRVTHEGNTVEKSVSP
AECS

{Mouse lambda 5; CAA01962; 209 amino acids; SEQ 1D NO:5)

MRPGTGQGGLEAPGEPGPNLRQRWPLLLLGLAVVTHGLLRPTAASQSRALGPGAPGG
SSRSSLRSRWGRFLLQRGSWTGPRCWPRGFQSKHNSVTHVFGSGTQLTVLSQPKATPS
VTLFPPSSEELQANKATLVCLMNDFYPGILTVTWKADGTPITQGVEMTTPSKQSNNKY
AASSYLSLTPEQWRSRRSYSCQVMHEGSTVEKTVAPAECS

(Human lambda 5; NP_064455; 213 amino acids; SEQ ID NO:6)

MRPGTGQGGLEAPGEPGPNLRQRWPLLLLGLAVVTHGSVTHVFGSGTQLTVLSQPKATPSVYTLFPPS
SEELQANKATLVCLMNDFYPGILTVIWKADGTPITQGVEMTTPSKQSNNKYAASSYLSLTPEQWRSRR
SYSCQVMHEGSTVEKTVAPAECS

(Human lambda 5dT; 158 amino acids; SEQ ID NO:7)

MSWAPVLLMLFVYCTGCGPQPVLHQPPAMSSALGTTIRLTCTLRNDHDIGVYSVYWY
QQRPGHPPRFLLRYFSQSDKSQGPQVPPRFSGSKDVARNRGYLSISELQPEDEAMYYC

AMGARSSVTHVFGSGTQLTVLSQPKATPSVTLFPPSSEELQANKATLVCLMNDFYPGI

LTVTWKADGTPITQGVEMTTPSKQSNNKYAASSYLSLTPEQWRSRRSYSCQVMHEGS
TVEKTVAPAECS

(VpreB1-Lambda5 (Fusion 1); 242 amino acids; SEQ 1D NO:10)

FIG. 25
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METDTLLLWVLLLWVPGSTdQPVLHQPPAMSSALGTTIRLTCTLRNDHDIGVYSVYW
YQQRPGHPPRFLLRYFSQSDKSQGPQVPPRFSGSKDVARNRGYLSISELQPEDEAMYY

CAMGARSSVTHVFGGGTKLTVLSQPKAAPSVTLFPPSSEELQANTATLVCLISDFYPGA
VIVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGS
TVEKTVAPTECS

(VpreB1- CL (Fusion 2); 242 amino acids; SEQ ID NO:11)

VKKLLLFAIPLVVPFYSHSAQPVLHQPPAMSSALGTTIRLTCTLRNDHDIGVYSVYWY
QQRPGHPPRFLLRYFSQSDKSQGPQVPPRFSGSKDVARNRGYLSISELQPEDEAMYYC
AMGARSSVTHVFGSGTQLTVLSQPKATPSVTLFPPSSEELQANKATLVCLMNDFYPGI
LTVIWKADGTPITQGVEMTTPSKQSNNKYAASSYLSLTPEQWRSRRSYSCQVMHEGS
TVEKTVAPAECSGAPVPYPDPLEPR

(genelll VpreB1-Lambda5-E tag Fusion (Fusion 1); 256 amino acids; SEQ ID NO:12)

FIG. 25 Continued
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Mature fusion sequence of fusion |
QPVLHQPPAMSSALGTTIRLTCTLRNDHDIGVYSVYWYQQRPGHPPRFLLRYFSQSDKSQGPQVPPRFSGSK

DVARNRGYLSISELQPEDEAMYYCAMGARSSVTHVFGSGTQLTVLSQPKATPSVTLFPPSSEELOANKATLVC

LMNDFYPGILTVTWKADGTPITQGVEMTTPSKQSNNKYAASSYLSLTPEQWRSRRSYSCQVMHEGSTVEKT
VAPAECS (SEQ.ID NO: 276)

FIG. 25 continued (last page)
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Ab B light chain variable region:
QSALTQPASVSGSPGOSITISCTGTSSDVGSYNVVSWYQQOHPGKAPKLIIYEVSQRPSG
VSNRESGSKSGNTASLTISGLQTEDEADYYCCSYAGSSIFVIFGGGTKVTVL (J’@ 20 2 /c)/)

Ab B heavy chain variable regions:

EVQLLESGGGLVQPGGSLRLSCAASGEFTFSHYVMAWVRQAPGKGLEWVSSISSSGGWTL
YADSVKGRETISRDNSKNTLYLOMNSTLRAEDTAVYYCTRGLKMATIFDYWGQGTLVTVS

S (&2 sp2 /22)

FI1G. 28C
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Ab A light chain variable region:
DIEMTQOSPDSLAVSLGERATINCRSSQSVLYSSSNRNYLAWYQONPGOPPKLLIYWAST
RESGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCQQYYSTPRTFGNGTKVE Il{gg@ 10 rV0 /03)

Ab A heavy chain variable region:

OVOLOOWGAGLLKPSETLSLTCAVYGGSFSGYYWSWIRQPPGKGLEWIGEINHSGSTNY
NPSLKSRVTISVETSKNQFSLKLSSVTAADTAVYYCARDKWTWYFDLWGRGTLVTVSS

(o (p e 104)

FIG. 28D
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2995-B06
EVQLLESGGGLVQPGGSLRLSCAASGFTFSNYGMHWVRQAPGKGLEWVALISSGGAYT
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 193)

2995-A12
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYWMNWVRQAPGKGLEWVANISGGGGYI
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 194)

2995-D03
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMHWVRQAPGKGLEWVALISNGSGYK
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 195)

2995-C05
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYWMHWVRQAPGKGLEWVAAISSGSSYT
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 196)

2995-B02
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYWMHWVRQAPGKGLEWVAVISSNGRY
TYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 197)

2995-A02
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMNWVRQAPGKGLEWVALISNGGGIK
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 198)

2995-C10
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVAGISGGGAY
TYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 199)

2995-A08
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVAGISNGGSITY
YADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 200)

2995-H09
EVQLLESGGGLVQPGGSLRLSCAASGFTFSNYWMHWVRQAPGKGLEWVASISNGGRYI
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 201)

FIG. 34E
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2995-B04
EVQLLESGGGLVQPGGSLRLSCAASGFTFSNYWMHWVRQAPGKGLEWVALISNNGTY
TYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 202)

2995-G10
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDY WMNWVRQAPGKGLEWVANISNGGTYI
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 203)

2995-A05
EVQLLESGGGLVQPGGSLRLSCAASGFTFSNYWMHWVRQAPGKGLEWVAAISNGSSYT
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 204)

2995-A07
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVAGISSGGAYT
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 205)

2995-H07
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDY WMNWVRQAPGKGLEWVALISNNGSYT
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 206)

2995-H03
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYWMHWVRQAPGKGLEWVAVISGGGAY
KYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 207)

2995-D11
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVAVISNNGRY
KYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 208)

2995-C03
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVAGISGGGRY
TYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 209)

2995-C02
EVQLLESGGGLVQPGGSLRLSCAASGFTFSNYWMNWVRQAPGKGLEWVANISSGGSYT
YYADSVKGRFTISRDNSKNTLYLOQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 210)

FIG. 34E continued
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2995-G11
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVSAISSGGGYI
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 211)

2995-A06
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVAGISDGGAY
TYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 212)

2995-B10
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVAAISAGSGYI
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ 1ID
NO: 213)

2995-D07
EVQLLESGGGLVQPGGSLRLSCAASGFTFSNYWMHWVRQAPGKGLEWVAAISNGGGY
KYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWED (SEQ ID
NO: 214)

2995-D01
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMSWVRQAPGKGLEWVALISNGGSIK
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 215)

2995-E08
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVAGISSGGSYK
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 216)

2995-E12
EVQLLESGGGLVQPGGSLRLSCAASGFTFSNYWMHWVRQAPGKGLEWVALISSGSTYIS
YADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD  (SEQ ID
NO: 217)

2995-A09
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVAGISYGGTYT
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 218)

2995-B01
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYAMHWVRQAPGKGLEWVALISSGGRYK
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 219)

FIG. 34E continued
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2995-B05
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVAGISSGGSYK
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 220)

2995-D08
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYWMHWVRQAPGKGLEWVAAISWGGSY
TYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 221)

2995-C07
EVQLLESGGGLVQPGGSLRLSCAASGFTFSNYWMHWVRQAPGKGLEWVALISSGSTYIS
YADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWLD  (SEQ ID
NO: 222)

2995-F08
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVSGISNNGRYK
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 223)

2995-H11
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDY WMHWVRQAPGKGLEWVSAISSSGGYK
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 224)

2995-A01
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVAAISSSGTYT
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 225)

2995-A03
EVQLLESGGGLVQPGGSLRLSCAASGFTFSNYWMHWVRQAPGKGLEWVAAISNNSRY
KYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 226)

2995-G02
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYWMHWVRQAPGKGLEWVASISGGGGYI
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 227)

2995-F11
EVQLLESGGGLVQPGGSLRLSCAASGFTFSNYEMHWVRQAPGKGLEWVALISNGGSYT
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 228)

FIG. 34E continued
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2995-F10
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVALISAGSATK
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 229)

2995-E05
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVAVISSNSSYK
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 230)

2995-B09
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVSAISNSGAYT
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 231)

2995-A0412.64
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYSMHWVRQAPGKGLEWVALISYGGANT
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 232)

2995-C04
EVQLLESGGGLVQPGGSLRLSCAASGFTFSNYSMHWVRQAPGKGLEWVALISNGGTITY
YADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD  (SEQ ID
NO: 233)

2995-B03
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYWMHWVRQAPGKGLEWVATISYNGAY
KYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 234)

2995-C11
EVQLLESGGGLVQPGGSLRLSCAASGFTFSNYWMHWVRQAPGKGLEWVAVISDGGGY
TYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 235)

2995-F03
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYWMHWVRQAPGKGLEWVSAISYNGAYI

YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 236)

FIG. 34E continued
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2995-E01
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVALISSGGGYT
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 237)

2995-D05
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMNWVRQAPGKGLEWVALISNGSAYT
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 238)

2995-F06
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMNWVRQAPGKGLEWVSNISAGGAIK
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 239)

2995-GO7
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYWMSWVRQAPGKGLEWVAVISNGGGY
TYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 240)

2995-F04
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYWMNWVRQAPGKGLEWVAVISYNGAYI

YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFD (SEQ ID
NO: 241)

FIG. 34E continued
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3000-B09
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYWMHWVRQAPGKGLEWVALISSGGGY
KYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNEKNLYTWLD  (SEQ
ID NO: 242)

3000-A08
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMNWVRQAPGKGLEWVALISNGGGIK
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNEKNLYTWLD (SEQ ID
NO: 243)

3000-A05
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDY WMHWVRQAPGKGLEWVALISAGGTY
KYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNEKNLYTWLD  (SEQ
ID NO: 244)

3000-B06
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVALISNNGAYI
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNEKNLYTWLD (SEQ ID
NO: 245)

3000-A07
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYWMHWVRQAPGKGLEWVAVISGGGAY
KYYADSVKGRFTISRDNSKNTLYLOQMNSLRAEDTAVYYCAKDNEKNLYTWLD  (SEQ
ID NO: 246)

3000-C07
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMSWVRQAPGKGLEWVALISNGGSIK
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNEKNLYTWLD (SEQ ID
NO: 247)

3000-E01
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVALISNNGAYT
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNEKNLYTWLD (SEQ ID
NO: 248)

FIG. 34F
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3000-E04
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYWMHWVRQAPGKGLEWVAVISWGGAY
KYYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAKDNEKNLYTWLD  (SEQ
ID NO: 249)

3000-H03
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYWMHWVRQAPGKGLEWVSLISNGGGYT
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNEKNLYTWLD (SEQ ID
NO: 250)

3000-B02
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVAVISSGGNYI
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNEKNLYTWLD (SEQ ID
NO: 251)

3000-F09
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVALISSSGGITY
YADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNEKNLYTWLD (SEQ ID
NO: 252)

3000-E07
EVQLLESGGGLVQPGGSLRLSCAASGFTFSNYWMHWVRQAPGKGLEWVALISGGGGNI
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNEKNLYTWLD (SEQ ID
NO: 253)

3000-A04
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVALISAGGTSK
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNEKNLYTWLD (SEQ ID
NO: 254)

3000-A11
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVALISWGGGT
KYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNEKNLYTWLD  (SEQ
ID NO: 255)

FIG. 34F continued
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3000-D07
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVSLISASGSIKY
YADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNEKNLYTWLD (SEQ ID
NO: 256)

3000-G09
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVALISNGGGY
KYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNEKNLYTWLD  (SEQ
ID NO: 257)

3000-C03
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVALISNNGTYK
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNEKNLYTWLD (SEQ ID
NO: 258)

3000-B03
EVQLLESGGGLVQPGGSLRLSCAASGFTFSNYWMHWVRQAPGKGLEWVALISNNGTY
TYYADSVKGRFTISRDNSKNTLYLOQMNSLRAEDTAVYYCAKDNEKNLYTWLD  (SEQ
ID NO: 259)

3000-C08
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVAVISNNGRY
KYYADSVKGRFTISRDNSKNTLYLOQMNSLRAEDTAVYYCAKDNEKNLYTWLD  (SEQ
ID NO: 260)

3000-E10
EVQLLESGGGLVQPGGSLRLSCAASGFTFSNYWMHWVRQAPGKGLEWVAVISWGGSI
KYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNEKNLYTWLD  (SEQ
ID NO: 261)

3000-F05
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYAMHWVRQAPGKGLEWVALISSGGRYK
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNEKNLYTWLD (SEQ ID
NO: 262)

FIG. 34F continued
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3000-A01
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVSLISGNGRYK
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNEKNLYTWLD (SEQ ID
NO: 263)

3000-B01
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVALISYSGGNI
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNEKNLYTWLD (SEQ ID
NO: 264)

3000-D12
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDY WMHWVRQAPGKGLEWVAVISSNGRY
TYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNEKNLYTWLD  (SEQ
ID NO: 265)

3000-A03
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVAVISGGGGYI
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNEKNLYTWLD (SEQ ID
NO: 266)

3000-A09
EVQLLESGGGLVQPGGSLRLSCAASGFTFSNYWMHWVRQAPGKGLEWVSVISAGSTIK
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNEKNLYTWLD (SEQ ID
NO: 267)

3000-A02
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVALISYGGTYK
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNEKNLYTWLD (SEQ ID
NO: 268)

3000-B07
EVQLLESGGGLVQPGGSLRLSCAASGFTFSNYWMNWVRQAPGKGLEWVSLISYNGAY
KYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNEKNLYTWLD  (SEQ
ID NO: 269)

FIG. 34F continued
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3000-G04
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYWMNWVRQAPGKGLEWVALISSSGTYK
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNEKNLYTWLD (SEQ ID
NO: 270)

3000-A06
EVQLLESGGGLVQPGGSLRLSCAASGFTFSNYWMHWVRQAPGKGLEWVALISGSGSNK
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNEKNLYTWLD (SEQ ID
NO: 271)

3000-F12
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYWMNWVRQAPGKGLEWVANISNGGTYI
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNEKNLYTWLD (SEQ ID
NO: 272)

3000-C04
EVQLLESGGGLVQPGGSLRLSCAASGFTFSNYWMHWVRQAPGKGLEWVAAISNSGGY
KYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNEKNLYTWLD  (SEQ
ID NO: 273)

3000-CO1
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLEWVATISAGGAN
KYYADSVKGRFTISRDNSKNTLYLOQMNSLRAEDTAVYYCAKDNEKNLYTWLD  (SEQ
ID NO: 274)

3000-C05
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYWMHWVRQAPGKGLEWVALISSNSSST
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNEKNLYTWLD (SEQ ID
NO: 275)

FIG. 34F Continued
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611-HER2-CTF
MPIWKFPDEEGACQPCPINCTHSCVDLDDKGCPAEQRASPLTSIISAVVGILLVVVLGVV
FGILIKRRQQKIRKY TMRRLLQETELVEPLTPSGAMPNQAQMRILKETELRK VK VLGSGA
FGTVYKGIWIPDGENVKIPVAIK VLRENTSPK ANKEILDEAYVMAGVGSPYVSRLLGICL
TSTVQLVTQLMPYGCLLDHVRENRGRLGSQDLLNWCMQIAKGMSYLEDVRLVHRDLA
ARNVLVKSPNHVKITDFGLARLLDIDETEYHADGGK VPIKWMALESILRRRFTHQSDVW
SYGVTVWELMTFGAKPYDGIPAREIPDLLEK GERLPQPPICTIDVYMIMVKCWMIDSECR
PRFRELVSEFSRMARDPQRFVVIQNEDLGPASPLDSTFYRSLLEDDDMGDLVDAEEYLY
PQQGFFCPDPAPGAGGMVHHRHRSSSTRSGGGDLTLGLEPSEEEAPRSPLAPSEGAGSD
VFDGDLGMGAAKGLQSLPTHDPSPLQRY SEDPTVPLPSETDGYVAPLTCSPQPEY VNQP
DVRPQPPSPREGPLPAARPAGATLERPKTLSPGKNGVVKDVFAFGGAVENPEYLTPQGG
AAPQPHPPPAFSPAFDNLYYWDQDPPERGAPPSTFKGTPTAENPEYLGLDVPV (SEQ ID
NO: 66)

A648-HER2-CTF
ASPLTSHSAVVGILLVVVLGVVFGILIKRRQQKIRKYTMRRLLQETELVEPLTPSGAMPN
QAQMRILKETELRKVKVLGSGAFGTVYKGIWIPDGENVKIPVAIKVLRENTSPK ANKEIL
DEAYVMAGVGSPYVSRLLGICLTSTVQLVTQLMPYGCLLDHVRENRGRLGSQDLLNWC
MQIAKGMSYLEDVRLVHRDLAARNVLVKSPNHVKITDFGLARLLDIDETEYHADGGKY
PIKWMALESILRRRFTHQSDVWSYGVTVWELMTFGAKPYDGIPAREIPDLLEKGERLPQ
PPICTIDVYMIMVKCWMIDSECRPRFRELV SEFSRMARDPQRFVVIQNEDLGPASPLDST
FYRSLLEDDDMGDLVDAEEYLVPQQGFFCPDPAPGAGGMVHHRHRSSSTRSGGGDLTL
GLEPSEEEAPRSPLAPSEGAGSDVFDGDLGMGAAKGLQSLPTHDPSPLQRYSEDPTVPLP
SETDGYVAPLTCSPQPEYVNQPDVRPQPPSPREGPLPAARPAGATLERPKTLSPGKNGVV
KDVFAFGGAVENPEYLTPQGGAAPQPHPPPAFSPAFDNLYYWDQDPPERGAPPSTFKGT
PTAENPEYLGLDVPV (SEQ ID NO: 67)

K676-HER2-CTF
KRRQQKIRKY TMRRLLQETELVEPLTPSGAMPNQAQMRILKETELRKVKVLGSGAFGT
VYKGIWIPDGENVKIPVAIKVLRENTSPK ANKEILDEAY VMAGVGSPYVSRLLGICLTST
VQLVTQLMPYGCLLDHVRENRGRLGSQDLLNWCMQIAKGMSYLEDVRLVHRDLAAR
NVLVKSPNHVKITDFGLARLLDIDETEYHADGGK VPIKWMALESILRRRFTHQSDVWSY
GVTVWELMTFGAKPYDGIPAREIPDLLEKGERLPQPPICTIDVYMIMVKCWMIDSECRPR
FRELVSEFSRMARDPQRFVVIQNEDLGPASPLDSTFYRSLLEDDDMGDLVDAEEYLVPQ
QGFFCPDPAPGAGGMVHHRHRSSSTRSGGGDLTLGLEPSEEEAPRSPLAPSEGAGSDVF
DGDLGMGAAKGLQSLPTHDPSPLQRYSEDPTVPLPSETDGY VAPLTCSPQPEYVNQPDV
RPQPPSPREGPLPAARPAGATLERPKTLSPGKNGVVKDVFAFGGAVENPEYLTPQGGAA
PQPHPPPAFSPAFDNLYYWDQDPPERGAPPSTFKGTPTAENPEYLGLDVPV  (SEQ ID
NO: 68)

FIG. 36A
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687-HER2-CTF
MRRLLQETELVEPLTPSGAMPNQAQMRILKETELRKVKVLGSGAFGTVYKGIWIPDGEN

VKIPVAIKVLRENTSPKANKEILDEAYVMAGVGSPYVSRLLGICLTSTVQLVTQLMPYGC
LLDHVRENRGRLGSQDLLNWCMQIAKGMSYLEDVRLVHRDLAARNVLVKSPNHVKIT
DFGLARLLDIDETEYHADGGK VPIKWMALESILRRRFTHQSDVWSYGVTVWELMTFGA
KPYDGIPAREIPDLLEK GERLPQPPICTIDVYMIMVKCWMIDSECRPRFRELVSEFSRMAR
DPQRFVVIQNEDLGPASPLDSTFYRSLLEDDDMGDLVDAEEYLVPQQGFFCPDPAPGAG
GMVHHRHRSSSTRSGGGDLTLGLEPSEEEAPRSPLAPSEGAGSDVFDGDLGMGAAKGL
QSLPTHDPSPLQRYSEDPTVPLPSETDGY VAPLTCSPQPEY VNQPDVRPQPPSPREGPLPA
ARPAGATLERPKTLSPGKNGVVKDVFAFGGAVENPEYLTPQGGAAPQPHPPPAFSPAFD
NLYYWDQDPPERGAPPSTFKGTPTAENPEYLGLDVPV (SEQ ID NO: 69)

FIG. 36B
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L. Full length heavy chain (2817-CO1)

Mature protein sequence (NO leader seq)
EVQLLESGGGLVQPGGSLRLSCAASGFTFSTYAMNWVRQAPGKGLEWVALISSGGSYK
YYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDNFILLNSWFDYWGQGTL
VTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPA
VLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAP
ELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKP
REEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVY
TLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVL.DSDGSFFILYSK
LTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG (SEQ ID NO: 186)

Corresponding DNA sequence
gaagtccagttgttggaatcaggeggagetctggtacageccggagggagcettgegactgtegigtgeggectecgggttcaccttetega
cgtacgegatgaattgggtocgecaagecccagggaagggtettgagtggotooccecteatitecctcgggagggteatacaagtattacge
ggattccgtcaaaggacggtttacaatticcagagacaactcgaagaacacgetetacctccagatgaatagecttagggeggaggacacy
geggtetattactgegeaaaagacaactteatcttgetgaacagetggtttgattactggggacagggaacccetegtgactgtategteagect
ccaccaagggcccttecgigticectetggeccctteccageaagtetacctctggeggeaccgetgetetgggetgectggtcaaggactac
tteccctgagectgtgacagtgtectggaactetggegecctgaccteecggegtgcacaccttecctgeegtgetgeagtettctggectgtact
cectgtecagegtggteacagtgectagetetteectgggcacccagacctacatctgeaacgtgaaccacaagecticcaacaccaaggt
ggacaagaaggtggagectaagicetgegacaagaccecacaccetgicececttgtectgetectgagetgetgggeggaccetieegtgtic
ctgttecectectaagectaaggacacccetgatgatctececggaccectgaagtgaccetgtgtggtogtogacgtgicecacgaggatectga
agtgaagttcaattggtacgtggacggcgtggaggtocacaacgecaagaccaagecacgggaggaacagtacaactecacctacegg
gtggtgtecgtgctgacagtgetgcaccaggactggetgaacggcaaagaatacaagtgcaaggtgtccaacaaggecectgectgecect
atcgaaaagaccatctccaaggecaagggcecagectcgggaaccteaggtgtacaccetgectecatetegggacgaactgaccaagaa
ccaggtgtecetgacctgtetegteaaggecttctatecttecgatatcgecgtggagtgegagtctaacggccagectgagaacaactaca
agaccacccctectgtgetggacteegacggcetecticttectgtactccaagetgaccgtggacaagtcecggtggcageagggceaacgt
gttctectgetecgtgatgeacgaggecctgecacaaccactacacccagaagteectgtecetgictectgge (SEQ ID NO:
187)

FIG. 43A
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II. Full length heavy chain (2716-F05)
Mature protein sequence (NO leader seq)
EVQLLESGGGLVQPGGSLRLSCAASGFTFSNYWMHWVRQAPGKGLEWVALISGGGGN
TYYADSVKGRFTISRDNSKNTLYLOQMNSLRAEDTAVYYCAKDNEKNLYTWLDYWGQG
TLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTF
PAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCP
APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKT
KPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQV
YTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYS
KLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG (SEQ ID NO: 188)

Corresponding DNA sequence
gaagtccagttgttggaatcaggeggaggtetggtacageecggagggagcettgcgactgtegtgtacggcctecgggtteaccttetega
attactggatgeactgggtgcgecaagecccagggaagggtettgagtggetoocctigatctcaggggeaggaggtaacacatactacg
cggattccgtcaaaggacggtttacaatitccagagacaactcgaagaacacgcetctacctccagatgaatagecttagggeggaggacac
ggeggtctattactgegegaaagataacgagaagaatetgtacacgtggetegactactggggacagggaaccectegtgactgtategtea
geetecaccaagggeccttecgtgtteecictggecccttccageaagtetacctetggeggeaccgetgetetggoetgectggicaagga
ctacttcectgagectgtgacagtgtectggaactetggegeectgaccetecggegtgeacaccticectgeegtgetgeagtettetggect
gtactcecetgtecagegtggteacagtgectagetcticectgggeacccagacctacatetgecaacgtgaaccacaagecttccaacacea
aggtggacaagaaggtggagcctaagtectgegacaagacccacacctgteccecttgicctgetectgagetgetgggeggacecteeg
tgttectgttecctectaagectaaggacacectgatgatctececggaccectgaagtgacctgtgtggtogtgoacgtgteccacgaggate
ctgaagtgaagttcaattggtacgtggacggegtggaggtgcacaacgecaagaccaagecacgggaggaacagtacaactcecacctac
cgggteototecgtgetgacagtgetgeaccaggactggcetgaacggeaaagaatacaagtgeaaggtgicecaacaaggeectgectge
ccctatcgaaaagaccatcteccaaggecaagggccagectcgggaacctecaggtgtacaccctgecteeatctegggacgaactgaccaa
gaaccaggtgtccctgacctgtetegtcaagggctictatecttcegatatcgeegtggagtgggagtctaacggecagectgagaacaact
acaagaccacccectectgtgetggactecgacggetecticttectgtactccaagetgacegtggacaagteceeggtggeageagggeaa
cgtgtictcetgetecgtgatgeacgaggecctgeacaaccactacacccagaagicectgtecctgtetectggetgatga (SEQ
ID NO: 189)
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