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TITLE

[0001] Bispecific HER2 and HER3 antigen binding constructs.

CROSS REFERERENCE TO RELATED APPLICATIONS

[0002] This application claims the benefit of U.S. Provisional Application No.
61/821,197, filed May 8, 2013, which is hereby incorporated in its entirety by reference.
SEQUENCE LISTING

[0003] The instant application contains and is filed with a Sequence Listing which has
been submitted via EFS-Web and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on May 8, 2014, is named 24689PCT_sequencelisting.txt, and is
137,000 bytes in size.

BACKGROUND OF THE INVENTION

Field of Invention

[0004] The field of the invention is bispecific HER2 and HER3 antigen binding

constructs useful for, e.g., biotherapeutics.

Description of Related Art

[0005] The human epidermal growth factor receptor (HER, erbB) family includes EGFR
(HER1), HER2 (erbB2), HER3 (erbB3), and HER4 (erbB4) and the activity of this receptor
family regulates the development and maintenance of normal tissue. However,
overexpression of and/or aberrant regulation of the activity of this receptor family have been
implicated in the development and growth of human tumor cells, and thus the members of
this family have become targets for the development of therapeutic antibodies for the
treatment of cancers. For example, trastuzumab (Herceptin™) and pertuzumab (Perjeta™)
are anti-HER2 antibodies that have been developed for the treatment of breast cancers
expressing high levels of HER2 (HER2 3+), as measured by the Herceptest™), while T-DMI
(Kadcycla™), a maytansine conjugate of trastuzumab has aso been developed for the
treatment of these types of breast cancers.

[0006] Asindicated on their respective labels, trastuzumab, pertuzumab, and T-DMI are
only indicated for patients with breast tumors characterized as HER2 3+. Unfortunately, not

1



WO 2014/182970 PCT/US2014/037401

all patients with these HER2 3+ breast cancers are responsive to trastuzumab, aone or in
combination with pertuzumab, and in fact, the majority of patients who are treated with
trastuzumab become resistant to the antibody (Wilken and Maihle (2010) ann. N.Y. Acad.
Sci. 1210: 53-65).

[0007] More recently, other members of the erbB family or combinations of erbB family
members have been identified as potential targets for therapeutic antibodies. For example,
HER2 and HER3 are cognate receptor pairs and the HER2-HER3 heterodimer is the most
mitogenic. Mono-specific, bivalent antibodies that bind to HER2 and HER3 have been
identified, but because these target biologies involving HER2-HER3 heterodimerization,
monospecific targeting may be insufficiently efficacious. In addition, because mono-specific,
bivalent antibodies that bind to HER2 and HER3 are also expressed on nhormal tissues, at
lower levels, administration of these antibodies to a patient can potentially result in toxicity
or other adverse events.

[0008] Antibody-based bi-specific polypeptide therapeutics that bind HER2 and HER3
have been identified, and are in various stages of development. Specifically, MM-1 11is abi-
specific HER2-HERS binding polypeptide that comprises an anti-HER2 binding domain in
scFv format and an anti-HER3 binding domain in scFv format linked to ahuman serum
abumin (HSA) scaffold (McDonagh et al. (2012) Mol Cancer Ther 11:582-593, and
International Patent Publication No. WO 2009/126920). MM-111is currently in early stage
clinical trias for the treatment of HER2 positive (gene amplified) cancers, in combination
with Herceptin™ or chemotherapeutics. ALM is abi-specific single chain scFv that binds to
HER2 and HER3 (Robinson et al, (2008) British Journal of Cancer 99:1415-1425 and United
States Patent No. 8,329,873). Both of these antibody -based polypeptides lack the Fc portion
of anaturally occurring antibody and thus cannot mediate antibody-induced immune
cytotoxicity. In addition, the lack of an Fc portion for ALM results in apolypeptide with a
relatively short half-life in the body, limiting therapeutic utility.

[0009] A multivalent, bi-specific antibody targeting heregulin-induce HER3 signaling in
breast cancer cells has been described (Kang et al (2014) mAbs 6:2, 340353). For example, a
tetravalent antibody is described that includes adimeric Fc with two ant HER2 scFv at one

end of the Fc and two anti HER3 scFv a the second end of the Fc.
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SUMMARY OF THE INVENTION

[0010] Described herein are isolated bi-specific antigen binding constructs, e.g.,
antibodies. The bi-specific antigen binding constructs include two antigen binding
polypeptide constructs, e.g., aFab and an scFv. The first antigen-binding polypeptide
construct monovalently and specifically binds to extracellular domain 4 (ECD4) of HER2
(human epidermal growth factor receptor 2); the second antigen-binding polypeptide
construct monovalently and specifically binds to an extracellular domain (ECD) of HER3
(human epidermal growth factor receptor 3). One antigen binding polypeptide construct is a
Fab format and the other antigen binding polypeptide construct is an scFv format. The bi-
specific antigen binding constructs includes an Fc having two Fc polypeptides each having a
CH3 domain for dimerization. Each Fc polypeptide is linked to the C-terminus of one of the
antigen binding polypeptide constructs with or without alinker. The isolated bi-specific
antigen binding construct displays greater maximum binding (Bmax) in cells expressing
HER2 and HER3, compared to areference bivalent monospecific antibody comprising two
first antigen-binding polypeptide constructs or two second antigen-binding polypeptide
constructs.

[0011] In some embodiments the first antigen binding polypeptide construct is the
antigen binding polypeptide construct of anti-HER2 antibody trastuzumab , or avariant
thereof, e.g., includes the CDRs of trasmuzutab or variants thereof. In some embodiments
the second antigen binding polypeptide construct is the scFv of anti-HERS3 antibody H3, e.g.,
includes the CDRs of H3 or variants thereof.

[0012] In some embodiments the Fc includes modifications, e.g., mutations, to enhance
heterodimerization and/or effector functions such as ADCC, ADCP, and CDC. In some
embodiments the bi-specific antigen binding constructs is afucosylated.

[0013] In some embodiments, the bi-specific antigen binding constructs is conjugated to
amolecular label. In other embodiments, the bi-specific antigen binding constructs is
conjugated to adrug, e.g., conjugated to maytansine, e.g., DM1 and DM4.

[0014] Also described are polynucleotides encoding the bi-specific antigen binding
constructs; isolated cells including the bi-specific antigen binding constructs, and methods of
production of bi-specific antigen binding constructs.

[0015] Also described are pharmaceutical compositions having the bi-specific antigen
binding constructs described herein and methods of treatment of, e.g., cancer, e.g., breast

cancer using the bi-specific antigen binding constructs described herein.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Figure 1 depicts the SDS-PAGE analysis of an exemplary bsAbs after Protein A
purification. Figure 1A depicts SDS-PAGE analysis of v878, Figure I1B depicts SDS-PAGE
analysis of v879, and Figure C depicts SDS-PAGE analysis of v880.

[0017] Figure 2 depicts analysis of an exemplary bsAb by size exclusion
chromatography and LCMS results.

[0018] Figure 3A depicts SPR data examining the ability of variant 880 to bind to HER2,
and Figure 3B depicts the ability of HER3 to bind to HER2-bound variant 880.

[0019] Figure 4 demonstrates binding of variant 880 to MALME-3M cells.

[0020] Figures 5A and 5B depict binding of variant 880 to SKOV-ATCC cells and
Figures 5C and 5D depict binding of variant 880 to MALME-3M célls.

[0021] Figure 6A depicts the ability of various controls to mediate ADCC in MDA-MB-
231 cells; Figure 6B depicts the ability of variant 880 and additional controls to mediate
ADCC in MDA-MB-231 célls.

[0022] Figure 7A depicts the ability of various controls to mediate ADCC in MCF-7
cells; Figure 7B depicts the ability of variant 880 and additional controls to mediate ADCC in
MCF-7 cells.

[0023] Figure 8A depicts the ability of variant 880 to mediate ADCC in MCF-7 cdlls,
and Figure 8B depicts the ahility of control variants to mediate ADCC in MCF-7 cells.
[0024] Figure 9A depicts the ability of various controls to mediate ADCC in SK-BR-3
cells; Figure 9B depicts the ability of variant 880 and additional controls to mediate ADCC in
SK-Br-3 cdlls.

[0025] Figure 10 provides a summary of exemplary anti-HER2-HER3 bispecific
antibodies (bsAbs) and controls described herein. The sequences of the polypetides

" _protein") and encoding polynucleotides (*_DNA") are found in the sequence listing with
SEQ ID NOS as follows:

[0026] >CL#-2_DNA, (SEQ ID NO: 1), >CL#2_protein, (SEQ ID NO: 2),
>CL#642_DNA, (SEQ ID NO: 3), >CL#642_protein, (SEQ ID NO: 4), >CL#1011_DNA,
(SEQ ID NO: 5), >CL#101|_protein, SEQ ID NO: 6), >CL#1015 DNA, (SEQ ID NO: 7),
>CL#1015_protein, (SEQ ID NO: 8), >CL#1059 DNA, (SEQ ID NO: 9),

>CL#1059 protein, (SEQ ID NO: 10), >CL#1069 DNA, (SEQ ID NO: 11),
>CL#1069_protein, (SEQ ID NO: 12), >CL#1070 DNA, (SEQ ID NO: 13),

>CL#1070 protein, (SEQ ID NO: 14), >CL#1071 DNA, (SEQ ID NO: 15),
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>CL#1071_protein, (SEQ ID NO: 16), >CL#1 102_DNA, (SEQ ID NO: 17),

>CL#1 102_protein, (SEQ ID NO: 18), >CL#181 1 DNA, (SEQ ID NO: 19),
>CL#181|_protein, (SEQ ID NO: 20), >CL#3041 DNA, (SEQ ID NO: 21),
>CL#3041_protein, (SEQ ID NO: 22), >CL#3057_DNA, (SEQ ID NO: 23),
>CL#3057_protein, (SEQ 1D NO: 24), >CL#4553 DNA, (SEQ ID NO: 25),
>CL#4553_protein, (SEQ ID NO: 26), >CL#4560 DNA, (SEQ ID NO: 27),

>CL#4560 protein, (SEQ 1D NO: 28), >CL#4561_DNA, (SEQ ID NO: 29),

>CL#4561 _protein, (SEQ ID NO: 30), > CL_#785 - DNA , (SEQ ID NO: 31), > CL_#785,
(SEQ ID NO: 32), > CL_#4371 DNA , (SEQ ID NO: 33), > CL_#4371 protein, (SEQ ID
NO: 34), > CL_#5244 DNA, (SEQ ID NO: 35), > CL_#5244 protein, (SEQ ID NO: 36), >
CL_#5259 DNA, (SEQ ID NO: 37), > CL_#5259 protein , (SEQ ID NO: 38), >
CL_#5454 DNA, (SEQ ID NO: 39), > CL_#5454 protein , (SEQ ID NO: 40), >
CL_#5466_DNA, (SEQ ID NO: 41), > CL_#5466_protein , (SEQ ID NO: 42), >
CL_#5474 DNA, (SEQ ID NO: 43), > CL_#5474 protein , (SEQ ID NO: 44), >
CL_#5476 _DNA, (SEQ ID NO: 45), > CL_#5476_protein , (SEQ ID NO: 46), >
CL_#6577_DNA, GC (SEQ ID NO: 47), > CL_#6577_protein , (SEQ ID NO: 48), , Figure
11A depicts selected ratio and step yield of 50 ml productions of v4248

[0027] Figure 11B depicts the supernatant titre for 10 mL expressions of derivatives of
v4248.
[0028] Figure 12 depicts purification results of representative exemplary molecules.

Figure 12A SEC chromatogram of protein A-purified v4248. Figure 12B shows the post-
protein A/post SEC sodium dodecy! sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
of main heterodimer peak of v4248.

[0029] Figure 13 shows the SEC profiles of exemplary molecules at different stages of
the ADC conjugation. Figure 13A shows the SEC profiles of v4248 and v6362 before and
after conjugation to DM 1. Figure 13B shows UPLC-SEC of v6362 purified by SEC.

[0030] Figure 14 depicts DSC thermograms of exemplary molecules and controls. Figure
14A depicts bsAb v7186, and Figure 14B depicts bsAb v4248 and v6362.

[0031] Figure 15 provides the dissociation constants (K ) for binding of exemplary
fucosylated/afucosylated antigen binding constructs with FcyRs.

[0032] Figure 16 depicts representative binding curves for v4248 in the cell lines BT-
474, SKOV3, JMT1 and MDA-MB-23 1.

[0033] Figure 17 depicts FACS binding curves of v4248 and v6362 in SKOV 3 cdlls.

5
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[0034] Figure 18 depicts the ability of exemplary bsAbs to mediate ADCC in SK-BR-3
cells (Figure 18A), JIMTI cells (Figure 18B), SKOV 3 cells (Figure 18C), and MDA-MD-
231 cells (Figure 18D).

[0035] Figure 19 shows the effects of exemplary bsAbs and controls on the viability of
human breast cancer cells BT-474 relative to the untreated cells. Figure 19A depicts viability
in the absence of heregulin, while Figure 19B depicts viahility in the presence of heregulin.
[0036] Figure 20 depicts the ability of exemplary bsAbs to internalize and bind to the
surface of IMTI, SKOV3 and BT-474 cells. Figure 21A shows the ability of selected bsAbs
to internalize and bind to the surface of BT-474 cells; Figure 21B shows the ability of
selected bsAbs to internalize and bind to the surface of IMTI cells; Figure 21C shows the
ability of selected bsAbs to internalize and bind to the surface of SKOV cdlls.

[0037] Figure 2 1 depicts internalization of exemplary bsAb v4248 in JMTI cdlls,
visualized by confocal microscopy.

[0038] Figure 22 depicts growth inhibition by exemplary the bsADCs v6362 and
contrals, in SKOV 3 cells (Figure 22A), JIMTI cells (Figure 22B), and MDA-MB-23 1 cells
(Figure 22C).

[0039] Figure 23 depicts the ability of bsADCs to inhibit growth of HER2 3+ cells in the
presence of exogenous growth factors.

[0040] Figure 24 depicts the ability of bsADCs to inhibit growth of the HER2 3+ gastric
cancer cell line NCI-N87.

[0041] Figure 25 depicts cardiomyocyte toxicity assay results, in which iCells™ were
either untreated (ctrl) or treated with 100 nM of antibody, in the presence and absence of 1
uM doxorubicin. The growth effects were measured by both AlamarBlue™ (Figure 24A) and
Sulforhodamine B (Figure 24B).

[0042] Figure 26 depicts inhibition of tumour growth by v6362 in T226 PDX model.
[0043] Figure 27 shows a survival plot of the mice in the T226 PDXmaode.

[0044] Figure 28 depicts regression of tumour growth by v6362 in T226 PDX model,
converted from an animal group that was not responsive to an initial anti-HER2 treatment.
[0045] Figure 29 depicts inhibition of tumour growth by exemplary bsAbs in HBCx-13b
xenograft model.

[0046] Figure 30 depicts the anti-tumor activity of v6362 in abreast carcinoma with
cachexia (HBCx-5) patient-derived xenograft model.
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[0047] Figure 31 depicts the anti-tumor activity of v6362 in the HBCx-13b PDX model
with acquired HER2 antibody resistance.

[0048] Figure 32 compares the effect of v6362 to that of v6246 on platelet countsin
Vivo.

[0049] Figure 33 provides a schematic representation of selected molecules described

herein.

DETAILED DESCRIPTION OF THE INVENTION

[0050] As described in further detail below, described herein are bi-specific antigen
binding constructs, e.g., bi-specific antibodies. The bi-specific antigen binding constructs
includes afirst antigen binding polypeptide construct that binds to ECD4 of HER2 and a
second antigen binding polypeptide construct that specifically binds to an ECD of HERS.
One of the antigen binding constructs is in an Fc format; the other isin aFab format. The bi-
specific antigen binding constructs includes an Fc having two Fc polypeptides each having a
CH3 domain for dimerization. Each Fc polypeptide is linked to the C-terminus of one of the
antigen binding polypeptide constructs with or without alinker. The isolated bi-specific
antigen binding construct displays greater maximum binding (Bmax) in cells expressing
HER2 and HERS, compared to areference bivalent monospecific antibody comprising two
first antigen-binding polypeptide constructs or two second antigen-binding polypeptide

constructs.

Definitions

[0051] Terms used in the claims and specification are defined as set forth below unless
otherwise specified.

[0052] Asused herein, "isolated” means an agent, e.g., abispecific antigen binding
construct, that has been identified and separated and/or recovered from a component of its
natural cell culture environment. Contaminant components of its natural environment are
materials that would interfere with diagnostic or therapeutic uses for the construct, and may
include enzymes, hormones, and other proteinaceous or non-proteinaceous solutes.

[0053] Bi-specific refers to a construct which binds to two different antigens.

[0054] Antigen binding polypeptide construct refers to that part of the bi-specific antigen
binding construct that binds to an antigen. A antigen binding polypeptide construct can bein

any number of formats, e.g., scFv or Fab (both single and double chain).
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[0055] "Antibody-dependent cell-mediated cytotoxicity” and "ADCC" refer to acell-
mediated reaction in which nonspecific cytotoxic cells that express Fc receptors (FcRs) (e.g.
Natural Killer (NK) cells, neutrophils, and macrophages) recognize bound antibody on a
target cell and subsequently cause lysis of the target cell.

[0056] "Complement dependent cytotoxicity" and "CDC" refer to the lysing of atarget
in the presence of complement. The complement activation pathway is initiated by the
binding of the first component of the complement system (Clg) to amolecule (e.g. an
antibody) complexed with a cognate antigen.

[0057] "Antibody-dependent cellular phagocytosis and "ADCP" refer to the destruction
of target cells via monocyte or macrophage-mediated phagocytosis.

[0058] "Cancer" refers to the physiological condition in mammals that is typically
characterized by unregulated cell growth/proliferation, e.g., breast cancer. Additional
examples are described herein.

[0059] "Treatment” refersto clinical intervention in an attempt to alter the natural course
of the individual or cell being treated, and can be performed either for prophylaxis or during
the course of clinical pathology.

[0060] Theterm "subject” refers to an animal, in some embodiments a mammal, who is
the object of treatment, observation or experiment. An anima may be ahuman, a companion
anima (e.g., dogs, cats, and the like), farm animal (e.g., cows, sheep, pigs, horses, and the
like) or alaboratory anima (e.g., rats, mice, guinea pigs, and the like).

[0061] The term "mammal” as used herein includes both humans and non-humans and
include but is not limited to humans, non-human primates, canines, felines, murines, bovines,
equines, and porcines.

[0062] The term "effective amount” as used herein refers to that amount of construct
being administered, which will accomplish the goal of the recited method, e.g., relieve to
some extent one or more of the symptoms of the disease, condition or disorder being treated.
[0063] Asused herein, the term "antigenic determinant” is synonymous with "antigen"
and "epitope,” and refers to asite (e.g. acontiguous stretch of amino acids or a
conformational configuration made up of different regions of non-contiguous amino acids) on
apolypeptide macromolecule to which an antigen binding moiety binds, forming an antigen
binding moiety-antigen complex. Examples include HER2 antigens and HER3 antigens.
[0064] "Specifically binds', "specific binding" or "selective binding" means that the

binding is selective for the antigen and can be discriminated from unwanted or non-specific
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interactions. The ability of an antigen binding moiety to bind to a specific antigenic
determinant can be measured either through an enzyme-linked immunosorbent assay
(ELISA) or other techniques familiar to one of skill in the art, e.g. surface plasmon resonance
(SPR) technique (analyzed on aBlAcore instrument) (Liljeblad et a, Glyco J 17, 323-329
(2000)), and traditional binding assays (Heeley, Endocr Res 28, 217-229 (2002)). In one
embodiment, the extent of binding of an antigen binding moiety to an unrelated protein isless
than about 10% of the binding of the antigen binding moiety to the antigen as measured, eg.,
by SPR. In certain embodiments, an antigen binding moiety that binds to the antigen, or an
antigen binding molecule comprising that antigen binding moiety, has a dissociation constant
(Kp) of < 1pM, < 100 nM, < 10 nM, < 1nM, <0.1 nM, < 0.01 nM, or <0.001 nM (e.g. 1078
M or less, e.g. from 1078 M to 10”3 M, e.g., from 10" M to 10"13 M).

[0065] An antibody "which binds' an antigen of interest, e.g., aHER2 (ErbB2) antigen,
is one capable of binding that antigen with sufficient affinity such that the antibody is useful
as adiagnostic and/or therapeutic agent in targeting a cell expressing the antigen and/or for
targeted delivery of acytotoxic or other chemotherapeutic agent, such as a maytansinoid.
Where the antibody is one which binds ErbB2, it will usually preferentialy bind ErbB2 as
opposed to other ErbB receptors, and may be one which does not significantly cross-react
with other proteins such as EGFR, ErbB3 or ErbB4. In such embodiments, the extent of
binding of the antibody to these non-ErbB2 proteins (e.g., cell surface binding to endogenous
receptor) will beless than 10% as determined by fluorescence activated cell sorting (FACS)
analysis or radioimmunoprecipitation (RIA). Sometimes, the anti-ErbB2 antibody will not
significantly cross-react with the rat neu protein, e.g., as described in Schecter et al. Nature
312:513 (1984) and Drebin et a, Nature 312:545-548 (1984).

[0066] "Affinity" refers to the strength of the sum total of non-covalent interactions
between asingle binding site of a molecule (e.g., areceptor) and its binding partner (e.g., a
ligand). Unless indicated otherwise, asused herein, "binding affinity” refersto intrinsic
binding affinity which reflects a 1: 1interaction between members of abinding pair (e.g., an
antigen binding moiety and an antigen, or areceptor and its ligand). The affinity of a
molecule x for its partner y can generally be represented by the dissociation constant (kp),
which is the ratio of dissociation and association rate constants (kog and k,,, respectively).
Thus, equivalent affinities may comprise different rate constants, aslong asthe ratio of the

rate constants remains the same. Affinity can be measured by well established methods
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known in the art, including those described herein. A particular method for measuring affinity
is Surface Plasmon Resonance (SPR).

[0067] A "HER receptor" is areceptor protein tyrosine kinase which belongs to the
human epidermal growth factor receptor (HER) family and includes EGFR, HER2, HER3
and HER4 receptors. The HER receptor will generally comprise an extracellular domain,
which may bind an HER ligand; alipophilic transmembrane domain; a conserved
intracellular tyrosine kinase domain; and a carboxyl-terminal signaling domain harboring
several tyrosine residues which can be phosphorylated.

[0068] The expressions "ErbB2" and "HER?2" are used interchangeably herein and refer
to human HER2 protein described, for example, in Semba et a., PNAS (USA) 82:6497-6501
(1985) and Yamamoto et al. Nature 319:230-234 (1986) (Genebank accession number
X03363). Theterm "erbB2" and "neu" refers to the gene encoding human ErbB2 protein.

pi 85 or pl85neu referstothe protein product of the neu gene. Preferred HER? is native
sequence human HER2.

[0069] HER2 ECD4 refers to an extracellular domain of HER2. The extracellular (ecto)
domain of HER2 comprises four domains, Domain | (ECD1, amino acid residues from about
1-195), Domain 11 (ECD2, amino acid residues from about 196-319), Domain 11l (ECD3,
amino acid residues from about 320-488), and Domain IV (ECD4, amino acid residues from
about 489-630) (residue numbering without signal peptide). See Garrett et a. Mol. Cell. 11:
495-505 (2003), Cho et al. Nature 421 : 756-760 (2003), Franklin et a. Cancer Cell 5:317-
328 (2004), Tse et al. Cancer Treat Rev. 2012 Apr;38(2): 133-42 (2012), or Plowman et al.
Proc. Natl. Acad. Sci. 90:1746-1750 (1993).

[0070Q] "ErbB3" and "HER3" refer to the receptor polypeptide as disclosed, for example,
inU.S. Pat. Nos. 5,183,884 and 5,480,968 aswell as Kraus et al. PNAS (USA) 86:9193-9197
(1989), and functiona derivatives, including amino acid sequence variants thereof. Examples
of antibodies which bind HER3 are described in U.S. Pat. No. 5,968,511 (Akita and
Sliwkowski), e.g. the 8B8 antibody (ATCC HB 12070) or ahumanized variant thereof.
[0071] "HER3 extracellular domain” or "HER3ECD" refers to adomain of HER3 that is
outside of acell, either anchored to acell membrane, or in circulation, including fragments
thereof. In one embodiment, the extracellular domain of HER3 may comprise four domains:
Domain |, Domain II, Domain Ill, and Domain IV. In one embodiment, the HER3ECD
comprises amino acids 1-636 (numbering including signal peptide). In one embodiment,

HERS3 domain 111 comprises amino acids 328-532 (numbering including signal peptide).
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[0072] "HER ligand" or "ErbB ligand" means apolypeptide which binds to and/or
activates an HER receptor. The HER ligand of particular interest herein is anative sequence
human HER ligand such as epidermal growth factor (EGF) (Savage et al, J. Biol. Chem.
247:7612-7621 (1972)); transforming growth factor apha (TGF-a) (Marquardt et a, Science
223:1079-1082 (1984)); amphiregulin aso known as schwanoma or keratinocyte autocrine
growth factor (Shoyab et al. Science 243:1074-1076 (1989); Kimura et a. Nature 348:257-
260 (1990); and Cook et a. Mol. Cell. Biol. 11:2547-2557 (1991)); betacellulin (Shing et al,
Science 259:1604-1607 (1993); and Sasada et al. Biochem. Biophys. Res. Commun. 190:1 173
(1993)); heparin-binding epidermal growth factor (HB-EGF) (Higashiyama et al, Science
251:936-939 (1991)); epiregulin (Toyoda et al, J. Biol. Chem. 270:7495-7500 (1995); and
Komurasaki et al. Oncogene 15:2841-2848 (1997)); aheregulin (see below); neuregulin-2
(NRG-2) (Carraway et al, Nature 387:512-516 (1997)); neuregulin-3 (NRG-3) (Zhang ¢t d.,
Proc. Natl. Acad. Sci. 94:9562-9567 (1997)); neuregulin-4 (NRG-4) (Harari et a. Oncogene
18:2681-89 (1999)) or cripto (CR-1) (Kannan et al. J. Biol. Chem. 272(6):3330-3335 (1997)).
HER ligands which bind EGFR include EGF, TGF-a, amphiregulin, betacellulin, HB-EGF
and epiregulin. HER ligands which bind HER3 include heregulins. HER ligands capable of
binding HER4 include betacellulin, epiregulin, HB-EGF, NRG-2, NRG-3, NRG-4 and
heregulins.

[0073] "Heregulin® (HRG) when used herein refers to a polypeptide encoded by the
heregulin gene product as disclosed in U.S. Pat. No. 5,641,869 or Marchionni et al, Nature,
362:312-318 (1993). Examples of heregulins include heregulin-a, heregulin- i, heregulin-p2
and heregulin-p3 (Holmes & al, <cience, 256:1205-1210 (1992); and U.S. Pat. No.
5,641,869); neu differentiation factor (NDF) (Peles et al. Cell 69: 205-216 (1992));
acetylcholine receptor-inducing activity (ARIA) (Falls e al. Cell 72:801-815 (1993)); glia
growth factors (GGFs) (Marchionni et al, Nature, 362:312-318 (1993)); sensory and motor
neuron derived factor (SMDF) (Ho et al. J. Biol. Chem. 270:14523-14532 (1995)); v-
heregulin (Schaefer et al. Oncogene 15:1385-1394 (1997)). The term includes biologically
active fragments and/or amino acid sequence variants of anative sequence HRG polypeptide,
such as an EGF-like domain fragment thereof (e.g. HRGBI 177-244). Heregulin refers to a
polypeptide which activates the ErbB2-ErbB3 and ErbB2-ErbB4 protein complexes (i.e.
induces phosphorylation of tyrosine residues in the complex upon binding thereto).

[0074] "HER activation" or "HER2 activation" refers to activation, or phosphorylation,

of any one or more HER receptors, or HER2 receptors. Generally, HER activation results in
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signal transduction (e.g. that caused by an intracellular kinase domain of a HER receptor
phosphorylating tyrosine residues in the HER receptor or a substrate polypeptide). HER
activation may be mediated by HER ligand binding to aHER dimer comprising the HER
receptor of interest. HER ligand binding to aHER dimer may activate akinase domain of one
or more of the HER receptors in the dimer and thereby results in phosphorylation of tyrosine
residues in one or more of the HER receptors and/or phosphorylation of tyrosine residues in
additional substrate polypeptides(s), such as Akt or MAPK intracellular kinases.

Bispecific antigen binding constructs, antibody and related terms

[0075] Disclosed herein are bi-specific antigen binding constructs, e.g., antibodies that
selectively bind both HER2 and HER3.

[0076] Asused herein, an "antibody" or "immunoglobulin” refers to apolypeptide
substantially encoded by an immunoglobulin gene or immunoglobulin genes, or fragments
thereof, which specifically bind and recognize an analyte (antigen). The recognized
immunoglobulin genes include the kappa, lambda, alpha, gamma, delta, epsilon and mu
constant region genes, aswell asthe myriad immunoglobulin variable region genes. Light
chains are classified as either kappa or lambda. The "class' of an antibody or
immunoglobulin refers to the type of constant domain or constant region possessed by its
heavy chain. There are five mgjor classes of antibodies. IgA, IgD, IgE, 1gG, and IgM, and
several of these may be further divided into subclasses (isotypes), e.g., IgGl, 19G2, 1gG3,
1gG4, IgAl, and IgA2. The heavy chain constant domains that correspond to the different
classes of immunoglobulins are called a, 3, €, y, and L, respectively.

[0077] An exemplary immunoglobulin (antibody) structural unit is composed of two
pairs of polypeptide chains, each pair having one "light" (about 25 kD) and one "heavy"
chain (about 50-70 kD). The N-terminal domain of each chain defines avariable region of
about 100 to 110 or more amino acids primarily responsible for antigen recognition. The
terms variable light chain (VL) and variable heavy chain (VH) refer to these light and heavy
chain domains respectively. The IgGl heavy chain comprises of the VH, CHI, CH2 and CH3
domains respectively from the N to C-terminus. The light chain comprises of the VL and CL
domains from N to C terminus. The IgGl heavy chain comprises a hinge between the CHI
and CH2 domains. In certain embodiments, the immunoglobulin constructs comprise at least
one immunoglobulin domain from IgG, IgM, IgA, 1gD, or IgE connected to atherapeutic

polypeptide. In some embodiments, the immunoglobulin domain comprised in an
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immunoglobulin construct provided herein, is from an immunoglobulin based construct such
as adiabody, or ananabody. In certain embodiments, the immunoglobulin constructs
described herein comprise a least one immunoglobulin domain from aheavy chain antibody
such as acamelid antibody. In certain embodiments, the immunoglobulin constructs
provided herein comprise at least one immunoglobulin domain from a mammalian antibody
such as abovine antibody, ahuman antibody, acamelid antibody, a mouse antibody or any
chimeric antibody.

[0078] A "Fab molecule" refers to aprotein consisting of the VH and CHI domain of the
heavy chain (the "Fab heavy chain") and the VL and CL domain of the light chain (the "Fab
light chain") of an immunoglobulin. In certain embodiments the Fab light chain and Fab
heavy chain in the Fab construct are linked by a polypeptide sequence toyield asingle chain
Fab (scFab).

[0079] The "Fab fragment” of an antibody (also referred to as fragment antigen binding)
contains the constant domain (CL) of the light chain and the first constant domain (CHI) of
the heavy chain along with the variable domains VL and VH on the light and heavy chains
respectively. The variable domains comprise the complementarity determining loops (CDR,
also referred to as hypervariable region) that are involved in antigen binding. Fab' fragments
differ from Fab fragments by the addition of afew residues at the carboxy terminus of the
heavy chain CHI domain including one or more cysteines from the antibody hinge region.
[0080] Theterm "Fc" or "Fc domain” or "Fc region” or "Fc construct” herein isused to
define a C-terminal region of an immunoglobulin heavy chain. The term includes native
sequence Fc regions and variant Fc regions. Although the boundaries of the Fc region of an
IgG heavy chain might vary slightly, the human IgG heavy chain Fc region is usually defined
to extend from Cys226, or from Pro230, to the carboxyl-terminus of the heavy chain.
However, the C-terminal lysine (Lys447) of the Fc region may or may not be present. Unless
otherwise specified herein, numbering of amino acid residues in the Fc region or constant
region is according to the EU numbering system, also called the EU index, as described in
Kabat et al, Sequences of Proteins of Immunological Interest, 5th Ed. Public Health Service,
National Institutes of Health, Bethesda, MD, 1991.

[0081] "Fc region", asused herein, generally refers to adimer complex comprising the
C-terminal polypeptide sequences of an immunoglobulin heavy chain, wherein a C-terminal
polypeptide sequence isthat which is obtainable by papain digestion of an intact antibody.

The Fc region may comprise native or variant Fc sequences. Although the boundaries of the
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Fc sequence of an immunoglobulin heavy chain might vary, the human 1gG heavy chain Fc
sequence is usually defined to stretch from an amino acid residue a about position Cys226,
or from about position Pro230, to the carboxy! terminus of the Fc sequence. The Fc sequence
of an immunoglobulin generally comprises two constant domains, a CH2 domain and a CH3
domain, and optionally comprises a CH4 domain. By "Fc polypeptide” herein is meant one of
the polypeptides that make up an Fc region. An Fc polypeptide may be obtained from any
suitable immunoglobulin, such as1gGl, 1gG2, 1gG3, or 1gG4 subtypes, IgA, IgE, 1gD or IgM.
In some embodiments, an Fc polypeptide comprises part or al of awild type hinge sequence
(generally at its N terminus). In some embodiments, an Fc polypeptide does not comprise a
functional or wild type hinge sequence.

[0082] Fused or linked means that the components (e.g. a Fab molecule and an Fc
domain subunit) are linked by peptide bonds, either directly or via one or more peptide
linkers.

[0083] Asused herein, the term "single-chain" refers to a molecule comprising amino
acid monomers linearly linked by peptide bonds. In certain embodiments, one of the antigen
binding moieties, e.g., antigen binding polypeptide construct, is a single-chain Fab molecule,
i.e. aFab molecule wherein the Fab light chain and the Fab heavy chain are connected by a
peptide linker to form a single peptide chain. In aparticular such embodiment, the C-terminus
of the Fab light chain is connected to the N-terminus of the Fab heavy chain in the single-
chain Fab molecule. In certain other embodiments, one of the antigen binding moieties is a
single-chain Fv molecule (scFv).

[0084] "Single-chain Fv" or "scFv" antibody fragments comprise the VH and VL
domains of an antibody, wherein these domains are present in asingle polypeptide chain. In
one embodiment, the Fv polypeptide further comprises apolypeptide linker between the VH
and VL domains which enables the scFv to form the desired structure for antigen binding. For
areview of scFv see Pluckthun in The Pharmacology d Monoclonal Antibodies, vol. 113,
Rosenburg and Moore eds., Springer-Verlag, New York, pp. 269-3 15 (1994). HER2 antibody
scFv fragments are described in W093/16185; U.S. Pat. No. 5,571,894; and U.S. Pat. No.
5,587,458.

[0085] "Humanized" forms of non-human (e.g., rodent) antibodies are chimeric
antibodies that contain minimal sequence derived from non-human immunoglobulin. For the
most part, humanized antibodies are human immunoglobulins (recipient antibody) in which

residues from ahypervariable region of the recipient are replaced by residues from a
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hypervariable region of anon-human species (donor antibody) such as mouse, rat, rabbit or
nonhuman primate having the desired specificity, affinity, and capacity. In some instances,
framework region (FR) residues of the human immunoglobulin are replaced by
corresponding non-human residues. Furthermore, humanized antibodies may comprise
residues that are not found in the recipient antibody or in the donor antibody. These
modifications are made to further refine antibody performance. In general, the humanized
antibody will comprise substantially all of at least one, and typicaly two, variable domains,
inwhich all or substantially all of the hypervariable loops correspond to those of anon-
human immunoglobulin and al or substantialy all of the FRs are those of ahuman
immunoglobulin sequence. The humanized antibody optionally also will comprise at least a
portion of an immunoglobulin constant region (Fc), typically that of ahuman
immunoglobulin. For further details, see Jones et al, Nature 321:522-525 (1986); Riechmann
et a, Nature 332:323-329 (1988); and Presta, Curr. Op. Sruct. Biol. 2:593-596 (1992).
[0086] "Framework" or "FR" refers to variable domain residues other than hypervariable
region (UVR) residues. The FR of avariable domain generally consists of four FR domains:
FRI , FR2, FR3, and FR4. Accordingly, the HVR and FR sequences generally appear in the
following sequence in VH (or VL): FR1-H1(L1)-FR2-H2(L2)-FR3-H3(L 3)-FRA4.

[0087] A "modification promoting the association of the first and the second subunit of
the Fc domain” is a manipulation of the peptide sequence or the post-transl ational
modifications of an Fc domain subunit that reduces or prevents the association of a
polypeptide comprising the Fc domain subunit with an identical polypeptide to form a
homodimer. A modification promoting association as used herein particularly includes
separate modifications made to each of the two Fc domain subunits desired to associate (i.e.
the first and the second subunit of the Fc domain), wherein they promote association of the
two Fc domain subunits and the formation of heterodimers. For example in certain
embodiments, amodification promoting association may alter the structure or charge of one
or both of the Fc domain subunits so asto make their association favorable.

[0o088] The term "effector functions' refers to those biological activities attributable to
the Fc region of an antibody, which vary with the antibody isotype. Examples of antibody
effector functions include: Clqg binding and complement dependent cytotoxicity (CDC), Fc
receptor binding, antibody-dependent cell-mediated cytotoxicity (ADCC), antibody-
dependent cellular phagocytosis (ADCP), cytokine secretion, immune complex-mediated
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antigen uptake by antigen presenting cells, down regulation of cell surface receptors (e.g. B
cell receptor), and B cell activation.

[0089] An "activating Fc receptor” is an Fc receptor that following engagement by an Fc
domain of an antibody elicits signaling events that stimulate the receptor-bearing cell to
perform effector functions. Human activating Fc receptors include FcyRIlla (CD 16a), FcyRl
(CD64), and FcyRlla (CD32).

[0090] The terms "Fc receptor” and "FcR" are used to describe areceptor that binds to
the Fc region of an antibody. For example, an FcR can be a native sequence human FcR.
Generally, an FcR is one which binds an 1gG antibody (a gamma receptor) and includes
receptors of the FcyRI, FcyRII, and FeyRII subclasses, including alelic variants and
aternatively spliced forms of these receptors. FcyRII receptors include FcyRIIA (an
"activating receptor") and FcyRIIB (an "inhibiting receptor"), which have similar amino acid
sequences that differ primarily in the cytoplasmic domains thereof. Immunoglobulins of other
isotypes can also be bound by certain FcRs (see, e.g., Janeway et al, Immuno Biology: the
immune system in health and disease, (Elsevier Science Ltd., NY) (4th ed., 1999)).
Activating receptor FcyRIIA contains an immunoreceptor tyrosine-based activation motif
(ITAM) in its cytoplasmic domain. Inhibiting receptor FcyRIIB contains an immunoreceptor
tyrosine-based inhibition motif (ITIM) in its cytoplasmic domain (reviewed in Daeron, Annu.
Rev. Immunol. 15:203-234 (1997)). FcRs are reviewed in Ravetch and Kinet, Annu. Rev.
Immunol 9:457-92 (1991); Capel et a, Immunomethods 4:25-34 (1994); and de Haas et a,
J. Lab. Clin. Med. 126:330-41 (1995). Other FcRs, including those to be identified in the
future, are encompassed by the term "FcR" herein. The term also includes the neonatal
receptor, FCRn, which is responsible for the transfer of maternal 1gGs to the fetus (Guyer et
a, J. Immunol. 117:587 (1976); and Kim et a, J. Immunol. 24:249 (1994)).

Fc and Fc modifications

[0091] The bi-specific antigen binding constructs described herein includes an Fc. The
Fc includes two Fc polypeptides each having a CH3 domain for dimerization. The N-
terminal end of eachFc polypeptide is linked to the C-terminus of one of the antigen binding
polypeptide constructs with or without alinker.

[0092] In one embodiment, the Fcis an 1gGl Fc construct, and 1gG2 Fc construct, an

1gG3 Fc construct, or an 1gG4 Fc construct.
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[0093] In some embodiments, at least one CH3 domain has at least one amino acid
modification that promotes the formation of aheterodimeric Fc with stability comparable to a
wild-type homodimeric Fc. Exemplary modifications are described below. 1n some
embodiments, the dimerized CH3 domains of the heterodimeric Fc have amelting
temperature (Tm) as measured by differential scanning calorimetry (DSC) of about 68, 69,
70, 71, 72, 73, 74, 75, 76, 77, 77.5, 78, 79, 80, 81, 82, 83, 84, or 85°C or higher. In some
embodiments, the dimeric Fc is aheterodimer formed with apurity greater than about 75, 76,
77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99%
when produced; or wherein the Fc is a heterodimer formed with apurity greater than about
75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or
99% when expressed or when expressed via asingle cell.

[0094] In some aspects, the Fc comprises one or more modifications in at least one of the
CH3 sequences. In some aspects, the Fc comprises one or more modifications in a least one
of the cH2 sequences.

[0095] In some aspects, Fc is an Fc described in patent applications

PCT/CA201 1/001238, filed November 4, 201 1 or PCT/CA20 12/050780, filed November 2,
2012, the entire disclosure of each of which is hereby incorporated by reference in its entirety
for all purposes.

[0096] In some aspects, a construct described herein comprises a heterodimeric Fc
comprising amodified CH3 domain that has been asymmetrically modified. The
heterodimeric Fc can comprise two heavy chain constant domain polypeptides. afirst heavy
chain polypeptide and a second heavy chain polypeptide, which can be used interchangeably
provided that Fc comprises one first heavy chain polypeptide and one second heavy chain
polypeptide. Generaly, the first heavy chain polypeptide comprises afirst CH3 sequence and
the second heavy chain polypeptide comprises a second CH3 sequence.

[0097] Two CH3 sequences that comprise one or more amino acid modifications
introduced in an asymmetric fashion generally results in a heterodimeric Fc, rather than a
homodimer, when the two CH3 sequences dimerize. Asused herein, "asymmetric amino acid
modifications’ refers to any modification where an amino acid a a specific position on afirst
CH3 sequence is different from the amino acid on a second CH3 sequence a the same
position, and the first and second CH3 sequence preferentially pair to form aheterodimer,
rather than ahomodimer. This heterodimerization can be aresult of modification of only one

of the two amino acids at the same respective amino acid position on each sequence; or
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modification of both amino acids on each sequence at the same respective position on each of
the first and second CH3 sequences. The first and second CH3 sequence of aheterodimeric
Fc can comprise one or more than one asymmetric amino acid modification.

[0098] Table X1 provides the amino acid sequence of ahuman IgGl Fc sequence,
corresponding to amino acids 231to 447 of afull-length human IgGl heavy chain. The CH3
sequence comprises amino acid 341-447 of the full-length human 1gGl heavy chain.

[0099] Typicaly an Fc can include two contiguous heavy chain sequences (A and B) that
are capable of dimerizing. In some aspects, one or both sequences of an Fc include one or
more mutations or modifications at the following locations: L351, F405, Y407, T366, K392,
T394, T350, 400, and/or N390, using EU numbering. In some aspects, an Fc includes a
mutant sequence shown in Table X. In some aspects, an Fc includes the mutations of Variant
1A-B. In some aspects, an Fc includes the mutations of Variant 2 A-B. In some aspects, an
Fc includes the mutations of Variant 3 A-B. In some aspects, an Fc includes the mutations of

Variant 4 A-B. In some aspects, an Fc includes the mutations of Variant 5A-B.

Table X : Exemplary Fc sequence and CH3 modifications

Human IgG1 Fc¢ sequence 231- | APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYV

447 (EU-numbering) DGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKAL
PAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDI
AVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQOGNVESCS
VMHEALHNHYTQKSLSLSPGK (SEQ ID NO:69)

Variant IgG1 Fc sequence Chain Mutations

(231-447)

1 A L351Y F405A_Y407V

1 B T366L K392M_T394W

2 A L351Y F405A_Y407V

2 B T366L K392L T394W

3 A T350V_L351Y F405A Y407V

3 B T350V_T366L K392L T394W

4 A T350V_L351Y F405A Y407V

4 B T350V_T366L K392M_T394W

5 A T350V_L351Y S400E _F405A Y407V

5 B T350V_T366L N390R K392M T394W

[00100] Thefirst and second CH3 sequences can comprise amino acid mutations as
described herein, with reference to amino acids 23 1to 447 of the full-length human IgGl
heavy chain. In one embodiment, the heterodimeric Fc comprises amodified CH3 domain
with afirst CH3 sequence having amino acid modifications at positions F405 and Y 407, and
a second CH3 sequence having amino acid modifications at position T394. In one
embodiment, the heterodimeric Fc comprises amodified CH3 domain with afirst CH3

seguence having one or more amino acid modifications selected from L351Y, F405A, and
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Y407V, and the second CH3 sequence having one or more amino acid modifications selected
from T366L, T366l, K392L, K392M, and T394W.

[00101]  In one embodiment, aheterodimeric Fc comprises amodified CH3 domain with a
first CH3 sequence having amino acid modifications at positions L351, F405 and Y407, and a
second CH3 sequence having amino acid modifications at positions T366, K392, and T394,
and one of the first or second CH3 sequences further comprising amino acid modifications a
position Q347, and the other CH3 sequence further comprising amino acid modification at
position K360. In another embodiment, aheterodimeric Fc comprises amodified CH3
domain with afirst CH3 sequence having amino acid modifications at positions L351, F405
and Y407, and a second CH3 seguence having amino acid modifications at position T366,
K392, and T394, one of the first or second CH3 sequences further comprising amino acid
modifications at position Q347, and the other CH3 sequence further comprising amino acid
modification at position K360, and one or both of said CH3 sequences further comprise the
amino acid modification T350V.

[00102]  In one embodiment, aheterodimeric Fc comprises amodified CH3 domain with a
first CH3 sequence having amino acid modifications at positions L351, F405 and Y407, and a
second CH3 sequence having amino acid modifications a positions T366, K392, and T394
and one of said first and second CH3 sequences further comprising amino acid modification
of D399R or D399K and the other CH3 sequence comprising one or more of T41 IE, T411D,
K409E, K409D, K392E and K392D. In another embodiment, a heterodimeric Fc comprises a
modified CH3 domain with afirst CH3 sequence having amino acid modifications at
positions L351, F405 and Y 407, and a second CH3 sequence having amino acid
modifications at positions T366, K392, and T394, one of said first and second CH3

sequences further comprises amino acid modification of D399R or D399K and the other CH3
seguence comprising one or more of T41 IE, T41 1D, K409E, K409D, K392E and K392D,
and one or both of said CH3 sequences further comprise the amino acid modification T350V.
[00103]  In one embodiment, aheterodimeric Fc comprises amodified CH3 domain with a
first CH3 sequence having amino acid modifications at positions L351, F405 and Y407, and a
second CH3 sequence having amino acid modifications at positions T366, K392, and T394,
wherein one or both of said CH3 sequences further comprise the amino acid modification of
T350V.

[00104]  In one embodiment, aheterodimeric Fc comprises amodified CH3 domain

comprising the following amino acid modifications, where "A" represents the amino acid
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modifications to the first CH3 sequence, and "B" represents the amino acid modifications to
the second CH3 sequence: A:L35 1Y_F405A_ Y407V, B:T366L_K392M_T394W,
A:L35 1Y_F405A_Y407Vv, B:T366L_K392L T394W, A:T350V_L35 1Y_F405A_Y407V,
B:T350V_T366L _K392L _T394W, A:T350V _L35 1Y_F405A_Y 407V,
B:T350VJT366LJO92M_  T394W, A:T350V_L35 1Y_S400E_ F405A_Y407Vv, and/or
B:T350V_T366L_N390R_K392M_T394W.
[00105] The one or more asymmetric amino acid modifications can promote the formation
of aheterodimeric Fc in which the heterodimeric CH3 domain has a stability that is
comparable to awild-type homodimeric CH3 domain. In an embodiment, the one or more
asymmetric amino acid modifications promote the formation of a heterodimeric Fc domain in
which the heterodimeric Fc domain has a stability that is comparable to awild-type
homodimeric Fc domain. In an embodiment, the one or more asymmetric amino acid
modifications promote the formation of a heterodimeric Fc domain in which the
heterodimeric Fc domain has a stability observed viathe melting temperature (Tm) in a
differential scanning calorimetry study, and where the melting temperature is within 4°C of
that observed for the corresponding symmetric wild-type homodimeric Fc domain. In some
aspects, the Fc comprises one or more modifications in at least one of the cH3 sequences that
promote the formation of aheterodimeric Fc with stability comparable to awild-type
homodimeric Fc.
[00106]  In one embodiment, the stability of the CH3 domain can be assessed by measuring
the melting temperature of the CH3 domain, for example by differential scanning calorimetry
(DSC). Thus, in afurther embodiment, the CH3 domain has a melting temperature of about
68°C or higher. In another embodiment, the CH3 domain has a melting temperature of about
70°C or higher. In another embodiment, the CH3 domain has a melting temperature of about
72°C or higher. In another embodiment, the CH3 domain has a melting temperature of about
73°C or higher. In another embodiment, the CH3 domain has a melting temperature of about
75°C or higher. In another embodiment, the CH3 domain has a melting temperature of about
78°C or higher. In some aspects, the dimerized cH3 sequences have a melting temperature
(Tm) of about 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 77.5, 78, 79, 80, 81, 82, 83, 84, or 85°C
or higher.
[00107]  In some embodiments, aheterodimeric Fc comprising modified CH3 sequences
can be formed with apurity of at least about 75% as compared to homodimeric Fc in the
expressed product. 1n another embodiment, the heterodimeric Fc is formed with a purity
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greater than about 80%. In another embodiment, the heterodimeric Fc is formed with apurity
greater than about 85%. In another embodiment, the heterodimeric Fc is formed with apurity
greater than about 90%. In another embodiment, the heterodimeric Fc is formed with apurity
greater than about 95%. In another embodiment, the heterodimeric Fc is formed with apurity
greater than about 97%. In some aspects, the Fc is aheterodimer formed with a purity
greater than about 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94,
95, 96, 97, 98, or 99% when expressed. In some aspects, the Fc is aheterodimer formed
with apurity greater than about 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90,
91, 92, 93, 94, 95, 96, 97, 98, or 99% when expressed via a single cell.

[00108] Additional methods for modifying monomeric Fc polypeptides to promote
heterodimeric Fc formation are described in International Patent Publication No. WO
96/02701 1 (knobs into holes), in Gunasekaran et a. (Gunasekaran K. et a. (2010) JBiol
Chem. 285, 19637-46, electrostatic design to achieve selective heterodimerization), in Davis
et a. (Davis, JH. et a. (2010) Prot Eng Des Sel ;23(4): 195-202, strand exchange engineered
domain (SEED) technology), and in Labrijn et al [Efficient generation of stable bi-specific
IgGl by controlled Fab-arm exchange. Labrijn AF, Meesters JI, de Goeij BE, van den
Bremer ET, Neijssen J, van Kampen MD, Strumane K, Verploegen S, Kundu A, Gramer MJ,
van Berkel PH, van de Winkel JG, Schuurman J, Parren PW. Proc Natl Acad Sci U SA. 2013
Mar 26;1 10(13):5145-50.

[00109] In some embodiments an isolated construct described herein comprises an
antibody construct which binds an antigen; and a dimeric Fc polypeptide construct that has
superior biophysical properties like stability and ease of manufacture relative to an antibody
construct which does not include the same Fc polypeptide. A number of mutations in the
heavy chain sequence of the Fc are known in the art for selectively altering the affinity of the
antibody Fc for the different Fcgamma receptors. 1n some aspects, the Fc comprises one or

more modifications to promote selective binding of Fc-gamma receptors.

Additional Fc modifications to improve effector function.

[00110] In some embodiments the bi-specific antigen binding construct may be modified
to improve effector function. Such modifications are known in the art and include
afucosylation, and engineering of the affinity of the Fc portion of antibodies towards the
activating receptors, mainly FCGR3a and FCGRb for ADCC, and towards Clg, for CDC. In

one embodiment the effector function is one or more function selected from the group
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consisting of CDC, ADCC, ADCP, and cytokine secretion. In aparticular embodiment the

effector function is ADCC.

CH2 modifications and selective binding of FcyR

[00111]

CH2 domain having asymmetric amino acid modifications to promote selective binding of a

FcyR. In some embodiments the variant CH2 domain allows for separation and purification

of the isolated monovalent antibody described herein.

[00112]

with amino acid modifications of a least one CH2 domain. The CH2 domain is amino acid

231-340 of the sequence shown in Table X .

[00113]

effector function engineering.

Table Y : Effector function engineering

PCT/US2014/037401

In some embodiments the bi-specific antigen binding construct includes avariant

In some embodiments, the bi-specific antigen binding constructs includes an Fc

The following table summarizes the different designs reported in the literature for

Reference Mutations Effect

Lu, 2011, Ferrara 2011, Mizushima 2011 [Afucosylated Increased ADCC
Lu, 2011 S298A/E333A/K334A Increased ADCC
Lu, 2011 S298 A/E333A/K334A/K326A Increased ADCC
Stavenhagen, 2007 F243L/R292P/Y300L/V3051/P396L Increased ADCC
Nordstrom, 2011 F243L/R292P/Y300L/L235V/P396L Increased ADCC
Stewart, 2011 F243L Increased ADCC
Shields, 2001 S298A/E333A/K334A Increased ADCC
Lazar, 2006 S239D/1332E/A330L Increased ADCC
Lazar, 2006 S239D/I332E Increased ADCC
Bowles, 2006 AME-D, not specified mutations Increased ADCC
Heider, 2011 37.1, mutations not disclosed Increased ADCC
Moore, 2010 S267E/H268F/S8324T Increased CDC

[00114] S298A/E333A/K334A, S298A/E333A/K 334A/K 326A (Lu Y, VernesIM, Chiang

N, eta. JImmunol Methods. 201 1Feb 28;365(1-2):132-41);

[00115] F243L/R292P/Y 300L/V3051/P396L, F243L/R292P/Y 300L/L235V/P396L
(Stavenhagen B, Gorlatov S, Tuaillon N, et al. Cancer Res. 2007 Sep 15;67(18)i8882-

90; Nordstrom JL, Gorlatov S, Zhang W, et a. Breast Cancer Res. 201 1Nov 30;13(6):R123);
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[00116] F243L (Stewart R, Thorn G, Levens M, et a. Protein Eng Des Sel. 201§
Sep;24(9):671-8.), S298A/E333A/K334A (Shields RE, Namenuk AK, Hong K, et a. JBioi
Chem. 2001 Mar 2;276(9):659 1-604);

[00117] S239D/B32E/A330L, S239D/1332E (Lazar GA, Dang W, Karki S, et a. Proc Natl
Acad Sci U SA. 2006 Mar 14; 103(1 1):4005-10);

[00118] S239D/S267E, S267E/L328F (Chu SY, Vodtiar I, Karki S, et a. Mol Immunol.
2008 Sep;45(15):3926-33);

[00119] S239D/D265S/S298A/1332E, S239E/S298A/K326A/A327H, G237F/S298A/A330
L/I332E, S239D/1332E/S298A, S239D/K326E/A330L/I1332E/S298A, G236A/S239D/D270L/
I332E, S239E/S267E/H268D, L234F/S267E/N325L, G237F/V266L/S267D and other
mutations listed in WO201 1/120134 and WO201 1/120135, herein incorporated by

reference. Therapeutic Antibody Engineering (by William R. Strohl and LilaM. Strohl,
Woodhead Publishing series in Biomedicine No 11, ISBN 1907568 37 9, Oct 201 2) lists
mutations on page 283.

Fc modifications and neonatal Fc receptor

[00120] In one embodiment the Fc region exhibits binding affinity to neonatal Fc receptor
(FcRn). In certain embodiments, the FcRn binding affinity is substantially similar to that of a
native 1gGl Fc. In some embodiments, substantially similar binding to FcRn is achieved
when the Fc region of a construct described herein exhibits greater than about 70%, or in
some embodiments greater than about 80%, and in some particular embodiments greater than
about 90% of the binding affinity of anative IgGI Fc domain to FcRn.

[00121] Asisknown inthe art, binding to FcRn recycles endocytosed antibody from the
endosome back to the bloodstream (Raghavan et al, 1996, Annu Rev Cell Dev Biol 12:181-
220; Ghetie & al, 2000, Annu Rev Immunol 18:739-766). This process, coupled with
preclusion of kidney filtration due to the large size of the full-length molecule, results in
favorable antibody serum half-lives ranging from one to three weeks. Binding of Fcto FcRn

also plays akey role in antibody transport.

Fc modifications and reduced Fc receptor affinity

[00122] In certain embodiments the Fc regions of the constructs described herein exhibit
reduced binding affinity to an Fc receptor and/or reduced effector function, as compared to a

native 1gGl Fc region. In one such embodiment the Fc region exhibits less than 50%,
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aternatively less than 20%, aternatively less than 10% and in some embodiments, less than
5% of the binding affinity to an Fc receptor, as compared to anative IgGl Fc region, and/or
less than 50%, alternatively less than 20%, alternatively less than 10% and in some
embodiments less than 5% of the effector function, as compared to anative IgGl Fc region.
[00123] In one embodiment, the Fc region of a construct described herein does not
substantially bind to an Fc receptor or induce appreciable effector function. In acertain
embodiment the Fc receptor is an Fey receptor. In one embodiment the Fc receptor is a
mammalian Fc receptor. In certain embodiments, the mammalian Fc receptor is ahuman Fc
receptor. In one embodiment the Fc receptor is an activating Fc receptor. In a specific
embodiment the Fc receptor is an activating human Fey receptor, more specifically human

FeyRllla, FcyRI or FeyRIla, most specifically human FeyRllla

Fc Linkers

[00124] Thebi-specific antigen binding constructs described herein include two antigen
binding polypeptide constructs described herein operatively coupled to an Fc described
herein. In some aspects, Fc is coupled with or without one or more linkers. In some aspects,
Fc is directly coupled to the antigen binding polypeptide constructs. In some ascpects, Fc is
coupled to the antigen binding polypeptide constructs by one or more linkers. .

[00125]  In some aspects, the one or more linkers are one or more polypeptide linkers. In
some aspects, the one or more linkers comprise one or more antibody hinge regions. In some

aspects, the one or more linkers comprise one or more 1gGl hinge regions.

HER?2 and HER3 binding antigen-binding polypeptide constructs

[00126] The bi-specific antigen binding constructs described include afirst antigen
binding polypeptide construct that specifically binds an ECD4 of HER2 and a second antigen
binding polypeptide construct that specifically binds an ECD of HER3. One of the antigen
binding polypeptide construct is in a Fab format; the other antigen binding polypeptide
construct isin an scFv format.

[00127] The sequences of the antigen binding polypeptide constructs can be based using
known FFab and/or scFv sequences of antibodies that bind HER2 or HER3. Examples
include trastuzumab (binding HER2) and H3 (binding HER3).

[00128] In some embodiments, an scFv, either known or novel, can be converted to aFab

format for use as an antigen binding polypeptide construct in the invention. Methods for

24



WO 2014/182970 PCT/US2014/037401

converting an scFv to aFab format are described at, e.g., Zhou et al (2012) Mol Cancer Ther
11:1 167-1476. The methods described therein are incorporated by reference.

[00129] In some embodiments, the first antigen binding polypeptide construct has a
sequence wherein the construct binds to the 4D5 epitope of HER2. In some embodiments,
the first antigen binding polypeptide construct has a sequence wherein the construct blocks
by 50% or greater binding of trastuzumab to HER2 ECDA4.

[00130] In some embodiments, the first antigen binding polypeptide construct has six
CDRs having amino acid sequences a least 95% identical to the six CDRs of trastuzumab.
In other embodiments, the CDRs have an amino acid sequence that is at least 80, 81, 82, 83,
84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or a least 99% identical to the six
CDRs of trastuzumab. 1n some embodiments, the first antigen binding polypeptide construct
has six CDRs comprising amino acid sequences 100% identical to the six CDRs of
trastuzumab. 1n other embodiments, the first antigen binding polypeptide construct has an
amino acid sequence that is at least 95% identical to the VH sequence of trastuzumab and a
second polypeptide comprising an amino acid sequence that is at least 95% identical tothe
VL sequence of trastuzumab. In some embodiments, the first antigen binding polypeptide
construct has afirst polypeptide with an amino acid sequence that is at least 80, 81, 82, 83,
84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or at least 99% identical tothe VH
sequence of trastuzumab and a second polypeptide with an amino acid sequence that is at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or & least 99%
identical tothe VL sequence of trastuzumab. In other embodiments, the first antigen binding
polypeptide construct has afirst polypeptide with an amino acid sequence that is 100%
identical to the VH sequence of trastuzumab and a second polypeptide with an amino acid
sequence that is 100% identical tothe VL sequence of trastuzumab.

[00131] Table Al provides the amino acid sequence of trastuzumab CDRs.

Table Al: Amino acid sequence of Trastuzumab CDRs:

SEQ ID NO: Sequence Description

49 GFNIKDT Trastuzumab heavy chain CDR1
50 YPTNG Trastuzumab heavy chain CDR2
51 WGGDGFYAMDY Trastuzumab heavy chain CDR3
52 RASQDVNTAVA Trastuzumab light chain CDR1
53 SASFLYS Trastuzumab light chain CDR2
54 QQHYTTPPT Trastuzumab light chain CDR3
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[00132] W02012/143523 describes additional antibodies that bind to the same epitope as
trastuzumab (i.e. they compete with trastuzumab for binding to ECDA4); specifically group |
as described in Example 14. In some embodiments, the first antigen binding polypeptide
construct of the invention includes sequences of the Fab/scFv described therein.

[00133] In some embodiments, the second antigen binding polypeptide construct is a
variant of the scFv H3 as described in US Patent No. 7,332,580. 1n some embodiments, the
second antigen binding polypeptide construct has six CDRs having amino acid sequences at
least 95% identical to the six CDRs of H3. In other embodiments, the CDRs have an amino
acid sequence that is at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96,
97, 98, or a least 99% identical tothe six CDRs of H3. In some embodiments, the second
antigen binding polypeptide construct has six CDRs comprising amino acid sequences 100%
identical to the six CDRs of H3. In other embodiments, the second antigen binding
polypeptide construct has an amino acid sequence that is at least 95% identical tothe VH
sequence of H3 and a second polypeptide comprising an amino acid sequence that is at least
95% identical to the VL sequence of H3. In some embodiments, the second antigen binding
polypeptide construct has afirst polypeptide with an amino acid sequence that is at least 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or a least 99% identical
to the VH sequence of H3 and a second polypeptide with an amino acid sequence that is at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or a least 99%
identical tothe VL sequence of H3. In other embodiments, the second antigen binding
polypeptide construct has afirst polypeptide with an amino acid sequence that is 100%
identical to the VH sequence of H3 and a second polypeptide with an amino acid sequence
that is 100% identical to the VL sequence of H3.

[00134] In some embodiments, the second antigen binding polypeptide construct has a
sequence wherein the construct blocks by 50% or greater binding of anti-HER3 scFv H3 to
the ECD of HER3. In other embodiments, the second antigen binding polypeptide construct
has a sequence wherein the construct competes with heregulin for binding to the ECD of

HER3.

Table A2: scFv H3 CDR sequences:

description Sequence SEQ ID NO:
HER3.H3 VH CDR1 SYWMS 64
HER3.H3 VH CDR2 NINRDGSASYYVDSVKG 65
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HER3.H3 VH CDR3 DRGVGYFDL 66
HER3.H3 VL CDR1 TGTSSDVGGYNFVS 67
HER3.H3 VL CDR2 DV SDRPS 68
HER3.H3 VL CDR3 SSYGSSSTHVI 63

[00135] Humanized HER2 antibodies include huMAb4D5-I, huMAb4D5-2, huMAb4D5-
3, huMADb4D5-4, huMAb4D5-5, huMADb4D5-6, huMAb4D5-7 and huMAb4D5-8 or
Trastuzumab (HERCEPTIN®) as described in Table 3 of U.S. Pat. No. 5,821,337 expressly
incorporated herein by reference; and humanized 520C9 (W093/21319).

[00136] The bispecific antigen binding constructs of the invention include at antigen
binding polypeptide construct that specifically bindes to epitope 4D5 of HER2. The "epitope
4D5" isthe region in the extracellular domain of HER2 to which the antibody 4D5 (ATCC
CRL 10463) and Trastuzumab bind. This epitope is close to the transmembrane domain of
HER2, and within Domain 1V of HER2. To screen for antibodies which bind to the 4D5
epitope, aroutine cross-blocking assay such asthat described in Antibodies, A Laboratory
Manual, Cold Spring Harbor Laboratory, Ed Harlow and David Lane (1988), can be
performed. Alternatively, epitope mapping can be performed to assess whether the antibody
binds to the 4D5 epitope of HER2 (e.g. any one or more residues in the region from about
residue 529 to about residue 625, inclusive, see FIG. 1 of US Patent Publication No.
2006/0018899).

[00137] In instances where it is desirable to increase the affinity of the bi-specific antigen
binding construct for its cognate antigen, methods known in the art can be used to increase
the affinity of the antigen-binding polypeptide construct for its antigen. Examples of such
methods are described in the following references, Birtalan et al. (2008) JMB 377, 1518-
1528; Gerstner et al (2002) JMB 321, 851-862; Kelley et al. (1993) Biochem 32(27), 6828-
6835; Li etal. (201¢}) JBC 285(6), 3865-3871, and Vajdos et al (2002) JMB 320, 415-428.
[00138] One example, of such amethod is affinity maturation. One exemplary method
for affinity maturation of HER2 antigen-binding domains is described as follows. Structures
of the trastuzumab/HER2 (PDB code 1N8Z) complex and pertuzumab/HER2 complex (PDB
code 1S78) are used for modeling. Molecular dynamics (MD) can be employed to evaluate
the intrinsic dynamic nature of the WT complex in an aqueous environment. Mean field and
dead-end elimination methods along with flexible backbones can be used to optimize and
prepare model structures for the mutants to be screened. Following packing anumber of

features will be scored including contact density, clash score, hydrophobicity and
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electrostatics. Generalized Born method will allow accurate modeling of the effect of solvent
environment and compute the free energy differences following mutation of specific
positions in the protein to alternate residue types. Contact density and clash score will
provide a measure of complementarity, acritical aspect of effective protein packing. The
screening procedure employs knowledge-based potentials aswell as coupling analysis
schemes relying on pair-wise residue interaction energy and entropy computations.

Literature mutations known to enhance HER2 binding, and combinations of thereof are

summarized in the following tables:

Table A3: Trastuzumab mutations known to increase binding to HER2 for the Trastuzumab-
HER2 system

- H_D102W (H_D98W) 3.2X

" H_D102Y 31X
T o
H_D102T 22X
. e
e & e
L_Ho1F 2.1X
e —

Antigen binding polypeptide constructs in asingle chain Fab format

[00139] In some embodiments, the bispecific antigen binding construct includes a Fab
that isin asingle chain Fab format, or scFab. Descriptions of this format are well known to
one of skill inthe art and can be found in, e.g., International Patent Publication No. WO
2014/018572; US2010/0256338; and US201 10293613. Description of design, expression
and use of scFab from these references isincorporated by reference..

[00140] In one embodiment the antigen binding polypeptide construct in the Fab format is
in the scFab format and includes the sequences found in Table A4. The table includes the
CH3, CH2, CHI, VH,CL and VL domains.

Table A4: Sequences of exemplary scFab

SEQ | DESCRI PTI ON Sequence (pol ypeptide)
I D
NO
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Tras- HH41- scnab-
Het Fc00l a (trastuzumab
scmab with HH41 linker)

DI QUTQSPSSL SASVGDRVTI TCRASQDVNTAVAWYQOKPGKAPKLLI  YSASFLYSGVPS
RFSGSRSGTIDFTLTI SSLQPEDFAT YYCQQHYTTPPTFGQGTKVEI KRTVAAPSVFI FPP
SDEQLKSGTASWCL L NNFYPREAKVQWKVDNAL QSGNSQESVTEQDSKDST ~ YSLSSTLT
L SKADYEKHKVYACEVTHQGL SSPVTKSFNRCGECGGSGGEGESGSSADDAKKDAAKKDDAKK
DDAKKDGGGSGGGSCGEVQL VESGEGEL VQPGGSLRLSCAASGHNI KDT Y1 HWRQAPGKGL
EW/ARI YPTNGYTRYADSVKGRFTI SADTSKNTAYLQWNSLRAEDTAVYYCSRWEGDGFY
AMDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPE  PVTVSWNSGA
LTSGVHTFPAVLQSSGL YSLSSWIVPSSSLGTQTYI CNVNHKPSNTKVDKKVEPKSCDK
THT CPPCPAPEL L GGPSVFL FP PKPKDTI LML SRTPEVTCVWDVSHEDPEVKFNWY VDGV
EVHNAKTKPREEQYNST YRWSVLTVLHQDW.NGKE = YKCKVSNKAL PAPI EKTI SKAKGQ
PREPQVYVYPPSRDEL TKNQVSL TCLVKGFYPSDI AVEVESNGQPENNYKTTPPVLDSDG
SFALVSKL TVDKSRWQQGNVFSCSVMHEAL HNHYTQKSL SLSPG

Tr as- GSE34- scnab-
Het FcOO a (trast uzumab
scmab with GSE34 Iinker)

DI QMTQSP SSLSASVGDRVT I TCRASQDVNTAVAWYQQKPGKAPKLLI  YSASFLYSGVPS
RFSGSRSGTIDFTLTI SSLQPEDFAT YYCQQHYTTPPTFGQGTKVEI KRTVAAPSVFI FPP
SDEQLKSGTASWCL L NNFYPREAKVQWKVDNAL QSGNSQESVTEQDSKDST ~ YSLSSTLT
L SKADYEKHKVYACEVTHQGL SSPVTKSFNRCGECSGGGSGEECSEGEGSEGCGSEGGGSEG
GGSGGGSCEVQLVESGGGELVQPGGSLRLSCAASGHNI KDT YT HWRQAPGKGLEW/ARI Y
PTNGYTRYADSVKCGRFTI SADTSKNTAYLQWNSL RAEDTAVYYCSRWGGDGFYAMDYWEQ
GTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL GCL VKDYFPEPVTVSWNSGAL TSGVHT
FPAVLQSSGLYSLSSWIVPSSSLGTQTYI CNVNHKPSNTKVDKKVEPKSCDKTHTCPPC
PAPEL LGGPSVFLFPPKPKDTLM  SRTPEVTCVWDVSHEDPEVKFNWYVDGVEVHNAKT
KPREEQYNST YRWSVLTVLHQDW.NGKE = YKCKVSNKALPAPI EKTI SKAKGQPREPQVY
VYPPSRDEL TKNQVSL TCLVKGFYPSDI AVEVESNGQPENNYKTTPPVL DSDGSFALVSK

L TVDKSRWQQGNVFSCSVMHEAL HNHYTQKSL SLSPG

H3- HH41- scnab-
Het FcO01b(H3 scrmab with
HH41 i nker)

QSALTQPASVSGSPGQSI Tl SCTGTSSDVGGYNFVSWQOHPGKAPKLM  YDVSDRPSGY
SDRFSGSKSGNTASL | | SGLQADDEADYYCSSYGSSSTHVI FGGGTKVTVL GQPKAAPSY
TLFPPSSEELQANKATLVCLI  SDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAAS
SYLSLTPEQWKSHRS YSCQVTHEGSTVEKTVAPTECSGGSGRGSGSSADDAKKDAAKKDD
AKKDDAKKDGGGSGEGSGQVQL QESGAGL VKPGGSL RL SCAASGF TFSSYWWBW/RQAPG
KGLEWANI NRDGSASYYVDSVKGRFTI  SRDDAKNSL YL QUNSLRAEDTAVYYCARDRGY
GYFDLWGRGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL GCL VKDYFPEPVTVSWASG
AL TSGVHTFPAVL QSSGL YSL SSWIVPSSSLGTQTY! CNVNHKPSNTKVDKKVEPKSCD
KTHTCPPCPAPEL L GGPSVFLFPPKPKDTLM SRTPEVTCWIDVSHEDPEVKFNWYVDG
VEVHNAKTKPREEQYNST YRWSVLTVLHQDW.NGKE ~YKCKVSNKALPAPI EKTI SKAKG
QPREPQVYVL PPSRDEL TKNQVSL LCLVKGFYPSDI AVEWESNGQPENNYL TWPPVLDSD
GSFFL YSKL TVDKSRWOQGNVFSCSVIVHEAL HNHYTQKSL SLSPG

H3- GSE34- scnab-
Het FcO01b(H3 scrmab with
GSE34 1inker)

QSALTQPASVSGSPGSI Tl SCTGTSSDVGGYNFVSWYQOHPGKAPKLM  YDVSDRPSGV
SDRFSGSKSGNTASLI | SGLQADDEADYYCSSYGSSSTHVI FGGGTKVTVL GQPKAAPSY
TLFPPSSEEL QANKATLVCLI SDFYPGAVTVAVWKADSSPVKAGVETTTPSKQSNNKYAAS
SYLSLTPEQWKSHRS YSCQVT HE GSTVEKTVAPTECSSGGGSGGGSEGGGSEGGGSEGEG
SEGGGSGEGESCVQL QESGGEL VKPGGSLRLSCAASGFTFSS  YWWVBW/RQAPGKGLEW/A
NI NRDGSAS YYVDSVKGRFTI SRDDAKNSL YL QUNSLRAEDTAVYYCARDRGVGYFDLWG
RGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPE  PVTVSWNSGAL TSGVH
TFPAVLQSSGLYSLSSWIVPSSSLGTQTYI CNVNHKPSNTKVDKKVEPKSCDKTHTCPP
CPAPELLGGPSVFLFPPKPKDTLM  SRTPEVTCVWDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRWSVL TVLHQDW.NGKE =~ YKCKVSNKALPAPI EKTI  SKAKGQPREPQV
YVLPPSRDEL TKNQVSL L CLVKGFYPSDI AVEVESNGQPENNYL TWPPVL DSDGSFFLYS
KLTVDKSRWQQGNVFSCSVMHEAL HNHYTQKSL SLSPG
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SEQ | DESCRI PTI ON Sequence (DNA)
I D
NO

Tr as- HH41- scmab- GATATTCAGATGACCCAGAGCCCTTCTTCCCTGT CCGCTTCCGTGGGAGATCGCGTGACTA
Het FcOQ a (trastuzunmab TTACTTGT CGAGCCTCT CAGGATGT GAACACCGCCGT GGCT TGGTACCAGCAGAAGCCT GG
scmab with HH41 linker) AAAAGCTCCAAAGCTGCTGATCTACAGTGCATCAT TCCTGTAT TCAGGAGT CCCAAGCCGG

TTTAGCGGCAGCCGGT CTGECACAGACT TCACT CTGACCAT TAGCT CCCTGCAGCCCGAGG
ATTTTGCCACTTACTATTGCCAGCAGCACTATACCACACCCCCTACAT TCGGGCAGGGAAC
TAAAGT GGAGAT CAAGCGCACCGTGECCGCTCCTTCTGTCTTCATTTTTCCACCCAGTGAC
GAACAGCT GAAGT CCGGCACAGCCTCTGT GGTCTGTCTGCTGAACAATTTTTACCCACGAG
AAGCCAAAGT GCAGT GGAAGGT CGATAACGCT CTGCAGAGT GGCAACAGCCAGGAGAGCGT
GACCGAACAGGACTCCAAAGATTCTACATATAGT CTGTCTAGTACACTGACTCTGAGCAAG
GCAGACTACGAGAAGCACAAAGT GTATGCT TGCGAAGT CACT CATCAGGGCCTGT CAAGCC
CCGT GACCAAGT CCTTCAATAGGCGAGAGT GTGGAGGGAGT GGAGGAGGEGT CAGGCAGCTC
TGCAGACGATGCCAAGAAAGACGCAGCCAAGAAAGAT GACGCCAAGAAAGACGATGCTAAG
AAAGAT GGAGGAGGGAGCGGAGGAGEGT CCGGAGAGGT GCAGCT GGT CGAAAGCGGAGGAG
GACT GGTGCAGCCTGGAGGCT CTCTGCGGCTGAGT TGCGCTGCATCAGGCT TCAACATCAA
AGACACCTACATTCATTGGGT GAGACAGGECCCCCGECAAGGGACT GGAGT GGGTCGCCAGG
ATCTATCCTACCAATGGCTACACAAGATAT GCCGACAGCGT GAAAGGGCGCTTCACTATTA
GCGCAGATACTTCCAAGAACACCGCCTACCT GCAGAT GAACAGCCT GCGAGCTGAAGATAC
AGCAGTGTACTAT TGTAGCCGGT GGEECGECGAT GGAT TCTACGCAAT GGACTACT GGCCGA
CAGGGAACCCTGGT CACCGT CTCAAGCGCTAGCACTAAGGEGCCTTCCGTGTTTCCACTGG
CTCCCTCTAGTAAATCCACCT CTGGAGGECACAGCTGCACTGGGATGT CTGGTGAAGGATTA
CTTCCCTGAACCAGT CACAGT GAGT TGGAACT CAGGGECTCTGACAAGT GGAGTCCATACT
TTTCCCGCAGT GCTGCAGT CAAGCGGACT GTACTCCCTGTCCTCTGT GGTCACCGTGCCTA
GTTCAAGCCTGGGCACCCAGACATATATCTGCAACGT GAAT CACAAGCCATCAAATACAAA
AGTCGACAAGAAAGT GGAGCCCAAGAGCTGT GATAAAACT CATACCT GCCCACCTTGTCCG
GCGCCAGAACT GCTGCGAGGACCAAGCGT GTTCCTGT TTCCACCCAAGCCTAAAGACACCC
TGATGATTTCCCGGACT CCTGAGGT CACCT GCGT GGT CGTGGACGT GTCTCACGAGGACCC
CGAAGT CAAGT TCAACT GGTACGT GGATGGCGT CGAAGT GCATAAT GCCAAGACCAAACCC
CGGGAGGAACAGT ACAACTCTACCTATAGAGT CGT GAGT GT CCTGACAGT GCTGCACCAGG
ACTGGCTGAATGCGAAGGAGTATAAGT GTAAAGT GAGCAACAAAGCCCT GCCCGCCCCAAT
CGAAAAAACAAT CTCTAAAGCAAAAGGACAGCCT CGCGAACCACAGGTCTACGT CTACCCC
CCATCAAGAGAT GAACT GACAAAAAAT CAGGT CTCTCT GACATGCCTGGTCAAAGGATTCT
ACCCT TCCGACAT CGCCGT GGAGT GGGAAAGT AACGGCCAGCCCGAGAACAATTACAAGAC
CACACCCCCTGT CCTGGACTCTGATGGGAGT TTCGCTCT GGT GTCAAAGCT GACCGT CGAT
AAAAGCCGGT GGCAGCAGGGCAATGT GTTTAGCTGCTCCGT CATGCACGAAGCCCT GCACA
ATCACTACACACAGAAGT CCCTGAGCCTGAGCCCTGGEC

Tr as- GSE34- scmab- GATATTCAGATGACTCAGAGCCCCT CAAGCCTGT CCGCCTCCGTGGGAGATAGAGTGACTA
Het FcOQ a (trastuzunmab TTACTTGTAGAGCCTCACAGGATGT CAACACCGCT GT GGCAT GGTACCAGCAGAAGCCT GG
scmab with GSE34 Iinker) CAAAGCTCCAAAGCTGCTGATCTACTCCGCATCT TTCCTGTATTCTGGGGT CCCAAGT CGG

TTTAGTGGCTCAAGAAGCGGGACAGACT TCACT CTGACCAT TAGCT CCCTGCAGCCCGAGG
ATTTTGCCACTTACTATTGCCAGCAGCACTATACCACACCCCCTACAT TCGGACAGGGCAC
TAAAGT GGAGAT CAAGCGCACCGTGECCGCTCCTTCTGTCTTCATTTTTCCACCCAGCGAC
GAACAGCT GAAAT CAGGCACAGCCAGCGT GGTCTGTCTGCTGAACAATTTTTACCCACGAG
AAGCCAAAGT GCAGT GGAAGGT CGATAACGCT CTGCAGT CCGGCAAT TCTCAGGAGAGT GT
GACCGAACAGGACTCAAAAGATAGCACATATTCCCTGT CTAGTACACTGACTCTGTCTAAG
GCAGACTACGAGAAGCACAAAGT GTATGCCTGCGAAGT CACT CATCAGGGGCTGT CAAGCC
CCGT GACCAAGAGCT TCAAT AGGCGAGAGT GT TCCGGAGGAGGAT CTGGAGGAGGAAGT GA
GGGAGGAGGCAGCGAAGGCGGEGEEAT CTGAGGGAGECGGAAGT GAGGGECGGAGGATCAGGEC
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GGAGGAAGCGGAGAGGT GCAGCT GGT CGAAT CCGGAGGAGGACT GGT GCAGCCT GGAGEGT
CCCT GCGACT GI' CT' T GCGCAGCCAGT GGCTTTAACAT CAAAGACACCTACATT CATT GGGT
GAGACAGGCT CCCGGGAAGGGACT GGAGT GGGI CGCAAGGAT CTAT CCTACCAAT GGATAC
ACAACGATAT GCCGACAGCGT GAAAGGCCGCT TCACTATT T CAGCAGATACTAGCAAGAACA
CCGCCTACCT GCAGATGAATAGCCT GCGAGCCGAAGATACAGCT GI GTACTATTGI'T CCCG
Gl GGGGCGGAGAT GGAT T CTACGCAATGGAT TAT T GGGGACAGGGAACCCT GGTCACCGTC
TCAAGCGCTAGCACTAAGGGGCCT T CCGT GI'T'T CCACTGGCT CCCT CTAGTAAAT CCACCT
CTI GGAGGCACAGCT GCACT GGGAT GI' CT GGI GAAGGATTACT T CCCT GAACCAGT CACAGT
GAGI'TGGAACTCAGGGECT CT GACAAGI GGAGT CCATACT T'TT CCCGCAGT GCTGCAGT CA
AGCGGACT GI'ACT CCCI GI CCTCT GI GGT CACCGI GCCTAGI T CAAGCCT GGGCACCCAGA
CATATATCTGCAACGT GAATCACAAGCCATCAAATACAAAAGT CGACAAGAAAGT GGAGCC
CAAGAGCT GI GATAAAACT CATACCT GCCCACCT T GI CCGGCGCCAGAACT GCTGGGAGEA
CCAAGCGI GI'TCCT GTTT CCACCCAAGCCTAAAGACACCCT GAT GATTTCCCGGACI CCTG
AGGI CACCT GCGI GGTCGI GGACGI GT CT CACGAGGACCCCGAAGT CAAGI T CAACT GGTA
CGTGGATGGCGT CGAAGT GCATAAT GCCAAGACCAAACCCCGGGAGGAACAGTACAACTCT
ACCTATACGAGTCGT GAGI GI' CCT GACAGT GCTGCACCAGGACTGGCT GAAT GGGAAGGAGT
ATAAGT GTAAAGT GAGCAACAAAGCCCT GCCCGCCCCAATCGAAAAAACAATCTCTAAAGC
AAAAGGACAGCCT CGCGAACCACAGGT CTACGT CTACCCCCCATCAAGAGATGAACTGACA
AAAAAT CAGGTCT CI' CT GACATGCCT GGI' CAAAGGAT T CTACCCI T CCGACAT CGCCGI GG
AGT GGGAAAGT AACGGCCAGCCCGAGAACAAT TACAAGACCACACCCCCTGTCCTGGACTC
TGAT GGGAGI'TT CGCTCT GGI GI' CAAAGCT GACCGI CGATAAAAGCCGGT GGCAGCAGGEC
AAT GTGI' TTAGCT GCTCCGI CAT GCACGAAGCCCT GCACAAT CACTACACACAGAAGI CCC
TGAGCCTGAGCCCTGGEC

H3- HH41- scnab-
Het FcO01b(H3 scrmab with
HH41 i nker)

CAGAGCGCACTGACT CAGCCCGCCT CCGI G CT GGGT CCCCT GGGCAGAGCATTACTATTT
CAT GTACT GGAACAAGCT CCGAT GI CGGCGGGTACAACT T'T GTGAGCT GGTAT CAGCAGCA
CCCAGGAAAGGCCCCCAAACT GATGATCTACGACGT GT CCGATAGGCCCTCTGGCGT CAGT
GACCGCT T CAGCGGCAGCAAGTCT GGCAATACCGCCAGI CT GAT CATTT CAGGCCT GCAGG
CAGACGAT GAGGCCGATTACTAT T GCAGCT CCTAT GGG CTAGI T CAACT CATGI GATCTT
CGGAGGCGGEGACCAAGGT GACAGT CCTGEGECCAGCCT AAAGCCGCTCCAAGCGTGACACT G
TTTCCCCCTAGCT CCGAGGAACT GCAGGCAAACAAGGCCACTCTGGTGTGTCTGATTTCCG
ACTT CTACCCTGGGGCT GI' GACCGI CGCT'T GGAAGGCAGATT CTAGI CCCGI GAAAGCAGG
AGT CGAGACCACAACT CCTTCAAAGCAGAGCAACAACAAGTACGCAGCCTCAAGCTATCTG
AGT CTGACACCAGAACAGT GGAAGAGCCACCGCAGT TACTCATGCCAAGTGACTCATGAGG
GCTCTACT GTGGAAAAAACCGT CGCCCCCACAGAAT GT TCCGGAGGCT CTGGAGGAGGECAG
CGGGTCCTCTGCCGACGAT GCTAAGAAAGACGCT GCAAAGAAAGACGAT GCCAAGAAAGAC
GAT GCT AAGAAAGAT GGAGGAGGCAGCGGAGGAGECT CCGGACAGGT GCAGCT GCAGGAGT
CT GGAGGAGCGACT GGTCAAGCCT GGAGGAT CTCT GCGACT GAGI'T GCGCCGCTTCAGGCTT
CACCTITAGI'TCATACT GGAT GAGCT GGGI' GAGACAGGCCCCAGGCAAAGGGCTGGAAT GG
GTCGCAAACAT CAATAGGGACGGGAGCGCCT CCTACTAT GT GGATAGCGT CAAGGGACGGT
TTACCATTAGCAGAGACGAT GCCAAAAACT CCCT GTATCT GCAGAT GAACAGCCI GCGAGC
TGAGGACACAGCAGI GIACTATT GI GCT CGGGATAGAGGCGI CGGATATI T CGAT CT GI' GG
GGACGAGEAACCCT GGI CACCGI CT CAAGCGCTAGCACTAAGGGGCCITCCGI GITT CCAC
T GGCTCCCT CTAGTAAAT CCACCT CT GGAGGCACAGCTGCACTGGGAT GI CT GG GAAGGA
TTACTT CCCT GAACCAGI CACAGT GAGI T GGAACT CAGGGGCTCT GACAAGT GGAGI CCAT
ACTTTT CCCGCAGI GCT GCAGTCAAGCGGACTGIACT CCCT GTCCI CI GI GGI' CACCGI GC
CTAGT TCAAGCCTGGECACCCAGACATATATCTGCAACGT GAATCACAAGCCATCAAATAC
AAAAGT CGACAAGAAAGT GGAGCCCAAGAGCT GTGATAAAACT CATACCTGCCCACCTTGT
CCGGCGCCAGAACT GCTGEGAGGACCAAGCGT GT TCCTGT TTCCACCCAAGCCTAAAGACA
CCCI GAT GATTT CCCGGACT CCT GAGGI CACCT GCGI GGI' CGTGGACGTGI CT CACGAGAA
CCCCGAAGT CAAGT TCAACT GGTACGT GGAT GGCGT CGAAGT GCATAATGCCAAGACCAAA
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CCCCGGGAGGAACAGTACAACT CTACCTATAGAGT CGT GAGT GTCCTGACAGT GCTGCACC
AGGACT GGCTGAAT GGGAAGGAGT ATAAGT GTAAAGT GAGCAACAAAGCCCTGCCCGCCCC
AATCGAAAAAACAAT CTCTAAAGCAAAAGGACAGCCT CGCGAACCACAGGTCTACGTGCTG
CCCCCTAGCCGCGACGAACT GACTAAAAAT CAGGT CTCTCTGCTGT GTCTGGT CAAAGGAT
TCTACCCT TCCGACATCGCCGT GGAGT GGGAAAGT AACGGCCAGCCCGAGAACAATTACCT
GACCTGGECCCCCTGTGCTGGACTCTGATGCGAGT TTCTTTCTGTATTCAAAGCTGACAGTC
GATAAAAGCCGGT GGCAGCAGGGCAAT GTGT TCAGCTGCTCCGT CATGCACGAAGCACTGC
ACAACCATTACACTCAGAAGT CCCTGTCCCTGT CACCTGGC

H3- GSE34- scmab-
Het FcO01b(H3 scrmab with
GSE34 1inker)

CAGAGCGCACT GACT CAGCCTGCT TCCGT GT CCGGGAGCCCT GGGCAGAGCATTACAATCT
CATGCACTGGAACCT CATCCGATGT CGGCGGGTACAACT TTGTGAGT TGGTATCAGCAGCA
CCCAGGCAAGGCACCCAAACTGATGATCTACGACGT GT CTGATAGGCCCTCTGGGGT CAGT
GACCGCTTCAGCGGCTCCAAGT CTGGGAATACCGCTTCCCTGATCATTTCTGEGCTGCAGG
CTGACGATGAGGCAGATTACTATTGCAGCTCCTATGGATCTAGT TCAACTCATGTGATCTT
CGGAGGCGGEGACCAAGGT GACAGT CCTGEGECCAGCCT AAAGCCGCTCCATCCGTGACACT G
TTTCCCCCTAGCT CCGAGGAACT GCAGGCCAACAAGGCTACTCTGGTGTGTCTGATTAGCG
ACTTCTACCCT GGCGCTGT GACCGT CGCATGGAAGGCCGAT TCTAGT CCCGT GAAAGCAGG
CGT CGAGACCACAACT CCTTCAAAGCAGAGCAACAACAAGT ACGCAGCCTCAAGCTATCTG
TCCCTGACACCAGAACAGT GGAAGT CTCACCGCAGT TACT CATGCCAAGT GACTCATGAGG
GCAGCACT GT GGAAAAAACCGT CGCCCCCACAGAGT GT TCCT CTGGAGGAGGGAGT GGAGG
AGGGT CAGAGGGAGGECGEGEAGCGAAGGAGGECGEGET CCGAGGGAGECGEGT CTGAAGGAGEA
GGGAGCGGAGGAGGEGT CCGGACAGGT GCAGCT GCAGGAGT CCGGAGGAGGACT GGTCAAGC
CTGGAGGCTCTCTGCGACTGAGT TGCGCTGCATCAGGCTTCACCTTTAGT TCATACTGGAT
GAGCT GGGT GAGACAGGCCCCAGGGAAAGGACT GGAAT GGGT CGCAAACAT CAATAGGGAC
GGAAGCGCCTCCTACTATGT GGATTCCGT CAAGGGCCGGT TTACCATTAGTAGAGACGATG
CCAAAAACTCACTGT ATCTGCAGAT GAAT AGCCTGCGAGCCGAAGACACAGCTGTGT ACTA
TTGTGCTCGGGATAGAGCCGT CGGCTATTTCGATCTGT GGGGACGAGGAACCCTGGTCACC
GTCTCAAGCGCTAGCACTAAGGEGEGECCTTCCGT GT TTCCACT GGCTCCCTCTAGTAAATCCA
CCTCTGGAGGCACAGCTGCACT GGGATGT CTGGT GAAGGATTACT TCCCTGAACCAGT CAC
AGTGAGT TGGAACT CAGGGGECTCTGACAAGT GGAGT CCATACT TTTCCCGCAGT GCTGCAG
TCAAGCGGACTGTACTCCCTGT CCTCTGT GGTCACCGT GCCTAGT TCAAGCCTGGGCACCC
AGACAT ATATCT GCAACGT GAAT CACAAGCCAT CAAATACAAAAGT CGACAAGAAAGT GGA
GCCCAAGAGCTGTGATAAAACT CATACCT GCCCACCT TGT CCGGCGCCAGAACTGCTGGGA
GGACCAAGCGTGITCCTGT TTCCACCCAAGCCTAAAGACACCCTGATGATTTCCCGGACTC
CTGAGGT CACCTGCGTGGT CGT GGACGT GT CTCACGAGGACCCCGAAGT CAAGT TCAACTG
GTACGT GGATGGCGT CGAAGT GCATAAT GCCAAGACCAAACCCCGGGAGGAACAGTACAAC
TCTACCTATAGAGT CGTGAGT GT CCTGACAGT GCTGCACCAGGACT GGCTGAATGGGAAGG
AGTATAAGT GTAAAGT GAGCAACAAAGCCCT GCCCGCCCCAAT CGAAAAAACAATCTCTAA
AGCAAAAGGACAGCCT CGCGAACCACAGGT CTACGT GCTGCCCCCTAGCCGCGACGAACTG
ACTAAAAATCAGGT CTCTCTGCTGT GTCTGGT CAAAGGATTCTACCCT TCCGACATCGCCG
TGGAGT GCGAAAGT AACGGCCAGCCCGAGAACAAT TACCT GACCTGGCCCCCTGTGCTGGA
CTCTGATGGGAGT TTCTTTCTGTATTCAAAGCT GACAGT CGATAAAAGCCGGT GGCAGCAG
GGCAATGT GT TCAGCTGCTCCGT CATGCACGAAGCACT GCACAACCATTACACTCAGAAGT
CCCTGTCCCTGTCACCTGGC

[00141] In some embodiments, the isolated bi-specific antigen binding construct of the

invention includes a first antigen-binding polypeptide construct that binds HER2 and isin a

sckv format and a second antigen-binding polypeptide construct that binds HER3 and isin a
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Fab format and the second antigen-binding polypeptide construct includes alambda constant
light chain (CL) amino acid sequence.

[00142]
invention includes a first antigen-binding polypeptide construct that binds HER2 and is in a

In other embodiments, the isolated bi-specific antigen binding construct of the

scFv format and a second antigen-binding polypeptide construct that binds HER3 and isin
the Fab format and the second antigen-binding polypeptide construct comprises akappa CL

amino acid sequence.

Table A5: Sequences of exemplary lambda and kappa constant light chains:

SEQ ID NO:

Description

Sequence

kappa constant
light chain
polypeptide

RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNEFYPREAKVOWKV
DNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYA
CEVTHQGLSSPVTKSFNRGEC

kappa constant
light chain
polynucleotide

AGAACCGTGGCGGCGCCCAGTGTCTTCATTTTTCCCCCTAGCG
ACGAACAGCTGAAGTCTGGGACAGCCAGTGTGGTCTGTCTGCT
GAACAACTTCTACCCTCGCGAGGCTAAAGTGCAGTGGAAGGTC
GATAACGCACTGCAGTCCGGAAATTCTCAGGAGAGTGTGACTG
AACAGGACTCAAAAGATAGCACCTATTCCCTGTCAAGCACACT
GACTCTGAGCAAGGCCGACTACGAGAAGCATAAAGTGTATGCT
TGTGAAGTCACCCACCAGGGGCTGAGTTCACCAGTCACAAAAT
CATTCAACAGAGGGGAGTGC

lambda constant
light chain
polypeptide

GOPKAAPSVTLFPPSSEELQANKATLVCLISDEFYPGAVTVAWK
ADSSPVKAGVETTTPSKOSNNKYAASSYLSLTPEQWKSHRSYS
COQVTHEGSTVEKTVAPTECS

lambda constant
light chain
polynucleotide

GGGCAGCCTAAAGCGGCGCCCTCTGTGACTCTGTTTCCCCCTA
GCTCCGAGGAACTGCAGGCTAACAAGGCAACTCTGGTGTGTCT
GATTAGCGACTTCTACCCAGGAGCTGTGACCGTCGCCTGGAAG
GCTGATTCTAGTCCCGTGAAAGCAGGCGTCGAGACCACAACTC
CTAGTAAGCAGTCAAACAACAAGTACGCAGCCTCAAGCTATCT
GTCTCTGACACCCGAACAGTGGAAAAGTCACAGGTCATATAGC
TGCCAGGTGACTCACGAGGGCTCAACTGTGGAGAAAACCGTCG
CACCAACCGAATGTTCC

Dissociation constant (K r,) and Bmax

[00143]

The term "dissociation constant (KD)" as used herein, is intended to refer to the

dissociation rate of aparticular antigen-antibody interaction. The K isthe ratio of the rate of
dissociation, also called the "off-rate (134)", tothe association rate, or "on-rate (k,)". Thus,
Kp equals kff/ko, and is expressed as amolar concentration (M). It follows that the smaller
the K D, the stronger the affinity of binding. Therefore, ak p of 1 mM indicates weak binding
affinity compared to akp of 1nM. Kp, values for antibodies can be determined using
methods well established in the art. One method for determining the K of an antibody is by
using surface plasmon resonance (SPR), typically using abiosensor system such as a

Biacore® system.
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[00144] The binding characteristics of an antibody can be determined by various
techniques. One of which is the measurement of binding to target cells expressing the antigen
by flow cytometry (FACS, Fluorescence-activated cell sorting). Typically, in such an
experiment, the target cells are incubated with antibodies at different concentrations, washed,
incubated with a secondary detection antibody, washed, and analyzed in the flow cytometer
to measure the median fluorescent intensity (MFI) representing the strength of detection
signal on the cells, which inturn is related to the number of antibodies bound to the cells. The
antibody concentration vs MFI data is then fitted into a saturation binding equation to yield
two key binding parameters, Bmax and apparent ¥ .

[00145] Bmax, or maximal binding, refers to the maximum antibody binding level on the
cells a saturating concentrations of antibody. This parameter can bereported in the arbitrary
unit MFI for relative comparison, or converted into an absolute value corresponding to the
number of antibodies bound to the cell with the use of a standard curve.

[00146]  Apparent K, or apparent dissociation constant, represents the antibody
concentration at which half maximal cell binding is observed. Evidently, the smaller the ¥
value, the smaller antibody concentration is required to reach maximum cell binding and thus
the higher isthe affinity of the antibody. The apparent % is dependent on the conditions of
the cell binding experiment, such as different receptor levels expressed on the cells and
incubation conditions, and thus the apparent k , is generally different from the % values
determined from cell-free molecular experiments such as SPR and ITC. However, there is

generally good agreement between the different methods.

Lytic and Internalizing Bi-specific Antigen Binding Constructs

[00147] The bi-specific antigen binding constructs described herein can be classed into
two subtypes: bi-specific Iytic (BSP-L) antibodies and bi-specific internalizing (BSP-I)
antibodies depending on the balance these antibodies display between the following efficacy
factors: a) the ability of the bi-specific antigen binding construct to be internalized, b) the
increased B of the bi-specific antigen binding construct, and c) the degree of
agonism/partial agonism of the bi-specific antigen binding construct.

[00148]  With respect to the efficacy factors noted above, for BSP-L antibodies the most
important consideration isthe additive B__ and slow off rate compared to monospecific
monovalent antibodies or monospecific bivalent antibodies (thus resulting in higher

decoration of the target cell with the BSP-L and antibody dependent cytotoxicity). Ideally,
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BSP-L antibodies bind the target cell with additive B compared to OAA (one-armed
antibody) or FSA (full-sized antibody), and shows no internalization thus resulting in the
maximal decoration/accumulation of antibody on acell. Ideally, BSP-L would block cognate
ligand activation of target receptors. A BSP-L antibody could be fully neutralizing (blocking
cognate ligand interaction at both targets) or partly neutralizing (blocking cognate ligand
interaction a the more ubiquitously expressed target receptor). Such BSP-L antibodies are
capable of binding to FcyR receptors and complement proteins and at high cell surface
concentration are more effective a inducing immune cell-based effector activity. BSP-L
antibodies thus are useful in indications where the bi-specific antigen binding construct is
used tokill target cells through Fc effector functions such as ADCC, ADCP or CDC. BSP-L
ideally shows no agonism in the absence of the cognate ligand for the target, may be non-
neutralizing or neutralizing depending on the anticipated side-effect profile. Should some
degree of agonism and internalization be observed, additive Bmax would overcome these to
result in anet efficacious effect that is still superior to OAAs and FSAs..

[00149]  With respect to the efficacy factors noted above, for BSP-Int antibodies the
additive B, and specifically the degree of internalization are the key drivers for classifying
bi-specific antigen binding constructs in the BSP-Int category. Ideally, BSP-Int antibodies
bind the target cell with additive B, compared to OAA or FSA (thus resulting in higher
decoration of the target cell with the BSP-Int), and are effectively internalized and would not
induce any cell growth. Compared to BSP-L and OAAs and FSAs, high Bmax plus high
internalization would result in higher intracellular concentrations of BSP-Int. The degree of
agonism displayed with respect to the targets is less important and it is not obligatory that
BSP-Int lack agonistic activity since BSP-Int antibodies can exploit this by using the partially
activated receptor as a Trojan to shuttle apayload into acell. Such BSP-Int antibodies are
suitable for use in the preparation of antibody-drug conjugates (ADCs) and can be used in the
treatment of indications where delivery of atoxic drug to the target cell is desired. With this
modality, the delivery of ahighly toxic payload resulting in acute cell death would overcome

some agonistic activity conferred in the BSP-Int.

Increased Bmax

[00150] The isolated bi-specific antigen binding constructs of the inventions display
greater maximum binding (Bmax) in cells expressing HER2 and HER3, compared to a

reference bivalent monospecific antibody comprising two first antigen-binding polypeptide
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constructs (e.g., trastuzumab) or two second antigen-binding polypeptide constructs (e.g.,
H3). In some embodiments, the bi-specific antigen binding constructs displays a Bmax that
is11, 12, 13 14,15, 16, 1.7, 1.8, 1.9, or 2.0 times the Bmax of areference bivalent
monospecific antibody.

[001571] Bmax is achieved a saturating antibody concentrations and Kd (on and off rate of
an antibody) contributes to Bmax. An antibody with a slow on and fast off would have lower
apparent Bmax compared to an antibody with afast on and slow off rate of binding.

[00152] For the antigen binding constructs according to the invention, the clearest
separation in Bmax versus FSA occurs a saturating concentrations and where Bmax can no
longer be increased with a FSA. The significance is less & non-saturating concentrations. In
one embodiment the increase in Bmax and KD/on-off rate of the antigen binding construct
compared to the monospecific bivalent antigen binding construct is independent of the level
of target antigen expression on the target cell. In one embodiment, where the antigen binding
construct comprises an antigen-binding polypeptide construct that binds to HER2, the
increase in Bmax and KD/on-off rate of the antigen binding construct compared to the
monospecific bivalent antigen binding construct is independent of the level of HER2
expression on the target cell.

[00153] In some embodiments is an isolated antigen binding construct described herein,
wherein said antigen binding construct displays an increase in binding density and Bmax
(maximum binding) to atarget cell displaying said antigen as compared to a corresponding
monospecific bivalent antigen binding construct with two antigen binding regions. In some
embodiments said increase in binding density and Bmax is at least about 125% of the binding
density and Bmax of the corresponding bivalent antigen binding construct. In certain
embodiments, the increase in binding density and Bmax is a least about 150% of the binding
density and Bmax of the corresponding bivalent antigen binding construct. In some
embodiments, the increase in binding density and Bmax is a least about 200% of the binding
density and Bmax of the corresponding bivalent antigen binding construct. In some
embodiments, the increase in binding density and Bmax is greater than about 110% of the

binding density and Bmax of the corresponding bivalent antigen binding construct.

Polypeptides and polynucleotides

[00154] The bi-specific antigen binding constructs described herein comprise at least one
polypeptide. Also described are polynucleotides encoding the polypeptides described herein.
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[00155] Theterms "polypeptide,” "peptide” and "protein” are used interchangeably herein
to refer to apolymer of amino acid residues. That is, a description directed to a polypeptide
applies equally to adescription of apeptide and a description of aprotein, and vice versa.
The terms apply to naturally occurring amino acid polymers as well as amino acid polymers
in which one or more amino acid residues is anon-naturally encoded amino acid. Asused
herein, the terms encompass amino acid chains of any length, including full length proteins,
wherein the amino acid residues are linked by covalent peptide bonds.

[00156] The term "amino acid" refers to naturally occurring and non-naturally occurring
amino acids, aswell as amino acid analogs and amino acid mimetics that function in a
manner similar to the naturally occurring amino acids. Naturally encoded amino acids are the
20 common amino acids (alanine, arginine, asparagine, aspartic acid, cysteine, glutamine,
glutamic acid, glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine,
praline, serine, threonine, tryptophan, tyrosine, and valine) and pyrrolysine and
selenocysteine. Amino acid analogs refers to compounds that have the same basic chemical
structure as anaturally occurring amino acid, i.e.,, an acarbon that is bound to ahydrogen, a
carboxyl group, an amino group, and an R group, such as, homoserine, norleucine,
methionine sulfoxide, methionine methyl sulfonium. Such analogs have modified R groups
(such as, norleucine) or modified peptide backbones, but retain the same basic chemical
structure as anaturally occurring amino acid. Reference to an amino acid includes, for
example, naturally occurring proteogenic L-amino acids; D-amino acids, chemically
modified amino acids such as amino acid variants and derivatives; naturally occurring non-
proteogenic amino acids such as B-alanine, ornithine, etc.; and chemically synthesized
compounds having properties known in the art to be characteristic of amino acids. Examples
of non-naturally occurring amino acids include, but are not limited to, amethyl amino acids
(e.g. amethyl aanine), D-amino acids, histidine-like amino acids (e.g., 2-amino-histidine, B-
hydroxy -histidine, homohistiding), amino acids having an extra methylene in the side chain
("homo" amino acids), and amino acids in which acarboxylic acid functional group inthe
side chain is replaced with a sulfonic acid group (e.g., cysteic acid). The incorporation of
non-natural amino acids, including synthetic non-native amino acids, substituted amino acids,
or one or more D-amino acids into the proteins of the present invention may be advantageous
in anumber of different ways. D-amino acid-containing peptides, etc., exhibit increased
stability invitro or in vivo compared to L-amino acid-containing counterparts. Thus, the

construction of peptides, etc., incorporating D-amino acids can be particularly useful when
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greater intracellular stability is desired or required. More specifically, D-peptides, etc., are
resistant to endogenous peptidases and proteases, thereby providing improved bioavailability
of the molecule, and prolonged lifetimes in vivo when such properties are desirable.
Additionally, D-peptides, etc., cannot be processed efficiently for major histocompatibility
complex class |1-restricted presentation to T helper cells, and are therefore, less likely to
induce humora immune responses in the whole organism.

[00157] Amino acids may bereferred to herein by either their commonly known three
letter symbols or by the one-letter symbols recommended by the [UPAC-1UB Biochemical
Nomenclature Commission. Nucleotides, likewise, may bereferred to by their commonly
accepted single-letter codes.

[00158] Also included in the invention are polynucleotides encoding polypeptides of the
antigen binding constructs. The term "polynucleotide” or "nucleotide sequence” is intended
to indicate a consecutive stretch of two or more nucleotide molecules. The nucleotide
sequence may be of genomic, cDNA, RNA, semisynthetic or synthetic origin, or any
combination thereof.

[00159] The term "nucleic acid" refers to deoxyribonucleotides, deoxyribonucleosides,
ribonucleosides, or ribonucleotides and polymers thereof in either single- or double-stranded
form. Unless specifically limited, the term encompasses nucleic acids containing known
analogues of natural nucleotides which have similar binding properties asthe reference
nucleic acid and are metabolized in amanner similar to naturally occurring nucleotides.
Unless specifically limited otherwise, the term aso refers to oligonucleotide analogs
including PNA (peptidonucleic acid), analogs of DNA used in antisense technology
(phosphorothioates, phosphoroamidates, and the like). Unless otherwise indicated, a
particular nucleic acid sequence aso implicitly encompasses conservatively modified
variants thereof (including but not limited to, degenerate codon substitutions) and
complementary sequences as well as the sequence explicitly indicated. Specifically,
degenerate codon substitutions may be achieved by generating sequences in which the third
position of one or more selected (or al) codons is substituted with mixed-base and/or
deoxyinosine residues (Batzer et al., Nucleic Acid Res. 19:5081 (1991); Ohtsuka et al, J.
Biol. Chem. 260:2605-2608 (1985); Rossolini et a, Mol. Cell. Probes 8:91-98 (1994)).
[00160] "Conservatively modified variants' applies to both amino acid and nucleic acid
sequences. With respect to particular nucleic acid sequences, "conservatively modified

variants' refers to those nucleic acids which encode identical or essentially identical amino
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acid sequences, or where the nucleic acid does not encode an amino acid sequence, to
essentialy identical sequences. Because of the degeneracy of the genetic code, alarge
number of functionally identical nucleic acids encode any given protein. For instance, the
codons GCA, GCC, GCG and GCU all encode the amino acid alanine. Thus, a every
position where an aanine is specified by a codon, the codon can be altered to any of the
corresponding codons described without altering the encoded polypeptide. Such nucleic acid
variations are "silent variations," which are one species of conservatively modified
variations. Every nucleic acid sequence herein which encodes a polypeptide also describes
every possible silent variation of the nucleic acid. One of ordinary skill in the art will
recognize that each codon in anucleic acid (except AUG, which is ordinarily the only codon
for methionine, and TGG, which is ordinarily the only codon for tryptophan) can be modified
toyield afunctionally identical molecule. Accordingly, each silent variation of anucleic acid
which encodes apolypeptide is implicit in each described sequence.

[00161] Asto amino acid sequences, one of ordinary skill inthe art will recognize that
individual substitutions, deletions or additions to anucleic acid, peptide, polypeptide, or
protein sequence which aters, adds or deletes a single amino acid or a small percentage of
amino acids in the encoded sequence is a "conservatively modified variant” where the
alteration results in the deletion of an amino acid, addition of an amino acid, or substitution of
an amino acid with achemically similar amino acid. Conservative substitution tables
providing functionally similar amino acids are known to those of ordinary skill in the art.
Such conservatively modified variants are in addition to and do not exclude polymorphic
variants, interspecies homologs, and alleles of the invention.

[00162] Conservative substitution tables providing functionally similar amino acids are
known to those of ordinary skill inthe art. The following eight groups each contain amino
acids that are conservative substitutions for one another: 1) Alanine (A), Glycine (G); 2)
Aspartic acid (D), Glutamic acid (E); 3) Asparagine (N), Glutamine (Q); 4) Arginine (R),
Lysine (K); 5) Isoleucine (1), Leucine (L), Methionine (M), Vaine (V); 6) Phenylalanine (F),
Tyrosine (Y), Tryptophan (W); 7) Serine (S), Threonine (T); and [0139] 8) Cysteine (C),
Methionine (M) (see, e.g., Creighton, Proteins: Structures and Molecular Properties (W H
Freeman & Co.; 2nd edition (December 1993)

[00163] The terms "identical" or percent "identity," in the context of two or more nucleic
acids or polypeptide sequences, refer to two or more sequences or subsegquences that are the

same. Seguences are "substantially identical" if they have apercentage of amino acid
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residues or nucleotides that are the same (i.e., about 60% identity, about 65%, about 70%,
about 75%, about 80%, about 85%, about 90%, or about 95% identity over a specified
region), when compared and aligned for maximum correspondence over acomparison
window, or designated region as measured using one of the following sequence comparison
algorithms (or other algorithms available to persons of ordinary skill in the art) or by manual
alignment and visual inspection. This definition also refers to the complement of atest
sequence. The identity can exist over aregion that is at least about 50 amino acids or
nucleotides in length, or over aregion that is 75-100 amino acids or nucleotides in length, or,
where not specified, across the entire sequence of apolynucleotide or polypeptide. A
polynucleotide encoding a polypeptide of the present invention, including homologs from
species other than human, may be obtained by aprocess comprising the steps of screening a
library under stringent hybridization conditions with alabeled probe having apolynucleotide
sequence of the invention or afragment thereof, and isolating full-length cDNA and genomic
clones containing said polynucleotide sequence. Such hybridization techniques are well
known to the skilled artisan.

[00164] For sequence comparison, typicaly one sequence acts as areference sequence, to
which test sequences are compared. When using a sequence comparison algorithm, test and
reference sequences are entered into acomputer, subsequence coordinates are designated, if
necessary, and sequence agorithm program parameters are designated. Default program
parameters can beused, or aternative parameters can be designated. The sequence
comparison agorithm then calculates the percent sequence identities for the test sequences
relative to the reference sequence, based on the program parameters.

[00165] A "comparison window", asused herein, includes reference to a segment of any
one of the number of contiguous positions selected from the group consisting of from 20 to
600, usually about 50 to about 200, more usually about 100 to about 150 in which a sequence
may be compared to areference sequence of the same number of contiguous positions after
the two sequences are optimally aligned. Methods of alignment of sequences for comparison
are known to those of ordinary skill inthe art. Optimal alignment of sequences for
comparison can be conducted, including but not limited to, by the local homology algorithm
of Smith and Waterman (1970) Adv. Appl. Math. 2:482c, by the homology alignment
algorithm of Needleman and Wunsch (1970) J. Mol. Biol. 48:443, by the search for similarity
method of Pearson and Lipman (1988) Proc. Nat'l. Acad. Sci. USA 85:2444, by
computerized implementations of these algorithms (GAP, BESTFIT, FASTA, and TFASTA
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in the Wisconsin Genetics Software Package, Genetics Computer Group, 575 Science Dr.,
Madison, Wis.), or by manual alignment and visual inspection (see, e.g., Ausubel e a,
Current Protocols in Molecular Biology (1995 supplement)).

[00166] One example of an agorithm that is suitable for determining percent sequence
identity and sequence similarity arethe BLAST and BLAST 2.0 algorithms, which are
described in Altschul et a. (1997) Nuc. Acids Res. 25:3389-3402, and Altschul et al. (1990)
J. Mol. Biol. 215:403-410, respectively. Software for performing BLAST analyses is publicly
available through the National Center for Biotechnology Information available at the World
Wide Web at nchi.nim.nih.gov. The BLAST agorithm parameters W, T, and X determine the
sensitivity and speed of the alignment. The BLASTN program (for nucleotide sequences)
uses as defaults awordlength (W) of 11, an expectation (E) or 10, M=5, N=-4 and a
comparison of both strands. For amino acid sequences, the BLASTP program uses as defaults
awordlength of 3, and expectation (E) of 10, and the BLOSUM®62 scoring matrix (see
Henikoff and Henikoff (1992) Proc. Natl. Acad. Sci. USA 89:10915) alignments (B) of 50,
expectation (E) of 10, M=5, N=-4, and a comparison of both strands. The BLAST algorithm
istypically performed with the "low complexity" filter turned off.

[00167] The BLAST algorithm also performs a statistical analysis of the similarity
between two sequences (see, e.g., Karlin and Altschul (1993) Proc. Natl. Acad. Sci. USA
90:5873-5787). One measure of similarity provided by the BLAST agorithm isthe smallest
sum probability (P(N)), which provides an indication of the probability by which amatch
between two nucleotide or amino acid sequences would occur by chance. For example, a
nucleic acid is considered similar to areference sequence if the smallest sum probability in a
comparison of the test nucleic acid to the reference nucleic acid is less than about 0.2, or less
than about 0.01, or less than about 0.001.

[00168] The phrase "selectively (or specifically) hybridizes to" refers to the binding,
duplexing, or hybridizing of amolecule only to aparticular nucleotide sequence under
stringent hybridization conditions when that sequence is present in acomplex mixture
(including but not limited to, total cellular or library DNA or RNA).

[00169] The phrase "stringent hybridization conditions" refers to hybridization of
sequences of DNA, RNA, or other nucleic acids, or combinations thereof under conditions of
low ionic strength and high temperature asis known in the art. Typically, under stringent
conditions aprobe will hybridize to its target subsequence in acomplex mixture of nucleic
acid (including but not limited to, total cellular or library DNA or RNA) but does not
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hybridize to other sequences in the complex mixture. Stringent conditions are sequence-
dependent and will be different in different circumstances. Longer sequences hybridize
specifically at higher temperatures. An extensive guide to the hybridization of nucleic acids is
found in Tijssen, Laboratory Techniques in Biochemistry and Molecular Biology-
Hybridization with Nucleic Probes, "Overview of principles of hybridization and the strategy
of nucleic acid assays" (1993).

[0017Q] Asused herein, the terms "engineer, engineered, engineering”, are considered to
include any manipulation of the peptide backbone or the post-trandational modifications of a
naturally occurring or recombinant polypeptide or fragment thereof. Engineering includes
modifications of the amino acid sequence, of the glycosylation pattern, or of the side chain
group of individual amino acids, aswell as combinations of these approaches. The
engineered proteins are expressed and produced by standard molecular biology techniques.
[00171] By "isolated nucleic acid molecule or polynucleotide” is intended a nucleic acid
molecule, DNA or RNA, which has been removed from its native environment. For example,
arecombinant polynucleotide encoding apolypeptide contained in avector is considered
isolated. Further examples of an isolated polynucleotide include recombinant polynucleotides
maintained in heterologous host cells or purified (partially or substantially) polynucleotides
in solution. An isolated polynucleotide includes a polynucleotide molecule contained in cells
that ordinarily contain the polynucleotide molecule, but the polynucleotide molecule is
present extrachromosomally or a achromosomal location that is different from its natural
chromosomal location. Isolated RNA molecules include in vivo or in vitro RNA transcripts,
aswell as positive and negative strand forms, and double-stranded forms. Isolated
polynucleotides or nucleic acids described herein, further include such molecules produced
synthetically, eg., via PCR or chemical synthesis. In addition, apolynucleotide or anucleic
acid, in certain embodiments, include aregulatory element such as apromoter, ribosome
binding site, or atranscription terminator.

[00172] The term "polymerase chain reaction” or "PCR" generally refers to a method for
amplification of adesired nucleotide sequence in vitro, as described, for example, in U.S. Pat.
No. 4,683,195. In genera, the PCR method involves repeated cycles of primer extension
synthesis, using oligonucleotide primers capable of hybridising preferentially to atemplate
nucleic acid.

[00173] By anucleic acid or polynucleotide having a nucleotide sequence at least, for

example, 95% "identical" to areference nucleotide sequence of the present invention, it is
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intended that the nucleotide sequence of the polynucleotide is identical to the reference
sequence except that the polynucleotide sequence may include up to five point mutations per
each 100 nucleotides of the reference nucleotide sequence. In other words, to obtain a
polynucleotide having anucleotide sequence at least 95% identical to areference nucleotide
sequence, up to 5% of the nucleotides in the reference sequence may be deleted or substituted
with another nucleotide, or anumber of nucleotides up to 5% of the total nucleotides in the
reference sequence may be inserted into the reference sequence. These alterations of the
reference sequence may occur a the 5' or 3' terminal positions of the reference nucleotide
sequence or anywhere between those terminal positions, interspersed either individually
among residues in the reference sequence or in one or more contiguous groups within the
reference sequence. As apractical matter, whether any particular polynucleotide sequence is
a least 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% identical to anucleotide sequence of
the present invention can be determined conventionally using known computer programs,
such as the ones discussed above for polypeptides (e.g. ALIGN-2).

[00174] A derivative, or avariant of apolypeptide is said to share "homology" or be
"homologous" with the peptide if the amino acid sequences of the derivative or variant has at
least 50% identity with a 100 amino acid sequence from the origina peptide. In certain
embodiments, the derivative or variant is at least 75% the same as that of either the peptide or
afragment of the peptide having the same number of amino acid residues as the derivative. .
In certain embodiments, the derivative or variant is at least 85% the same asthat of either the
peptide or afragment of the peptide having the same number of amino acid residues asthe
derivative. In certain embodiments, the amino acid sequence of the derivative is a least 90%
the same as the peptide or a fragment of the peptide having the same number of amino acid
residues as the derivative. In some embodiments, the amino acid sequence of the derivative is
at least 95% the same as the peptide or afragment of the peptide having the same number of
amino acid residues as the derivative. In certain embodiments, the derivative or variant is a
least 99% the same asthat of either the peptide or a fragment of the peptide having the same
number of amino acid residues as the derivative.

[00175] The term "modified,” as used herein refers to any changes made to agiven
polypeptide, such as changes to the length of the polypeptide, the amino acid sequence,
chemical structure, co-translational modification, or post-translational modification of a

polypeptide. The form "(modified)" term means that the polypeptides being discussed are
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optionally modified, that is, the polypeptides under discussion can be modified or
unmodified.

[00176] The term "post-translationally modified” refers to any modification of a natural
or non-natural amino acid that occurs to such an amino acid after it has been incorporated
into apolypeptide chain. The term encompasses, by way of example only, co-trandational in
vivo modifications, co-tranglational in vitro modifications (such as in acell-free trandation
system), post-translational in vivo modifications, and post-trandational in vitro
modifications.

[00177] "Refolding,” as used herein describes any process, reaction or method which
transforms disulfide bond containing polypeptides from an improperly folded or unfolded
state to a native or properly folded conformation with respect to disulfide bonds.

[00178] "Cofolding," asused herein, refers specifically to refolding processes, reactions,
or methods which employ a least two monomeric polypeptides which interact with each
other and result in the transformation of unfolded or improperly folded polypeptides to
native, properly folded polypeptides.

[00179] A "dimer" or "heterodimer" is amolecule comprising at least afirst monomer
polypeptide and a second monomer polypeptide. In the case of a heterodimer, one of said
monomers differs from the other monomer by a least one amino acid residue. In certain
embodiments, the assembly of the dimer is driven by surface areaburial. In some
embodiments, the monomeric polypeptides interact with each other by means of electrostatic
interactions and/or salt-bridge interactions that drive dimer formation by favoring the desired
dimer formation and/or disfavoring formation of other non-desired specimen. In some
embodiments, the monomer polypeptides interact with each other by means of hydrophobic
interactions that drive desired dimer formation by favoring desired dimer formation and/or
disfavoring formation of other assembly types. In certain embodiments, the monomer
polypeptides interact with each other by means of covalent bond formation. In certain
embodiments, the covalent bonds are formed between naturally present or introduced
cysteines that drive desired dimer formation. In certain embodiments described herein, no
covalent bonds are formed between the monomers. In some embodiments, the polypeptides
interact with each other by means of packing/size-complementarity/knobs-into-
holeg/protruberance-cavity type interactions that drive dimer formation by favoring desired
dimer formation and/or disfavoring formation of other non-desired embodiments. In some

embodiments, the polypeptides interact with each other by means of cation-pi interactions
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that drive dimer formation. In certain embodiments the individual monomer polypeptides

cannot exist as isolated monomers in solution.

Expression

[00180]  Also described herein are methods of producing the bi-specific antigen binding
constructs via expression of the polypeptide(s) in ahost cell.

[00181]  Aswill be appreciated, bi-specific antigen binding constructs,e.g., antibodies can
be expressed in cell lines other than hybridoma cell lines. Sequences encoding particul ar
antibodies can beused to transform a suitable mammalian host cell. Transformation can be
by any known method for introducing polynucleotides into ahost cell, including, for example
packaging the polynucleotide in avirus (or into aviral vector) and transducing ahost cell
with the virus (or vector) or by transfection procedures known in the art, as exemplified by
U.S. Pat. Nos. 4,399,216, 4,912,040, 4,740,461, and 4,959,455 (which patents are hereby
incorporated herein by reference). The transformation procedure used depends upon the host
to betransformed. Methods for introducing heterologous polynucleotides into mammalian
cells arewell known in the art and include dextran-mediated transfection, calcium phosphate
precipitation, polybrene mediated transfection, protoplast fusion, electroporation,
encapsulation of the polynucleotide(s) in liposomes, and direct microinjection of the DNA
into nuclei.

[00182] Mammalian cell lines available as hosts for expression are well known in the art
and include many immortalized cell lines available from the American Type Culture
Collection (ATCC), including but not limited to Chinese hamster ovary (CHO) cells, HeLa
cells, baby hamster kidney (BHK) cells, monkey kidney cells (COS), human hepatocellular
carcinoma cells (e.g., Hep G2), human epithelia kidney 293 cells, and anumber of other cell
lines. Cell lines of particular preference are selected through determining which cell lines
have high expression levels and produce antibodies with constitutive ManLAM binding
properties.

[00183] The term "expression cassette” refers to apolynucleotide generated
recombinantly or synthetically, with a series of specified nucleic acid elements that permit
transcription of aparticular nucleic acid in atarget cell. The recombinant expression cassette
can be incorporated into aplasmid, chromosome, mitochondrial DNA, plastid DNA, virus, or
nucleic acid fragment. Typically, the recombinant expression cassette portion of an

expression vector includes, among other sequences, anucleic acid sequence to be transcribed
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and apromoter. In certain embodiments, the expression cassette of the invention comprises
polynucleotide sequences that encode bi-specific antigen binding molecules of the invention
or fragments thereof.

[00184] The term "vector" or "expression vector” is synonymous with "expression
construct” and refersto aDNA molecule that is used to introduce and direct the expression of
a specific genetowhich it is operably associated in atarget cell. The term includes the vector
as a self-replicating nucleic acid structure as well as the vector incorporated into the genome
of ahost cell into which it has been introduced. The expression vector of the present
invention comprises an expression cassette. Expression vectors allow transcription of large
amounts of stable MRNA. Once the expression vector is inside the target cell, the ribonucleic
acid molecule or protein that is encoded by the gene is produced by the cellular transcription
and/or trandlation machinery. In one embodiment, the expression vector of the invention
comprises an expression cassette that comprises polynucleotide sequences that encode bi-
specific antigen binding molecules of the invention or fragments thereof.

[00185] "Cell", "host cell", "cell line" and "cell culture" are used interchangeably herein
and all such terms should be understood to include progeny resulting from growth or
culturing of acell. "Transformation” and "transfection” are used interchangeably to refer to
the process of introducing DNA into acell.

[00186] The terms "host cell", "host cell line," and "host cell culture" are used
interchangeably and refer to cells into which exogenous nucleic acid has been introduced,
including the progeny of such cells. Host cells include "transformants’ and "transformed
cells," which include the primary transformed cell and progeny derived therefrom without
regard to the number of passages. In certain embodiments, progeny are not completely
identical in nucleic acid content to aparent cell, but may contain mutations. Mutant progeny
that have the same function or biological activity as screened or selected for in the originally
transformed cell are included herein. A host cell is any type of cellular system that can be
used to generate the bi-specific antigen binding molecules of the present invention. Host cells
include cultured cells, e.g. mammalian cultured cells, such as CHO cells, BHK cells, NSO
cells, SP2/0 cells, Y O myeloma cells, P3X63 mouse myeloma cells, PER cells, PER.C6 cells
or hybridoma cells, yeast cells, insect cells, and plant cells, to name only afew, but also cells
comprised within atransgenic animal, transgenic plant or cultured plant or animal tissue.
[00187] A "recombinant host cell" or "host cell" refersto acell that includes an

exogenous polynucleotide, regardless of the method used for insertion, for example, direct
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uptake, transduction, f-mating, or other methods known in the art to create recombinant host
cells. The exogenous polynucleotide may be maintained as anonintegrated vector, for
example, aplasmid, or alternatively, may be integrated into the host genome.

[00188] Asused herein, the term "eukaryote" refers to organisms belonging to the
phylogenetic domain Eucarya such as animals (including but not limited to, mammals,
insects, reptiles, birds, etc.), ciliates, plants (including but not limited to, monocots, dicots,
algae, etc.), fungi, yeasts, flagellates, microsporidia, protists, etc.

[00189] Asused herein, the term "prokaryote" refers to prokaryotic organisms. For
example, a non-eukaryotic organism can belong to the Eubacteria (including but not limited
to, Escherichia coli, Thermus thermophilus, Bacillus stearothermophilus, Pseudomonas
fluorescens, Pseudomonas aeruginosa, Pseudomonas putida, etc.) phylogenetic domain, or the
Archaea (including but not limited to, Methanococcus jannaschii, Methanobacterium
thermoautotrophicum, Halobacterium such as Haloferax volcanii and Halobacterium species
NRC-1, Archaeoglobus fulgidus, Pyrococcus furiosus, Pyrococcus horikoshii, Aeuropyrum
pernix, etc.) phylogenetic domain.

[00190] Asused herein, the term "medium” or "media’ includes any culture medium,
solution, solid, semi-solid, or rigid support that may support or contain any host cell,
including bacterial host cells, yeast host cells, insect host cells, plant host cells, eukaryotic
host cells, mammalian host cells, CHO cells, prokaryotic host cells, E. coli, or Pseudomonas
host cells, and cell contents. Thus, the term may encompass medium in which the host cell
has been grown, e.g., medium into which the protein has been secreted, including medium
either before or after aproliferation step. The term also may encompass buffers or reagents
that contain host cell lysates, such as in the case where a construct described herein is
produced intracellularly and the host cells are lysed or disrupted to release the construct.
[00191] The term "substantially purified" refers to a construct described herein, or variant
thereof that may be substantially or essentially free of components that normally accompany
or interact with the protein as found in its naturally occurring environment, i.e. anative cell,
or host cell in the case of recombinantly produced construct that in certain embodiments, is
substantially free of cellular material includes preparations of protein having less than about
30%, less than about 25%, less than about 20%, less than about 15%, less than about 10%,
less than about 5%, less than about 4%, less than about 3%, less than about 2%, or less than
about 1% (by dry weight) of contaminating protein. When the construct or variant thereof is

recombinantly produced by the host cells, the protein in certain embodiments is present at
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about 30%, about 25%, about 20%, about 15%, about 10%, about 5%, about 4%, about 3%,
about 2%, or about 1% or less of the dry weight of the cells. When the construct or variant
thereof isrecombinantly produced by the host cells, the protein, in certain embodiments, is
present in the culture medium at about 5 g/L, about 4 g/L, about 3 g/L, about 2 g/L, about 1
g/L, about 750 mg/L, about 500 mg/L, about 250 mg/L, about 100 mg/L, about 50 mg/L,
about 10 mg/L, or about 1 mg/L or less of the dry weight of the cells. In certain
embodiments, "substantially purified" construct produced by the methods described herein,
has apurity level of at least about 30%, at least about 35%, at least about 40%, at least about
45%, at least about 50%, at |east about 55%, at least about 60%, at |least about 65%, at |east
about 70%, specifically, apurity level of at least about 75%, 80%, 85%, and more
specifically, apurity level of a least about 90%, apurity level of at least about 95%, apurity
level of at least about 99% or greater as determined by appropriate methods such as
SDS/PAGE analysis, RP-HPLC, SEC, and capillary electrophoresis.

M ethods of Recombinant and Synthetic Production of Antigen binding
constructs

[00192] In certain embodiments the described constructs are produced as recombinant
molecules by secretion from yeast, a microorganism such as abacterium, or ahuman or
animal cell line. In embodiments, the polypeptides are secreted from the host cells.

[00193] Embodiments include acell, such as ayeast cell transformed to express a
construct protein described herein. In addition to the transformed host cells themselves, are
provided culture of those cells, preferably amonoclonal (clonally homogeneous) culture, or a
culture derived from amonoclonal culture, in anutrient medium. If the polypeptide is
secreted, the medium will contain the polypeptide, with the cells, or without the cells if they
have been filtered or centrifuged away. Many expression systems are known and may be
used, including bacteria (for example E. coli and Bacillus subtilis), yeasts (for example
Saccharomyces cerevisiae, Kluyveromyces lactis and Pichia pastoris, filamentous fungi (for
example Aspergillus), plant cells, animal cells and insect cells.

[00194] An antigen binding construct described herein is produced in conventional ways,
for example from acoding sequence inserted in the host chromosome or on afree plasmid.
The yeasts are transformed with a coding sequence for the desired protein in any of the usual
ways, for example electroporation. Methods for transformation of yeast by electroporation
are disclosed in Becker & Guarente (1990) Methods Enzymol. 194, 182.
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[00195] Successfully transformed cells, i.e., cells that contain aDNA construct of the
present invention, can be identified by well known techniques. For example, cells resulting
from the introduction of an expression construct can be grown to produce the desired
polypeptide. Cells can beharvested and lysed and their DNA content examined for the
presence of the DNA using a method such as that described by Southern (1975) J. Mal. Biol.
98, 503 or Berent et al. (1985) Biotech. 3, 208. Alternatively, the presence of the protein in
the supernatant can be detected using antibodies.

[00196] Useful yeast plasmid vectors include pRS403-406 and pRS413-416 and are
generally available. Plasmids pRS403, pRS404, pRSA05 and pRSA06 are Y east Integrating
plasmids (Yips) and incorporate the yeast selectable markers HIS3, 7RP1, LEU2 and URA3.
Plasmids pRS413-416 are Y east Centromere plasmids (Y cps).

[00197] A variety of methods have been developed to operably link DNA to vectors via
complementary cohesive termini. For instance, complementary homopolymer tracts can be
added to the DNA segment to be inserted to the vector DNA. The vector and DNA segment
are then joined by hydrogen bonding between the complementary honmopolymeric tails to
form recombinant DNA molecules.

[00198] Synthetic linkers containing one or more restriction sites provide an alternative
method of joining the DNA segment to vectors. The DNA segment, generated by
endonuclease restriction digestion, is treated with bacteriophage T4 DNA polymerase or E.
coli DNA polymerase 1, enzymes that remove protruding, --single-stranded termini with
their 3' 5-exonucleolytic activities, and fill in recessed 3'-ends with their polymerizing
activities.

[00199] The combination of these activities therefore generates blunt-ended DNA
segments. The blunt-ended segments are then incubated with alarge molar excess of linker
molecules in the presence of an enzyme that is able to catalyze the ligation of blunt-ended
DNA molecules, such as bacteriophage T4 DNA ligase. Thus, the products of the reaction are
DNA segments carrying polymeric linker sequences a their ends. These DNA segments are
then cleaved with the appropriate restriction enzyme and ligated to an expression vector that
has been cleaved with an enzyme that produces termini compatible with those of the DNA
segment.

[00200] Synthetic linkers containing avariety of restriction endonuclease sites are

commercially available from anumber of sources.
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[00201] Exemplary genera of yeast contemplated to be useful in the practice of the
present invention as hosts for expressing the albumin, fusion proteins are Pichua (formerly
classified as Hansenula), Saccharomyces, Kluyveromyces, Aspergillus, Candida, Torulopsis,
Torulaspora, Schizosaccharomyces, Citeromyces, Pachysolen, Zygosaccharomyces,
Debaromyces, Trichoderma, Cephal osporium, Humicola, Mucor, Neurospora, Y arrowia,
Metschunikowia, Rhodosporidium, Leucosporidium, Botryoascus, Sporidiobolus,
Endomycopsis, and the like. Preferred genera are those selected from the group consisting of
Saccharomyces, Schizosaccharomyces, Kluyveromyces, Pichia and Torulaspora. Examples
of Saccharomyces spp. are S. cerevisiag, S. italicus and S. rouxii.

[00202] Examples of Kluyveromyces spp. are K. fragilis, K. lactis and K. marxianus. A
suitable Torulaspora species is T. delbrueckii. Examples of Pichia (Hansenula) spp. are P.
angusta (formerly H. polymorpha), P. anomala (formerly H. anomala) and P. pastoris.
Methods for the transformation of S. cerevisiae aretaught generally in EP 251744, EP 258
067 and WO 90/01063, al of which are incorporated herein by reference.

[00203] Provided are vectors containing a polynucleotide encoding an antigen binding
construct protein described herein, host cells, and the production of the construct proteins by
synthetic and recombinant techniques. The vector may be, for example, aphage, plasmid,
viral, or retroviral vector. Retroviral vectors may be replication competent or replication
defective. In the latter case, viral propagation generally will occur only in complementing
host cells.

[00204] In certain embodiments, the polynucleotides encoding antigen binding constructs
described herein arejoined to avector containing a selectable marker for propagation in a
host. Generally, aplasmid vector isintroduced in aprecipitate, such as acalcium phosphate
precipitate, or in acomplex with acharged lipid. If the vector is avirus, it may be packaged
invitro using an appropriate packaging cell line and then transduced into host cells.

[00205] In certain embodiments, the polynucleotide insert is operatively linked to an
appropriate promoter, such as the phage lambda PL promoter, the E. coli lac, trp, phoA and
rac promoters, the SV40 early and late promoters and promoters of retroviral LTRs, to name
afew. Other suitable promoters will beknown to the skilled artisan. The expression
constructs will further contain sites for transcription initiation, termination, and, in the
transcribed region, aribosome binding site for trandlation. The coding portion of the

transcripts expressed by the constructs will preferably include atrandlation initiating codon at
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the beginning and atermination codon (UAA, UGA or UAG) appropriately positioned at the
end of the polypeptide to be translated.

[00206] Asindicated, the expression vectors will preferably include at least one selectable
marker. Such markers include dihydrofolate reductase, G418, glutamine synthase, or
neomycin resistance for eukaryotic cell culture, and tetracycline, kanamycin or ampicillin
resistance genes for culturing in E. coli and other bacteria. Representative examples of
appropriate hosts include, but are not limited to, bacterial cells, such asE. coli, Streptomyces
and Salmonella typhimurium cells; fungal cells, such asyeast cells (e.g., Saccharomyces
cerevisiae or Pichia pastoris (ATCC Accession No. 201 178)); insect cells such as Drosophila
S2 and Spodoptera Sf9 cells; animal cells such as CHO, COS, NSO, 293, and Bowes
melanoma cells; and plant cells. Appropriate culture mediums and conditions for the above-
described host cells are known in the art.

[00207] Among vectors preferred for use in bacteria include pQE70, pQE60 and pQE-9,
available from QIAGEN, Inc.; pBluescript vectors, Phagescript vectors, pNH8A, pNH16a,
pPNH18A; pNH46A, available from Stratagene Cloning Systems, Inc.; and ptrc99a, pKK223-
3, pKK233-3, pDR540, pRIT5 available from Pharmacia Biotech, Inc. Among preferred
eukaryotic vectors are pWLNEO, pSV2CAT, pOG44, pXTl and pSG available from
Stratagene; and pSVK3, pBPV, pMSG and pSVL available from Pharmacia. Preferred
expression vectors for use in yeast systems include, but are not limited to pYES2, pYDI,
pTEF/Zeo, pYES2/GS, pPICZ, pGAPZ, pGAPZalph, pPIC9, pPIC3.5, pHIL-D2, pHIL-S,
pPIC3.5K, pPICIK, and PA0815 (all available from Invitrogen, Carlbad, CA). Other suitable
vectors will bereadily apparent to the skilled artisan.

[00208] In one embodiment, polynucleotides encoding antigen binding constructs
described herein are fused to signal sequences that will direct the localization of aprotein of
the invention to particular compartments of aprokaryotic or eukaryotic cell and/or direct the
secretion of aprotein of the invention from aprokaryotic or eukaryotic cell. For example, in
E. coli, one may wish to direct the expression of the protein to the periplasmic space.
Examples of signal sequences or proteins (or fragments thereof) to which the antigen binding
constructs are fused in order to direct the expression of the polypeptide to the periplasmic
gpace of bacteria include, but are not limited to, the pelB signal sequence, the maltose binding
protein (MBP) signal sequence, MBP, the ompA signal sequence, the signal sequence of the
periplasmic E. coli heat-labile enterotoxin B-subunit, and the signal sequence of akaline

phosphatase. Several vectors are commercially available for the construction of fusion
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proteins which will direct the localization of aprotein, such asthe pMAL series of vectors
(particularly the pMAL-.rho. series) available from New England Biolabs. In a specific
embodiment, polynucleotides albumin fusion proteins of the invention may be fused to the
pelB pectate lyase signal sequence to increase the efficiency of expression and purification of
such polypeptides in Gram-negative bacteria. See, U.S. Pat. Nos. 5,576,195 and 5,846,818,
the contents of which are herein incorporated by reference intheir entireties.

[00209] Examples of signal peptides that are fused to antigen binding constructs in order
to direct its secretion in mammalian cells include, but are not limited to, the MPIF-1 signal
sequence (e.g., amino acids 1-21 of GenBank Accession number AABS 1134), the
stanniocalcin signal sequence (MLONSAVLLLLVISASA), and aconsensus signa sequence
(MPTWAWWLFLVLLLALWAPARG). A suitable signal sequence that may beused in
conjunction with baculoviral expression systems isthe gp67 signal sequence (e.g., amino
acids 1-19 of GenBank Accession Number AAA72759).

[00210] Vectors which use glutamine synthase (GS) or DHFR asthe selectable markers
can be amplified in the presence of the drugs methionine sulphoximine or methotrexate,
respectively. An advantage of glutamine synthase based vectors are the availabilty of cell
lines (e.g., the murine myeloma cell line, NSO) which are glutamine synthase negative.
Glutamine synthase expression systems can also function in glutamine synthase expressing
cells (e.g., Chinese Hamster Ovary (CHO) cells) by providing additional inhibitor to prevent
the functioning of the endogenous gene. A glutamine synthase expression system and
components thereof are detailed in PCT publications. WO87/04462; \W086/05807;
WQ089/10036; W089/10404; and W(091/06657, which are hereby incorporated in their
entireties by reference herein. Additionally, glutamine synthase expression vectors can be
obtained from Lonza Biologies, Inc. (Portsmouth, N.H.). Expression and production of
monoclona antibodies using a GS expression system in murine myeloma cells is described in
Bebbington et a, Bio/technology 10:169(1992) and in Biblia and Robinson Biotechnol.
Prog. 11:1(1995) which are herein incorporated by reference.

[00211] Provided herein isahost cell comprising nucleic acid encoding an isolated
antigen binding construct described herein. In certain embodiments isthe host cell described
herein wherein the nucleic acid encoding the antigen binding polypeptide construct and the
nucleic acid encoding the Fc construct are present in asingle vector.

[00212] Provided herein is amethod of preparing the isolated antigen binding construct

described herein, the method comprising the steps of: (a) culturing ahost cell comprising
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nucleic acid encoding the antigen binding construct; and (b) recovering the antigen binding
construct from the host cell culture.

[00213] Also provided are host cells containing vector constructs described herein, and
additionally host cells containing nucleotide sequences that are operably associated with one
or more heterologous control regions (e.g., promoter and/or enhancer) using techniques
known of in the art. The host cell can be ahigher eukaryotic cell, such as amammalian cell
(e.g., ahuman derived cell), or alower eukaryotic cell, such as ayeast cell, or the host cell
can be aprokaryotic cell, such as abacterial cell. A host strain may be chosen which
modulates the expression of the inserted gene sequences, or modifies and processes the gene
product in the specific fashion desired. Expression from certain promoters can be elevated in
the presence of certain inducers; thus expression of the genetically engineered polypeptide
may be controlled. Furthermore, different host cells have characteristics and specific
mechanisms for the trandational and post-translational processing and modification (e.g.,
phosphorylation, cleavage) of proteins. Appropriate cell lines can be chosen to ensure the
desired modifications and processing of the foreign protein expressed.

[00214] Introduction of the nucleic acids and nucleic acid constructs of the invention into
the host cell can be effected by calcium phosphate transfection, DEAE-dextran mediated
transfection, cationic lipid-mediated transfection, electroporation, transduction, infection, or
other methods. Such methods are described in many standard laboratory manuals, such as
Davis et a, Basic Methods In Molecular Biology (1986). It is specifically contemplated that
the polypeptides of the present invention may in fact be expressed by ahost cell lacking a
recombinant vector.

[00215] In addition to encompassing host cells containing the vector constructs discussed
herein, the invention also encompasses primary, secondary, and immortalized host cells of
vertebrate origin, particularly mammalian origin, that have been engineered to delete or
replace endogenous genetic material, and/or to include genetic material. The genetic material
operably associated with the endogenous polynucleotide may activate, alter, and/or amplify
endogenous polynucleotides.

[00216] In addition, techniques known in the art may be used to operably associate
heterologous polynucleotides and/or heterologous control regions (e.g., promoter and/or
enhancer) with endogenous polynucleotide sequences encoding a Therapeutic protein via
homologous recombination (see, e.g., U.S. Pat. No. 5,641,670, issued Jun. 24, 1997;
International Publication Number WO 96/2941 1; International Publication Number WO
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94/12650; Koller et a., Proc. Natl. Acad. Sci. USA 86:8932-8935 (1989); and Zijlstra et al,
Nature 342:435-438 (1989), the disclosures of each of which are incorporated by reference in
their entireties).

[00217] Antigen binding constructs described herein can be recovered and purified from
recombinant cell cultures by well-known methods including ammonium sulfate or ethanol
precipitation, acid extraction, anion or cation exchange chromatography, phosphocellulose
chromatography, hydrophobic interaction chromatography, affinity chromatography,
hydroxylapatite chromatography, hydrophaobic charge interaction chromatography and lectin
chromatography. Most preferably, high performance liquid chromatography ("HPLC") is
employed for purification.

[00218] In certain embodiments the construct proteins of the invention are purified using
Anion Exchange Chromatography including, but not limited to, chromatography on Q-
sepharose, DEAE sepharose, poros HQ, poros DEAF, Toyopearl Q, Toyopearl QAE,
Toyopearl DEAE, Resource/Source Q and DEAE, Fractogel Q and DEAE columns.

[00219] In specific embodiments the proteins described herein are purified using Cation
Exchange Chromatography including, but not limited to, SP-sepharose, CM sepharose, poros
HS, poros CM, Toyopearl SP, Toyopearl CM, Resource/Source Sand CM, Fractogel Sand
CM columns and their equivalents and comparables.

[00220] In addition, antigen binding constructs described herein can be chemically
synthesized using techniques known in the art (e.g., see Creighton, 1983, Proteins: Structures
and Molecular Principles, W.H. Freeman & Co., N.Y and Hunkapiller et al, Nature,
310:105-11 1 (1984)). For example, apolypeptide corresponding to afragment of a
polypeptide can be synthesized by use of apeptide synthesizer. Furthermore, if desired,
nonclassical amino acids or chemical amino acid analogs can be introduced as a substitution
or addition into the polypeptide sequence. Non-classical amino acids include, but are not
limited to, to the D-isomers of the common amino acids, 2,4diaminobutyric acid, apha
amino isobutyric acid, 4aminobutyric acid, Abu, 2-amino butyric acid, g-Abu, e-Ahx, 6amino
hexanoic acid, Aib, 2-amino isobutyric acid, 3-amino propionic acid, ornithine, norleucine,
norvaline, hydroxyproline, sarcosine, citrulline, homocitrulline, cysteic acid, t-butylglycine, t-
butylalanine, phenylglycine, cyclohexylalanine, B-aanine, fluoro-amino acids, designer
amino acids such as B-methyl amino acids, Ca-methyl amino acids, Na-methyl amino acids,
and amino acid analogs in general. Furthermore, the amino acid can be D (dextrorotary) or L

(levorotary).
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Post trandlational modifications;

[00221] In certain embodiments the bi-specific antigen binding constructs described
herein, are differentially modified during or after trandlation.

[00222] In some embodiments, the modification is a least one of: glycosylation,
acetylation, phosphorylation, amidation, derivatization by known protecting/blocking groups,
proteolytic cleavage and linkage to an antibody molecule or other cellular ligand. In some
embodiments, the bi-specific antigen binding construct is chemically modified by known
techniques, including but not limited, to specific chemical cleavage by cyanogen bromide,
trypsin, chymotrypsin, papain, V 8 protease, NaBH , ; acetylation, formylation, oxidation,
reduction; and metabolic synthesis in the presence of tunicamycin.

[00223] Additiona post-trandational modifications of bi-specific antigen binding
construct described herein include, for example, N-linked or O-linked carbohydrate chains,
processing of N-terminal or C-terminal ends), attachment of chemical moieties to the amino
acid backbone, chemical modifications of N-linked or O-linked carbohydrate chains, and
addition or deletion of an N-terminal methionine residue as aresult of procaryotic host cell
expression. The bi-specific antigen binding constructs described herein are modified with a
detectable label, such as an enzymatic, fluorescent, isotopic or affinity label to alow for
detection and isolation of the protein. In certain embodiments, examples of suitable enzyme
labels include horseradish peroxidase, alkaline phosphatase, beta-galactosidase, or
acetylcholinesterase; examples of suitable prosthetic group complexes include streptavidin
biotin and avidin/biotin; examples of suitable fluorescent materials include umbelliferone,
fluorescein, fluorescein isothiocyanate, rhodamine, dichlorotriazinylamine fluorescein, dansyl
chloride or phycoerythrin; an example of aluminescent material includes luminol; examples
of bioluminescent materials include luciferase, luciferin, and aequorin; and examples of
suitable radioactive materia include iodine, carbon, sulfur, tritium, indium, technetium,
thallium, gallium, palladium, molybdenum, xenon, fluorine.

[00224] In specific embodiments, bi-specific antigen binding constructs described herein
are attached to macrocyclic chelators that associate with radiometal ions.

[00225] In some embodiments, the bi-specific antigen binding constructs described herein
are modified by either natural processes, such as post-trandational processing, or by chemical
modification techniques which are well known in the art. In certain embodiments, the same
type of modification may be present in the same or varying degrees a severa sites in agiven

polypeptide. In certain embodiments, polypeptides from bi-specific antigen binding described
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herein are branched, for example, as aresult of ubiquitination, and in some embodiments are
cyclic, with or without branching. Cyclic, branched, and branched cyclic polypeptides are a
result from posttranslation natural processes or made by synthetic methods. Modifications
include acetylation, acylation, ADP-ribosylation, amidation, covaent attachment of flavin,
covalent attachment of aheme moiety, covalent attachment of a nucleotide or nucleotide
derivative, covalent attachment of alipid or lipid derivative, covalent attachment of
phosphoatidylinositol, cross-linking, cyclization, disulfide bond formation, demethylation,
formation of covalent cross-links, formation of cysteine, formation of pyroglutamate,
formylation, gamma-carboxylation, glycosylation, GPI anchor formation, hydroxylation,
iodination, methylation, myristylation, oxidation, pegylation, proteolytic processing,
phosphorylation, prenylation, racemization, selenoylation, sulfation, transfer-RNA mediated
addition of amino acids to proteins such as arginylation, and ubiquitination. (See, for
instance, PROTEINS-STRUCTURE AND MOLECULAR PROPERTIES, 2nd Ed., T. E.
Creighton, W. H. Freeman and Company, New York (1993); POST-TRANSLATIONAL
COVALENT MODIFICATION OF PROTEINS, B. C. Johnson, Ed., Academic Press, New
York, pgs. 1-12 (1983); Seifter et al, Meth. Enzymol. 182:626-646 (1990); Rattan et al,
Ann. N.Y. Acad. Sci. 663:48-62 (1992)).

[00226] In certain embodiments, bi-specific antigen binding constructs described herein
are attached to solid supports, which are particularly useful for immunoassays or purification
of polypeptides that are bound by, that bind to, or associate with albumin fusion proteins of
the invention. Such solid supports include, but are not limited to, glass, cellulose,
polyacrylamide, nylon, polystyrene, polyvinyl chloride or polypropylene.

[00227] Theantigen binding constructs can be differentially modified during or after
trandation, e.g., by glycosylation, acetylation, phosphorylation, amidation, derivatization by
known protecting/blocking groups, proteolytic cleavage, linkage to an antibody molecule or
other cellular ligand, etc. Any of numerous chemical modifications may be carried out by
known techniques, including but not limited, to specific chemical cleavage by cyanogen
bromide, trypsin, chymotrypsin, papain, V 8 protease, NaBH , ; acetylation, formylation,
oxidation, reduction; metabolic synthesis in the presence of tunicamycin; etc.

[00228] Additiona post-trandational modifications encompassed herein include, for
example, e.g., N-linked or O-linked carbohydrate chains, processing of N-termina or C-

terminal ends), attachment of chemical moieties to the amino acid backbone, chemical
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modifications of N-linked or O-linked carbohydrate chains, and addition or deletion of an N-
terminal methionine residue as aresult of procaryotic host cell expression.

[00229] The antigen binding constructs can be modified with a detectable label, such as
an enzymatic, fluorescent, isotopic or affinity label to allow for detection and isolation of the
protein.

[00230] Examples of suitable enzymes include horseradish peroxidase, akaline
phosphatase, beta-galactosidase, or acetylcholinesterase; examples of suitable prosthetic
group complexes include streptavidin biotin and avidin/biotin; examples of suitable
fluorescent materials include umbelliferone, fluorescein, fluorescein isothiocyanate,
rhodamine, dichlorotriazinylamine fluorescein, dansyl chloride or phycoerythrin; an example
of aluminescent material includes luminol; examples of bioluminescent materials include
luciferase, luciferin, and aequorin; and examples of suitable radioactive material include
iodine, carbon, sulfur, tritium, indium, technetium, thallium, gallium, palladium,
molybdenum, xenon, fluorine.

[00231] In specific embodiments, antigen binding constructs or fragments or variants
thereof are attached to macrocyclic chelators that associate with radiometal ions.

[00232] Asmentioned, the antigen binding constructs described herein are modified by
either natural processes, such as post-trandlational processing, or by chemical modification
techniques which are well known in the art. It will be appreciated that the same type of
modification may be present in the same or varying degrees a severa sitesin agiven
polypeptide. Polypeptides of the invention may be branched, for example, as aresult of
ubiquitination, and they may be cyclic, with or without branching. Cyclic, branched, and
branched cyclic polypeptides may result from posttranslation natural processes or may be
made by synthetic methods. Modifications include acetylation, acylation, ADP-ribosylation,
amidation, covaent attachment of flavin, covalent attachment of aheme moiety, covalent
attachment of anucleotide or nuclectide derivative, covalent attachment of alipid or lipid
derivative, covalent attachment of phosphotidylinositol, cross-linking, cyclization, disulfide
bond formation, demethylation, formation of covalent cross-links, formation of cysteine,
formation of pyroglutamate, formylation, gamma-carboxylation, glycosylation, GPI anchor
formation, hydroxylation, iodination, methylation, myristylation, oxidation, pegylation,
proteolytic processing, phosphorylation, prenylation, racemization, selenoylation, sulfation,
transfer-RNA mediated addition of amino acids to proteins such as arginylation, and
ubiquitination. (See, for instance, PROTEINS- STRUCTURE AND MOLECULAR
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PROPERTIES, 2nd Ed., T. E. Creighton, W. H. Freeman and Company, New York (1993);
POST-TRANSLATIONAL COVALENT MODIFICATION OF PROTEINS, B. C. Johnson,
Ed., Academic Press, New York, pgs. 1-12 (1983); Seifter et al, Meth. Enzymol. 182:626-
646 (1990); Rattan et al, Ann. N.Y. Acad. Sci. 663:48-62 (1992)).

[00233] In certain embodiments, antigen binding constructs may also be attached to solid
supports, which are particularly useful for immunoassays or purification of polypeptides that
are bound by, that bind to, or associate with albumin fusion proteins of the invention. Such
solid supports include, but are not limited to, glass, cellulose, polyacrylamide, nylon,
polystyrene, polyvinyl chloride or polypropylene.

[00234] Also provided herein are chemically modified derivatives of the antigen binding
constructs which may provide additional advantages such as increased solubility, stability and
circulating time of the polypeptide, or decreased immunogenicity (see U.S. Pat. No.
4,179,337). The chemical moieties for derivitization may be selected from water soluble
polymers such as polyethylene glycol, ethylene glycol/propylene glycol copolymers,
carboxymethylcellulose, dextran, polyvinyl alcohol and the like. The proteins may be
modified a random positions within the molecule, or at predetermined positions within the
molecule and may include one, two, three or more attached chemical moieties.

[00235] The polymer may be of any molecular weight, and may be branched or
unbranched. For polyethylene glycol, the preferred molecular weight is between about 1kDa
and about 100 kDa (the term "about" indicating that in preparations of polyethylene glycoal,
some molecules will weigh more, some less, than the stated molecular weight) for ease in
handling and manufacturing. Other sizes may be used, depending on the desired therapeutic
profile (e.g., the duration of sustained release desired, the effects, if any on biological
activity, the ease in handling, the degree or lack of antigenicity and other known effects of the
polyethylene glycol to a Therapeutic protein or analog). For example, the polyethylene glycol
may have an average molecular weight of about 200, 500, 1000, 1500, 2000, 2500, 3000,
3500, 4000, 4500, 5000, 5500, 6000, 6500, 7000, 7500, 8000, 8500, 9000, 9500, 10,000,
10,500, 11,000, 11,500, 12,000, 12,500, 13,000, 13,500, 14,000, 14,500, 15,000, 105,500,
16,000, 16,500, 17,000, 17,500, 18,000, 18,500, 19,000, 19,500, 20,000, 25,000, 30,000,
35,000, 40,000, 45,000, 50,000, 55,000, 60,000, 65,000, 70,000, 75,000, 80,000, 85,000,
90,000, 95,000, or 100,000 kDa.
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Antibody drug conjugates

[00236] In certain embodiments the bi-specific antigen binding construct is conjugated to
adrug, e.g., atoxin, achemotherapeutic agent, an immune modulator, or aradioisotope.
Several methods of preparing ADCs (antibody drug conjugates) are known in the art and are
described in U S patents 8,624,003 (pot method), 8,163,888 (one-step), and 5,208,020 (two-
step method) for example.

[00237] In some embodiments, the drug is selected from a maytansine, auristatin,
calicheamicin, or derivative thereof. In other embodiments, the drug is a maytansine selected
from DM1 and DM4.

[00238] In some embodiments the drug is conjugated to the isolated bi-specific antigen
binding construct with an SMCC linker (DM1), or an SPDB linker (DM4). The drug-to-
antibody ratio (DAR) can be, e.g.,, 1.0t06.0 or 3.0t0 5.0 or 3.5-4.2,

[00239] In some embodiments the bispecific antigen binding construct is conjugated to a
cytotoxic agent. The term "cytotoxic agent” as used herein refers to a substance that inhibits
or prevents the function of cells and/or causes destruction of cells. The term is intended to
include radioactive isotopes (e.g. At21 1, 1131, 1125, Y90, Rel86, Rel88, SmI53, Bi212, P32
and radioactive isotopes of Lu), chemotherapeutic agents, and toxins such as small molecule
toxins or enzymatically active toxins of bacterial, fungal, plant or animal origin, including

fragments and/or variants thereof.

Preparation of Antibody-Drug Conjugates

[00240] The ADC may beprepared by severa routes, employing organic chemistry
reactions, conditions, and reagents known to those skilled in the art, including: (1) reaction of
a nucleophilic group or an electrophilic group of an antibody with abivalent linker reagent, to
form antibody-linker intermediate Ab-L, via acovaent bond, followed by reaction with an
activated drug moiety D; and (2) reaction of anucleophilic group or an eectrophilic group of
adrug moiety with alinker reagent, to form drug-linker intermediate D-L, via a covalent
bond, followed by reaction with the nucleophilic group or an electrophilic group of an
antibody. Conjugation methods (1) and (2) may be employed with avariety of antibodies,
drug moieties, and linkers to prepare the antibody-drug conjugates described here.
[00241] Several specific examples of methods of preparing ADCs are known in the art
and are described in US patents 8,624,003 (pot method), 8,163,888 (one-step), and 5,208,020
(two-step method).
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[00242] Nucleophilic groups on antibodies include, but are not limited to: (i) N-terminal
amine groups, (ii) side chain amine groups, e.g. lysine, (iii) side chain thiol groups, e.g.
cysteine, and (iv) sugar hydroxyl or amino groups where the antibody is glycosylated. Amine,
thiol, and hydroxyl groups are nucleophilic and capable of reacting to form covalent bonds
with electrophilic groups on linker moieties and linker reagents including: (i) active esters
such asNHS esters, HOBt esters, haloformates, and acid halides; (ii) akyl and benzyl halides
such as haloacetamides; (iii) aldehydes, ketones, carboxyl, and maleimide groups. Certain
antibodies have reducible interchain disulfides, i.e. cysteine bridges. Antibodies may be made
reactive for conjugation with linker reagents by treatment with areducing agent such asDTT
(Cleland's reagent, dithiothreitol) or TCEP (tris(2-carboxyethyl)phosphine hydrochloride;
Getz et al (1999) Anal. Biochem. Vol 273:73-80; Soltec Ventures, Beverly, Mass.). Each
cysteine disulfide bridge will thus form, theoretically, two reactive thiol nucleophiles.
Additional nucleophilic groups can be introduced into antibodies through the reaction of
lysines with 2-iminothiolane (Traut's reagent) resulting in conversion of an amine into athiol.
[00243]  Antibody-drug conjugates may also be produced by modification of the antibody
to introduce electrophilic moieties, which can react with nucleophilic substituents on the
linker reagent or drug. The sugars of glycosylated antibodies may be oxidized, e.g. with
periodate oxidizing reagents, to form aldehyde or ketone groups which may react with the
amine group of linker reagents or drug moieties. The resulting imine Schiff base groups may
form a stable linkage, or may bereduced, e.g. by borohydride reagents to form stable amine
linkages. In one embodiment, reaction of the carbohydrate portion of aglycosylated antibody
with either galactose oxidase or sodium meta-periodate may yield carbonyl (aldehyde and
ketone) groups in the protein that can react with appropriate groups on the drug (Hermanson,
G. T. (1996) Bioconjugate Techniques; Academic Press: New Y ork, p234-242). In another
embodiment, proteins containing N-terminal serine or threonine residues can react with
sodium meta-periodate, resulting in production of an aldehyde in place of the first amino acid
(Geoghegan & Stroh, (1992) Bioconjugate Chem. 3:138-146; U.S. Pat. No. 5,362,852). Such
aldehyde can be reacted with adrug moiety or linker nucleophile.

[00244] Likewise, nucleophilic groups on a drug moiety include, but are not limited to:
amine, thiol, hydroxyl, hydrazide, oxime, hydrazine, thiosemicarbazone, hydrazine
carboxylate, and arylhydrazide groups capable of reacting to form covalent bonds with

electrophilic groups on linker moieties and linker reagents including: (i) active esters such as
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NHS esters, HOBL esters, haloformates, and acid halides; (ii) alkyl and benzyl halides such as
haloacetamides; (iii) aldehydes, ketones, carboxyl, and maleimide groups.

[00245] Maytansine may, for example, be converted to May-SSCH3, which can be
reduced to the free thiol, May-SH, and reacted with amodified antibody (Chari et al (1992)
Cancer Research 52:127-131) to generate a maytansinoid-antibody immunoconjugate with a
disulfide linker. Antibody-maytansinoid conjugates with disulfide linkers have been reported
(WO 04/016801; U.S. Pat. No. 6,884,874; US 2004/039176 Al; WO 03/068144; US
2004/001838 Al; U.S. Pat. No. 6,441,163; U.S. Pat. No. 5,208,020; U.S. Pat. No. 5,416,064,
WO 01/024763). The disulfide linker SPP is constructed with linker reagent N-succinimidyl
4-(2-pyridylthio) pentanoate. ADC of the invention include SMCC linkers and the DM1
maytansinoid drug moiety.

[00246] In one embodiment of Ab-(SMCC-DMI)p the averagepis 1, 2, 3, or 4. (WO
2005/037992). Another embodiment of an ADC is Ab-(SIAB-DMI)p.

[00247] The drug has, or is modified to include, agroup reactive with a conjugation point
on the antibody. For example, a drug can be attached by alkylation (e.g., a the epsilon-amino
group lysines or the N-terminus of antibodies), reductive amination of oxidized carbohydrate,
transesterification between hydroxyl and carboxyl groups, amidation a amino groups or
carboxy! groups, and conjugation to thiols. In some embodiments, the number of drug
moieties, p, conjugated per antibody molecule ranges from an average of 1to 8; 1to 7, 1to 6,
1to 5, 1to 4, 1to 3, or 1to 2. In some embodiments, p ranges from an average of 2to 8, 2 to
7,2t06,2t05,2to4 or 2to 3. In other embodiments, p is an average of 1, 2, 3,4, 5, 6, 7 or
8. In some embodiments, p ranges from an average of about 1to about 8; about 1to about 7,
about 1to about 6, about 1to about 5, about 1to about 4, about 1to about 3, or about 1to
about 2. In some embodiments, p ranges from about 2 to about 8, about 2 to about 7, about 2
to about 6, about 2 to about 5, about 2 to about 4 or about 2 to about 3. For examples of
chemistries that can be used for conjugation, see, e.g., Current Protocols in Protein Science
(John Wiley & Sons, Inc.), Chapter 15 (Chemical Modifications of Proteins) (the disclosure
of which is incorporated by reference herein in its entirety.)

[00248] For example, when chemical activation of the protein results in formation of free
thiol groups, the protein may be conjugated with a sulfhydryl reactive agent. In one aspect,
the agent is one which is substantially specific for free thiol groups. Such agents include, for

example, malemide, haloacetamides (e.g., iodo, bromo or chloro), haloesters (e.g., iodo,
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bromo or chloro), halomethyl ketones (e.g., iodo, bromo or chloro), benzylic halides (e.g.,

iodide, bromide or chloride), vinyl sulfone and pyridylthio.

Conjugate Linkers

[00249] The drug can be linked to an antibody by alinker. Attachment of alinker to a
mMAD can be accomplished in avariety of ways, such asthrough surface lysines, reductive-
coupling to oxidized carbohydrates, and through cysteine residues liberated by reducing
interchain disulfide linkages. A variety of ADC linkage systems are known in the art,
including hydrazone-, disulfide- and peptide-based linkages.

[00250] Suitable linkers include, for example, cleavable and non-cleavable linkers. A
cleavable linker istypically susceptible to cleavage under intracellular conditions. Suitable
cleavable linkers include, for example, apeptide linker cleavable by an intracellular protease,
such as lysosomal protease or an endosomal protease. In exemplary embodiments, the linker
can be adipeptide linker, such as avaline-citrulline (val-cit), aphenylaanine-lysine (phe-lys)
linker, or maleimidocapronic-valine-citruline-p-aminobenzyloxycarbonyl  (mc-Val-Cit-
PABA) linker. Another linker is Sulfosuccinimidyl-4-[N-maleimidomethyl]cyclohexane-I-
carboxylate (smcc). Sulfo-smcc conjugation occurs via a maleimide group which reacts with
sulfhydryls (thiols, —SH), while its Sulfo-NHS ester is reactive toward primary amines (as
found in Lysine and the protein or peptide N-terminus). Yet another linker is
maleimidocaproyl (mc). Other suitable linkers include linkers hydrolyzable at a specific pH
or apH range, such as ahydrazone linker. Additiona suitable cleavable linkers include
disulfide linkers. The linker may be covalently bound to the antibody to such an extent that
the antibody must be degraded intracellularly in order for the drug to bereleased e.g. the mc
linker and the like.

[00251] A linker can include a group for linkage to the antibody. For example, linker can
include an amino, hydroxyl, carboxyl or sulfhydryl reactive groups (e.g., malemide,
haloacetamides (e.g., iodo, bromo or chloro), haloesters (e.g., iodo, bromo or chloro),
halomethyl ketones (e.g., iodo, bromo or chloro), benzylic halides (e.g., iodide, bromide or
chloride), vinyl sulfone and pyridylthio). See generally Wong, Chemistry of Protein
Conjugation and Cross-linking; CRC Press, Inc., Boca Raton, 1991.

[00252] In one embodiment, covalent attachment of the antibody and the drug moiety
requires the linker to have two reactive functional groups, i.e. bivalency in areactive sense.

Bivalent linker reagents which are useful to attach two or more functional or biologically
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active moieties, such as peptides, nucleic acids, drugs, toxins, antibodies, haptens, and
reporter groups are known, and methods have been described their resulting conjugates
(Bioconjugate Techniques, Third Edition by Greg T. Hermanson, Academic Press 2013
ISBN- 13: 978-0123822390).

[00253] In another embodiment, the linker may be substituted with groups which
modulated solubility or reactivity. For example, a sulfonate substituent may increase water
solubility of the reagent and facilitate the coupling reaction of the linker reagent with the
antibody or the drug moiety, or facilitate the coupling reaction of Ab-L with D, or D-L with
Ab, depending on the synthetic route employed to prepare the ADC.

[00254] In another embodiment, aLinker has areactive functional group which has a
nucleophilic group that is reactive to an electrophilic group present on an antibody. Useful
electrophilic groups on an antibody include, but are not limited to, aldehyde and ketone
carbonyl groups. The heteroatom of a nucleophilic group of aLinker can react with an
electrophilic group on an antibody and form acovalent bond to an antibody unit. Useful
nucleophilic groups on aLinker include, but are not limited to, hydrazide, oxime, amino,
hydrazine, thiosemicarbazone, hydrazine carboxylate, and arylhydrazide. The electrophilic
group on an antibody provides a convenient site for attachment to aLinker.

[00255] Linkers can be peptidic, comprising one or more amino acid units. Peptide linker
reagents may be prepared by solid phase or liquid phase synthesis methods (E. Schroder and
K. Lubke, The Peptides, volume 1, pp 76-136 (1965) Academic Press) that are well known in
the field of peptide chemistry, including t-BOC chemistry (Geiser e al "Automation of solid-
phase peptide synthesis' in Macromolecular Sequencing and Synthesis, Alan R. Liss, Inc.,
1988, pp. 199-218) and Fmoc/HBTU chemistry (Fields, G. and Noble, R. (1990) "Solid
phase peptide synthesis utilizing 9-fluoroenylmethoxycarbonyl amino acids’, Int. J. Peptide
Protein Res. 35:161-214), on an automated synthesizer such asthe Rainin Symphony Peptide
Synthesizer (Protein Technologies, Inc., Tucson, Ariz.), or Model 433 (Applied Biosystems,
Foster City, Calif).

[00256] The compounds expressly contemplate, but are not limited to, ADC prepared
with cross-linker reagents: BMPEO, BMPS, EMCS, GMBS, HBVS, LC-SMCC, MBS,
MPBH, SBAP, SPDB, SIA, SIAB, SMCC, SMPB, SMPH, sulfo-EMCS, sulfo-GMBS, sulfo-
KMUS, sulfo-MBS, sulfo-SIAB, sulfo-SMCC, and sulfo-SMPB, and SV SB (succinimidyl-
(4-vinylsulfone)benzoate), and including bis-maleimide reagents: DTME, BMB, BMDB,
BMH, BMOE, BM(PEO)2, and BM(PEO)3, which are commercially available from Pierce
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Biotechnology, Inc., Customer Service Department, P.O. Box 117, Rockford, 111. 61105
USA, USA 1-800-874-3723, International +815-968-0747. See pages 467-498, 2003-2004
Applications Handbook and Catalog.

[00257] Bismaeimide reagents allow the attachment of afree thiol group of acysteine
residue of an antibody to athiol-containing drug moiety, label, or linker intermediate, in a
sequential  or concurrent  fashion. Other functional groups besides maleimide, which are
reactive with athiol group of an antibody, maytansinoid drug moiety, or linker intermediate
include iodoacetamide, bromoacetamide, vinyl pyridine, disulfide, pyridyl disulfide,
isocyanate, and isothiocyanate.

[00258] Useful linker reagents can also be obtained via other commercial sources, such as
Molecular Biosciences Inc. (Boulder, Colo.), or synthesized in accordance with procedures
described in Toki et al (2002) J. Org. Chem. 67:1866-1872; U.S. Pat. No. 6,214,345 to
Firestone et a; W O 02/088172; U S 2003130189; US2003096743; W O 03/026577; WO
03/043583; and W O 04/032828.

[00259] The Linker may be a dendritic type linker for covalent attachment of more than
one drug moiety through abranching, multifunctional linker moiety to an antibody (Sun et al
(2002) Bioorganic & Medicinal Chemistry Letters 12:2213-2215; Sun et al (2003)

Bioorganic & Medicina Chemistry 11:1761-1768; King et al (2002) Tetrahedron Letters
43:1987-1990). Dendritic linkers can increase the molar ratio of drug to antibody, i.e
loading, which isrelated tothe potency of the ADC. Thus, where an antibody bears only one
reactive cysteine thiol group, a multitude of drug moieties may be attached through a

dendritic linker.

Drugs

[00260] Examples of drugs or payloads are selected from the group consisting of DM1
(maytansine, NZ2'-deacetyl-N2'-(3-mercapto-I-oxopropyl)- or N2'-deacetyl-N2'-(3-mercapto-
[-oxopropyl)-maytansine), mc-MMAD  (6-maleimidocaproyl-monomethylauristatin-D or N -
methyl-L-valyl-N-[(IS,2R)-2-methoxy-4-[ (2S)-2-[ (IR,2R)-I-methoxy-2-methyl-3-o0x0-3-

[[(1S)-2 -phenyl- 1-(2-thiazolyl)ethyl]  amino]propyl] - 1-pyr rolidinyl] -1-[(1S)- 1-methylpropyl]-
4-oxobutyl]-N-methyl-(9Cl)-L-valinamide), mc-MMAF  (maleimidocaproyl-
monomethylauristatin F or N-[6-(2,5-dihydro-2,5-dioxo-IH-pyrrol-I-yl)-I-oxohexyl]-N-
methyl-L-valyl-L-valyl-(3R,4S,5S)-3-methoxy-5-methyl-4-(methylamino)heptanoyl-(aR,

pR,2S)-p-methoxy-a-methyl-2-pyrrolidinepropanoyl-L -phenylal anine) and mc-Val-Cit-
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PABA-MMAE (6-maleimidocaproyl-V a cCit-(p-aminobenzyl oxycarbonyl)-
monomethylauristatin E or N-[[[4-[[N-[6-(2,5-dihydro-2,5-dioxo-IH-pyrrol -I-yl)-I-
oxohexyl]-L-valyl-N5-(aminocarbonyl)-L -ornithyl]amino] phenyl]methoxy] carbonyl]-N-meth
yl-L-vayl-N-[(IS,2R)-4-[(29)-2-[(IR,2R)-3-[[ (IR,25)-2-hydroxy-I-methyl -2-
phenylethyljamino]- 1-methoxy-2-methyl-3-oxopropyl]- 1-pyrrolidinyl] -2-methoxy- 1-[( 1S)-
I-methylpropyl]-4-oxobutyl]-N-methyl-L-valinamide). DM1 is aderivative of the tubulin
inhibitor maytansine while MMAD, MMAE, and MMAF are auristatin derivatives.

Maytansinoid Drug Moieties

[00261] In some embodiments the drug is a maytansinoid. Maytansine compounds inhibit
cell proliferation by inhibiting the formation of microtubules during mitosis through
inhibition of polymerization of the microtubulin protein, tubulin (Remillard et al (1975)
Science 189:1002-1005; U.S. Pat. No. 5,208,020). Maytansine and maytansinoids are highly
cytotoxic but their clinical use in cancer therapy has been greatly limited by their severe
systemic side-effects primarily attributed to their poor selectivity for tumors. Clinical trials
with maytansine had been discontinued dueto serious adverse effects on the central nervous
system and gastrointestinal system (Issel et al (1978) Can. Treatment. Rev. 5:199-207.
[00262] Maytansinoid drug moieties are attractive drug moieties in antibody-drug
conjugates because they are: (i) relatively accessible to prepare by fermentation or chemical
modification, derivatization of fermentation products, (ii) amenable to derivatization with
functional groups suitable for conjugation through the non-disulfide linkers to antibodies, (iii)
stable in plasma, and (iv) effective against avariety of tumor cell lines.

[00263] Maytansine compounds suitable for use as maytansinoid drug moieties are well
known in the art, and can be isolated from natural sources according to known methods,
produced using genetic engineering techniques (see Yu et al (2002) PNAS 99:7968-7973), or
maytansinol and maytansinol analogues prepared synthetically according to known methods.
[00264] Exemplary maytansinoid drug moieties include those having a modified aromatic
ring, such as: C-19-dechloro (U.S. Pat. No. 4,256,746) (prepared by lithium aluminum
hydride reduction of ansamitocin P2); C-20-hydroxy (or C-20-demethyl) +/-C-19-dechloro
(U.S. Pat. Nos. 4,361,650 and 4,307,016) (prepared by demethylation

using Streptomyces or Actinomyces or dechlorination using LAH); and C-20-demethoxy, C-
20-acyloxy (—OCOR), +/-dechloro (U.S. Pat. No. 4,294,757) (prepared by acylation using

acyl chlorides). and those having modifications a other positions
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[00265] Exemplary maytansinoid drug moieties also include those having modifications
such as: C-9-SH, prepared by the reaction of maytansinol with H2S or P2S5 (U.S. Pat. No.
4,424,219); C-14-alkoxymethyl(demethoxy/CH2 OR)(U.S. Pat. No. 4,331,598); C-14-
hydroxymethyl or acyloxymethyl (CH20H or CH20Ac) prepared from Nocardia (U.S. Pat.
No. 4,450,254); C-15-hydroxy/acyloxy, prepared by the conversion of maytansinol

by Streptomyces(U.S. Pat. No. 4,364,866); C-15-methoxy, isolated from Trewia nudlflora
(U.S. Pat. No. 4,313,946 and U.S. Pat. No. 4,315,929); C-18-N-demethyl, prepared by the
demethylation of maytansinol by Streptomyces (U.S. Pat. No. 4,362,663 and U.S. Pat. No.
4,322,348); and 4,5-deoxy, prepared by the titanium trichloride/LAH reduction of
maytansinol (U.S. Pat. No. 4,371,533).

[00266] Many positions on maytansine compounds are known to be useful asthe linkage
position, depending upon the type of link. For example, for forming an ester linkage, the C-3
position having ahydroxyl group, the C-14 position modified with hydroxymethyl, the C-15
position modified with ahydroxyl group and the C-20 position having ahydroxyl group are
all suitable.

[00267] All sterecisomers of the maytansinoid drug moiety are contemplated for the
compounds of the invention, i.e. any combination of R and S configurations at the chiral
carbons of D. Embodiments of the ADC include DM1, DM3, DM4 (see US20090202536).
[00268] Steric hindrance conferred by alkyl groups such asthe methyl groups on the
carbon adjacent to the sulfur atom of DM3 and DM4 may affect the rate of intracellular
cleavage of the ADC (US 2004/0235840 Al). The variable alkyl unit (CR2)m may therefore
affect potency, efficacy, and safety/toxicity in vitro and in vivo.

Auristatins

[00269] In some embodiments, the Drug is an auristatin, such as auristatin E (also known
inthe art as a derivative of dolastatin-10) or a derivative thereof. The auristatin can be, for
example, an ester formed between auristatin E and aketo acid. For example, auristatin E can
be reacted with paraacetyl benzoic acid or benzoylvaleric acid to produce AEB and AEVB,
respectively. Other typical auristatins include AFP, MMAF, and MMAE. The synthesis and
structure of exemplary auristatins are described in U.S. Pat. Nos. 6,884,869, 7,098,308,
7,256,257, 7,423,1 16, 7,498,298 and 7,745,394, each of which is incorporated by reference

herein in its entirety and for all purposes.
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[00270] Auristatins have been shown to interfere with microtubule dynamics and nuclear
and cellular division and have anticancer activity. Auristatins of the present invention bind
tubulin and can exert acytotoxic or cytostatic effect on a5T4 expressing cell or cel line.
There are anumber of different assays, known in the art, that can be used for determining
whether an auristatin or resultant antibody-drug conjugate exerts acytostatic or cytotoxic
effect on adesired cell or cdl line. Methods for determining whether a compound binds
tubulin are known in the art. See, for example, Muller & a, Ana. Chem 2006, 78, 4390-
4397; Hamdl e al, Molecular Pharmacology, 1995 47: 965-976; and Hamel e al, The
Journal of Biological Chemistry, 1990 265:28, 17141-17149.

Chemotherapeutic agents

[00271] In some embodiments the bispecific antigen binding construct is conjugated to a
chemotherapeutic agent. Examples include but are not limited to Cisplantin and Lapatinib.
A "chemotherapeutic agent" is achemical compound useful in the treatment of cancer.
[00272] Examples of chemotherapeutic agents include alkylating agents such as thiotepa
and cyclosphosphamide (CYTOXAN™); akyl sulfonates such as busulfan, improsulfan and
piposulfan; aziridines such as benzodopa, carboquone, meturedopa, and uredopa;
ethylenimines and methylamelamines including altretamine, triethylenemelamine,
trietylenephosphoramide, triethylenethiophosphaoramide and trimethylolomelamine; nitrogen
mustards such as chlorambucil, chlornaphazine, cholophosphamide, estramustine, ifosfamide,
mechlorethamine, mechlorethamine oxide hydrochloride, melphalan, novembichin,
phenesterine, prednimustine, trofosfamide, uracil mustard; nitrosureas such as carmustine,
chlorozotocin, fotemusting, lomustine, nimustine, ranimustine; antibiotics such as
aclacinomysins, actinomycin, authramycin, azaserine, bleomycins, cactinomycin,
calicheamicin, carabicin, carminomycin, carzinophilin, chromomycins, dactinomycin,
daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine, doxorubicin, epirubicin, esorubicin,
idarubicin, marcellomycin, mitomycins, mycophenolic acid, nogalamycin, olivomycins,
peplomycin, potfiromycin, puromycin, quelamycin, rodorubicin, streptonigrin, streptozocin,
tubercidin, ubenimex, zinostatin, zorubicin; anti-metabolites such as methotrexate and 5-
fluorouracil (5-FU); folic acid analogues such as denopterin, methotrexate, pteropterin,
trimetrexate; purine analogs such as fludarabine, 6-mercaptopurine, thiamiprine, thioguanine;
pyrimidine analogs such as ancitabine, azacitidine, 6-azauridine, carmofur, cytarabine,

dideoxyuridine, doxifluridine, enocitabine, floxuridine, 5-FU; androgens such as calusterone,
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dromostanolone propionate, epitiostanol, mepitiostane, testolactone; anti-adrenals such as
aminoglutethimide, mitotane, trilostane; folic acid replenisher such as frolinic acid;
aceglatone; aldophosphamide glycoside; aminolevulinic acid; amsacrine; bestrabucil;
bisantrene; edatraxate; defofamine; demecolcine; diaziquone; elfornithine; elliptinium
acetate; etoglucid; gallium nitrate; hydroxyurea; lentinan; lonidamine; mitoguazone;
mitoxantrone; mopidamol; nitracrine; pentostatin; phenamet; pirarubicin; podophyllinic acid;
2-ethylhydrazide; procarbazine; PSK7; razoxane; sizofiran; spirogermanium; tenuazonic
acid; triaziquone; 2, 2',2'=-trichlorotriethylamine; urethan; vindesine; dacarbazine;
mannomustine; mitobronitol; mitolactol; pipobroman; gacytosine; arabinoside ("Ara-C");
cyclophosphamide; thiotepa; taxanes, e.g. paclitaxel (TAXOL®, Bristol-Myers Squibb
Oncology, Princeton, N.J.) and doxetaxel (TAXOTERE®, Rhone-Poulenc Rorer, Antony,
France); chlorambucil; gemcitabine; 6-thioguanine; mercaptopurine; methotrexate; platinum
analogs such as cisplatin and carboplatin; vinblastine; platinum; etoposide (VP- 16);
ifosfamide; mitomycin C; mitoxantrone; vincristing; vinorelbine; navelbine; novantrone;
teniposide; daunomycin; aminopterin; xeloda; ibandronate; CPT-11; topoisomerase inhibitor
RFS 2000; difluoromethylornithine (DMFO); retinoic acid; esperamicins; capecitabine; and
pharmaceutically acceptable salts, acids or derivatives of any of the above. Also included in
this definition are anti-hormonal agents that act to regulate or inhibit hormone action on
tumors such as anti-estrogens including for example tamoxifen, raloxifene, aromatase
inhibiting 4(5)-imidazoles, 4-hydroxytamoxifen, trioxifene, keoxifene, LY 117018,
onapristone, and toremifene (Fareston); and anti-androgens such as flutamide, nilutamide,
bicalutamide, leuprolide, and goserelin; and pharmaceutically acceptable salts, acids or

derivatives of any of the above.

M ethods of Treatment

[00273] In certain embodiments, constructs described herein, are used in assays to test for
one or more biological activities as described in further detail herein. If aconstruct exhibits
an activity in aparticular assay, it is likely that the antigen binding construct comprised by
the antigen binding construct is implicated in the diseases associated with the biological
activity. Thus, the construct is of use in atreatment of the associated disease.

[00274] In certain embodiments, provided is amethod of treating a disease or disorder

comprising administering to apatient in which such treatment, prevention or amelioration is
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desired, an antigen binding construct described herein, in an amount effective to treat, prevent
or ameliorate the disease or disorder.

[00275] "Disorder” refers to any condition that would benefit from treatment with an
antibody or method of the invention. This includes chronic and acute disorders or diseases
including those pathological conditions which predispose the mammal to the disorder in
guestion. Non-limiting examples of disorders to betreated herein include malignant and
benign tumors; non-leukemias and lymphoid malignancies; neuronal, glia, astrocytal,
hypothalamic and other glandular, macrophagal, epithelial, stromal and blastocoelic
disorders; and inflammatory, immunologic and other angiogenesis-related disorders.

[00276] "Treatment" refersto clinical intervention in an attempt to alter the natural course
of the individual or cell being treated, and can be performed either for prophylaxis or during
the course of clinical pathology. Desirable effects of treatment include preventing occurrence
or recurrence of disease, alleviation of symptoms, diminishing of any direct or indirect
pathological consequences of the disease, preventing metastasis, decreasing the rate of
disease progression, amelioration or paliation of the disease state, and remission or improved
prognosis. In some embodiments, antibodies of the invention are used to delay development
of adisease or disorder. In one embodiment, antibodies and methods of the invention effect
tumor regression. In one embodiment, antibodies and methods of the invention effect
inhibition of tumor/cancer growth.

[00277] Asused herein, "treatment” (and grammatical variations thereof such as "treat" or
"treating") refersto clinical intervention in an attempt to alter the natural course of a disease
in the individual being treated, and can be performed either for prophylaxis or during the
course of clinical pathology. Desirable effects of treatment include, but are not limited to,
preventing occurrence or recurrence of disease, aleviation of symptoms, diminishment of
any direct or indirect pathological consegquences of the disease, preventing metastasis,
decreasing the rate of disease progression, amelioration or palliation of the disease state, and
remission or improved prognosis. In some embodiments, construct constructs described
herein are used to delay development of a disease or to dow the progression of a disease. The
term "instructions" is used to refer to instructions customarily included in commercial
packages of therapeutic products that contain information about the indications, usage,
dosage, administration, combination therapy, contraindications and/or warnings concerning

the use of such therapeutic products.
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[00278] The antigen binding constructs described herein, comprising & least a fragment
or variant of an antibody may be administered alone or in combination with other types of
treatments (e.g., radiation therapy, chemotherapy, hormonal therapy, immunotherapy and
anti-tumor agents). Generally, administration of products of a species origin or species
reactivity (inthe case of antibodies) that is the same species as that of the patient is preferred.
Thus, in an embodiment, human antibodies, fragments derivatives, analogs, or nucleic acids,

are administered to ahuman patient for therapy or prophylaxis.

Method of Treatment of Cancers

[00279] Provided herein isthe use of aantigen binding construct described herein for the
manufacture of a medicament for treating cancer. Also provided is use of aantigen binding
construct described herein for the manufacture of a medicament for an immune system
disorder. In certain embodiments is use of a antigen binding construct described herein for
the manufacture of amedicament for inhibiting growth of atumor. In certain embodiments is
use of a antigen binding construct described herein for the manufacture of a medicament for
shrinking atumor.

[00280] In certain embodiments is use of a construct provided herein for the treatment of
a elast one of breast cancer, gastric cancer, brain cancer, essentially proliferative diseases
(cancers) associated with HER2, HER3, IGFIR, EGFR dysfunction. In certain embodiments,
aconstruct provided herein is used in the treatment of patients that are partially responsive to
anti-Her2 or anti-Her3 bivalent antibodies. In certain embodiments, the construct is used in
the treatment of patients not responsive to trastuzumab, pertuzumab, or TDM-1 or anti-Her2
or anti-Her3, alone or in combination. In some embodiments the patients are not responsive
to scFv Her2/Her3. In some embodiments are provide a construct described herein in
combination With Herceptin in Patients With Advanced Her2 Amplified, Heregulin Positive
Breast. | n some embodiments are provide a construct described herein in combination With
Herceptin in patients with HER2 Expressing Carcinomeas of the Distal Esophagus,
Gastroesophageal (GE) Junction and Stomach. In certain embodiments, are provide a
construct described herein to patients with advanced, refractory Her2 amplified, Heregulin
positive cancers.

[00281] "Cancer" and "cancerous’ refer to or describe the physiological condition in
mammals that istypically characterized by unregulated cell growth/proliferation. Examples

of cancer include but are not limited to, carcinoma, lymphoma, blastoma, sarcoma, and
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leukemia. More particular examples of such cancers include squamous cell cancer, small-cell
lung cancer, non-small cell lung cancer, adenocarcinoma of the lung, sguamous carcinoma of
the lung, cancer of the peritoneum, myeloma (e.g., multiple myeloma), hepatocellular cancer,
gastrointestinal  cancer, pancreatic cancer, glioblastoma/glioma (e.g., anaplastic astrocytoma,
glioblastoma multiforme, anaplastic oligodendroglioma, anaplastic oligodendroastrocytoma),
cervical cancer, ovarian cancer, liver cancer, bladder cancer, hepatoma, breast cancer, colon
cancer, colorectal cancer, endometrial or uterine carcinoma, salivary gland carcinoma, kidney
cancer, liver cancer, prostate cancer, vulval cancer, thyroid cancer, hepatic carcinoma and
various types of head and neck cancer.

[00282] The cancer will comprise ErbB-expressing cells, such that an anti-ErbB antibody
herein is able to bind to the cancer, and will betypically characterized by overexpression of
the ErbB receptor. In apreferred embodiment, the cancer comprises ErbB2-expressing cells,
even more preferably, cells which are characterized by overexpression of the ErbB2 receptor.
To determine ErbB, eg. ErbB2 expression inthe cancer, various diagnostic/prognostic  assays
are available. In one embodiment, ErbB2 overexpresson may be analyzed by IHC, e.g. using
the HERCEPTEST® (Dako). Parrafin embedded tissue sections from atumor biopsy may be
subjected to the IHC assay and accorded aErbB2 protein staining intensity criteria as
follows: Score 0 no staining is observed or membrane staining isobserved in less than 10%
of tumor cells.

[00283] Score 1+ afaint/barely perceptible membrane staining is detected in more than
10% of the tumor cells. The cells are only stained in part of their membrane.

[00284] Score 2+ aweak to moderate complete membrane staining is observed in more
than 10% of the tumor cells.

[00285] Score 3+ amoderate to strong complete membrane staining isobserved in more
than 10% of the tumor cells.

[00286] Those tumors with 0 or 1+ scores for ErbB2 overexpression assessment may be
characterized as not overexpressing ErbB2, whereas those tumors with 2+ or 3+ scores may
be characterized as overexpressing ErbB2.

[00287] Alternatively, or additionally, fluorescence in situ hybridization (FISH) assays
such asthe INFORM™ (sold by Ventana, Ariz.) or PATHVISION™  (Vysis, 111) may be
carried out on formalin- fixed, paraffin-embedded tumor tissue to determine the extent (if any)
of ErbB2 overexpression inthe tumor. In comparison with IHC assay, the FISH assay, which

measures her2 gene amplification, seems to correlate better with response of patients to
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treatment with HERCEPTIN®, and is currently considered to be the preferred assay to
identify patients likely to benefit from HERCEPTIN® treatment or treatment with the
immunoconjugates of the present invention.

[00288] Preferably, the immunoconjugates of the present invention and/or ErbB, e.g.
ErbB2 or EGFR protein to which they are bound are internalized by the cell, resulting in
increased therapeutic efficacy of the immunoconjugate in killing the cancer cell to which they
bind. In apreferred embodiment, the cytotoxic agent (maytansinoid) targets or interferes with
nucleic acid in the cancer cell.

[00289] The treatment of the present invention targets ErbB overexpressing tumors that
do not respond, or respond poorly, to trestment with an unconjugated anti-ErbB antibody.
Such patients might have received prior trestment with an anti-ErbB antibody not conjugated
to amaytansinoid moiety, where the prior treatment either did not result in significant
improvement, or resulted in transient response. Prior treatment of any particular patient with
an unconjugated anti-ErbB antibody is, however, not aprerequisite of identifying patients
who are candidates for treatment in accordance with the present invention. An ordinary
skilled physician can readily identify patients who are expected to benefit from treatment
with the immunoconjugates of the present invention based on publicly available clinical data
and his or her own experience. Treatment of mammals, and in particular human patients, with
or without prior treatment with an (unconjugated) anti-ErbB antibody is specifically within

the scope of the present invention.

Phar maceutical compositions

[00290]  Also included are pharmaceutical compositions comprising the antigen binding
construct and apharmaceutically acceptable carrier.

[00291] A "pharmaceutically acceptable carrier” refersto an ingredient in a
pharmaceutical composition, other than an active ingredient, which is nontoxic to a subject. A
pharmaceutically acceptable carrier includes, but is not limited to, abuffer, excipient,
stabilizer, or preservative.

[00292] The term "pharmaceutical composition” refers to apreparation which is in such
form asto permit the biological activity of aconstruct contained therein to be effective, and
which contains no additional components which are unacceptably toxic to a subject to which

the formulation would be administered.
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[00293] Also provided herein are pharmaceutical compositions. Such compositions
comprise atherapeutically effective amount of acompound, and apharmaceutically
acceptable carrier. In a specific embodiment, the term "pharmaceutically acceptable” means
approved by aregulatory 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 aswater and ails, including those of petroleum, animal, vegetable or synthetic
origin, such as peanut oil, soybean oil, mineral oil, sesame oil and the like. Water isa
preferred carrier when the pharmaceutical composition is administered intravenously. Saline
solutions and aqueous dextrose and glycerol solutions can aso 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's Pharmaceutical Sciences' by E. W.
Martin. Such compositions will contain atherapeutically effective amount of the compound,
preferably in purified form, together with a suitable amount of carrier so asto provide the
form for proper administration to the patient. The formulation should suit the mode of
administration.

[00294] In certain embodiments, the composition comprising the antigen binding
constructs is formulated in accordance with routine procedures as a pharmaceutical
composition adapted for intravenous administration to human beings. Typicaly,
compositions for intravenous administration are solutions in sterile isotonic agqueous buffer.
Where necessary, the composition may aso include a solubilizing agent and a local
anesthetic such as lignocaine to ease pain & the site of the injection. Generally, the

ingredients are supplied either separately or mixed together in unit dosage form, for example,
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as adry lyophilized powder or water free concentrate in ahermetically 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 may be
mixed prior to administration.

[00295] In certain embodiments, the compositions described herein are formulated as
neutral or salt forms. Pharmaceutically acceptable salts include those formed with anions
such asthose derived from hydrochloric, phosphoric, acetic, oxalic, tartaric acids, etc., and
those formed with cations such asthose derived from sodium, potassium, ammonium,
calcium, ferric hydroxide isopropylamine, triethylamine, 2-ethylamino ethanol, histidine,
procaine, etc.

[00296] Asused herein, the term "modulated serum half-life" means the positive or
negative change in circulating half-life of an antigen binding polypeptide that is comprised by
an antigen binding construct described herein relative to its native form. Serum half-life is
measured by taking blood samples a various time points after administration of the construct,
and determining the concentration of that molecule in each sample. Correlation of the serum
concentration with time allows calculation of the serum half-life. Increased serum half-life
desirably has at least about two-fold, but asmaller increase may be useful, for example where
it enables a satisfactory dosing regimen or avoids atoxic effect. In some embodiments, the
increase is at least about three-fold, at least about five-fold, or at least about ten-fold.

[00297] The term "modulated therapeutic half-life" asused herein means the positive or
negative change in the half-life of the therapeutically effective amount of an antigen binding
polypeptide comprised by aantigen binding construct described herein, relative to its non-
modified form. Therapeutic half-life is measured by measuring pharmacokinetic and/or
pharmacodynamic properties of the molecule a various time points after administration.
Increased therapeutic half-life desirably enables aparticular beneficial dosing regimen, a
particular beneficia total dose, or avoids an undesired effect. In some embodiments, the
increased therapeutic half-life results from increased potency, increased or decreased binding
of the modified molecule to its target, increased or decreased breakdown of the molecule by
enzymes such as proteases, or an increase or decrease in another parameter or mechanism of
action of the non-modified molecule or an increase or decrease in receptor-mediated

clearance of the molecule.
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Administration

[00298] A bi-specific antigen binding construct described herein can be administered to a
subject, e.g., ahuman.
[00299] Various delivery systems are known and can be used to administer an antigen
binding construct formulation described herein, e.g., encapsulation in liposomes,
microparticles, microcapsules, recombinant cells capable of expressing the compound,
receptor-mediated endocytosis (see, e.qg., Wu and Wu, J. Biol. Chem. 262:4429-4432 (1987)),
construction of anucleic acid as part of aretroviral or other vector, etc. Methods of
introduction include but are not limited to intradermal, intramuscular, intraperitoneal,
intravenous, subcutaneous, intranasal, epidural, and oral routes. The compounds or
compositions may 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 may be administered together with other biologically active
agents. Administration can be systemic or local. In addition, in certain embodiments, it is
desirable to introduce the antigen binding construct compositions described herein into the
central nervous system by any suitable route, including intraventricular and intrathecal
injection; intraventricular injection may be facilitated by an intraventricular catheter, for
example, attached to areservoir, 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.
[00300] In a specific embodiment, it is desirable to administer the antigen binding
constructs, or compositions described herein locally to the areain need of treatment; this may
be achieved by, for example, and not by way of limitation, local infusion during surgery,
topical application, e.g., in conjunction with awound 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 aporous, non-porous, or gelatinous material, including membranes, such as sialastic
membranes, or fibers. Preferably, when administering aprotein, including an antibody, of the
invention, care must be taken to use materials to which the protein does not absorb.
[00301] In another embodiment, the antigen binding constructs or composition can be
delivered in avesicle, in particular aliposome (see Langer, Science 249:1527-1533 (1990);
Treat et a, in Liposomes in the Therapy of Infectious Disease and Cancer, Lopez-Berestein
and Fidler (eds.), Liss, New York, pp. 353-365 (1989); Lopez-Berestein, ibid., pp. 317-327;
see generaly ibid.)
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[00302] Inyet another embodiment, the antigen binding constructs or composition can be
delivered in acontrolled release system. In one embodiment, apump may be used (see
Langer, supra; Sefton, CRC Crit. Ref. Biomed. Eng. 14:201 (1987); Buchwald et a, Surgery
88:507 (1980); Saudek et al, N. Engl. J. Med. 321:574 (1989)). In another embodiment,
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, New York (1984); Ranger
and Peppas, J., Macromol. Sci. Rev. Macromol. Chem. 23:61 (1983); see also Levy et d,
Science 228:190 (1985); During et a, Ann. Neurol. 25:351 (1989); Howard et al., J.
Neurosurg. 71:105 (1989)). Inyet another embodiment, a controlled release system can be
placed in proximity of the therapeutic target, e.g., the brain, thus requiring only afraction of
the systemic dose (see, e.g., Goodson, in Medical Applications of Controlled Release, supra,
vol. 2, pp. 115-138 (1984)).

[00303] In a specific embodiment comprising anucleic acid encoding antigen binding
constructs decribed herein, the nucleic acid can be administered in vivo to promote
expression of its encoded protein, by constructing it as part of an appropriate nucleic acid
expression vector and administering it so that it becomes intracellular, e.g., by use of a
retroviral vector (see U.S. Pat. No. 4,980,286), or by direct injection, or by use of
microparticle bombardment (e.g., a gene gun; Biolistic, Dupont), or coating with lipids or
cell-surface receptors or transfecting agents, or by administering it in linkage to ahomeobox-
like peptide which is known to enter the nucleus (see e.g., Joliot et a, Proc. Natl. Acad. Sci.
USA 88:1864-1868 (1991)), etc. Alternatively, anucleic acid can be introduced
intracellularly and incorporated within host cell DNA for expression, by homologous
recombination.

[00304] In certain embodiments a antigen binding construct described herein is
administered as acombination with other monovalent or multivalent antibodies with non-
overlapping binding target epitopes.

[00305] The amount of the composition described herein which will be effective in the
treatment, inhibition and prevention of adisease or disorder associated with aberrant
expression and/or activity of a Therapeutic protein can be determined by standard clinical
techniques. In addition, in vitro assays may optionally be employed to help identify optimal
dosage ranges. The precise dose to be employed in the formulation will aso depend on the

route of administration, and the seriousness of the disease or disorder, and should be decided
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according to thejudgment of the practitioner and each patient's circumstances. Effective
doses are extrapolated from dose-response curves derived from in vitro or anima model test

systems.

Testing of antigen binding constructs

[00306] The antigen binding constructs or pharmaceutical compositions described herein
aretested in vitro, and then in vivo for the desired therapeutic or prophylactic activity, prior
to use in humans. For example, in vitro assays to demonstrate the therapeutic or prophylactic
utility of acompound or pharmaceutical composition include, the effect of acompound on a
cell line or apatient tissue sample. The effect of the compound or composition on the cell line
and/or tissue sample can be determined utilizing techniques known to those of skill in the art
including, but not limited to, rosette formation assays and cell lysis assays. In accordance
with the invention, in vitro assays which can be used to determine whether administration of
a specific compound is indicated, include in vitro cell culture assays in which apatient tissue
sample is grown in culture, and exposed to or otherwise administered antigen binding
construct, and the effect of such antigen binding construct upon the tissue sample is observed.
[00307] Candidate bi-specific antigen binding constructs can be assayed using cells, e.g.,
breast cancer cell lines, expressing HER2 and HER3. The following Table A describes the

expression level of HER2 and HER3 on severa representative breast cancer cell lines.

Table A5 - Relative expression levels of selected receptors in cell lines of interest.

Cell line HER2 HER3 Description
SKBR3 high mid HER?2 3+ breast
BT-474 high mid HER2 3+ breast
SKOV3 high low ovarian
MDA-MB-231 low low/mid triple negative breast
MCF7 low mid estrogen receptor positive breast
JIMT1 mid low trastuzumab resistant breast
NCI-N&7 high low gastric

[00308] McDonagh et al Mol Cancer Ther. 2012 Mar; 11(3):582-93
[00309] Subik et a. (2010) Breast Cancer: Basic Clinical Research:4; 35-41
[00310] Anido et al Clin Cancer Res. 2003 Apr;9(4): 1274-83
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[00311] Neve e al Cancer Cell 2006 10:5 15-527

[00312] Dragowska et al BMC Cancer 2011 11:420

[00313] Prang & a. (2005) British Journal of Cancer Research:92; 342-349

[00314] For example, to identify growth inhibitory anti-ErbB2 antibodies, one may screen
for antibodies which inhibit the growth of cancer cells which overexpress ErbB2. In one
embodiment, the growth inhibitory antibody of choice is able to inhibit growth of SK-BR-3
cells in cell culture by about 20-100% and preferably by about 50-100% at an antibody
concentration of about 0.5 to 30 ug/ml. To identify such antibodies, the SK-BR-3 assay
described in U.S. Pat. No. 5,677,171 can be performed. According to this assay, SK-BR-3
cells are grown in a 1:1 mixture of F12 and DMEM medium supplemented with 10% fetal
bovine serum, glutamine and penicillin streptomycin. The SK-BR-3 cells are plated a 20,000
cells in a35 mm cell culture dish (2 mls/35 mm dish). 0.5 to 30 pg/ml of the anti-ErbB2
antibody is added per dish. After six days, the number of cells, compared to untreated cells
are counted using an eectronic COULTER™ cdll counter. Those antibodies which inhibit
growth of the SK-BR-3 cells by about 20-100% or about 50-100% may be selected as
growth inhibitory antibodies.

[00315] To select for antibodies which induce cell death, loss of membrane integrity as
indicated by, e.g., PI, trypan blue or 7AAD uptake may be assessed relative to control. The
preferred assay isthe Pl uptake assay using BT474 cells. According to this assay, BT474
cells (which can be obtained from the American Type Culture Collection (Rockville, Md.))
are cultured in Dulbecco's Modified Eagle Medium (D-MEM):Ham's F-12 (50:50)
supplemented with 10% heat-inactivated FBS (Hyclone) and 2 mM L-glutamine. (Thus, the
assay is performed in the absence of complement and immune effector cells). The BT474
cells are seeded at adensity of 3x106 per dish in 100x20 mm dishes and alowed to attach
overnight. The medium isthen removed and replaced with fresh medium alone or medium
containing 10 pug/ml of the appropriate monoclonal antibody. The cells are incubated for a 3
day time period. Following each treatment, monolayers are washed with PBS and detached
by trypsinization. Cells are then centrifuged at 1200 rpm for 5 minutes a 4° C , the pellet
resuspended in 3 ml ice cold Ca2+ binding buffer (10 mM Hepes, pH 7.4, 140 mM NaCl, 2.5
mM CaC12) and aliquoted into 35 mm strainer-capped 12x75 tubes (1 ml per tube, 3 tubes
per treatment group) for remova of cell clumps. Tubes then receive Pl (10 pg/ml). Samples
may be analyzed using aFACSCAN™ flow cytometer and FACSCONVERT™ CéllQuest
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software (Becton Dickinson). Those antibodies which induce statistically significant levels of
cell death as determined by Pl uptake may be selected as cell death-inducing antibodies.
[00316] In order to select for antibodies which induce apoptosis, an annexin binding assay
using BT474 cellsis available. The BT474 cells are cultured and seeded in dishes as
discussed in the preceding paragraph. The medium isthen removed and replaced with fresh
medium alone or medium containing 10 pg/ml of the monoclonal antibody. Following athree
day incubation period, monolayers are washed with PBS and detached by trypsinization.
Cells are then centrifuged, resuspended in Ca2+ binding buffer and aliquoted into tubes as
discussed above for the cell death assay. Tubes then receive labeled annexin (e.g. annexin V-
FTIC) (1 pg/ml). Samples may be analyzed using a FACSCAN™ flow cytometer and
FACSCONVERT™ CellQuest software (Becton Dickinson). Those antibodies which induce
statistically significant levels of annexin binding relative to control are selected as apoptosis-
inducing antibodies.

[00317] In addition to the annexin binding assay, a DNA staining assay using BT474 cells
is available. In order to perform this assay, BT474 cells which have been treated with the
antibody of interest as described in the preceding two paragraphs are incubated with 9 pg/ml
HOECHST 33342™ for 2 hr a 37° C, then analyzed on an EPICS ELITE™ flow cytometer
(Coulter Corporation) using MODFIT LT™ software (Verity Software House). Antibodies
which induce a change in the percentage of apoptotic cells which is 2 fold or greater (and
preferably 3 fold or greater) than untreated cells (up to 100% apoptotic cells) may be selected
as pro-apoptotic antibodies using this assay.

[00318] To identify an antibody which blocks ligand activation of an ErbB receptor, the
ability of the antibody to block ErbB ligand binding to cells expressing the ErbB receptor
(e.g. in conjugation with another ErbB receptor with which the ErbB receptor of interest
forms an ErbB hetero-oligomer) may be determined. For example, cells naturally expressing,
or transfected to express, ErbB receptors of the ErbB hetero-oligomer may be incubated with
the antibody and then exposed to labeled ErbB ligand. The ability of the anti-ErbB2 antibody
to block ligand binding to the ErbB receptor in the ErbB hetero-oligomer may then be
evaluated.

[00319] For example, inhibition of HRG binding to MCF7 breast tumor cell lines by anti-
ErbB2 antibodies may be performed using monolayer MCF7 cultures on ice in a 24-well-
plate format essentially as described in Example 1below. Anti-ErbB2 monoclonal antibodies
may be added to each well and incubated for 30 minutes. 1251-labeled rHRGpl 177-224 (25
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pm) may then be added, and the incubation may be continued for 4to 16 hours. Dose
response curves may be prepared and an IC50 value may be calculated for the antibody of
interest. In one embodiment, the antibody which blocks ligand activation of an ErbB receptor
will have an IC50 for inhibiting HRG binding to MCF7 cells in this assay of about 50 nM or
less, more preferably 10 nM or less. Where the antibody is an antibody fragment such as a
Fab fragment, the 1C50 for inhibiting HRG binding to MCF7 cells in this assay may, for
example, be about 100 nM or less, more preferably 50nM or less.

[00320] Alternatively, or additionally, the ability of the anti-ErbB2 antibody to block
ErbB ligand-stimulated tyrosine phosphorylation of an ErbB receptor present in an ErbB
hetero-oligomer may be assessed. For example, cells endogenously expressing the ErbB
receptors or transfected to expressed them may be incubated with the antibody and then
assayed for ErbB ligand-dependent tyrosine phosphorylation activity using an anti-
phosphotyrosine monoclonal (which is optionally conjugated with a detectable label). The
kinase receptor activation assay described in U.S. Pat. No. 5,766,863 is also available for
determining ErbB receptor activation and blocking of that activity by an antibody.

[00321] In one embodiment, one may screen for an antibody which inhibits HRG
stimulation of pi 80 tyrosine phosphorylation in MCF7 cells. For example, the MCF7 cells
may be plated in 24-well plates and monoclonal antibodies to ErbB2 may be added to each
well and incubated for 30 minutes a room temperature; then rHRGB | 177-244 may be added
to each well to afinal concentration of 0.2 nM, and the incubation may be continued for 8
minutes. Media may be aspirated from each well, and reactions may be stopped by the
addition of 100 pi of SDS sample buffer (5% SDS, 25 mM DTT, and 25 mM Tris-HCI, pH
6.8). Each sample (25 pi) may be electrophoresed on a4-12% gradient gel (Novex) and then
electrophoretically transferred to polyvinylidene difluoride membrane. Antiphosphotyrosine
(at 1 pg/ml) immunoblots may be developed, and the intensity of the predominant reactive
band a Mr~l 80,000 may be quantified by reflectance densitometry. The antibody selected
will preferably significantly inhibit HRG stimulation of pi 80 tyrosine phosphorylation to
about 0-35% of control in this assay. A dose-response curve for inhibition of HRG
stimulation of pi 80 tyrosine phosphorylation as determined by reflectance densitometry may
beprepared and an IC50 for the antibody of interest may be calculated. In one embodiment,
the antibody which blocks ligand activation of an ErbB receptor will have an 1C50 for
inhibiting HRG stimulation of pi 80 tyrosine phosphorylation in this assay of about 50 nM or

less, more preferably 10 nM or less. Where the antibody is an antibody fragment such as a
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Fab fragment, the 1C50 for inhibiting HRG stimulation of pi 80 tyrosine phosphorylation in
this assay may, for example, be about 100 nM or less, more preferably 50 nM or less.

[00322] One may also assess the growth inhibitory effects of the antibody on MDA-MB-
175 cells, e.g, essentially as described in Schaefer et a. Oncogene 15:1385-1394 (1997).
According to this assay, MDA-MB- 175 cells may treated with an anti-ErbB2 monoclonal
antibody (10 pg/mL) for 4 days and stained with crystal violet. Incubation with an anti-ErbB2
antibody may show a growth inhibitory effect on this cell line similar to that displayed by
monoclonal antibody 2C4. In afurther embodiment, exogenous HRG will not significantly
reverse this inhibition. Preferably, the antibody will be able to inhibit cell proliferation of
MDA-MB- 175 cellsto agreater extent than monoclonal antibody 4D5 (and optionally to a
greater extent than monoclonal antibody 7F3), both in the presence and absence of exogenous
HRG.

[00323] In one embodiment, the anti-ErbB2 antibody of interest may block heregulin
dependent association of ErbB2 with ErbB3 in both MCF7 and SK-BR-3 cells as determined
in a co-immunoprecipitation experiment substantially more effectively than monoclonal
antibody 4D5, and preferably substantially more effectively than monoclonal antibody 7F3.
[00324] To screen for antibodies which bind to an epitope on ErbB2 bound by an
antibody of interest, aroutine cross-blocking assay such as that described in Antibodies, A
Laboratory Manual, Cold Spring Harbor Laboratory, Ed Harlow and David Lane (1988), can
beperformed. Alternatively, or additionally, epitope mapping can be performed by methods
known in the art (see, eg. FIGS. 1A and IB herein).

[00325] The results obtained in the cell-based assays described above can then be
followed by testing in animal, e.g. murine, models, and human clinical trials. In particular,
the inability or limited ability of an antibody to treat ErbB2 overexpressing tumors can be
demonstrated in the transgenic mouse model disclosed in the present application as described

in the Examples below.
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[00326] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as is commonly understood by one of skill in the art to which the claimed
subject matter belongs. In the event that there are aplurality of definitions for terms herein,
those in this section prevail.

[00327] Where reference is made to aURL or other such identifier or address, it is
understood that such identifiers can change and particular information on the internet can
come and go, but equivalent information can be found by searching the internet. Reference
thereto evidences the availability and public dissemination of such information.

[00328] It isto be understood that the descriptions herein are exemplary and explanatory
only and are not restrictive of any subject matter claimed.

[00329] In this application, the use of the singular includes the plural unless specifically
stated otherwise.

[00330] Amino acids may bereferred to herein by either their commonly known three
letter symbols or by the one-letter symbols recommended by the IUPAC-IUB Biochemical
Nomenclature Commission. Nucleotides, likewise, may be referred to by their commonly
accepted single-letter codes. In the present application, amino acid names and atom names
(e.g. N, O, C, etc.) are used as defined by the Protein DataBank (PDB) (www.pdb.org), which
is based on the IUPAC nomenclature (IUPAC Nomenclature and Symbolism for Amino
Acids and Peptides (residue names, atom names etc.), Eur. J. Biochem., 138, 9-37 (1984)
together with their corrections in Eur. J. Biochem., 152, 1(1985).

[00331] In the present description, any concentration range, percentage range, ratio range,
or integer range is to be understood to include the value of any integer within the recited
range and, when appropriate, fractions thereof (such as one tenth and one hundredth of an
integer), unless otherwise indicated. Asused herein, "about" means = 10% of the indicated
range, value, sequence, or structure, unless otherwise indicated.

[00332] It should be understood that the terms "a' and "an" asused herein refer to "one or
more" of the enumerated components unless otherwise indicated or dictated by its context.
The use of the dternative (e.g., "or") should be understood to mean either one, both, or any
combination thereof of the alternatives. Asused herein, the terms "include" and "comprise'
are used synonymously. In addition, it should be understood that the individual single chain
polypeptides or immunoglobulin constructs derived from various combinations of the
structures and substituents described herein are disclosed by the present application to the

same extent as if each single chain polypeptide or heterodimer were set forth individually.
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Thus, selection of particular components to form individual single chain polypeptides or
heterodimers is within the scope of the present disclosure

[00333] The section headings used herein are for organizational purposes only and are not
to be construed as limiting the subject matter described.

[00334] It isto be understood that the methods and compositions described herein are not
limited to the particular methodology, protocals, cell lines, constructs, and reagents described
herein and as such may vary. It is also to be understood that the terminology used herein is
for the purpose of describing particular embodiments only, and is not intended to limit the
scope of the methods and compositions described herein, which will be limited only by the
appended claims.

[00335] All documents, or portions of documents, cited in the application including, but
not limited to, patents, patent applications, articles, books, manuals, and treatises are hereby
expressly incorporated by reference in their entirety for any purpose. All publications and
patents mentioned herein are incorporated herein by reference in their entirety for the purpose
of describing and disclosing, for example, the constructs and methodol ogies that are
described in the publications, which might beused in connection with the methods,
compositions and compounds described herein. The publications discussed herein are
provided solely for their disclosure prior to the filing date of the present application. Nothing
herein isto be construed as an admission that the inventors described herein are not entitled

to antedate such disclosure by virtue of prior invention or for any other reason.
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EXAMPLES

[00336] The examples below are given so as to illustrate the practice of this invention.
They are not intended to limit or define the entire scope of this invention.

[00337] The reagents employed in the examples are commercially available or can be
prepared using commercialy available instrumentation, methods, or reagents known in the
art. The foregoing examples illustrate various aspects of the invention and practice of the
methods of the invention. The examples are not intended to provide an exhaustive
description of the many different embodiments of the invention. Thus, although the forgoing
invention has been described in some detail by way of illustration and example for purposes
of clarity of understanding, those of ordinary skill in the art will realize readily that many
changes and modifications can be made thereto without departing from the spirit or scope of
the appended claims.

[00338] All publications, patents and patent applications mentioned in this specification
are herein incorporated by reference into the specification to the same extent asif each
individual publication, patent or patent application was specifically and individually indicated

to be incorporated herein by reference.
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Example 1; Description of exemplary bi-specific antigen binding constructs
(bsAbs) and controls

[00339] A number of exemplary bi-specific antigen binding constructs, e.g., antibody
constructs and controls were designed, as described below:

[00340] 1. Variant 878; amonovaent anti-HER2 antibody, where the HER2 binding
domain on chain A is an scFv that binds to ECDI (B1D2), and the Fc region is a heterodimer
having the mutations L351Y_F405A_Y407V in Chain A, and T366L_K392M_T394W in
Chain B. The B1D2 scFv is described in International Patent Publication Nos. WO
2009/126920, and WO20 10/0593 15A1 and binds to an epitope on HER2 that does not
overlap with trastuzumab.

[00341] 2. Variant 879: amonovalent anti-HER3 antibody, where the HER3 binding
domain on chain B is an scFv (H3), and the Fc region is aheterodimer having the mutations
L351Y_F405A Y407V in Chain A, and T366L_K392M_T394W in Chain B. The H3 scFv
is described in United States Patent No. 7,332,580.

[00342] 3. Variant 880: ahi-specific anti-HER2-HER3 antibody, where the HER2
binding domain isthe B1D2 scFv on chain A, the HERS3 binding domain isthe H3 scFv on
chain B and the Fc region is aheterodimer having the mutations L351Y_F405A Y407V in
Chain A, and T366L_K392M_ T394W in Chain B.

[00343] 4. Variant 1040: a monovalent anti-HER2 antibody, where the HER2 binding
domain on chain A isthe trastuzumab Fab, and the Fc region is aheterodimer having the
mutations T350V_L351Y F405A_ Y407V in Chain A, and T350V_T366L_K392L_ T394W
in Chain B; trastuzumab binds to extracellular domain 4 (ECD4) of HER2.

[00344] 5. Variant 792: abivaent anti-HER2 antibody, where both HER2 binding
domains are Fabs from trastuzumab, and the Fc region is aheterodimer having the mutations
T350V_L351Y_F405A_Y407V in Chain A, and T350V_T366L_K392L_T394W in Chain B.
[00345] 6. Variant 506: trastuzumab produced in CHO (Chinese hamster ovary) cells as a

control.

Example 2;: Transent CHO expression. Purification and yield of exemplary
bsAbs

[00346] The constructs described in Example 1were expressed in CHO cells and purified
as follows. The clarified culture medium was loaded onto aMabSelect SuURe™ (GE
Healthcare) protein-A column and washed with 10 column volumes of PBS buffer at pH 7.2.

The antibody constructs were eluted with 10 column volumes of citrate buffer at pH 3.6 with
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the pooled fractions containing the antibody neutralized with TRIS a pH 11. Figure 1depicts
the results of the SDS-PAGE analysis for the monovalent antibody controls variant 878
(Figure 1A) and variant 879 (Figure 1B), aswell asthe bsAb variant 880 (Figure 1C), after
Protein-A purification. Inthe three gels shown in this figure, lane 1represents the total
expressed protein, lane 2 represents the flow through fraction, lane 3 represents the wash, and
lane 4 represents the purified fraction. These results show that the monovalent control
antibodies and the bsAb variant 880 express well in CHO cells and purify to about ca. 80%
purity post protein A purification.

[00347] The protein-A antibody eluate was further purified by gel filtration (SEC). For
gel filtration, 3.5mg of the antibody mixture was concentrated to 1.5mL and loaded onto a
Sephadex 200 HiLoad™ 16/600 200 pg column (GE Healthcare) via an AKTA Express
FPLC™ a aflow-rate of ImL/min. PBS buffer a& pH 7.4 was used a aflow-rate of

ImL/min. Fractions corresponding to the purified antibody were collected, concentrated to
~Img/mL and stored at -80°C. The purified proteins were analyzed by LCMS as described
below.

LCMS

[00348] The purification and yield of the bsAb variant 880 was tested by LCMS after
protein A and SEC purification as described above.

LCMS analysis of heterodimer purity

[00349] The purity of an exemplary bsAb, variant 880, was determined using LCMS
under standard conditions. The antibody was deglycosylated with PNGasF prior to loading
onthe LC-MS. Liquid chromatography was carried out on an Agilent 1100 Series HPLC

under the following conditions:

Flow rate: ImL/min split post column to IOOuL/mintoM S

Solvents: A = 0.1% formic acid in ddH20, B = 65% acetonitrile, 25% THF,
9.9% ddH?20, 0.1% formic acid

Column: 2.1x 30mm PorosR2

Column Temperature: 80°C ; solvent also pre-heated

Gradient: 20% B (0-3min), 20-90% B (3-6min), 90-20% B (6-7min), 20%B
(7-9min)
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Mass Spectrometry (MS) was subsequently carried out on an LTQ-Orbitrap
XL mass spectrometer under the following conditions:

lonization method : lon Max Electrospray

Calibration and Tuning Method: 2mg/mL solution of Cdl isinfused a a
flowrate of 10puE/min. The Orbitrap isthen tuned on m/z 221 1using the
Automatic Tune feature (overall Cd ion range observed: 1690 to 2800)
Cone Voltage: 40V

Tube Lens: 115V

FT Resolution: 7,500

Scan range m/z 400-4000

Scan Delay: 1.5 min

[00350] A molecular weight profile of the datawas generated using Thermo's Promass
Deconvolution™ software.

[00351] The SEC and LC-MS results are shown in Figure 2. LC-MS analysis shows that
v879 and v880 purify to 100% heterodimer purify post protein A and SEC purification, and

v878 purifies to 79% heterodimer purity and contains 20% of Chain B homodimer.

Table 1shows theyield of v880 at stages of purification.

Variant | Production scale (L) post protein | post SEC titre (mg/L)
A titre
(mg/L)

v&80 0.5 31.6 6.6

Example 3; BsAbs are capable of coengaging and binding both human HER?2
and HER3 as measured by SPR

[00352] The ability of an exemplary bsAb, variant 880 to bind to both targets, HER2 and
HER3 was determined by SPR (Surface Plasmon Resonance) as follows using a ProteOn™
XPR36 system from BIO-RAD. HER-2 in buffer (10 mM Hepes pH 6.8) was immobilized on
CM5 chip through amine coupling until 3000 RU. Fc variants in an antibody format
containing anti-HER2 antibodies were immabilized to the HER-2 surface to 300 RU.
Running buffer and the surfactant was maintained at pH 6.8. Purified analyte Her3 was
diluted in its running buffer and injected at aflow rate of 20-30 pL | min for 2 minutes,
followed by dissociation for another 4 minutes. Five two-fold dilutions of each antibody
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beginning a 20 nM were analyzed in triplicate. Sensograms were fit globally toa 1: 1
Langmuir binding model. All experiments were conducted a room temperature.

[00353] The results are shown in Figure 3A and Figure 3B and indicate that both antigen-
binding domains of the bsAb variant 880 are able to coengage (bind) to their cognate antigen.

Example 4; BsAb antibodies exhibit higher Bm,, in low Her2/3-expressing human
tumor cells

[00354] The ability of an exemplary bsAb, variant 880, to bind to alow HER2/3-
expressing cell linewas determined by flow cytometry in the cell line MALME-3M. The
FACS analysis was carried out as described below.

[00355] Binding of variant 880 and control monovalent variants 878 and 879, along with
monospecific bivalent controls for HER2 (variant 876) and HER3 (variant 877) to the surface
of MALME-3M cells was determined by flow cytometry. Cells were washed with PBS and
resuspended in DMEM containing 10% FBS a 1X10° cells/ 100pl. 100! cell suspension
was added into each microcentrifuge tube, followed by 10ul/ tube of the antibody variants.
The tubes were incubated for 2hr 4°C on arotator. The microcentrifuge tubes were
centrifuged for 2min 2000RPM a room temperature and the cell pellets washed with 500u1
media. Each cell pellet was resuspended 100ul of fluorochrome- labelled secondary antibody
diluted in media to 2ug/ sample. The samples were then incubated for Ihr a 4°C on a
rotator. After incubation, the cells were centrifuged for 2 min a 2000 RPM and washed in
media. The cells were resuspended in 500 ui media, filtered in tube containing 5ul
propidium iodide (Pl) and analyzed on aBD™ LSRII flow cytometer according to the
manufacturer's instructions.

[00356] The results are shown in Figure 4 and indicate that variant 880 bsAb exhibits the
highest Bmax and increased affinity (avidity), while variant 878 (monovalent HER2) exhibits
second highest B__ . The Bmax for variant 880 may be a sum of monovaent binding to
HER2+HER3. The monospecific bivalent control HER2 and HERS3 antibodies show lower
Biax.

Example 5; BsAbs exhibit higher B .., in high and low HER2-expressing human
tumor cells

[00357] The ability of an exemplary bsAb, variant 880 to bind cell lines expressing
variable HER2 and HERS3 receptor cell densities, was determined by flow cytometry in the

cell lines SKOV-ATCC and MALME-3M. Table xx identifies the relative expression levels
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of HER2 and HER3 in these cell lines. The FACS analysis was carried out as described in
Example 4.

[00358] The results are shown in Figure 5. Figures 5A and 5B show binding datain
SKOV-ATCC cells. The results shown for MALME-3M cells in Figures 5C and 5D are a
replicate data set, similar to that presented in Example 4. In Figures 5A and 5C the antibody
concentration is plotted on alinear scale, and in Figures 5B and 5D the same data is plotted
using alogarithmic scale for the antibody concentration. The results indicate that in SKOV -
ATCC cells additive effects of the bi-specific antibody variant 880 were observed. The bsAb
appeared to bind monovalently a high concentration (i.e. does not bivalently bind to Her2
and Her3). In MALME-3M cells, an avidity effect of bi-specific antibody was observed a
low concentrations. The bsAb appeared to bind monovalently at high concentration. Inthe
case of v880, these results show that relative receptor cell densities can affect the avidity of
binding but do not affect the Bmax of v880 binding to the cells. In both cell lines, v880

displays superior Bmax compared to controls.

Example 6; bsAbs €licit higher human NK cell-mediated ADCC activity than
controls in low HER?2/3-expressing tumor cells

[00359] The ability of the exemplary bsAb variant 880 to direct ADCC mediated cell
killing was assessed in the human triple negative breast cancer cell line MDA-MB-23 1
according to the method described below.

[00360] Overview: Target cells were pre-incubated with test antibodies (10 folds
descending concentrations from 45 pg/mL) for 30 min followed by adding effector cells with
effector/target cell ratio of 5:1 and the incubation continued for another 6 hours in 37 °C/ 5%
CO ,incubators. Samples were tested with 8 concentrations, 10 fold descending from
45ug/ml .. LDH release was measured using LDH assay Kit.

[00361] Dose-response studies were performed with various concentrations of the
samples with apre-optimized Effector/Target (E/T) ratio (5:1). Half maximal effective
concentration (EC_)) values were analyzed with the Sigmoidal dose-response non-linear
regression fit by GraphPad Prism.

[00362] Cells were maintained in McCoy's 5A complete medium a 37 °C/ 5% CO, and
regularly sub-cultured with suitable medium supplemented with 10% FBS according to
protocol from ATCC. Cells with passage number fewer than P10 were used in the assays.
The samples were diluted to concentrations between 0.3-300nM with Phenol red free MEM

medium supplemented with 1% FBS and 1% Pen/strep prior to use in the assay.
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ADCC Assay

[00363] MDA-MB-23 ltarget cells were harvested by centrifugation a 800 rpm for 3
minutes. The cells were washed once with assay medium and centrifuged; the medium above
the pellet was completely removed. The cells were gently suspended with assay medium to
make single cell solution. The number of cells was adjusted to 4x cell stock (10,000 cellsin
50 i assay medium). The test antibodies were then diluted to the desired concentrations as
noted above.

[00364] Thetarget cells were seeded in the assay plates as follows. 50p1of 4x target cell
stock and 50 pi of 4x sample diluents was added to wells of a 96-well assay plate and the
plate was incubated a room temperature for 30min in cell culture incubator. Effector cells
(NK92/ FcRy3a(158V/V), 100ul, E/T=5: 1, i.e, 50,000 effector cells per well) were added to
initiate the reaction and mixed gently by cross shaking.

[00365] Triton X-100 was added to cell controls without effector cells and antibody in a
final concentration of 1% to lyze the target cells and these controls served as the maximum
lysis controls. ADCC assay buffer (98% Phenol red free MEM medium, 1% Pen/Strep and
1% FBS) was added in to cell controls without effector cells and antibody and it served asthe
minimum LDH release control. Target cells incubated with effector cells without the
presence of antibodies were set as background control of non-specific LDH release when
both cells were incubated together. The plate was incubated at 37°C/5%C02 incubator for 6
hours. Cell viability was assayed with an LDH kit (Roche, cat# 1644793001). The
absorbance datawas read at OD492nm and OD650nm on Flexstation 3.

Data Analysis

[00366] The percentages of cell lysis were calculated according the formula below:
[00367] Cell lysis %=100* (Experimental data-(E+T)) / (Maximum release - Minimum
release). Data was presented and analyzed by Graphpad (v4.0).

[00368] The results are shown in Figure 6. Figure 6 shows the results for the controls
v792, v506, vI040, and the bsAb v880. These results show that in the triple negative cdl line
MDA-MB-23 1, the bi-specific variant 880 shows better efficacy than the bivalent anti-HER2

antibodies v506, and variant 792.

90



WO 2014/182970 PCT/US2014/037401

Example 7;: bsAb antibodies show higher human NK cell-mediated ADCC
activity than controlsin low HER2 ER+ breast tumor cells, and in SK-BR-3 cells

[00369] The ability of the exemplary bsAb variant 880 to direct ADCC-mediated cell
killing was assessed in the low HER2-expressing MCF7 cell line according to the method
described in Example 6.

[00370] The results are shown in Figures 7, 8 and 9. In Figure 7, v880 is ableto mediate
ADCC in MCF7 cellsto agreater degree than the control antibodies v792 and v506. As
shown in Figure 8, v880 is more efficacious than the bivalent control antibodies v876 and
v877 in MCF-7 cells (Her2 1+). Inthe high density Her2 expressing cell line SK-BR-3, v880
mediates ADCC in amanner similar to the control antibodies v792 and v506, as shown in
Figure 9. These results indicate that abi-specific antibody which displays increased
decoration for binding to targets cells, may be equally or more efficacious in effector activity

compared to the monospecific antibody targeting the same antigens.

Example 8; Additional exemplary bi-specific antibodies and controls

[00371] A number of additional anti-HER2-HERS bi-specific antibodies (bsAbs) and
controls were designed and prepared. Figure 10 lists the DNA sequence composition of the
anti-HER2-HER3 bsAbs and controls tested, and Table 2 below provides epitope and

reference information of tested antibodies.

Table 2A: epitopes and reference information for H3 and MM1 11 Abs

Antibody Antigen/Epitope Reference
H3 HER3 US7332580B2
MMI111 HER2 ECD1, HER3 | US2009060721

[00372] Human 1gGl was purchased from Jackson ImmunoResearch (West Grove, PA,
Cat. No. 009-000-003).

[00373] v506, v792, vl040 are as described in Example 1. v506 is awild-type
trastuzumab as produced in-house in Chinese hamster ovary (CHO) cells as acontral, in
which both HER2 binding domains are derived from trastuzumab in the Fab format and the
Fc is awild-type homodimer; the epitope of the antigen binding domain is domain 4 of

HER2.
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[00374]  v792 isrelated tov506 but differsin the Fc region which is aheterodimer having
the mutations T350V_L351Y_F405A_Y407V in Chain A, and
T350V_T366L_K392L_T394W in Chain B.

[00375]  vI040 is amonovalent anti-HER2 antibody, where the HER2 binding domain is a
Fab derived from trastuzumab on chain A, and the Fc region is aheterodimer having the
mutations T350V_L351Y_F405A_Y 407V in Chain A, and T350V_T366L_K392L T394W
in Chain B; the epitope of the antigen binding domain is domain 4 of HER2.

[00376]  v4184 is awild-type pertuzumab as produced in-house in CHO cells as control,

in which both HER2 binding domains are derived from pertuzumab in the Fab format and the
Fc region is aheterodimer having the mutations T350V_L351Y_F405A_Y407V in Chan A,
and T350V_T366L_K392L_T394W in Chain B; the epitope of the antigen binding domain
is domain 2 of HER2.

[00377]  v4182isamonovaent anti-HER2 antibody, where the HER2 binding domain is a
Fab derived from pertuzumab on chain A, and the Fc region is aheterodimer having the
mutations T350V_L351Y_F405A_Y 407V in Chain A, and T350V_T366L_K392L T394W
in Chain B; the epitope of the antigen binding domain is domain 2 of HER2.

[00378]  v877 is amonospecific bivalent antibody which has two identical HER3-binding
scFvs as binding arms connected to ahomodimeric Fc. v879 is a monospecific monovalent
one armed antibody derivative which uses the same HER3-binding scFv. The Fc region is a
heterodimer having the mutations L351Y_F405A_Y 407V in Chain A, and
T366L_K392M_T394W in Chain B.

[00379]  vI087 isaHER2 and HER3 bi-specific binding molecule, which contains an anti-
HERS3 scFv fused to the N-terminus, and an anti-HER2 scFv fused to the C-terminus of
human serum albumin.

[00380] v4248 is an anti-HER2-HERS3 bsAb, in which the HER2 binding arm is a Fab
which binds domain 4 of HER2, and the HER3 binding arm is an scFv. The Fc region is a
heterodimer having the mutations T350V_L351Y_F405A_Y407V in Chain A, and
T366L_K392M_T394W in Chain B.
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SEQ DESCRIPTION sequence

ID

NO

6 4248 HC1 (anti EVQLVESGGGLVQPGGSLRLSCAASGFNIKDTY IHWVRQAPGKGLEWVAR

HER2) IYPTNGYTRYADSVKGRFTISADTSKNTAYLOMNS LRAEDTAVYYCSRWG

GDGFYAMDYWGQGTLVIVSSASTKGPSVFPLAPSSKS TSGGTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTQT
YICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLEFPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQ
VYVYPPSRDELTKNQVSLTCLVKGFYPSDIAVEWE SNGQPENNYKTTPPV
LDSDGSFALVSKLIVDKSRWQQGNVEFSCSVMHEALHNHY TOKSLSLSPGK

55 4248 VH EVQLVESGGGLVQPGGSLRLSCAASGFNIKDTY IHWVRQAPGKGLEWVAR
IYPTNGYTRYADSVKGRFTISADTSKNTAYLOMNS LRAEDTAVYYCSRWG
GDGFYAMDYWGQGTLVTIVSS

49 CDR-H1 (Chothia) | GENIKDT

50 CDR-H2 (Chothia) | YPTNG

51 CDR-H3 (Chothia) | WGGDGFYAMDY

2 4248 LC DIQMTQSPSSLSASVGDRVTITCRASQDVNTAVAWYQQOKPGKAPKLLIYS
ASFLYSGVPSRFSGSRSGTDFTLTISSLQPEDFATYYCQQHYTTPPTFGQ
GTKVEIKRIVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKY
DNALQSGNSQESVIEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHOG
LSSPVTKSFNRGEC

56 4248 VL (anti HER2) | DIQMTQSPSSLSASVGDRVTITCRASQDVNTAVAWYQQOKPGKAPKLLIYS
ASFLYSGVPSRFSGSRSGTDFTLTISSLQPEDFATYYCQQHYTTPPTFGQ
GTKVEIK

52 CDR-L1 (Chothia) | RASQDVNTAVA

53 CDR-L2 (Chothia) | SASFLYS

54 CDR-L3 (Chothia) | QQHYTTPPT

16 4248 HC2 (anti QVOLQOESGGGLVKPGGSLRLSCAASGFTFSS YWMSWVRQAPGKGLEWVAN

HER3) INRDGSASYYVDSVKGRFTISRDDAKNSLYLOMNS LRAEDTAVYYCARDR

GVGYFDLWGRGTLVTVSSAS TGGGGSGGGGS GGGGSQSALTQPASVSGSP
GOSITISCTGTSSDVGGYNFVSWYQQHPGKAPKLMIYDVSDRPSGVSDRE
SGSKSGNTASLIISGLOADDEADYYCSSYGSSSTHVIFGGGTKVTVLGAA
EPKSSDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVD
VSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNS TYRVVSVLTVLHQDWLN
GKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSL
LCLVKGFYPSDIAVEWESNGQPENNYMTWPPVLDSDGSFFLYSKLTVDKS
RWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

57 4248 VH OVQLOESGGGLVKPGGSLRLSCAASGFTFSSYWMSWVRQAPGKGLEWVAN
INRDGSASYYVDSVKGRFTISRDDAKNSLYLOMNS LRAEDTAVYYCARDR
GVGYFDLWGRGTLVTVSS

58 CDR-H1 (IMGT) GFTFSSYW

59 CDR-H2 (IMGT) INRDGSAS

60 CDR-H3 (IMGT) ARDRGVGYFDL

61 4248 VL (anti HER3) | QSALTQPASVSGSPGQSITISCTGTSSDVGGYNFVSWYQQHPGKAPKLMI
YDVSDRPSGVSDRFSGSKSGNTASLI ISGLOADDEADYYCSSYGSSSTHYV
IFGGGTKVTVL

62 CDR-L1 (IMGT) SSDVGGYNF

CDR-L2 (IMGT) DVS
63 CDR-L3 (IMGT) SSYGSSSTHVI
[00381] v4248 was further modified to yield v9918, v9919, v9920, v9921, v9922, v9923,

v9924 and viOOOI which are variants with different stabilization mutations aswell as
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different molecular formats. v4248 was also modified to yield v9926 and v9927 which are
variants with altered HER2 binding affinities.

[00382] v9918is an anti-HER2-HERS3 bsAb derived from v4248. Its HER2 binding arm
is a Fab which binds domain 4 of HER2, and the HER3 binding arm is an scFv bearing a
disulphide bridge between Vv H (residue 44) and Vv L (residue 100). The Fc region isa
heterodimer having the mutations T350V_L351Y_F405A Y407V in Chain A, and
T350V_T366L_K392M_T394W in Chain B.

[00383] v9919is an anti-HER2-HERS3 bsAb derived from v99 18. Its HER2 binding arm
is a Fab which binds domain 4 of HER2, and the HER3 binding arm is an scFv bearing a
disulphide bridge between Vv H (residue 44) and Vv L (residue 100), and an additional 190T
mutation on V L. The Fc region is aheterodimer having the mutations
T350V_L351Y_F405A Y407V in Chain A, and T350V_T366L_K392M_T394W in Chain
B.

[00384] v9920 is an anti-HER2-HERS3 bsAb related to v4248. Its HER2 binding arm is an
scFv which binds domain 4 of HER2, and the HER3 binding arm is a Fab bearing alambda
CL. The Fc region is aheterodimer having the mutations T350V_L351Y_ F405A Y407V in
Chain A, and T350V_T366L_K392M_T394W in Chain B.

[00385] v992 lis an anti-HER2-HERS3 bsAb derived from v9920. Its HEr2 binding arm is
an scFv bearing adisulphide bridge between Vv H (residue 44) and Vv L (residue 100), which
binds domain 4 of HER2, and the HER3 binding arm is aFab bearing alambda cL. The Fc
region is aheterodimer having the mutations T350V_L351Y_ F405A Y407V in Chain A, and
T350V_T366L_K392M_T394W in Chain B.

[00386] v9922 is an anti-HER2-HERS3 bsAb derived from v9920. Its HER2 binding arm
is an scFv which binds domain 4 of HER2, and the HER3 binding arm is aFab bearing a
kappa cL. The Fc region is aheterodimer having the mutations
T350V_L351Y_F405A Y407V in Chain A, and T350V_T366L_K392M_T394W in Chain
B.

[00387] v9923 is an anti-HER2-HERS3 bsAb derived from v9922. Its HEr2 binding arm is
an scFv bearing adisulphide bridge between Vv H (residue 44) and Vv L (residue 100), which
binds domain 4 of HER2, and the HER3 hinding arm is a Fab bearing akappa cL. The Fc
region is aheterodimer having the mutations T350V_L351Y_ F405A Y407V in Chain A, and
T350V_T366L_K392M_T394W in Chain B.
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[00388] v7186, v7188 and v7190 arethe afucosylated derivatives of v4248, vi040 and
v4182, respectively. These variants were produced the same way as the parental antibodies,
with the transfection of an extra clone encoding the Pseudomonas GDP-6-deoxy-D-lyxo-4-
hexulose reductase (see Example 9).

[00389] v6246, v6249 and v6362 are the antibody drug conjugates (ADC) derived from
v506, v6908 and v4248, respectively. The naked antibodies were conjugated to the drug
payload mertansine (DM 1), with succinimidyl 4-(N-maleimidomethyl)-cyclohhexane-I-
carboxylate (SMCC) acting as linker (see Example 11).

Example 9; Expression and purification of anti-HER2-HER3 bsAbs and
controls.

[00390] The anti-HER2-HER3 bsAbs and controls described in Example 8 were cloned,
expressed in 50 mL cultures and purified as follows. The genes encoding the antibody heavy
and light chains were constructed via gene synthesis using codons optimized for
human/mammalian expression. The final gene products were sub-cloned into the mammalian
expression vector pTT5 (NRC-BRI, Canada) and expressed in CHO cells (Durocher, Y.,
Perret, S. & Kamen, A . High-level and high-throughput recombinant protein production by
transient transfection of suspension-growing CHO cells. Nucleic acids research 30, E9
(2002)).

[00391]  The CHO cells were transfected in exponentia growth phase (1.5x10 6to 2xI0 6
cells/mL) with agueous 1 mg/mL 25 kDa polyethylenimine (PEI, Polysciences) & a
PELDNA ratio of 2.5:1 (Raymond C. et a. A simplified polyethylenimine-mediated
transfection process for large-scale and high-throughput applications. Methods. 55(1):44-51
(201 1)). Different ratios of heavy chain and light chain DNA, for example, 30%/30%/40%,
40%/20%/40%, or 20%/40%/40%, were first transfected in a2 ml expression scale to
optimize the formation of heterodimers. Based on the expression profiles abtained, suitable
DNA ratios were selected for larger volume productions. For antibodies with an afucosylated
glycosylation pattern, which is known to enhance effector mediated function, the expression
was performed in the same manner, with the addition of an extra clone encoding a GDP-6-
deoxy-D-lyxo-4-hexulose reductase (RMD) to 15% of the total DNA present.

[00392] Transfected cells were harvested after 5-6 days with the culture medium collected
after centrifugation at 4000 rpm and clarified using a0.45 wn filter. The clarified culture
medium was loaded onto aMabSelect SuRe™ (GE Healthcare) protein-A column and

washed with 10 column volumes of PBS buffer & pH 7.2. The antibody was eluted with 10
95



WO 2014/182970 PCT/US2014/037401

column volumes of citrate buffer at pH 3.6 with the pooled fractions containing the antibody
neutralized with TRIS a pH 11. The protein was then desalted using an Econo-Pac 10DG
column (Bio-Rad).

[00393] The protein was further purified by gel filtration, 3.5 mg of the antibody mixture
was concentrated to 1.5 mL and loaded onto a Superdex 200 HiLoad 16/600 200pg column
(GE Hedlthcare) via an AKTA Express FPLC a aflow-rate of 1 mL/min. PBS buffer a pH
7.4 was used a aflow-rate of 1 mL/min. Fractions corresponding to the purified antibody
were collected, concentrated to~1mg/mL and stored at -80°C.

[00394] For purifying human serum albumin fusion proteins, the AlbuPure™ affinity
resin was used, following the manufacturer's recommendations. In brief, the harvested cell
culture supernatant was adjusted to pH 6 with 0.5 M NaH ,P0 4. The protein sample was then
allowed to bind to the AlbuPure™ resin for 60 min at room temperature in abatch binding
mode. The resin was then washed with 75 mM NaP0 , pH 6 followed by 75 mM NaP0 , pH
7.8. Finally the protein was eluted with PBS supplemented with 20 mM sodium octanoate.
[00395] Figure 11A) shows the selected ratio and step yield for 50 mL productions of
exemplary bsAb v4248. Figure 11B) shows the supernatant titre for 10 mL scouting
expressions of v4248 derivatives.

[00396] Figure 12 shows the purification results of exemplary bsAb v4248 as assessed by
SDS-PAGE and SEC.

[00397] When expressed using the selected DNA ratios, a number of exemplary bsAbs
still showed significant amounts of homodimer contaminants or high molecular weight
aggregates, as seen in the SEC chromatogram of the protein A purified material (Figure 12A).
However, as shown for v4248 high product purity fractions can be and were collected from
the SEC purification step and the heterodimer purity typically improved to 80 to 95%, as
estimated by the post-protein A post SEC SDS-PAGE (Figure 12B). The purity was also
confirmed by ultra performance liquid chromatography-size exclusion chromatography
(UPLC-SEC) and mass spectroscopy (results not shown).

[00398] These results demonstrate that the exemplary bsAbs, and afucosylated versions of
these bsAbs, can be expressed and purified using standard procedures employed for the 1gG
platform.
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Example 10; L arge scale production (up to 25L) of exemplary bsAb

[00399] The exemplary bsAb v4248 was expressed in up to 25 L of transient CHO cell
cultures to assess the production scalability and the large scale manufacturability. Expression
and purification of the antibody was performed using the methods described above.

[00400] In atypical 25 L production, the yield of the exemplary bsAb v4248 after protein
A and SEC purification was 10.8 mg/L, and the heterodimer purity was 94%. There was no
loss intitre or difference in heterodimer purity compared to smaller scale expressions (50 ml
or less).

[00401] The production data of the exemplary v4248 demonstrated the successful
scalahility and the application to large scale manufacturing amenable totypical 1gG platform
purification methods.

Example 11; Conjugation of anti-HER2-HER3 bsAb to atoxic drug payload to
generate an ADC

[00402] Exemplary bsAb v4248 was conjugated as an antibody-drug conjugate (ADC)
using a one-step procedure.

[00403] Conjugation was performed as follows. The starting protein sample was first
buffer exchanged into 50 mM potassium phosphate pH 6.5, 50 mM NaCl and 2 mM EDTA
using aPD-10 column, and adjusted to 10 mg/ml. A 10 mM solution of SMCC-DM1
dissolved in dimethylacetamide (DMA) was then added to 7.5 molar equivalents of the
protein sample. DMA was further added to afina concentration of 10% v/v and the sample
was mixed briefly. The reaction solution was incubated a 25°C overnight with mixing. The
reaction was monitored by determining the proportion of unconjugated protein sample by
(hydrophobic interaction chromatography-high performance liquid chromatography) HIC-
HPLC, and SMCC-DM1 was added in small increments until the amount of unconjugated
sample was less than 5%. The product was then buffer exchanged into 20 mM sodium
succinate pH 5.0 using a PD-10 column, and the protein concentration and drug-to-antibody
ratio (DAR) were determined based on the absorbance at 252 and 280 nm. The buffer was
adjusted to afinal composition of 20 MM sodium succinate, 6% wi/v trehalose and 0.02% w/v
polysorbate 20, pH 5.0. High performance liquid chromatography-size exclusion
chromatography (HPLC-SEC) was performed to identify any high molecular weight
aggregate, which was purified out by SEC if it constituted more than 5% of the total protein

content.
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[00404] Figure 13 shows the SEC profiles of exemplary bsAbs a different stages of ADC
conjugation. Figure 13A shows the SEC profiles of v4248 and v6362 before and after
conjugation to DM1. Figure 13B shows UPLC-SEC of v6362 purified by SEC.

[00405] The exemplary bsAb v4248 was conjugated to SMCC-DM1 successfully, both at
asmall and large scale using 2 to 150 mg of starting protein. The initial total protein
recovery, after the conjugation reaction and workup, was typically between 50 and 70%.
Although v6362 typically contained 10-20% of high molecular weight (HMW) contaminants,
a subsequent SEC purification successfully removed the impurities to recover absADCs
sample of approximately 94% purity. The DAR of v6362 atypical conjugation is between 3.5
and 4.2, which is comparable tothe DAR of 3.5 reported for asimilar ADC such as
Trastuzumab-DM 1.

[00406] These results demonstrate that the exemplary bsAb can be successfully
derivatized into an ADC using a one-step DM1 conjugation procedure. Subsequent
purification of the ADC was also successful using a standard purification method. The

process is also amenable to scale up.

Example 12; Stability of anti-HER2-HER3 bsAb and bsADC

[00407] Differential scanning calorimetry (DSC) was performed to assess the stahility of
the antibody variants based on the melting temperature.

[00408] In brief, the DSC analysis was performed in the MicroCa™ VP-Capillary DSC
(GE Healthcare) using 0.4 ml of purified protein adjusted to a concentration of 0.2 to 0.4
mg/ml in PBS. At the start of each DSC run, 5 buffer blank injections were performed to
stabilize the baseline, and abuffer injection was placed before each sample injection for
referencing. Each sample was scanned from 20 to 100°C at a 60°C/hr rate, with low
feedback, 8 sec filter, 5 min preTstat, and 70 psi nitrogen pressure. The sample thermograms
were referenced and analyzed using Origin 7 software.

[00409] Thermograms for exemplary variants v7186, 4248, and 6362 are shown in Figure
14A and Figure 14B. The thermograms for v7186 and its corresponding one-armed antibody
(OAA) controls v7188 and v879, were used to identify the melting temperatures (T,,) of
constituent domains with peaks at 64, 67 and 78°C, likely corresponding to the CH2, scFv
and Fab domains respectively. The melting of the CH3 domain is presumed to be buried
within the first peak in the 60-70°C region because of the mutations present in the particular
heterodimeric Fc of v7186.
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[00410] A comparison of the thermograms of bsAb v4248 and its corresponding bsADC
v6362 shows that conjugation of the bsAb did not result in any significant stability loss. The
TS appear to have decreased only dlightly, from 68 and 80°C in v4248 to 66 and 78°C in
v6362.

[00411] Overall, these results demonstrate that combining the individual antigen-binding
domains onto abi-specific antibody format does not significantly impact their inherent
stability. In addition, antibodies in this bi-specific format can be conjugated to atoxin without
significant impact on stability.

Example 13; Exemplary bsAb binds human FcyRs by SPR.

[00412] The binding affinity of exemplary antibodies to several human FcyRs was
measured by surface plasmon resonance (SPR) using the ProteOn™ XPR36 system from
Bio-Rad, in order to demonstrate the FcyR binding capabilities of regular and afucosylated
bsAbs.

[00413] HER2 (in 10 mM HEPES pH 6.8) was immobilized on CM5 chip through amine
coupling until 3000 RU was reached. Exemplary HER2-binding antibody variants were
subsequently captured on the HER2 surface at 300 RU. Running buffer and the surfactant
was maintained at pH 6.8. Purified analyte FcyRs were diluted in its running buffer and
injected a aflow rate of 20-30 pi/min for 2 minutes, followed by dissociation for another 4
minutes. Five two-fold serial dilutions of each analyte beginning at 20 nM were analyzed in
triplicate. Sensograms were fit globally to a 1: 1 Langmuir binding model. All experiments
were conducted a room temperature. The results are shown in Figure 15.

[00414] Among the antibody-FcyR binding pairs tested, there was no major difference
(within approximately 2-fold) between the dissociation constants (K ;) of the exemplary
bsAbs and that of the monospecific controls. For example, the FcyR 3aF k p of v4248 and
v506 were 3.2* 107 and 6.7* 107, respectively. The observed ca. two-fold increase in binding
affinity in FcyR 3aV when compared to 3aF is consistent with literature data. The k p of other
FcyRs were also similar to values reported in the literature.

[00415] For the afucosylated v4248, the same binding affinity relationships were
observed. Moreover, when compared with the regular, non-afucosylated, bsAb v4248, the
binding affinity to FcyR 3aF and 3aV was improved by approximately 10-fold, which is
expected based on literature data.
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[00416] Together, these results demonstrate that bsAb v4248 exhibit FcyR binding
affinities similar to an antibody that bears aWT IgGI Fc. The bsAb istherefore expected to
be equally competent in mediating effector mediated cytotoxic function compared to that of a
regular antibody. Additionally, the afucosylated bsAb v7186 shows the expected increase in
FcyR 3aF and 3aV binding affinity, and is anticipated to trandate into an enhancement in
effector mediated function based.

Example 14; Exemplary bsAb exhibited higher Bmax than monospecific bivalent
antibody in human tumor cells expressing different levels of target antigens.

[00417] The binding of the exemplary bsAb v4248 to different human tumor cell lines
expressing varying levels of HER2 and HER3 was assessed by flow cytometry, and
compared with the parental monospecific bivalent antibody control v506. The origin and
receptor expression levels of the tested cell lines, BT-474, SKOV3, IMT1, MDA-MB-231
and MCF7, are described in Table Al.

[00418]  Cells were washed with PBS and resuspended in DMEM at IxIO5cells/ 100 pi.
The cell suspension (100 pi) was added to microcentrifuge tubes, followed by 10 pi of the
antibody variants in arange of final concentrations. The tubes were then incubated for 2 hr at
4°C on arotator. The tubes were centrifuged for 2 min 2000 RPM & room temperature and
the cell pellets washed with 500 pi media. Each cell pellet was resuspended in 100 pi of
fluorophore-labeled secondary antibody diluted in mediato 2 ug/sample. The samples were
then incubated for 1hr a 4°C on arotator. After incubation, the cells were centrifuged for 2
min at 2000 rpm, supernatant removed and cell pellet washed in media. The cells were
resuspended in 500 ui media, filtered (to remove large cell clumps) into atube containing 5
i propidium iodide (PI), and analyzed on aBD™ LSR Il flow cytometer according to the
manufacturer's instructions.

[00419] Binding parameters maximal binding (Bmax) representing the number of
antibody molecules bound per cell, and K, the dissociation constant representing the half-
saturation antibody concentration, were generated by curve fitting of the data using GraphPad
Prism. Table 3 summarizes the binding of exemplary bsAb of v4248 to several human tumor

cell lines expressing different levels of HER2 and HER3.
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Table 3:Binding of v4248 to various cell lines

BT-474 | SKOV3 | JIMT1 | MDA-MB-231

Bmax 34000 | 28700 | 6262 | 2930

Bmax 104000 | 39600 | 8390 | 5960
KD 36 14 13 24
Bmax fold difference | 3.06 1.38 1.34 2.03

[00420] Bmax was reported as arbitrary unit median fluorescence intensity (MFI), which
may vary with different instrument settings. KD is the apparent dissociation constant in nM.
[00421] Figure 16 depicts representative FACS binding curves of exemplary bsAb v4248
in several human cancer cell lines expressing different levels of HER2 and HER3.

[00422] The exemplary bsAb v4248 showed increased Bmax in BT-474 cells compared to
the monospecific bivalent control v506. Additionally, this increased cellular decoration
property is consistently observed across different human tumor cells expressing different
levels of HER2 and HERS, although the Bmax fold difference shows some variability. For
example, in the low HER2 expressing MDA-MB-231, v4248 demonstrated significantly
higher Bmax when compared to the monospecific bivalent antibody v506 which shares the
same anti-HER2 binding domain. The increased Bmax between the bsAb v4248 and v506
was also observed in IMT1 and SKOV 3.

[00423] In summary, the exemplary bsAb v4248 showed higher cellular decoration
compared to a monospecific bivalent antibody control in anumber of human tumour cell
lines expressing varying levels of HER2 and HERS target receptors. A higher level of cell
binding is expected to better potentiate effector mediated killing of target cells.

Example 15; bsADC show similar human cancer cell binding to parental bsAb.

[00424] The ability of bsADC v6362 to bind to cells was assessed in order to determine if
there was any impact of conjugation on target antigen binding. The experiment was carried
out as described in Example 14.

[00425] Figure 17 depicts the binding of bsAb v4248 and its corresponding bsADC v6362

to the human ovarian cancer cell SKOV3.
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[00426] In SKOV3 cdlls, v4248 and v6362 had a similar Bmax, but the ADC had higher
apparent affinity. This result demonstrates that conjugation of the bsAb does not result in any
adverse impact on its antigen binding capabilities, and the bsADC is expected to be equally
capable of binding target human tumour cells compared to the originating bsAb.

Example 16; Exemplary anti-HER2-HER3 bsAb displayed increased ADCC of
human tumour cells over anti-HER2 monospecific bivalent antibodies.

[00427] The ahility of bsAbs 4248 and 7186 to mediate ADCC compared against
monospecific bivalent anti-HER2 control antibodies in human tumour cell lines SK-BR-3,
JMTI, SKOV3 and MDA-MB-23 1was measured, as described below. The control antibody
Herceptin™ was purchased from Roche.

[00428] Target cells (5,000 to 10,000 cells, in 50 pi) were seeded to each well of a 96-
well plate, and the following day antibody was added to final concentrations ranging from 3
pM to 300 nM, distributed evenly on the logarithmic scale. After a 30 min incubation the
effector cells were added at different E:T ratios. For human PBMC effector cells, the fina
E:T ratio was 25: 1. For effector NK92 cells expressing the human FcRy3a (158V/V), the E:T
ratio was 5:1 or 1:1. The plate was then gently mixed by cross shaking and further incubated
a 37°C/ 5% CO , for 6 hr.

[00429] The percentage of cells lysed was determined by measuring the amount of LDH
released into the supernatant using the LDH kit and Flexstation 3. The absorbance values a
492 nm were all background-subtracted with those a 650 nm. The calculation of the results

was as shown below and the dose response curve parameters were fitted in Graphpad Prism:
% cell lysis = 100% x (ODsample - ODnonspecific) / (ODmax - ODmin)

[00430] where: OD
ODnnyp.dfi; corresponds to the readout in the LDH assay when the target cells were incubated

sample COrTESPONds to the background subtracted value of the sample;
with the effector cells, without other treatment; OD ., corresponds to the maximum amount
of target cell lysed. This readout was generated by adding 1% Triton X-100 to the target cells,
incubated with antibody but without effector cells, OD i, corresponds to the minimum
amount of target cell lysed, in which the target cells were incubated in the assay buffer
without effector cells and antibody.

[00431] The results of this assay are shown in Figures 18A-D.
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[00432] Asshown in Figure 18A, in SK-BR-3 cells (HER2 3+), v4248 showed a similar
efficacy and potency compared to the control antibody v506

[00433] Figure 18B shows the ability of v4248 to mediate ADCC in JMT 1 (HER2 mid)
cells, compared to the control antibody v506. The results demonstrated that in medium HER2
expressing cells, bsAb v4248 could mediate higher ADCC efficacy than the monospecific
bivalent anti-HER2 control. The potencies between the bsAb and control are similar.
[00434] Asshown in Figure 18C, in SKOV 3 cells, the exemplary bsAb v4248 showed a
similar potency (based on the EC50 representing the antibody concentration that mediates
half maximal % cell lysis), but a considerably higher max % cell lysis (approximately 1.6
fold) compared to the monospecific bivalent anti-HER2 control, v506.

[00435] To investigate the effects of afucosylation, the fully afucosylated bsAb v7186
showed a 1.5 fold higher max % cell lysis than Herceptin™ in MDA-MB-231, as shown in
Figure 18D, demonstrating that the exemplary bsAb can be produced as an afucosylated
antibody to further enhance its ADCC efficacy and potency (as seen by the 9 fold
improvement in EC50) on target cancer cells.

[00436] In summary, the results demonstrate that bsAb show an increase maximum level
of ADCC cell lysis over that of aparental monospecific bivalent antibodies. This increase is
consistent with the increase in cell binding (i.e. Bmax or cellular decoration). Moreover, the
bsAbs can be produced in the afucosylated form to further increase the efficacy and potency
of effector mediated function such as ADCC. The data demonstrates that bsAbs are capable
of mediating enhanced efficacy in killing target tumour cells.

Example 17; Exemplary anti-HER2-HER3 bsAbs inhibit in vitro HER2 3+
human breast tumor cell growth

[00437] The ability of the exemplary anti-HER2-HER3 bsAbs to inhibit the growth of
HER2 3+ human breast cancer cell line BT-474 was assessed as below. The addition of
exogenous heregulin was tested to determine the ability of these bsAbs to neutralize the
growth stimulatory effects of heregulin.

[00438] Each well of a 96-well plate was seeded with 4000 cells. Antibodies were added
to final concentrations of up to 300 nM, in the absence or presence of 5 nM heregulin (with 1
hr pre-incubation of antibodies). The experiment was performed in triplicate. The final assay
volume of the growth medium was 200 pL, and the 96-well plate was incubated 37°C for 6
days. Media was removed from the plate, and 50 uL. PBS was added to each well. The cell

viability was then detected by Sulforhodamine B following the manufacturers instructions.
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The absorbance was read by aplate reader and the percentage of cell growth relative to the
untreated control was calculated by:

% cell growth = 100% x (RLUsample)/(RLUuntreated)

[00439] Figure 19 shows the effects of exemplary bsAbs and controls on the viability of
human breast cancer cells BT-474 relative to the untreated cells, in the absence (A) and
presence (B) of heregulin.

[00440] Since HER2 and HER3 form a cognate receptor pair responsible for cell
stimulation, there is apossibility for the bsAbs to crosslink these receptors in an undesired
manner, leading to the activation of growth promoting signaling cascade.

[00441] Indeed, the exemplary bsAbs showed very different effects on BT-474 cell
viability. For v880, a36% increase in cell viability was observed, which sharply contrasts
with MM-1 11which reportedly inhibits cancer cell growth. Since they share the same HER2
and HER3 binding domains, the growth stimulation of v880 likely results from its unique
way of crosslinking HER2 and HER3 on the cell surface. In comparison, v4248 which shares
the same HER3 binding domain as v880, showed slight growth inhibition of approximately 5-
17%. This is aso very different from its corresponding monospecific anti-HER2 controls
(v506 and vI040) which significantly inhibited BT-474 cell growth. These results highlight
that anti-HER2-HERS bsAbs exhibit distinct growth inhibition profiles.

[00442] The ability for bsAbs to neutralize the heregulin stimulated cell growth was aso
investigated. In the untreated control, heregulin stimulated BT-474 growth by approximately
38%. When the BT-474 cells were treated with antibodies, different dose response profiles
were also observed. The bsAb v880 did not neutralize heregulin stimulated cell growth, as
with the other monospecific control antibodies. In contrast, v4248 significantly neutralized
the stimulatory effects of heregulin down to 11%. Similarly to the case described above, the
ability of bsAbs to neutralize heregulin is not obvious based on its composition.

[00443] In summary, exemplary anti-HER2-HER3 bsAbs have different growth
inhibition/stimulation effects on cancer cell growth.

Example 18; Exemplary bsAbs showed higher internalization vs. controls and
changed the level of surface receptors displayed in human cancer cell lines

[00444]  Aninternalization assay was performed to determine the level of bsAb uptake in

different cancer cell lines. Changes in the level of cell surface binding were also assessed,
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which may relate to the up- or down-regulation of target receptors induced by incubating the
antibodies with the human tumour cells BT-474, IMT1 and SKOV3.

[00445] The experiment was based on the methods reported by Schmidt, M. et al,
Kinetics of anti-carcinoembryonic antigen antibody internalization: effects of affinity,
bivalency, and stability. Cancer Immunol Immunother (2008) 57:1879-1890, which involved
directly labeling the bsAb using the AlexaFluor® 488 Protein Labeling Kit (Invitrogen, cat.
no. A10235), following the manufacturer's instructions.

[00446] In brief, 12-well plates were seeded with IxIO ° cells’well and incubated
overnight a 37°C/ 5% CO,. The following day, the labeled antibodies were added to the
desired final concentration (e.g. 200 nM) in DMEM + 10% FBS and the plates were
incubated for 24 hours a 37°C/ 5% CO,,. In the dark, media was aspirated and wells were
washed twice with 500 pL PBS. To harvest cells, cell dissociation solution (Sigma) was
added (250 uL ) at 37°C. Cells were pelleted and resuspended in 100 pi. DMEM + 10% FBS
without or with anti-Alexa Fluor 488, rabbit 1gG fraction (Molecular Probes, Al 1094, lot
121471 1) at 50 pg/mL, and incubated on ice for 30 min. Prior to analysis, 300 uL of the cell
suspension was filtered, and 4 pi propidium iodide was added. Samples were analyzed using
the LSRII flow cytometer. In some cases, aparallel cell binding experiment was performed at
4°C, inwhich internalization is not expected to occur a any significant rate in order to
approximate to.

[00447] For each bsAb, the MFI of cells was measured by FACS. Internalization was
determined by comparing the bound the labeled antibody incubated a either 4°C or 37°C,
being either quenched (Q) or unquenched (U) by the anti-Alexa Fluor 488 antibody. The
initial receptor level (Si), final receptor level (S;) and amount of antibody internalized (1)

were calculated as follows:

quenching efficiency = QE = 1- (Q4/U4)
initial surface receptor level = Si = U4
final surface receptor level = Sf = (U37 - Q37) / QE

antibody internalization/accumulation =1 =U37 - &

[00448] The results are shown in Figure 20 A) BT-474; B) JIMT 1; and C) SKOV 3.

[00449] In the tested human cancer cell lines, the exemplary bsAb v4248 showed

increased internalization compared to its corresponding monospecific bivalent anti-HER2

control antibody v506. In addition, v4248 showed a considerably higher cellular surface
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decoration a the 37°C 24 hr time point. In BT-474 and JIMT1, the higher cellular decoration
is contributed by an increase in decoration, aswell as a decrease in decoration of v506, over
the 24 hr incubation period.

[00450] In summary, many exemplary bsAb antibodies displayed significantly higher
internalization compared to the control, potentially implicating an increased potency and/or
efficacy of the bsAb as an antibody-drug conjugate (ADC). An increase in cellular decoration
over time may also implicate higher efficacy in targeting cancer cells for killing or inhibition
via different mechanisms of action such as ADCC. These results provide a means to select a
bsADC, which would require higher levels of internalization than the monospecific
comparators, aswell as favourable growth inhibition and growth factor neutralization

properties.

Example 19; Cdlular staining and localization of exemplary bsAb v4248 in
trastuzumab resistant human breast cancer cell line

[00451] Confoca microscopy was performed to visualize internalization of an exemplary
bsAb in JIMT1 cells expressing the target receptors, providing details of antibody
localization within target tumour cells.

[00452] The target cells were incubated with 200 nM antibody in serum-free DMEM,
37°C + 5% CO, for a defined duration. The cells were gently washed twice with warm sterile
PBS (500 pi/well), and fixed with 250 pi of 10% formalin/PBS solution for 10 min a room
temperature. The fixed cells were washed three times with PBS (500 pi/well), permeabilized
with 250 pi/well of PBS containing 0.2%Triton X-100 for 5 min, and washed three times
with 500 pi/well PBS. Cells were blocked with 500 pi/well of PBS + 5% goat serum for 1hr
a room temperature. Blocking buffer was removed, and 300 pi/well of secondary antibody
(Alexa Fluor 488-conjugated AffiniPure Fab Fragment Goat anti-Human 1gG (H+L); Jackson
ImmunoResearch Laboratories, Inc.; 109-547-003) was added and incubated for 1hr at room
temperature. The cells were washed three times with 500 pi/well of PBS and the coverslips
containing fixed cells were then mounted on aslide using Prolong gold anti-fade with DAPI
(Life Technologies; #P36931). 60X single images were acquired using Olympus FV 1000
Confoca microscope.

[00453] The results are shown in Figure 21.

[00454] The exemplary bsAb v4248 showed significant binding to JIMT1 at all tested
incubation times (1, 3 and 24 hr). Antibody signal was present on the cell surface membrane

and there was also diffuse cytoplasmic presence. Punctation was also observed, and appeared
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most prominent a the 3 hr time point. In contrast, the monospecific bivalent anti-HER2
antibody control v506 showed arelatively lower membranous signal, but punctation and
diffuse cytoplasmic presence was aso prominent a the early 1hr and 3 hr time points. Little
signal was detected after 24 hr of incubation.

[00455] These results are largely consistent with the alternate detection method described
in Example 18 in which there was an increase in surface and internal localization of the
antibody in the cell. The exemplary molecules demonstrated cellular internalization into

cancer cells in multiple aternative assays.

Example 20; Exemplary bsADC v6362 inhibited growth of human tumor cancer
cell

[00456]  Anin vitro growth inhibition assay was performed using the bsADC v6362 to
determine its potency and efficacy in killing or inhibiting growth of the cancer cell lines
SKOV3, IMTI, and MDA-MB-231. The cells were treated, and cell viability measurements
were made in the same manner as for the growth inhibition assay described in Example 17.
[00457] The results are shown in Figure 22A (SKOV 3 cells), Figure 22B (JMTI cells)
and Figure 22C (MDA-MB-231 cells).

[00458] In SKOV3 and JIMTI cells, bsADC v6362 appeared indistinguishable from
monospecific bivalent control ADC v6246, and displayed a significantly improved potency
compared to nonspecific control ADC v6249. In MDA-MB-23 1 cells, both bsADCs v6362
and ADC v6246 showed similarly low potency being rather similar to the nonspecific control
ADC v6249.

[00459] These results confirmed that v6362 is active and is consistent with the fact that
the bsAb is being internalized. Additionally, the similarity between v6362 and v6246 is in
agreement with the assay condition which is performed in the absence of heregulin leading to
receptor heterodimerization. The bsADC v6362 is expected to differentiate from v6246

showing enhanced potency in the presence of exogenous heregulin.

Example 21; Growth inhibition of HER2 3+ human breast cancer cells by
bsADC isnot reduced when the cells are stimulated by exogenous growth factors

[00460] Under the stimulation of exogenous growth factors some human cancer cells may
become more resistant to the treatment with ADCs, as with BT-474 cells when stimulated
exogenoudly in vitro by heregulin (Lewis Phillips et a, Clin Cancer Res 2014 20; 456). The
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growth inhibition property of exemplary bsADC v6362 in HER2 3+ human breast cancer cell
BT-474 was assessed in the presence and absence of growth factors.

[00461] The growth inhibition assay was performed as described in Example 17. In brief,
the cells were incubated with varying concentrations of bsADC for 5 days, under the absence
of growth factors or presence of 10 nM EGF or 15 nM heregulin.

[00462] Figure 23 shows the dose response of exemplary bsADC in the absence of
exogenous growth factors or presence of EGF or heregulin.

[00463] In BT-474, the growth inhibition potency and efficacy of bsADC v6362 was not
reduced by the addition of EGF or heregulin. This is consistent with the ability for the
corresponding unconjugated bsAb v4248 to neutralize heregulin's growth stimulatory effects
in BT-474.

[00464] These results demonstrate that the growth inhibition potency and efficacy of the
exemplary bsAb are not affected by exogenous growth factor stimulation.

Example 22; Exemplary bsAb and bsADC neutralized heregulin stimulated
growth of HER2 3+ human gastric cancer cell in vitro

[00465] The ability of the exemplary anti-HER2-HER3 bsAb and bsADC to neutralize the
growth stimulation of exogenous heregulin on aHER2 3+ human gastric cell line was
assessed as below.

[00466] The growth inhibition assay was performed similarly to that described above.
NCI-N87 cells were plated at 5000 cells/well on a96-well plate. Cells were first incubated in
serum free media containing 1% BSA for 6 hours, antibodies were then added at final
concentrations of 100 nM, incubated for 15 minutes, before 5 nM heregulin was added. The
experiment was performed in triplicate. The 96-well plate was incubated 37°C for 5 days.
Cell viability was assessed by using PrestoBlue following the manufacturers instructions.
[00467] Figure 24 shows the growth inhibition properties of exemplary bsAb v4248 and
bsADC v6362 in aHER2 3+ gastric cancer cell line NCI-N87 in the presence of 5nM
heregulin.

[00468] NCI-N87 cells showed 73% increase in cell viability when stimulated by 5 nM
heregulin. This growth stimulation effect was neutralized by an anti-HER2-HERS control
bsAb vI087, suppressing the heregulin stimulation effect to a 56% increase in cell viability.
The monospecific anti-HER2 control v506 alone inhibited cell viability by 29%, which when
combined with vi087 did not show further growth inhibition effects. In comparison, the

exemplary bsAb v4248 also neutralized the growth stimulation effects of heregulin, reducing
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the cell viability stimulation to 19%. Moreover, the corresponding bsADC v6362 further
inhibited cell viability by 70% compared to the untreated heregulin-free control, or 83%
compared to the untreated heregulin-stimulated control.

[00469] These results demonstrate that the exemplary bsAb and bsADC are capable of
neutralizing the growth stimulatory effects of heregulin, inhibiting growth of adifferent
human cancer cell line such as the HER2 3+ gastric cancer cells NCI-N87. The heregulin
neutralization effect was considerably different from the control anti-HER2-HERS3 bsAb,

presumably because of a different binding geometry and epitope.

Example 23; I n vitro human Cardiomyocyte toxicity assays of bsAbs

[00470] Clinicaly, trastuzumab treatment is associated with cardiac dysfunction in 2-7%
of cases. The risk of cardiomyopathy is increased when the treatment is combined with
anthracycline chemotherapy such as doxorubicin, which by itself is also cardiotoxic. A
growth inhibition assay was therefore performed on cardiomyocytes to identify potentially
worse toxicity effects caused by bsAbs, which also target HER2.

[00471] The assay was performed in iCell™ (CellularDynamics) a manner similar to that
of the already described growth inhibition assay. In brief, the cells were seeded into 96-well
plates a 20,000 cells/well and maintained for 48 hr. The cell medium was then replaced with
maintenance media and maintained for 72 hr. The cells were treated with 100 nM of
exemplary variants, with or without 1 uM doxorubicin for 72 hr. Cell viability was assessed
using AlamarBlue or Sulforhodamine B following the manufacturers instructions.

[00472] The results are shown in Figure 25.

[00473] In the absence of doxorubicin, the exemplary bsAbs v4248 had no significant
impact on the viability of iCells™, aswith the monospecific control antibodies. Note that the
apparent increase in iCell™ viability in the AlamarBlue™ assay for vi040 was not observed
in other repeats (data not shown). In the presence of 1uM doxorubicin, there was generally a
small reduction in iCell™ viability, which was seemed to be more apparent in the
AlamarBlue™ detection method (approximately 10 to 15%) than in the Sulforhodamine B
method. However, the iCell ™ viability upon bsAb treatment, +/- doxorubicin, was not
significantly different from those of the monospecific control antibodies.

[00474] The exemplary bsAb v4248 showed similar profile as the controls v506 and
vl040. These results demonstrate that the tested bsAbs show atoxicity profile comparable to

parental monospecific bivalent and monovalent antibodies.
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Example 24; Anti-tumor activity of an anti-Her2 and anti-Her 3 bi-specific
antibody drug conjugate (bsADC) in atrastuzumab resistant inflammatory
breast cancer (T226) human patient-derived xenograft model

[00475] This in vivo experiment was aimed a determining the tumour growth inhibition
efficacy of the bsADCs compared to monospecific antibody controls. The trastuzumab and
chemotherapy resistant T226 xenograft model was derived from a HER2*+, HER3*, HRGH,
EGFR* primary breast cancer with an inflammatory phenotype and was used to assess the
anti-tumour efficacy of an exemplary anti-HER2-HER3 bsADC.

[00476] Female athymic nude mice were inoculated with the tumor viathe insertion of a
20 mm3 tumour fragment subcutaneously. Tumours were monitored until they reached an
average volume of 100mms3; animals were then randomized into 4 treatment groups: 1gG
control (n=14), v506; n=13, v6246; n=16, v6362; n=16. Dosing for each group is as follows:
[00477]  A) 1gG control (v6908) was dosed intravenously with aloading dose of 15 mg/kg
on study day 1and maintenance doses of 10 mg/kg administered on study days 4, 8, 11, 15,
18, 22, and 25

[00478] B) v506 was dosed intravenously with aloading dose of 15 mg/kg on study day 1
and maintenance doses of 10 mg/kg administered on study days 4, 8, 11, 15, 18, 22, and 25
[00479] C) v6246 was dosed intravenously with 5 mg/kg on study days 1and 15

[00480] D) v6362 was dosed intravenously with 5 mg/kg on study days 1and 15.

[00481]  Animals were weighed twice weekly during the experimental period. Tumor
volume was evaluated by measuring tumour diameters, with acalliper, biweekly during the
treatment period and once aweek during the follow-up period. The formula TV (mm3) =
[length (mm) x width (mm)?]/2 was used, where the length and the width are the longest and
the shortest diameters of the tumour, respectively.

[00482] The results of this study are shown in Figures 26 & 27. Figure 26 shows the
inhibition of tumour growth by exemplary bsAb in T226 PDX model. Figure 27 shows a
survival plot of the mice in the T226 PDX model, using atumour volume of 2000 mms3 as
surrogate termination endpoint.

[00483]  v6362 and v6246 demonstrated superior tumour growth inhibition compared to
v506 and 1gG control. v6362 induced superior tumour growth inhibition compared to the
monospecific anti-HER2 v6246 (Figure 26 and Table 4) in the trastuzumab resistant T226
human breast cancer xenograft model.

[00484]  v6362 and v6246 prolonged survival compared to v506 and 1gG control. The

exemplary v6362 induced superior survival compared to v6246. In addition, v6362 was
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associated with an increase in the number of tumours showing complete responses (more than
a 10% decrease below baseline), 6 and 1respectively (Figure 27 and Table 6). Tumour

volume of greater than 2,000 mm3 was the surrogate survival endpoint.

[00485] N o significant decrease in body weight relative to baseline was observed
following dosing with v6246 or v6362.
[00486] In summary, this study demonstrated the bsADCs superior tumour growth

inhibition efficacy in axenograft model, compared to arelated monospecific bivalent
antibody drug conjugate. The administration of bsADCs can also lead to better survival based
on the tumour volume endpoint cutoff as surrogate measurement. The anti-tumour efficacy of
the bsADCs in the T226 suggests apotentia clinical utility in the treatment of inflammatory
breast cancer and/or HER2+, HER3+, HRG+, EGFR+ cancers.

Table 4: Day 31 statistics of tumour growth inhibition in the T226 PDX model

Day 31 IgG v506 v6246 v6362
Final day of trastuzumab (n=14) (n=13) (n=16) (n=16)
reporting

Mean TV 1797 1611 422 216
(mm3) (% change from (+1728%) (+1573) (+332%) (+122%)
Baseline)

% TGI (vs. hIgG) 0% 11% 77% 88%
Complete response 0/13 0/14 1/16 6/16
(>10% baseline regression)

Mean serum concentration na 128 15.26 39.5
(ug/ml) (day 7)

TV: Tumour volume

Table 5- Day 58 statistics of tumour growth inhibition in the T226 PDX model:

Day 58 V6246 V6362

Final day of T-DMI

reporting

Mean TV 1679 (1616%) 897 (+1167%)

(mm3) (% change from
Basdline)
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% TGI (vs. v6246) 0% 47%

Median Survival (days) 56.5 undefined

TV: Tumour volume

Example 25; Anti-tumor activity of an anti-Her2 and anti-Her 3 bi-specific
antibody drug conjugate (bsADC) in the T226 PDX model with acquired HER?2
antibody resistance

[00487] This in vivo experiment was aimed a determining the tumour growth inhibition
efficacy of the bsADCs in amodel of acquired anti-HER2 resistance. The trastuzumab and
chemotherapy resistant T226 xenograft model was derived from a HER2*+, HER3*, HRGH,
EGFR primary breast cancer with an inflammatory phenotype and was used to assess the
anti-tumour efficacy of an exemplary anti-HER2-HER3 bsADC.

[00488] Female athymic nude mice were inoculated with the tumor viathe insertion of a
20 mm3 tumour fragment subcutaneously. Tumours were monitored until they reached an
average volume of 100mms3; animals were then randomized into 3 treatment groups: 1gG
control (n=14), v506; n=13, and an anti-HER2 mAb acquired resistance group. Dosing for
each group is as follows:

[00489]  A) IgG control (v6908) was dosed intravenously with aloading dose of 15 mg/kg
on study day 1and maintenance doses of 10 mg/kg administered on study days 4, 8, 11, 15,
18, 22, and 25

[00490] B) v506 was dosed intravenously with aloading dose of 15 mg/kg on study day 1
and maintenance doses of 10 mg/kg administered on study days 4, 8, 11, 15, 18, 22, and 25
[00491] C) The HER2 converted group was dosed intravenously with an anti-HER2
therapy with a 15 mg/kg loading dose on day 1 and maintenance doses of 10 mg/kg on days
4, 8, 11, and 15. When the tumours failed to respond to therapy the animals received a 10
mg/kg dose of v6362 on days 20, 34, 41, 48, and 55 and received a5 mg/kg dose on study
day 27.

[00492]  Animals were weighed twice weekly during the experimental period. Tumor
volume was evaluated by measuring tumour diameters, with acalliper, biweekly during the
treatment period and once aweek during the follow-up period. The formula TV (mm3) =
[length (mm) x width (mm)?]/2 was used, where the length and the width are the longest and
the shortest diameters of the tumour, respectively.
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[00493] The results of this study are shown in Figure 28. Figure 28 shows the regression
of tumour growth by exemplary bsAb in T226 PDX model, converted from an animal group
that was not responsive to an initial anti-HER2 treatment.

[00494]  v6362 demonstrated tumor regression when dosed in animals not responding to
an anti-HER?2 therapy (dose conversion). On study day 62 the group receiving v6362
regressed the tumour volume from the day of conversion by 62% while animals receiving
1gG control or v506 rapidly progressed and were terminated by day 35 (Figure 28).

[00495] In summary, this study demonstrated the ability of bsADCs to cause tumour
regression when the tumour failed to respond to earlier treatment(s) and were significantly
advanced in growth. The anti-tumour efficacy of the bsADCs in the T226 suggests a
potential clinical utility in the treatment of advanced inflammatory breast cancer and/or
HER2+, HER3+, HRG+, EGFR+ cancers that are non-responsive to conventiona anti-HER2

antibodies.

Table 6 - Statistics of tumour regression in the T226 PDX anti-HER2 acquired resistance
model

aHER? - Day1 aHER?2 — Day 20 v6362 — Day 62
Mean TV (mm3) 96 768 290
% Change from Day | +0% +697% +202%
1 baseline
% Change from Day | na +0% -62%
20 baseline

TV: Tumour volume

Example 26; Anti-tumor activity of an anti-Her2 and anti-Her 3 bi-specific
antibody drug conjugate (bsADC) in an invasive ductal breast carcinoma
(HBCx-13b) patient-derived xenograft model

[00496] This in vivo experiment was aimed a determining the tumour growth inhibition
efficacy of the bsADCs compared to monospecific antibody controls. The trastuzumab and
chemotherapy resistant HBCx-13b xenograft model was derived from a HER2*+, HER3+,
HRG+ metastatic lesion of an invasive ductal carcinoma of the breast and was used to assess
the anti-tumour efficacy of v6362.

[00497] Female athymic nude mice were inoculated with the tumour viathe insertion of a

20 mm3 tumor fragment subcutaneously. Tumours were monitored until they reached an
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average volume of 100 mm3; animals were then randomized into 3 treatment groups: v506;
n=7, v6246; n=7, and v6362; n=6. Dosing for each group was as follows:

[00498] A)v506 was dosed intravenously with aloading dose of 15 mg/kg on study day 1
and maintenance doses of 10 mg/kg administered on study days 4, 8, 11, 15, 18, 22, and 25
[00499] B) v6246 was dosed intravenously with aloading dose of 10 mg/kg on study day
1and amaintenance dose of 5 mg/kg on study day 22

[00500] C) v6362 was dosed intravenously with aloading dose of 10 mg/kg on study day
1and amaintenance dose of 5 mg/kg on study day 22.

[00501]  Animals were weighed twice weekly during the experimenta period. Tumor
volume was evaluated by measuring tumour diameters, with acalliper, biweekly during the
treatment period and once aweek during the follow-up period. The formula TV (mms3) =
[length (mm) x width (mm)?]/2 was used, where the length and the width are the longest and
the shortest diameters of the tumour, respectively.

[00502] The results are shown in Figure 29.

[00503]  v6362 and v6246 demonstrated superior tumour growth inhibition compared to
v506. v6362 induced superior tumour growth inhibition compared to anti-v6246. In addition,
V6362 was associated with an increase in the number of tumours showing complete responses
(more than a 10% decrease below baseline), 4 and 2 respectively, at study termination (Figure
29 and Table 7).

[00504] No significant decrease in body weight relative to baseline was observed
following dosing with v6246 or v6362.

[00505] In summary, this study demonstrated the bsSADCs superior tumour growth
inhibition efficacy in axenograft model, compared to arelated monospecific bivalent
antibody drug conjugate. The anti-tumour efficacy of the bsADCs in the HBCx-13b suggests
apotential clinical utility in the treatment of metastatic invasive ductal breast cancers and/or
HER2*+, HER3+, HRG+ cancers.

Table 7 - Statistics of tumour growth inhibition in the HBCx-13b PDX model:

Day 65 v506 (n=7) v6246 (n=7) | v6362 (n=6)
Mean TV 1591 (+1449%) | 538 (+419%) | 224 (+112%)
(mm3) (% change from Baseline)

% TGI 0% 77% 86%
Complete response 0 2/7 4/6
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(>10% baseline regression)

TV: Tumour volume

Example 27; Anti-tumor activity of an anti-Her2 and anti-Her 3 bispecific
antibody drug conjugate (bsADC) in a breast carcinoma with cachexia (HBCx-5)
patient-derived xenograft model

[00506] This in vivo experiment was aimed a determining the tumour growth inhibition
efficacy of the bsADCs compared to monospecific antibody controls. The trastuzumab and
chemotherapy resistant HBCx-5 xenograft model was derived from aHER2*+, HER3* breast
carcinoma with cachexia and was used to assess the anti-tumour efficacy of v6362.

[00507] Female athymic nude mice were inoculated with the tumour via the insertion of a
20 mm3 tumor fragment subcutaneously. Tumours were monitored until they reached an
average volume of 100 mm3; animals were then randomized into 3 treatment groups: 1gG
control, n=4; v506, n=5; and v6362; n=7. Dosing for each group was as follows:

[00508] 1gG control was dosed intravenously with aloading dose of 15 mg/kg on study
day 1and maintenance doses of 10 mg/kg administered on study days 4, 8, 11, 15, 18, 22,
and 25

[00509]  v506 was dosed intravenously with aloading dose of 15 mg/kg on study day 1
and maintenance doses of 10 mg/kg administered on study days 4, 8, 11, 15, 18, 22, and 25
[00510]  v6362 was dosed intravenously with 10 mg/kg on study days 1and 10 mg/kg (Y2
IV and 21P) on study days 15, 22, 29, 36

[00511]  Animals were weighed twice weekly during the experimental period. Tumor
volume was evaluated by measuring tumour diameters, with acalliper, biweekly during the
treatment period and once aweek during the follow-up period. The formula TV (mm3) =
[length (mm) x width (mm)?]/2 was used, where the length and the width are the longest and
the shortest diameters of the tumour, respectively.

[00512] The results are shown in Figure 30 and Table 8.

[00513]  v6362 demonstrated superior tumour growth inhibition compared to 1gG control
and v506. In addition, v6362 was associated with an increase in the number of tumours
showing responses (tumour volume less than 50% of control) compared to v506, 1and 6
respectively, on study day 43 (Figure 30 and Table 8).

[00514] No significant change in body weight relative to baseline was observed following
dosing with v6362.
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[00515] In summary, this study demonstrated the bsSADCs superior tumour growth
inhibition efficacy in axenograft model compared to the standard of care. The anti-tumour
efficacy of the bsADCs in the HBCx-5 suggests apotential clinical utility in the treatment of

HER2*+ and HER3+ breast carcinomas with cachexia.

Table 8: anti-tumor activity in HBCx-5 model

Day 43 IeG v6246 v6362
Mean TV 922 815 235
(mm3) (% change from Baseline) (+585%) (+531%) (+73%)
% TGI 0% 12% 74%
Responders 0/4 1/5 6/7
(TV<50% of control)

Body Weight - % Change from 0% +1% +4%
baseline

TV: Tumour volume

Example 28; Anti-tumor activity of an anti-Her2 and anti-Her 3 bispecific
antibody drug conjugate (bsADC) in the HBCx-13b PDX model with acquired
HER?2 antibody resistance

[00516]
efficacy of the bsADCs in amodel with acquired resistance to v6246. The trastuzumab and
chemotherapy resistant HBCx-13b xenograft model was derived from a HER2**, HER3*

This in vivo experiment was aimed a determining the tumour growth inhibition

metastatic lesion of an invasive ductal carcinoma of the breast and was used to assess the
anti-tumour efficacy of v6362.
[00517]

20 mm3 tumor fragment subcutaneously. Tumours were monitored until they reached an

Female athymic nude mice were inocul ated with the tumour viathe insertion of a

average volume of 100 mm3; animals were then randomized into 2 treatment groups 1gG
control, n=8; and v6246, n=10 which was then converted into v6362. Dosing for each group

was as follows:

[00518] 1gG control was dosed intravenously with adose of 10 mg/kg a 2qwk over 4

weeks

[00519]  v6246 was dosed intravenously with a dose of 1 mg/kg on study day 1and 15.
[00520] The v6246 group was then converted into v6362 with 10 mg/kg dose on study
day 29 and 43
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[00521]  Animals were weighed twice weekly during the experimental period. Tumor
volume was evaluated by measuring tumour diameters, with acalliper, biweekly during the
treatment period and once aweek during the follow-up period. The formula TV (mms3) =
[length (mm) x width (mm)?]/2 was used, where the length and the width are the longest and
the shortest diameters of the tumour, respectively.

[00522] The results are shown in Figure 31and Table 9

[00523]  v6362 demonstrated tumor regression when dosed in animals not responding to
v6246 therapy (dose conversion). On study day 53 the group receiving v6362 regressed the
tumour volume from the day of conversion by 9% while animals receiving 1gG control
rapidly progressed and were terminated by day 43 (Figure 31 and table 9).

[00524] In summary, this study demonstrated the ability of bsADCs to cause tumour
regression when the tumour failed to respond to earlier treatment(s) and were significantly
advanced in growth. The anti-tumour efficacy of the bsADCs in the HBCx-13b model
suggests apotential clinical utility in the treatment of metastatic invasive ductal breast

cancers that are non-responsive v6246.

Table 9: anti tumor activity in HBCx-13b model

V6246 V6246 V6362
Day 1 Day 29 Day 53
Mean TV (mm3) 162 884 800
% Change from Day | +0% +445% +393%
1 baseline
% Change from Day | na +0% -9%
29 baseline

TV: Tumour volume

Example 29; Superior platelet counts of an anti-HER2 and anti-HER3 bispecific
antibody drug conjugate (bsADC) compared to T-DM 1

[00525] This in vivo experiment was aimed a determining the effect of v6362 on
circulating platelet counts in animals bearing MDA-M B-23 1 subcutaneous tumours.
[00526] The trastuzumab and chemotherapy resistant MDA-MB-23 1 xenograft model
was derived from atriple negative breast cancer line (HER2%*, ER’, PR)
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[00527] Female athymic nude mice were inoculated with a suspension of MDA-MB-231
cells subcutaneoudly on the right flank. Tumors were monitored until they reached an average
volume of 115 mms3; animals were then randomized into 3 treatment groups: 1gG control,
n=12; v6246, n=12; and v6362, n=12. Dosing for each group was as follows:

[00528] 1gG control was dosed intravenously with aloading dose of 15 mg/kg on study
day 1and maintenance doses of 10 mg/kg administered on study days 4, 8, 11, 15

[00529]  v6246 was dosed intravenously a 10 mg/kg on study day 1, 8, and 15

[00530] v6363 was dosed intravenously a 10 mg/kg on study days 1, 8 and 15

[00531] For platelet quantitation 0.25 ml blood was obtained from all animals on day 17
into K,EDTA tubes. The blood was maintained at 4 centigrade prior to a standard clinical
hematology profile.

[00532] The results are shown in Figure 32 and Table 10.

[00533]  v6362 demonstrated no significant reduction in circulating platelet counts while
v6246 demonstrated a significant reduction (Figure 32). Mean serum concentration of v6246

and v6362 was equivalent on study day 7 (Table 10).

Table 10: effect of v6362 and v6246 on circulating platelet counts in animals bearing MDA -
M B-23 1 subcutaneous tumours

v6246 v6362
Drug exposure Mean serum 15 14
(day7) concentration
(ng/ml)

[00534] In summary, this study demonstrated that v6362 may have reduced platel et
toxicity compared to v6246.
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CLAIMS

1

v4248.

An isolated bi-specific antigen binding construct comprising:

afirst antigen-binding polypeptide construct which monovalently and specifically
binds to an extracellular domain 4 (ECD4) of HER2 (human epidermal growth factor
receptor 2);

a second antigen-binding polypeptide construct which monovalently and specifically
binds to an extracellular domain (ECD) of HER3 (human epidermal growth factor
receptor 3);

an Fc comprising afirst Fc polypeptide comprising afirst CH3 domain and a second
Fc polypeptide comprising a second CH3 domain, the first Fc polypeptide linked to
the C-terminus of the first antigen-binding polypeptide construct with or without a
linker and the second Fc polypeptide linked to the C-terminus of the second antigen-

binding polypeptide construct with or without alinker;

wherein the first antigen-binding polypeptide construct is aFab format and the second
antigen-binding polypeptide construct is an scFv format or the first antigen-binding
polypeptide construct is an scFv format and the second antigen-binding polypeptide

construct is a Fab format, and

wherein the isolated bi-specific antigen binding construct displays greater maximum
binding (Bmax) in cells expressing HER2 and HERS3, compared to areference
bivalent monospecific antibody comprising two first antigen-binding polypeptide

constructs or two second antigen-binding polypeptide constructs.

The isolated bi-specific antigen binding construct of claim 1, consisting of

The isolated bi-specific antigen binding construct of claim 1, wherein

i. the first antigen-binding polypeptide construct is aFab format comprising a
first VH comprising the VH1 of v4248 and afirst VL comprising the VL1 of v4248;
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ii. the second antigen binding polypeptide construct in an scFv format
comprising a second VH comprising the VH2 of v4248 and a second VL comprising
the VL2 ofv4248.

4, The isolated bi-specific antigen binding construct of claim 1, wherein the first

antigen-binding polypeptide construct is selected from

i apolypeptide construct comprising three CDR sequences comprising amino

acid sequences at least 95% identical to the three VH CDR sequences of trastuzumab;

ii. apolypeptide construct comprising three CDR sequences comprising amino

acid sequences 100% identical to the three VH CDR sequences of trastuzumab;

iii. apolypeptide construct comprising three CDR sequences comprising amino

acid sequences at least 95% identical to the three VL CDR sequences of trastuzumab;

iv. apolypeptide construct comprising three CDR sequences comprising amino

acid sequences 100% identical tothe three VL CDR sequences of trastuzumab;

V. apolypeptide construct comprising six CDR sequences comprising amino acid

sequences a least 95% identical tothe six CDR sequences of trastuzumab;

vi. apolypeptide construct comprising six CDR sequences comprising amino acid

sequences 100% identical to the six CDR sequences of trastuzumab;

Vii. apolypeptide construct that comprises afirst polypeptide comprising an amino
acid sequence that is at least 95% identical to the VH sequence of trastuzumab and a
second polypeptide comprising an amino acid sequence that is at least 95% identical
to the VL sequence of trastuzumab;

viii.  apolypeptide construct that comprises afirst polypeptide comprising an amino
acid sequence that is 100% identical to the VH sequence of trastuzumab and a second
polypeptide comprising an amino acid sequence that is 100% identical tothe VL

sequence of trastuzumab; and

iX. apolypeptide that binds to the 4D5 epitope of HER2;
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X. apolypeptide construct that blocks by 50% or greater binding of trastuzumab
to HER2 ECDA4.

5. The isolated hi-specific antigen binding construct of claim 1 or claim 4,

wherein the second antigen-binding polypeptide construct is selected from

i. apolypeptide construct comprising three CDR sequences comprising amino

acid sequences at least 95% identical to the three VH CDR sequences of H3;

ii. apolypeptide construct comprising three CDR sequences comprising amino

acid sequences 100% identical to the three VH CDR sequences of H3;

iii. apolypeptide construct comprising three CDR sequences comprising amino
acid sequences at least 95% identical to the three VL CDR sequences of H3;

iv. apolypeptide construct comprising three CDR sequences comprising amino

acid sequences 100% identical tothe three VL CDR sequences of H3;

V. apolypeptide construct comprising six CDR sequences comprising amino acid

sequences a least 95% identical tothe six CDR sequences of H3;

Vi. apolypeptide construct comprising six CDR sequences comprising amino acid

sequences 100% identical to the six CDR sequences of H3;

Vii. apolypeptide construct that comprises afirst polypeptide comprising an amino
acid sequence that is at least 95% identical to the VH sequence of H3 and a second
polypeptide comprising an amino acid sequence that is at least 95% identical tothe
VL sequence of H3;

viii.  apolypeptide construct that comprises afirst polypeptide comprising an amino
acid sequence that is at least 100% identical tothe VH sequence of H3 and a second
polypeptide comprising an amino acid sequence that is at least 100% identical to the
VL sequence of H3

iX. apolypeptide construct that blocks by 50% or greater the binding of anti-
HER3 scFv H3 to the ECD of HER3; and
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X. apolypeptide construct that competes with heregulin for binding to the ECD
of HER3.

6. The isolated bi-specific antigen binding construct of any of claims 1to 5,
wherein the first antigen-binding polypeptide construct is in the Fab format and the second
antigen-binding polypeptide construct is in the scFv format.

7. The isolated bi-specific antigen binding construct of claim 1, 4, or 5, wherein
the first antigen-binding polypeptide construct is in the scFv format and the second antigen-

binding polypeptide construct is in the Fab format.

8. The isolated bi-specific antigen binding construct of claim 1, 4, or 5, wherein
the first antigen-binding polypeptide construct is in the scFv format and the second antigen-
binding polypeptide construct is in the Fab format and the second antigen-binding

polypeptide construct comprises alambda constant light chain (CL) amino acid sequence.

9. The isolated bi-specific antigen binding construct of claim 1, 4, or 5, wherein
the first antigen-binding polypeptide construct is in the scFv format and the second antigen-
binding polypeptide construct is in the Fab format and the second antigen-binding

polypeptide construct comprises akappa CL amino acid sequence.

10. The isolated bi-specific antigen binding construct of any of claims 1to 9,
wherein the antigen-binding polypeptide construct in the scFv format is stabilized by addition
of a disulphide bond between the VH and VL sequences, or by decreasing the surface

hydrophobicity of the scFv.

11. The isolated bi-specific antigen binding construct of any of claims 1to 10,
wherein the Fc is derived from the Fc of any class including 1gGl , 1gG2, 1gG3, 1gG4, IgA
and IgE, or any of 1gG subclass including 1gGl, 1gG2, 1gG3, or 1gG4, or acombination

thererof.

12, The isolated bi-specific antigen binding construct of any of claims 1to 11,
wherein a least one CH3 domain comprises a least one amino acid modification that
promotes the formation of aheterodimeric Fc with stability comparable to awild-type

homodimeric Fc.
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13. The isolated bi-specific antigen binding construct of claim 12, wherein the
dimerized CH3 domains of the heterodimeric Fc have a melting temperature (Tm) as
measured by differential scanning calorimetry (DSC) of about 68, 69, 70, 71, 72, 73, 74, 75,
76, 77, 77.5, 78, 79, 80, 81, 82, 83, 84, or 85°C or higher.

14. The isolated bi-specific antigen binding construct of any one of claims 12 or
13, wherein the dimeric Fcis aheterodimer forms with apurity greater than about 75, 76, 77,
78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% when
produced; or wherein the Fc is aheterodimer forms with apurity greater than about 75, 76,
77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99%

when expressed or when expressed via asingle cell.

15. The isolated bi-specific antigen binding construct of any one of claims 1to 14,

wherein the bi-specific antigen binding construct
i. binds to HER2 with adissociation constant (KD) of 500 nM or less;
ii. binds to HER3 with aKD of 500 nM or less;
iii. puts a HER3 in aless active conformation;
iv. inhibits active HER2-HERS3 heterodimer signaling by 50-100%,
V. inhibits EGFR-HERS heterodimer signaling by at least 50%;

Vi. blocks heregulin-stimulated signaling of HER3 by up to 100%.

Vii. inhibits the growth of cancer cells in the presence or absence of growth factor;
viii.  inhibits the growth of cancer cells in the presence of heregulin;

iX. isinternalized by cancer cells expressing HER2 and/or HERS;

X. exhibits increased internalization compared to the reference bivalent

monospecific antibody in cancer cells co-expressing HER2 and HERS;

Xi. mediates increased ADCC towards HER2 and/or HER3 expressing cancer

cells compared to the reference antibody;
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Xii. mediates increased ADCC towards HER2 and/or HER3 expressing breast

cancer cells, ovarian cancer cells, and gastric cancer cells;

xiii.  mediates increased ADCC towards HER2 and/or HER3 expressing breast
cancer cells selected from high, medium or low HER2 expressing cells, triple

negative, estrogen receptor-positive, and trastuzumab-resistant breast cancer cells;

xiv.  mediates increased ADCC towards HER2 and/or HER3 expressing cancer

cells comprising a mutation known to cause cancer; and/or

XV. binds to one or more of FcyRIllaF, FcyRIllaV, FcyR IlaH, FeyRIlaR,
FcyRIIbY, FcyRIA, and Clqg.

16. The isolated bi-specific antigen binding construct of any one of claims 1to 15,

wherein the bi-specific antigen binding construct is afucosylated.

17. The isolated bi-specific antigen binding construct of any one of claims 1to 16,

wherein the bi-specific antigen-binding construct is conjugated to a detectable label or adrug.

18. The isolated bi-specific antigen binding construct of claim 17, wherein the
detectable label is aradioactive compound, a fluorescent compound, an enzyme, a substrate,

an epitope tag, or atoxin.

19. The isolated bi-specific antigen binding construct of claim 17, wherein the

drug is atoxin, achemotherapeutic agent, an immune modulator, or a radioisotope.

20. The isolated bi-specific antigen binding construct of claim 17, wherein the

drug isis selected from a maytansine, auristatin, calicheamicin, or derivative thereof.

21 The isolated bi-specific antigen binding construct of claim 17, wherein the
drug is amaytansine selected from DM1 and DM4.

22. The isolated bi-specific antigen binding construct of claim 21, wherein the
toxin is conjugated to the isolated bi-specific antigen binding construct with an SMCC linker
(DM1), or an SPDB linker (DM4).

23. The isolated bi-specific antigen binding construct of any one of claims 21to

22, wherein the drug-to-antibody ratio (DAR) is 1.0t0 6.0 or 3.0t0 5.0 or 3.5-4.2.
124



WO 2014/182970 PCT/US2014/037401

24. A pharmaceutical composition comprising the isolated bi-specific antigen

binding construct of any one of claims 1to 23 and apharmaceutical carrier.

25. The pharmaceutical composition of claim 25, wherein the carrier comprises a
buffer, an antioxidant, alow molecular weight molecule, a drug, aprotein, an amino acid, a

carbohydrate, alipid, achelating agent, astabilizer, or an excipient.

26. A method of inhibiting growth of acancer cell expressing HER2 and HERS3,
comprising contacting the cancer cell with an effective amount of the isolated bi-specific
antigen binding construct of any one of claims 1to 23 under conditions sufficient to inhibit

growth of the cancer cell.
27. The method of claim 26, wherein the cancer cell is abreast cancer cell.

28. The method of claim 27, wherein the breast cancer cell isaHER2 3+

expressing breast cancer cell.

29. The method of claim 27, wherein the breast cancer cell expresses high HER2
and/or HER3 levels as measured by immunohistochemistry, or wherein the gene for HER2

and/or HER3 is amplified in the cancer cell.

30. A method of inducing antibody-dependent cellular cytotoxicity (ADCC) in a
cancer cell, comprising contacting the cancer cell with an effective amount of the isolated bi-
specific antigen binding construct of any one of claims 1to 23 under conditions sufficient to

induce ADCC in the cancer cell.

3L A method of inhibiting growth and/or proliferation of one or more tumor cells
expressing HER2 and HER3 in amammal, comprising administering an effective amount of
the isolated bi-specific antigen binding construct of any one of claims 1to 23 or the
pharmaceutical composition of claim 24 or 25 to the mammal, thereby inhibiting growth

and/or proliferation of one or more tumor cells expressing HER2 and HER3 in the mammal.

32. A method of treating atumor characterized by HER2 and/or HER3
overexpression in amammal, comprising administering an effective amount of the isolated
bi-specific antigen binding construct of any one of claims 1to 23 or the pharmaceutical
composition of claim 24 or 25 to the mammal, thereby treating atumor characterized by

HER2 and/or HER3 overexpression in the mammal.
125



WO 2014/182970 PCT/US2014/037401

33. A method of treating atumor expressing low levels of HER2 and/or HER3 in
amammal, comprising administering an effective amount of the isolated bi-specific antigen
binding construct of any one of claims 1to 23 or the pharmaceutical composition of claim 24
or 25 to the mammal, thereby treating the tumor expressing low levels of HER2 and/or HER3

in the mammal.

34. A method of treating atumor co-expressing HER2 and HER3 in amammal,
comprising administering an effective amount of the isolated bi-specific antigen binding
construct of any one of claims 1to 23 or the pharmaceutical composition of claim 24 or 25

to the mammal, thereby treating the tumor co-expressing HER2 and HERS in the mammal .

35. The method of any one of claims 31to 34, wherein the tumor is abreast
cancer, colorectal cancer, liver cancer, ovarian cancer, pancreatic cancer, prostate cancer,

stomach cancer, or Iung cancer tumor.

36. The method of any one of claims 31to 34, wherein the tumor is abreast
cancer tumor.
37. The method of claim 36, wherein the breast cancer is atriple negative breast

cancer selected from abasal-like, HER2-enriched, lumina A, luminal B, or normal-like triple
negative breast cancer.

38. The method of any one of claims 31to 34, wherein the tumor is an estrogen
receptor-positive (ER+) BRCA-related breast cancer, colorectal adenocarcinoma, liver
hepatocellular cancer, pancreatic adenocarcinoma, prostate adenocarcinoma, stomach

adenocarcinoma, or lung adenocarcinoma tumor.

39. The method of any one of claims 31to 38, wherein the tumor is refractory or
resistant to an anti-HER2 antibody treatment selected from trastuzumab, pertuzumab,

trastuzumab emtansine (T-DM1), and combinations thereof.

40. The method of any one of claims 31to 38, wherein the tumor is refractory or
resistant to an anti-HER3 antibody, lapatinib, erlotinib, gefitinib, or other small molecule

inhibitors of erbB family signalling.

41 The method of any one of claims 31to 40, wherein the tumor is refractory to

chemotherapy.
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42. The method of any one of claims 31to 41, wherein the tumor expresses HER2
a the 1+, 2+, or 3+ level.

43, The method of any one of claims 31to 42, wherein the mammal is ahuman or

non-human primate.

44. The method of any one of claims 31to 43, wherein the method is cytostatic to

the tumor or cytotoxic to the tumor.

45, The method of any one of claims 31to 44, wherein the method increases

overall survival of the mammal.

46. The method of any one of claims 31to 45, wherein the administering is

through intravenous, intraperitoneal, or subcutaneous injection.

47. The method of any one of claims 31to 46, wherein the administering includes

an initial loading dose, followed by lower maintenance dose a intervals.

48. The method of claim 47, wherein the loading dose is up to the maximum
tolerated dose (MTD), the maintenance dose is up to IOmg/kg, and the interval is as low as 7
days (for DM1 only).

49. The method of any one of claims 31to 48, wherein the bi-specific antigen
binding construct or pharmaceutical composition is administered in combination with other

therapeutic agents.

50. The method of claim 49, wherein the other therapeutic agents are selected
from pertuzumab, cetuximab, or an effective amount of an anti-estrogen (for example,
tamoxifen, letrozole), kinase inhibitor (lapatinib, erlotinib), mTOR inhibitor, or

chemotherapeutic agent (for example, capacetabine and/or cisplatin).

51. A method of producing the isolated bi-specific antigen binding construct of
any one of claims 1to 15 comprising culturing ahost cell under conditions suitable for
expressing the bi-specific antigen binding construct wherein the host cell comprises a
polynucleotide encoding the isolated bi-specific antigen binding construct of any one of

claims 1to 15, and purifying the bi-specific antibody construct.
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52. An isolated polynucleotide or set of isolated polynucleotides comprising at
least one nucleic acid sequence that encodes at |east one polypeptide of the isolated bi-

specific antigen binding construct of any one of claims 1to 15.

53. The isolated polynucleotide of claim 52, wherein the polynucleotide or set of

polynucleotides is cDNA.

54. An isolated polynucleotide or set of isolated polynucleotides encoding the bi-

specific antigen binding construct of any one of claims 1to 15.

55. A vector or set of vectors comprising one or more of the polynucleotides or

sets of polynucleotides according to any one of claims 52 to 54.

56. A vector or set of vectors comprising one or more of the polynucleotides or
sets of polynucleotides according to claim 52 to 54, which is selected from the group
consisting of aplasmid, aviral vector, anon-episomal mammalian vector, an expression

vector, and arecombinant expression vector.

57. An isolated cell comprising apolynucleotide or set of polynucleotides

according to any one of claims 52 to 54, or avector or set of vectors of claim 55 or 56.

58. The isolated cell according to claim 57, which is ahybridoma, a Chinese
Hamster Ovary (CHO) cell, or aHEK?293 cell.

59. The isolated cell of claim 57 or 58, wherein the cell is stably transfected with

the polynucleotide, set of polynucleotides, vector, or set of vectors.

60. A method of inhibiting dimerization of HER2 and HER3 in acell comprising
contacting the cell with an effective amount of the isolated bi-specific antigen binding
construct of any one of claims 1to 23, thereby inhibiting dimerization of HER2 and HERS in
the cell.
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As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

No required additional search fees were timely paid by the applicant. Conseguently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant's protest and, where applicable, the

payment of aprotest fee.

l:] The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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