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FIG. 33

(57) Abrege/Abstract:
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., a Fab and an sckv. The first antigen-binding polypeptide construct
monovalently and specifically binds to extracellular domain 4 (ECD4) of HERZ (human epidermal growth factor receptor 2); the
second antigen-binding polypeptide construct monovalently and specifically binds to an extracellular domain (ECD) of HERS3
(human epidermal growth factor receptor 3). One antigen binding polypeptide construct is a Fab format and the other antigen
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(57) Abrege(suite)/Abstract(continued):

binding polypeptide construct iIs an sckv 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 a linker.
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constructs, e.g., antibodies. The bi-specific antigen binding constructs in-
clude two antigen binding polypeptide constructs, e.g., a Fab and an scFv.
The first antigen-binding polypeptide construct monovalently and specific-
ally binds to extracellular domain 4 (ECD4) of HER2 (human epidermal
rowth factor receptor 2); the second antigen-binding polypeptide con-
struct 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 bind -
ing polypeptide construct 1s an scFv format. The bi- specific antigen bind-
ing constructs includes an Fc having two Fc polypeptides each having a
CH3 domain for dimerization. Each Fc polypeptide is linked to the C-ter-

minus of one of the antigen binding polypeptide constructs with or without
a linker.
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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 1s hereby incorporated 1n its entirety by reference.

SEQUENCE LISTING

[0003] The 1nstant application contains and 1s filed with a Sequence Listing which has
been submitted via EFS-Web and 1s hereby incorporated by reference 1n its entirety. Said
ASCII copy, created on May 8, 2014, 1s named 24689PCT sequencelisting.txt, and 1s
137,000 bytes 1n size.

BACKGROUND OF THE INVENTION
Field of Invention

[0004] The field of the invention 1s 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 1n 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™)
arc 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-DM 1
(Kadcycla™), a maytansine conjugate of trastuzumab has also been developed for the
treatment of these types of breast cancers.

[0006] As 1ndicated on their respective labels, trastuzumab, pertuzumab, and T-DMI1 are

only indicated for patients with breast tumors characterized as HER2 3+. Unfortunately, not

1



CA 02910945 2015-10-295

WO 2014/182970 PCT/US2014/037401

all patients with these HER2 3+ breast cancers are responsive to trastuzumab, alone or 1n
combination with pertuzumab, and 1n 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 1dentified as potential targets for therapeutic antibodies. For example,
HER2 and HER3 are cognate receptor pairs and the HER2-HER3 heterodimer 1s the most
mitogenic. Mono-specific, bivalent antibodies that bind to HER2 and HER3 have been
1dentified, but because these target biologies mnvolving 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 normal tissues, at
lower levels, administration of these antibodies to a patient can potentially result 1n toxicity
or other adverse events.

[0008] Antibody-based bi-specific polypeptide therapeutics that bind HER2 and HER3
have been 1dentified, and are 1n various stages of development. Specifically, MM-111 1s a bi-
specific HER2-HER3 binding polypeptide that comprises an anti-HER2 binding domain 1n
scFv format and an anti-HER3 binding domain in scFv format linked to a human serum
albumin (HSA) scatfold (McDonagh et al. (2012) Mol Cancer Ther 11:582-593, and
International Patent Publication No. WO 2009/126920). MM-111 1s currently 1n carly stage
clinical trials for the treatment of HER2 positive (gene amplified) cancers, in combination
with Herceptin ' or chemotherapeutics. ALM is a bi-specific single chain scFv that binds to
HER2 and HER3 (Robinson ef 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 a naturally occurring antibody and thus cannot mediate antibody-induced immune
cytotoxicity. In addition, the lack of an Fc portion for ALM results 1n a polypeptide with a
relatively short half-life 1n 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 1s described that includes a dimeric F¢ with two ant HER2 scFv at one

end of the Fc and two ant1t HER3 scFv at the second end of the Fc.
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SUMMARY OF THE INVENTION

[0010] Described herein are 1solated bi-specific antigen binding constructs, e.g.,
antibodies. The bi-specific antigen binding constructs include two antigen binding
polypeptide constructs, ¢.g., a Fab 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 1s a
Fab format and the other antigen binding polypeptide construct 1s an scFv format. The bi-
specific antigen binding constructs includes an F¢ having two Fc polypeptides each having a
CH3 domain for dimerization. Each Fc polypeptide 1s linked to the C-terminus of one of the
antigen binding polypeptide constructs with or without a linker. The 1solated bi-specific
antigen binding construct displays greater maximum binding (Bmax) in cells expressing
HER2 and HER3, compared to a reference 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 1s the
antigen binding polypeptide construct of anti-HER?2 antibody trastuzumab , or a variant
thereof, e.g., includes the CDRs of trasmuzutab or variants thercof. In some embodiments
the second antigen binding polypeptide construct 1s the scFv of anti-HER3 antibody H3, ¢.g.,
includes the CDRs of H3 or variants thereof.

[0012] In some embodiments the Fc includes modifications, e€.g., mutations, to0 enhance
heterodimerization and/or effector functions such as ADCC, ADCP, and CDC. In some
embodiments the bi-specific antigen binding constructs 1s afucosylated.

[0013] In some embodiments, the bi-specific antigen binding constructs 1s conjugated to
a molecular label. In other embodiments, the bi-specific antigen binding constructs 1s
conjugated to a drug, ¢.g., conjugated to maytansine, ¢.g., DM1 and DM4.

[0014] Also described are polynucleotides encoding the bi-specific antigen binding
constructs; 1solated 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 v&878, Figure 1B depicts SDS-PAGE
analysis of v879, and Figure C depicts SDS-PAGE analysis of v&80.

[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 HER?2,
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 cells.

[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 cells.

[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 1n
MCEF-7 cells.

[0023] Figure 8A depicts the ability of variant 880 to mediate ADCC in MCF-7 cells,
and Figure 8B depicts the ability of control variants to mediate ADCC in MCF-7 cells.
[0024] Figure 9A depicts the ability of various controls to mediate ADCC 1in SK-BR-3
cells; Figure 9B depicts the ability of variant 880 and additional controls to mediate ADCC 1n
SK-Br-3 cells.

[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 1n 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#1011 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),

4
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>CL#1071 protein, (SEQ ID NO: 16), >CL#1102_DNA, (SEQ ID NO: 17),

>CL#1102 protein, (SEQ ID NO: 18), >CL#1811 _DNA, (SEQ ID NO: 19),

>CL#1811 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 ID 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 ID NO: 28), >CL#4561 DNA, (SEQ ID NO: 29),

>CL#4561 protein, (SEQ ID NO: 30), > CL #785 — DNA , (SEQ ID NO: 31), > CL #7833,
(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
v42438.

[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 dodecyl 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 DM1. 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 (Kp) for binding of exemplary
fucosylated/afucosylated antigen binding constructs with FcyRs.

[0032] Figure 16 depicts representative binding curves for v4248 1n the cell lines BT-
474, SKOV3, JIMT1 and MDA-MB-231.

[0033] Figure 17 depicts FACS binding curves of v4248 and v6362 in SKOV3 cells.

S
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[0034] Figure 18 depicts the ability of exemplary bsAbs to mediate ADCC in SK-BR-3
cells (Figure 18A), JIMTI1 cells (Figure 18B), SKOV3 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 viability 1n the presence of heregulin.
[0036] Figure 20 depicts the ability of exemplary bsAbs to internalize and bind to the
surface of JIMT1, 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 JIMT1 cells; Figure 21C shows the
ability of selected bsAbs to internalize and bind to the surface of SKOV cells.

[0037] Figure 21 depicts internalization of exemplary bsAb v4248 1n JIMTT cells,
visualized by confocal microscopy.

[0038] Figure 22 depicts growth mhibition by exemplary the bsADCs v6362 and
controls, in SKOV3 cells (Figure 22A), JIMT1 cells (Figure 22B), and MDA-MB-231 cells
(Figure 22C).

[0039] Figure 23 depicts the ability of bsADCs to mhibit growth of HER2 3+ cells 1n 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-N&7.

[0041] Figure 25 depicts cardiomyocyte toxicity assay results, in which 1Cells™ were
either untreated (ctrl) or treated with 100 nM of antibody, 1n 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 1n T226 PDX model.
[0043] Figure 27 shows a survival plot of the mice 1n the T226 PDXmodel.

[0044] Figure 28 depicts regression of tumour growth by v6362 1n T226 PDX model,
converted from an animal group that was not responsive to an initial anti-HER?2 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 1n a breast carcinoma with

cachexia (HBCx-5) patient-derived xenograft model.
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[0047] Figure 31 depicts the anti-tumor activity of v6362 1in the HBCx-13b PDX model
with acquired HER2 antibody resistance.

[0048] Figure 32 compares the effect of v6362 to that of v6246 on platelet counts iz
VIVO.

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

herein.

DETAILED DESCRIPTION OF THE INVENTION

[0050] As described 1n further detail below, described herein are bi-specific antigen
binding constructs, ¢.g., bi-specific antibodies. The bi-specific antigen binding constructs
includes a first antigen binding polypeptide construct that binds to ECD4 of HER2 and a
second antigen binding polypeptide construct that specifically binds to an ECD of HER3.
One of the antigen binding constructs 1s in an Fc format; the other 18 1n a Fab format. The bi-
specific antigen binding constructs includes an F¢ having two Fc polypeptides each having a
CH3 domain for dimerization. Each Fc polypeptide 1s linked to the C-terminus of one of the
antigen binding polypeptide constructs with or without a linker. The 1solated bi-specific
antigen binding construct displays greater maximum binding (Bmax) in cells expressing
HER2 and HER3, compared to a reference bivalent monospecific antibody comprising two
first antigen-binding polypeptide constructs or two second antigen-binding polypeptide

constructs.

Definitions

[0051] Terms used 1n the claims and specification are defined as set forth below unless
otherwise specified.

[0052] As used herein, “isolated” means an agent, ¢.g., a bispecific antigen binding
construct, that has been identified and separated and/or recovered from a component of its
natural cell culture environment. Contaminant components of 1ts 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 be 1n

any number of formats, ¢.g., scFv or Fab (both single and double chain).
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[0055] “Antibody-dependent cell-mediated cytotoxicity” and “ADCC” refer to a cell-
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 a target
in the presence of complement. The complement activation pathway 1s 1nitiated by the
binding of the first component of the complement system (C1q) to a molecule (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 18 typically
characterized by unregulated cell growth/proliferation, e.g., breast cancer. Additional
examples are described herein.

[0059] “Treatment” refers to 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] The term “subject” refers to an animal, in some embodiments a mammal, who 1s
the object of treatment, observation or experiment. An animal may be a human, a companion
animal (e.g., dogs, cats, and the like), farm animal (e.g., cows, sheep, pigs, horses, and the
like) or a laboratory animal (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 1s 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] As used herein, the term "antigenic determinant” 1s synonymous with "antigen"
and "epitope,” and refers to a site (e.g. a contiguous stretch of amino acids or a
conformational configuration made up of different regions of non-contiguous amino acids) on
a polypeptide 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 1s 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 a BIAcore instrument) (Liljeblad et al, 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 1s less
than about 10% of the binding of the antigen binding moiety to the antigen as measured, e.g.,
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 <1 uM, <100 nM, <10nM, <1 nM, <0.1 nM, <0.01 nM, or <0.001 nM (e.g. 107
M or less, e.g. from 10° M to 10 ° M, e.g., from 10~ M to 10 "° M).

[0065] An antibody “which binds” an antigen of interest, ¢.g., a HER2 (ErbB2) antigen,
1S one capable of binding that antigen with sufficient affinity such that the antibody 1s usetul
as a diagnostic and/or therapeutic agent in targeting a cell expressing the antigen and/or for
targeted delivery of a cytotoxic or other chemotherapeutic agent, such as a maytansinoid.
Where the antibody 1s one which binds ErbB2, 1t will usually preferentially 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 surtface binding to endogenous
receptor) will be less 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 al., Nature 312:545-548 (1984).

[0066] "Affinity" refers to the strength of the sum total of non-covalent interactions
between a single binding site of a molecule (e.g., a receptor) and 1ts binding partner (e.g., a
ligand). Unless indicated otherwise, as used herein, "binding affinity" refers to intrinsic
binding affinity which reflects a 1 : 1 interaction between members of a binding pair (e.g., an
antigen binding moiety and an antigen, or a receptor and 1ts ligand). The affinity of a
molecule X for its partner Y can generally be represented by the dissociation constant (Kp),

which 1s the ratio of dissociation and association rate constants (ko and kg, respectively).

Thus, equivalent affinitics may comprise different rate constants, as long as the ratio of the

rate constants remains the same. Affinity can be measured by well established methods
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known 1n the art, including those described herein. A particular method for measuring affinity
1s Surface Plasmon Resonance (SPR).

[0067] A “HER receptor” 1s a receptor 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; a lipophilic 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 “HER2” are used interchangeably herein and refer
to human HER?2 protein described, for example, in Semba et al., PNAS (USA) 82:6497-6501
(1985) and Yamamoto et al. Nature 319:230-234 (1986) (Genebank accession number
X03363). The term “erbB2” and “neu” refers to the gene encoding human ErbB2 protein.
p185 or p183neu refers to the protein product of the neu gene. Preferred HER?2 1s native
sequence human HER?2.

[0069] HER?2 ECD4 refers to an extracellular domain of HER2. The extracellular (ecto)
domain of HER2 comprises four domains, Domain I (ECDI, amino acid residues from about
1-195), Domain IT (ECD2, amino acid residues from about 196-319), Domain III (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 al. Mol. Cell. 11:
495-505 (2003), Cho et al. Nature 421: 756-760 (2003), Franklin et al. 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).

[0070] “ErbB3” and “HER3” refer to the receptor polypeptide as disclosed, for example,
in U.S. Pat. Nos. 5,183,384 and 5,480,968 as well as Kraus et al. PNAS (USA) 86:9193-9197
(1989), and functional derivatives, including amino acid sequence variants thereof. Examples
of antibodies which bind HER3 are described 1n U.S. Pat. No. 5,968,511 (Akita and
Shiwkowski), e.g. the 8B8 antibody (ATCC HB 12070) or a humanized variant thereof.
[0071] “HER3 extracellular domain” or “HER3ECD” refers to a domain of HER3 that 1s
outside of a cell, either anchored to a cell membrane, or 1n circulation, including fragments
thercof. In one embodiment, the extracellular domain of HER3 may comprise four domains:
Domain I, Domain II, Domain III, and Domain IV. In one embodiment, the HER3ECD
comprises amino acids 1-636 (numbering including signal peptide). In one embodiment,

HER3 domain III comprises amino acids 328-532 (numbering including signal peptide).
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[0072] “HER ligand” or “ErbB ligand” means a polypeptide which binds to and/or
activates an HER receptor. The HER ligand of particular interest herein 18 a native sequence
human HER ligand such as epidermal growth factor (EGF) (Savage et al., J. Biol. Chem.
247:7612-7621 (1972)); transforming growth factor alpha (TGF-a) (Marquardt et al., Science
223:1079-1082 (1984)); amphiregulin also known as schwanoma or keratinocyte autocrine
orowth factor (Shoyab et al. Science 243:1074-1076 (1989); Kimura et al. Nature 348:257-
260 (1990); and Cook et al. Mol. Cell. Biol. 11:2547-2557 (1991)); betacellulin (Shing et al.,
Science 259:1604-1607 (1993); and Sasada et al. Biochem. Biophys. Res. Commun. 190:1173
(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)); a heregulin (see below); neuregulin-2
(NRG-2) (Carraway ect al., Nature 387:512-516 (1997)); neuregulin-3 (NRG-3) (Zhang et al.,
Proc. Natl. Acad. Sci. 94:9562-9567 (1997)); neuregulin-4 (NRG-4) (Harari et al. 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-B1, heregulin-32
and heregulin-B3 (Holmes et al., Science, 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 et al. Cell 72:801-815 (1993)); ghal
orowth 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 (19995)); v-
heregulin (Schaefer et al. Oncogene 15:1385-1394 (1997)). The term 1ncludes biologically
active fragments and/or amino acid sequence variants of a native sequence HRG polypeptide,
such as an EGF-like domain fragment thercof (e.g. HRGP1177-244). Heregulin refers to a
polypeptide which activates the ErbB2-ErbB3 and ErbB2-ErbB4 protein complexes (1.¢.
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 1n
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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 a HER dimer comprising the HER
receptor of interest. HER ligand binding to a HER dimer may activate a kinase domain of one
or more of the HER receptors 1n the dimer and thereby results in phosphorylation of tyrosine
residues 1n one or more of the HER receptors and/or phosphorylation of tyrosine residues in

additional substrate polypeptides(s), such as Akt or MAPK 1intracellular 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] As used herein, an “antibody” or “immunoglobulin™ refers to a polypeptide
substantially encoded by an immunoglobulin gene or immunoglobulin genes, or fragments
thercof, 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, as well as the 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 1ts
heavy chain. There are five major classes of antibodies: IgA, IgD, IgE, 1gG, and IgM, and
several of these may be further divided into subclasses (1sotypes), e.g., IgG1, 1eG2, 1eG3,
IgG4, IgA1, and IgA2. The heavy chain constant domains that correspond to the different
classes of immunoglobulins are called a, 0, €, v, and u, respectively.

[0077] An exemplary immunoglobulin (antibody) structural unit 1s 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 a variable 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 IgG1 heavy chain comprises of the VH, CH1, 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 IgG1 heavy chain comprises a hinge between the CH1
and CH2 domains. In certain embodiments, the immunoglobulin constructs comprise at least
onc immunoglobulin domain from IgG, IgM, IgA, IgD, or IgE connected to a therapeutic

polypeptide. In some embodiments, the immunoglobulin domain comprised 1n an
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immunoglobulin construct provided herein, 1s from an immunoglobulin based construct such
as a diabody, or a nanobody. In certain embodiments, the immunoglobulin constructs
described herein comprise at least one immunoglobulin domain from a heavy chain antibody
such as a camelid antibody. In certain embodiments, the immunoglobulin constructs
provided herein comprise at least one immunoglobulin domain from a mammalian antibody
such as a bovine antibody, a human antibody, a camelid antibody, a mouse antibody or any
chimeric antibody.

[0078] A "Fab molecule" refers to a protein consisting of the VH and CH1 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 1n the Fab construct are linked by a polypeptide sequence to yield a single 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 (CH1) 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 1n antigen binding. Fab' fragments
differ from Fab fragments by the addition of a few residues at the carboxy terminus of the
heavy chain CH1 domain including one or more cysteines from the antibody hinge region.
[0080] The term “Fc” or "Fc domain"” or "Fc¢ region"” or “Fc construct” herein 1s used 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
IeG heavy chain might vary slightly, the human IgG heavy chain Fc region 1s 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 1n the Fc region or constant
region 1s according to the EU numbering system, also called the EU index, as described 1n
Kabat et al, Sequences of Proteins of Immunological Interest, Sth Ed. Public Health Service,
National Institutes of Health, Bethesda, MD, 1991.

[0081] “Fc region”, as used herein, generally refers to a dimer complex comprising the
C-terminal polypeptide sequences of an immunoglobulin heavy chain, wherein a C-terminal
polypeptide sequence 1s that which 1s 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 IgG heavy chain Fc
sequence 1s usually defined to stretch from an amino acid residue at about position Cys226,
or from about position Pro230, to the carboxyl 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 1s meant one of
the polypeptides that make up an Fc region. An Fc polypeptide may be obtained from any
suitable immunoglobulin, such as IgG1, I1gG2, 1gG3, or IgG4 subtypes, IgA, IgE, IgD or IgM.
In some embodiments, an Fc polypeptide comprises part or all of a wild type hinge sequence
(generally at 1ts 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] As used 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, 1s a single-chain Fab molecule,
1.¢. a Fab molecule wherein the Fab light chain and the Fab heavy chain are connected by a
peptide linker to form a single peptide chain. In a particular such embodiment, the C-terminus
of the Fab light chain 1s connected to the N-terminus of the Fab heavy chain 1n the single-
chain Fab molecule. In certain other embodiments, one of the antigen binding moieties 1s 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 a single polypeptide chain. In
onc¢ embodiment, the Fv polypeptide further comprises a polypeptide linker between the VH
and VL domains which enables the scFv to form the desired structure for antigen binding. For
a review of scFv see Pluckthun in T/e Pharmacology of Monoclonal Antibodies, vol. 113,
Rosenburg and Moore eds., Springer-Verlag, New York, pp. 269-315 (1994). HER2 antibody
scFv fragments are described in W0O93/16185; U.S. Pat. No. 5,571,894; and U.S. Pat. No.
5,587,458.

[0085] “Humanized” forms of non-human (¢.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 a hypervariable region of the recipient are replaced by residues from a
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hypervariable region of a non-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 1n the recipient antibody or 1n 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 typically two, variable domains,
in which all or substantially all of the hypervariable loops correspond to those of a non-
human immunoglobulin and all or substantially all of the FRs are those of a human
immunoglobulin sequence. The humanized antibody optionally also will comprise at least a
portion of an immunoglobulin constant region (F¢), typically that of a human
immunoglobulin. For further details, see Jones et al., Nature 321:522-525 (1986); Riechmann
et al., Nature 332:323-329 (1988); and Presta, Curr. Op. Struct. Biol. 2:593-596 (1992).
[0086] "Framework" or "FR" refers to variable domain residues other than hypervariable
region (HVR) residues. The FR of a variable domain generally consists of four FR domains:
FR1 , FR2, FR3, and FR4. Accordingly, the HVR and FR sequences generally appear 1n the
following sequence in VH (or VL): FRI-HI1(L1)-FR2-H2(L2)-FR3-H3(L3)-FR4.

[0087] A "modification promoting the association of the first and the second subunit of
the F¢c domain" 1s a manipulation of the peptide sequence or the post-translational
modifications of an F¢ domain subunit that reduces or prevents the association of a
polypeptide comprising the F¢ domain subunit with an 1dentical 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 (1.¢.
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 1n certain
embodiments, a modification promoting association may alter the structure or charge of one
or both of the Fc domain subunits so as to make their association favorable.

[0088] The term "effector functions” refers to those biological activities attributable to
the Fc region of an antibody, which vary with the antibody 1sotype. Examples of antibody
cttector functions include: Clg 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” 1s 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 FcyRIIIa (CD 16a), FcyRI

(CD64), and FcyRIla (CD32).

[0090] The terms “Fc receptor” and “FcR” are used to describe a receptor that binds to
the Fc region of an antibody. For example, an FcR can be a native sequence human FcR.
Generally, an FcR 1s one which binds an IgG antibody (a gamma receptor) and includes
receptors of the FcyRI, FcyRII, and FcyRIII subclasses, including allelic variants and
alternatively 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
1sotypes can also be bound by certain FcRs (see, e.g., Janeway et al., Immuno Biology: the
immune system 1n health and disease, (Elsevier Science Ltd., NY) (4th ed., 1999)).
Activating receptor FCyRIIA contains an immunoreceptor tyrosine-based activation motif
(ITAM) 1n 1ts cytoplasmic domain. Inhibiting receptor FcyRIIB contains an immunoreceptor
tyrosine-based inhibition motif (ITIM) 1n 1ts cytoplasmic domain (reviewed in Dacron, Annu.
Rev. Immunol. 15:203-234 (1997)). FcRs are reviewed 1n Ravetch and Kinet, Annu. Rev.
Immunol 9:457-92 (1991); Capel et al., Immunomethods 4:25-34 (1994); and de Haas et al.,
J. Lab. Clin. Med. 126:330-41 (1995). Other FcRs, including those to be 1dentified in the
future, are encompassed by the term “FcR” herein. The term also includes the neonatal

receptor, FcRn, which 1s responsible for the transfer of maternal IgGs to the fetus (Guyer et

al., J. Immunol. 117:587 (1976); and Kim et al., 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 1s linked to the C-terminus of one of the antigen binding
polypeptide constructs with or without a linker.

[0092] In one embodiment, the Fc 1s an IgG1 Fc construct, and IgG2 Fc construct, an

Ie¢G3 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 a heterodimeric Fc with stability comparable to a
wild-type homodimeric F¢. Exemplary modifications are described below. In some
embodiments, 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. In some
embodiments, the dimeric Fc 18 a heterodimer formed with a purity greater than about 75, 76,
77,78, 79, 80, 81, 82, 83, 84, 83, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99%
when produced; or wherein the Fc 1s a heterodimer formed with a purity greater than about
75,76,77,78,79, 80, 81, 82, 83, 84, 83, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or
99% when expressed or when expressed via a single cell.

[0094] In some aspects, the Fc comprises one or more modifications 1n at least one of the
Cus sequences. In some aspects, the Fc comprises one or more modifications 1n at least one
of the Cyy sequences.

[0095] In some aspects, Fc 1s an Fc¢ described 1n patent applications
PCT/CA2011/001238, filed November 4, 2011 or PCT/CA2012/050780, tiled November 2,
2012, the entire disclosure of each of which 1s hereby incorporated by reference in 1ts entirety
for all purposes.

[0096] In some aspects, a construct described herein comprises a heterodimeric Fc
comprising a modified CH3 domain that has been asymmetrically modified. The
heterodimeric Fc can comprise two heavy chain constant domain polypeptides: a first 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. Generally, the first heavy chain polypeptide comprises a first 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 1n an asymmetric fashion generally results 1n a heterodimeric Fc, rather than a
homodimer, when the two CH3 sequences dimerize. As used herein, “asymmetric amino acid
modifications™ refers to any modification where an amino acid at a specific position on a first
CH3 sequence 1s different from the amino acid on a second CH3 sequence at the same
position, and the first and second CH3 sequence preferentially pair to form a heterodimer,
rather than a homodimer. This heterodimerization can be a result 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 a heterodimeric
F¢ can comprise one or more than one asymmetric amino acid modification.

[0098] Table X1 provides the amino acid sequence of a human IgG1 Fc sequence,
corresponding to amino acids 231 to 447 of a full-length human IgG1 heavy chain. The CH3
sequence comprises amino acid 341-447 of the full-length human IgG1 heavy chain.

[0099] Typically 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,
1394, T350, S400, and/or N390, using EU numbering. In some aspects, an Fc¢ includes a
mutant sequence shown 1n Table X. In some aspects, an F¢ includes the mutations of Variant
1 A-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 5 A-B.

Table X: Exemplary Fc sequence and CH3 modifications

Human IgG1 Fc sequence 231- | APELLGGPSVEFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYV

447 (EU-numbering) DGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKAL
PAPIEKTISKAKGOPREPOQVYTLPPSRDELTKNQVSLTCLVKGEFYPSDI
AVEWESNGOPENNYKTTPPVLDSDGSEFELYSKLTVDKSRWOQOGNVESCS
VMHEALHNHYTQKSLSLSPGK (SEQ ID NO:69)

Variant Ig(G1 Fc¢ sequence Chain Mutations

(231-447)

] A L351Y F405A Y407V

| 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] The first and second CH3 sequences can comprise amino acid mutations as
described herein, with reference to amino acids 231 to 447 of the full-length human I1gG1
heavy chain. In one embodiment, the heterodimeric F¢c comprises a modified CH3 domain
with a first CH3 sequence having amino acid modifications at positions F405 and Y407, and
a second CH3 sequence having amino acid modifications at position T394. In one
embodiment, the heterodimeric F¢ comprises a modified CH3 domain with a first CH3

sequence 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, T3661, K392L, K392M, and T394W.

[00101] In one embodiment, a heterodimeric Fc comprises a modified 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 at
position Q347, and the other CH3 sequence further comprising amino acid modification at
position K360. In another embodiment, a heterodimeric F¢ comprises a modified 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 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, a heterodimeric Fc comprises a modified 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 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 T411E, T411D,
K409E, K409D, K392E and K392D. In another embodiment, a heterodimeric Fc comprises a
modified 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, one of said first and second CH3

sequences further comprises amino acid modification of D399R or D399K and the other CH3
sequence comprising one or more of T411E, T411D, K409E, K409D, K392E and K392D,
and one or both of said CH3 sequences further comprise the amino acid modification T350V.
[00103] In one embodiment, a heterodimeric Fc comprises a modified 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, a heterodimeric Fc comprises a modified 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:L.351Y F405A Y447V, BIT3661 K392M T394W,

AL3STY F405A Y407V, BT366L K39210 T394W, ATI50V L351Y F405A Y447V,
BT3SOV T3066L K392L T3%94W, AT350V L331Y F4G5A Y407V,

B T35SOV T366L K3V2M T394W, A:T330V L3STY S400E FADOSA Y487V, and/or
B350V T3661L N3ROR K3WIM T394W,

[00105] The one or more asymmetric amino acid modifications can promote the formation
of a heterodimeric Fc¢ in which the heterodimeric CH3 domain has a stability that 1s
comparable to a wild-type homodimeric CH3 domain. In an embodiment, the one or more
asymmetric amino acid modifications promote the formation of a heterodimeric F¢c domain in
which the heterodimeric F¢ domain has a stability that 1s comparable to a wild-type
homodimeric F¢ domain. In an embodiment, the one or more asymmetric amino acid
modifications promote the formation of a heterodimeric F¢c domain in which the
heterodimeric Fc domain has a stability observed via the melting temperature (Tm) 1n a
differential scanning calorimetry study, and where the melting temperature 1s within 4°C of
that observed for the corresponding symmetric wild-type homodimeric F¢ domain. In some
aspects, the Fc comprises one or more modifications in at least one of the Cys sequences that
promote the formation of a heterodimeric F¢ with stability comparable to a wild-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, 1n a further 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 Cys sequences have a melting temperature
(Tm) of about 68, 69, 70, 71, 72, 73,74, 75, 76, 77, 77.5, 78, 79, 80, &1, 82, 83, 84, or 85°C
or higher.

[00107] In some embodiments, a heterodimeric Fc comprising modified CH3 sequences

can be formed with a purity of at least about 75% as compared to homodimeric Fc in the

expressed product. In another embodiment, the heterodimeric Fc 1s formed with a purity
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oreater than about 80%. In another embodiment, the heterodimeric Fc 1s formed with a purity
oreater than about 85%. In another embodiment, the heterodimeric Fc 1s formed with a purity
oreater than about 90%. In another embodiment, the heterodimeric Fc 1s formed with a purity
oreater than about 95%. In another embodiment, the heterodimeric Fc 1s formed with a purity
oreater than about 97%. In some aspects, the Fc 1s a heterodimer formed with a purity
oreater 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 1s a heterodimer 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 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
96/027011 (knobs into holes), in Gunasekaran et al. (Gunasekaran K. et al. (2010) J Biol
Chem. 285, 19637-46, electrostatic design to achieve selective heterodimerization), in Davis
et al. (Davis, JH. et al. (2010) Prot Eng Des Sel ;23(4): 195-202, strand exchange engineered
domain (SEED) technology), and 1in Labryn et al [Efficient generation of stable bi-specific
IgG1 by controlled Fab-arm exchange. Labriyn AF, Meesters JI, de Goe1 BE, van den
Bremer ET, Nejssen 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 Sc1 U S A. 2013
Mar 26;110(13):5145-50.

[00109] In some embodiments an 1solated 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 1n the art for selectively altering the affinity of the
antibody Fc for the different Fcgamma receptors. In some aspects, the F¢c comprises one or

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

Additional F¢ 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 FCGRDb for ADCC, and towards Clq, for CDC. In

one embodiment the effector function 1s one or more function selected from the group
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consisting of CDC, ADCC, ADCP, and cytokine secretion. In a particular embodiment the
effector function 1s ADCC.

CH2 modifications and selective binding of FcyR

[00111] In some embodiments the bi-specific antigen binding construct includes a variant
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 1solated monovalent antibody described herein.

[00112] In some embodiments, the bi-specific antigen binding constructs includes an Fc
with amino acid modifications of at least one CH2 domain. The CHZ domain 1s amino acid
23 1-340 of the sequence shown 1n Table X.

[00113] The following table summarizes the different designs reported in the literature for

effector function engineering.

Table Y: Effector function engineering

Reterence Mutations Eftect
Lu, 2011, Ferrara 2011, Mizushima 2011 |Afucosylated Increased ADCC
Lu, 2011 S298 A/E333A/K334A Increased ADCC
Lu, 2011 S298A/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/1332E Increased ADCC
Bowles, 2006 AME-D, not specified mutations Increased ADCC
Heider, 2011 37.1, mutations not disclosed Increased ADCC
Moore, 2010 S267E/H268F/S324T Increased CDC
[00114] SZ983A/EIZ3A/KI34A, S29RA/EIIZA/KII4A/KIZOA (Lu Y, Vernes IM, Chiang
M, et al. J Imronunol Methods, 2011 Feb 28;368(1-23:132-41;

[00115]  F243L/R292F/Y300L/VIGSTPIUOL, F2431L/R292P/Y 3001/ L235V/P306L
(Stavenhagen JB, Gorlatov 5, Tuadllon N, et al, Cancer Res, 2007 Sep 15;67(183:8882-

90, Nordstrom JL, Gorlatov 5, Zhans W, et al. Breast Cancer Res, 2011 Nov 38:13(6 xR 123);
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[00116] F243L (Stewart R, Thom G, Levens M, ¢t al. Protein Eng Des Sel. 201 1

Nep; 2496718, S29RAVE3IZIZA/KI34A (Shields R, Namenok AK, Hong K, et al. J Biod
Chem. 2001 Mar 2;276(9):6591-604);

[00117]  S239DVII3Z2E/A33Z0L, SZ2301VI332E (Lazar GA, Dang W, Karla §, et al. Proc Natl
Acad Sci U § AL 2006 Mar 14;103(1114005-10);

[00118]  S23913/8267k, SZ67E/L328F (Chu SY, Vostiar 1, Karks S, et al. Mol Immunol.
2008 Sep;45(15):3926-33 )

[00119]  S239D/D265S5/S298AM332E, S230E/S298A/K320A/A32TH, G237F/SZ98A/A330
FA332E, S239/I332E/8298A, 3239 DVK326E/A330L/I332E/8298A, GZ36A/S2391/I 2701
F332E, S23I9E/S26TE/HZ268D, L234F/S207E/NIZS5L, G237F/V260L/826713 and other
mutations isted 1 W0O2011/120134 and WO2011/120135, herein incorporated by

reference. Therapeutic Antibody Engineering (by Witharn R. Strohl and Lila M. Strobl,
Woodhead Publishing series o Biomedicine No 11, ISBN 1 907568 37 %, Oct 2012) lists

ntations on page 283.

F¢ 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 1s substantially similar to that of a
native IgG1 Fc. In some embodiments, substantially similar binding to FcRn 1s achieved
when the Fc region of a construct described herein exhibits greater than about 70%, or 1n
some embodiments greater than about 80%, and 1n some particular embodiments greater than
about 90% of the binding affinity of a native IgG1 Fc domain to FcRn.

[00121] As 1s known 1n the 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 et 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 1n
favorable antibody serum half-lives ranging from one to three weeks. Binding of Fc to FcRn

also plays a key role in antibody transport.

F¢ 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 IgG1 Fc region. In one such embodiment the Fc region exhibits less than 50%,
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alternatively less than 20%, alternatively less than 10% and 1n some embodiments, less than
5% of the binding affinity to an Fc¢ receptor, as compared to a native IgG1 Fc region, and/or
less than 50%, alternatively less than 20%, alternatively less than 10% and 1n some
embodiments less than 5% of the effector function, as compared to a native IgG1 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 a certain
embodiment the F¢ receptor 1s an Fcy receptor. In one embodiment the Fc¢ receptor 1s a
mammalian Fc¢ receptor. In certain embodiments, the mammalian F¢ receptor 18 a human Fc
receptor. In one embodiment the F¢ receptor 1s an activating Fc¢ receptor. In a specific

embodiment the Fc receptor 18 an activating human Fcy receptor, more specifically human

FcyRIIIa, FcyRI or FcyRIIa, most specifically human FcyRI11a.

Fc Linkers

[00124] The bi-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 1s coupled with or without one or more linkers. In some aspects,
Fc 1s directly coupled to the antigen binding polypeptide constructs. In some ascpects, Fc 18
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 IgG1 hinge regions.

HER2 and HER3 binding antigen-binding polypeptide constructs

[00126]  The bi-specific antigen binding constructs described include a first 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 18 1n a Fab format; the other antigen binding polypeptide
construct 1s 1n 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 a Fab

format for use as an antigen binding polypeptide construct in the invention. Methods for
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converting an scFv to a Fab format are described at, e.g., Zhou et al (2012) Mol Cancer Ther
11:1167-1476. 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 4DS5 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 at least 95% 1dentical to the six CDRSs of trastuzumab.
In other embodiments, the CDRs have an amino acid sequence that 1s at least 80, 81, 82, 83,
34, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or at least 99% 1dentical to the six
CDRs of trastuzumab. In some embodiments, the first antigen binding polypeptide construct
has six CDRs comprising amino acid sequences 100% 1dentical to the six CDRs of
trastuzumab. In other embodiments, the first antigen binding polypeptide construct has an
amino acid sequence that 1s at least 95% 1dentical to the VH sequence of trastuzumab and a
second polypeptide comprising an amino acid sequence that 1s at least 95% 1dentical to the
VL sequence of trastuzumab. In some embodiments, the first antigen binding polypeptide
construct has a first polypeptide with an amino acid sequence that 1s at least 80, 81, 82, 83,
34, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or at least 99% 1dentical to the VH
sequence of trastuzumab and a second polypeptide with an amino acid sequence that 1s at
least 80, 81, 82, 83, 84, 83, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or at least 99%
1dentical to the VL sequence of trastuzumab. In other embodiments, the first antigen binding
polypeptide construct has a first polypeptide with an amino acid sequence that 1s 100%
1dentical to the VH sequence of trastuzumab and a second polypeptide with an amino acid
sequence that 1s 100% 1dentical to the 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] WO0O2012/143523 describes additional antibodies that bind to the same epitope as
trastuzumab (i.e. they compete with trastuzumab for binding to ECD4); specifically group I
as described 1n 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 1s a
variant of the scFv H3 as described in US Patent No. 7,332,580. In some embodiments, the
second antigen binding polypeptide construct has six CDRs having amino acid sequences at
least 95% 1dentical to the six CDRs of H3. In other embodiments, the CDRS have an amino
acid sequence that 1s 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% 1dentical to the six CDRs of H3. In some embodiments, the second
antigen binding polypeptide construct has six CDRs comprising amino acid sequences 100%
1dentical to the six CDRs of H3. In other embodiments, the second antigen binding
polypeptide construct has an amino acid sequence that 1s at least 95% 1dentical to the VH
sequence of H3 and a second polypeptide comprising an amino acid sequence that 1s at least
95% 1dentical to the VL sequence of H3. In some embodiments, the second antigen binding
polypeptide construct has a first polypeptide with an amino acid sequence that 1s 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% 1dentical
to the VH sequence of H3 and a second polypeptide with an amino acid sequence that 1s at
least 80, 81, 82, 83, 84, 835, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or at least 99%
1dentical to the VL sequence of H3. In other embodiments, the second antigen binding
polypeptide construct has a first polypeptide with an amino acid sequence that 1s 100%
1dentical to the VH sequence of H3 and a second polypeptide with an amino acid sequence
that 1s 100% 1dentical 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 CDRI SY WMS 64
HER3 .H3 VH CDR2 NINRDGSASYYVDSVKG 65
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HER3.H3 VH CDR3 DRGVGYFDL 66
HER3.H3 VL CDRI1 TGTSSDVGGYNEVS 67
HER3.H3 VL CDR2 DVSDRPS 63
HER3.H3 VL CDR3 SSOYGSSSTHVI 63

[00135] Humanized HER2 antibodies include huMAb4DS5-1, huMAb4D5-2, huMAb4D 5-
3, huMADb4D5-4, huMAb4DS5-5, huMADb4D5-6, huMAb4DS5-7 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” 1s the region 1n the extracellular domain of HER2 to which the antibody 4D5S (ATCC
CRL 10463) and Trastuzumab bind. This epitope 1s close to the transmembrane domain of
HER?2, and within Domain IV of HER2. To screen for antibodies which bind to the 4D5
epitope, a routine cross-blocking assay such as that described 1n 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 4D35 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 1t 18 desirable to increase the affinity of the bi-specific antigen
binding construct for its cognate antigen, methods known 1n the art can be used to increase
the atfity of the antigen-binding polypeptide construct for its antigen. Examples of such
methods are described 1n the following references, Birtalan f gf. {2008} JAB 377, 1518-
FA28; Gerstner of gf, (2002 JME 321, 351-867; Kelley ef @f. (1993 Bivchem 32(27), 6828~
O835; La eral (20100 JRO Z35(6), 3865-3871, and Vajdos er ol (20072 JME 320, 413-428,
[00138]  One example, of such a method 1s affinity maturation. One exemplary method
for affinity maturation of HER2 antigen-binding domains 1s described as follows. Structures
of the trastuzumab/HER2 (PDB code IN8Z) 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 1n 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 a number 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 1n the protein to alternate residue types. Contact density and clash score will
provide a measure of complementarity, a critical aspect of effective protein packing. The
screening procedure employs knowledge-based potentials as well 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
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Antigen binding polypeptide constructs in a single chain Fab format

[00139] In some embodiments, the bispecific antigen binding construct includes a Fab
that 1s 1n a single chain Fab format, or scFab. Descriptions of this format are well known to
one of skill in the art and can be found 1n, ¢.g., International Patent Publication No. WO
2014/018572; US2010/0256338; and US20110293613. Description of design, expression
and use of scFab from these references 18 incorporated by reference..

[00140] In one embodiment the antigen binding polypeptide construct in the Fab format 1s
in the scFab format and includes the sequences found in Table A4. The table includes the

CH3, CH2, CH1, VH,CL and VL domains.

Table A4: Sequences of exemplary scFab

SEQ DESCRIPTION sequence (polypeptide)
1D
NO

23




CA 02910945 2015-10-295

WO 2014/182970 PCT/US2014/037401
Tras-HH41-scmab- DIQMTQSPSSLSASVGDRVTITCRASQODVNTAVAWY QQKPGKAPKLLIYSASFLYSGVPS
HetFc00la (trastuzumab RFSGSRSGTDFTLTISSLOPEDFATYYCQQHYTTPPTFGQGTKVEIKRTVAAPSVEIFPP
scmab with HH41 linker) SDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLT

LSKADYEKHKVYACEVTHQGLSSPVTRKSENRGECGGSGGGSGSSADDAKKDAAKKDDAKK
DDARKKDGGGSGEGSGEVQLVESGGGLVOPGGSLRLSCAASGENTIKDTY THWVROAPGKGL
EWVARIYPTNGYTRYADSVRKGRETISADTSKNTAY LOMNS LRAEDTAVYYCSRWGGDGEY
AMDYWGQGTLVIVSSASTRKGPOVEPLAPSSKESTSGETAALGCLVKDY FPEPVTVOWNSGA
LTSGVHTEPAVLOSSGLY SLoSVVIVPESSOLGETQTY ICNVNHKPSNTKVDRKKVEPKSCDK
THTCPPCPAPELLGGPSVELEPPRPRKDTLMISRTPEVICVVVDVSHEDPEVRKENWY VDGV
EVHNAKTKPREEQYNSTYRVVSVLTVLHOQDWLNGKEYKCKVONKALPAPTIEKTISKAKGQ
PREPOVYVYPPSRDELTKNQVSLTCLVKGEYPSDIAVEWESNGOPENNYKTTPPVLDSDG
SFALVOKLTVDRKSRWOOGNVESCSVMHEALHNHY TOKSLSLSPG

Tras—-GSE34-scmab- DIOMTQOSPSSLOSASVGDRVTITCRASQDVNTAVAWY QOKPGKAPKLLIYSASEFLYSGVPES
HetFclOO0la (trastuzumab RESGORSGTDEFTLTISSLOPEDEFATYYCQOQHYTTPPTFGQGTKVEIKRTVAAPSVEIEFPP
scmab with GSE34 linker) SDEQLKSGTASVVCLLNNEY PREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLT

LSKADYEKHKVYACEVTHQGLSSPVTRKSENRGECSGGGSGGEESEGGGSEGGGSEGGGSEG
GGoGGEESGEVOLVESGGGLVOPGGSLRLSCAASGENIKDTY THWVROQAPGKGLEWVARITY
PINGYTRYADSVKGRETISADTSKNTAY LOMNSLRAEDTAVY YCSRWGGDGEYAMDYWGQ
GILVIVSSASTRKGPSVEPLAPSSKSTSGETAALGCLVKDYFPEPVITVOWNSGALTSGVHT
FPAVLOSSGLYSLoSVVIVPLSSLETOTY ICNVNHKPONTRKVDRKKVEPKSCDKTHTCPPC
PAPRLLGGPSVELEFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKT
KPREEQYNSTYRVVSOVLTVLHOQDWLNGKEYKCKVONKALPAPIEKTISKAKGOPREPQVY
VYPPSRDELTEKNQVSLTCLVKGEYPSDIAVEWESNGOQPENNYKTTPPVLDSDGSFALVSK
LTVDRKSRWOQOGNVESCSVMHEALHNHYTOKSLSLSPG

H3-HH41-scmab- OSALTOPASVSGSPGOSITISCTGTSSDVGEGYNEVOWYQOHPGKAPKLMIYDVSDRPSGY
HetFcO00lb (H3 scmab with SDRESGOKSGNTASLITSGLOADDEADY YCSSYGSSSTHVIFGGGTRKVIVLGOPKAAPSY
HH41 linker) TLEPPSSEELQANKATLVCLISDEYPGAVTVAWKADSSPVKAGVETTTPSKOSNNKYAAS

SYLSLTPEQWKSHRSYSCOQVTHEGSTVEKTVAPTECSGGSGGGSGSSADDAKKDAAKKDD
AKKDDAKKDGGGSGGEESGEOQVOLOESGGGLVKPGGS LRLSCAASGEFTEFSSYWMSWVROAPG
KGLEWVANINRDGSASYYVDOVRKGREFTISRDDAKNS LY LOMNSLRAREDTAVY YCARDRGY
GYFDLWGRGTLVIVSSASTKGPSVEPLAPSSKSTSGETAALGCLVKDY FPEPVIVSWNGG
ALTSGVHTEPAVLOSSGLY SLoSVVIVPSSSLGTQTY ICNVNHKPSNTKVDKKVEPKSCD
KTHTCPPCPAPELLGGPSVELEPPRKPRKDTLMISRTPEVICVVVDVSHEDPEVKENWY VDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHOQDWLNGKEYRKCKVOSNKALPAPTEKTISKAKG
QPREPOVYVLPPSRDELTKNQVSLLCLVKGEYPSDIAVEWESNGOQPENNY LTWPPVLDGSD
GOFELYSKLTVDKOSRWOOGNVESCSVMHEALHNHY TQRSLSLSPG

H3-GSE34-scmab- OSALTOPASVSGSPGOSITISCTGTSSDVGEGYNEVOWYQOHPGKAPKLMIYDVSDRPSGY
HetFcO00lb (H3 scmab with SDRESGOKSGNTASLITSGLOADDEADY YCSSYGSSSTHVIFGGGTRKVIVLGOPKAAPSY
GSE34 linker) TLEPPSSEELQANKATLVCLISDEYPGAVTVAWKADSSPVKAGVETTTPSKOSNNKYAAS

SYLSLTPEQWKSHRSYSCOQVTHEGSTVERKTVAPTECSSGGGSGEESEGEESEGGGSEGGG
SEGGGSGGEESGEOVOLOESGGGLVKPGGS LRLSCAASGEFTESSYWMSWVROAPGKGLEWVA
NINRDGSASYYVDSVKGRETISRDDAKNSLY LOMNS LRAEDTAVY YCARDRGVGY FDLWG
RGTLVIVSSASTKGPSVEPLAPSSKSTSGETAALGCLVKDY FPEPVIVOWNSGALTSGVH
TFPAVLOSSGLYSLSSVVITVPSSSLGETQTY ICNVNHKPONTKVDKKVEPKSCDKTHTCPP
CPAPELLGGPSVELEFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAK
TKPREEQYNSTYRVVSOSVLTVLHODWLNGKEYKCKVOSNKALPAPTIEKTISKAKGQOPREPQOV
YVLPPSRDELTKNQVSLLCLVKGEYPSDIAVEWESNGOQPENNYLTWPPVLDSDGSEFELY S
KLTVDRKSRWOQOGNVESCOVMHEALHNHY TOKSLSLSPG
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NO

Tras-HH41-scmab-
HetFc00la (trastuzumab
scmab with HH41 linker)

GATATTCAGATGACCCAGAGCCCTTCTTCCCTGTCCGUTTCCGTGGGAGATCGUGTGACTA
TTACTTGTCGAGCCTCTCAGGATGTGAACACCGCCGETGGCTTGETACCAGCAGAAGCCTGE
AAAAGCTCCAAAGCTGCTGATCTACAGTGCATCATTCCTGTATTCAGGAGTCCCAAGCCGG
TTTAGCGGCAGCCGGETCTGGCACAGACTTCACTCTGACCATTAGCTCCCTGCAGCCCGAGG
ATTTTGCCACTTACTATTGCCAGCAGCACTATACCACACCCCCTACATTCGGGCAGGGAAC
TAAAGTGGAGATCAAGCGCACCGTGGCCGCTCCTTCTGTCTTCATTTTTCCACCCAGTGAC
GAACAGCTGAAGTCCGGCACAGCCTCTGTGGTCTGTCTGUTGAACAATTTTTACCCACGAG
AAGCCAAAGTGCAGTGGAAGGTCGATAACGCTCTGCAGAGTGGCAACAGCCAGGAGAGCGT
GACCGAACAGGACTCCAAAGATTCTACATATAGTCTGTCTAGTACACTGACTCTGAGCAAG
GCAGACTACGAGAAGCACAAAGTGTATGCTTGCGAAGTCACTCATCAGGGCCTGTCAAGCC
CCGTGACCAAGTCCTTCAATAGGGGAGAGTGTGGAGGGAGTGGAGGAGGGTCAGGCAGCTC
TGCAGACGATGCCAAGAAAGACGCAGCCAAGAAAGATGACGCCAAGAAAGACGATGCTAAG
AAAGATGGAGGAGGGAGCGGAGGAGGGETCCGGAGAGGTGCAGUTGGTCGAAAGCGGAGGAG
GACTGGTGCAGCCTGGAGGCTCTCTGCGGCTGAGTTGCGCTGCATCAGGCTTCAACATCAA
AGACACCTACATTCATTGGGETGAGACAGGCCCCUCGGCAAGGGACTGGAGTGGGETCGCCAGG
ATCTATCCTACCAATGGCTACACAAGATATGCCGACAGCGTGAAAGGGCGCTTCACTATTA
GCGCAGATACTTCCAAGAACACCGCCTACCTGCAGATGAACAGCCTGCGAGCTGAAGATAC
AGCAGTGTACTATTGTAGCCGGETGGGEGEUGEGLCGATGGATTCTACGCAATGGACTACTGGGGA
CAGGGAACCCTGGTCACCGTCTCAAGCGCTAGCACTAAGGGGCCTTCCGTGTTTCCACTGG
CTCCCTCTAGTAAATCCACCTCTGGAGGCACAGCTGCACTGGGATGTCTGGETGAAGGATTA
CTTCCCTGAACCAGTCACAGTGAGTTGGAACTCAGGGGCTCTGACAAGTGGAGTCCATACT
TTTCCCGCAGTGCTGCAGTCAAGCGGACTGTACTCCCTGTCCTCTGTGGTCACCGTGCCTA
GTTCAAGCCTGGGCACCCAGACATATATCTGCAACGTGAATCACAAGCCATCAAATACAAA
AGTCGACAAGAAAGTGGAGCCCAAGAGCTGTGATAAAACTCATACCTGCCCACCTTGTCCG
GCGCCAGAACTGCTGGGAGGACCAAGCGTGTTCCTGTTTCCACCCAAGCCTAAAGACACCC
TGATGATTTCCCGGACTCCTGAGGTCACCTGCGTGGETCGTGGACGTGTCTCACGAGGACCC
CGAAGTCAAGTTCAACTGGTACGTGGATGGCGTCGAAGTGCATAATGCCAAGACCAAACCC
CGGGAGGAACAGTACAACTCTACCTATAGAGTCGTGAGTGTCCTGACAGTGCTGCACCAGG
ACTGGCTGAATGGGAAGGAGTATAAGTGTAAAGTGAGCAACAAAGCCCTGCCCGCCCCAAT
CGAAAAAACAATCTCTAAAGCAAAAGGACAGCCTCGCGAACCACAGGTCTACGTCTACCCC
CCATCAAGAGATGAACTGACAAAAAATCAGGTCTCTCTGACATGCCTGGTCAAAGGATTCT
ACCCTTCCGACATCGCCGTGGAGTGGGAAAGTAACGGCCAGCCCGAGAACAAT TACAAGAC
CACACCCCCTGTCCTGGACTCTGATGGGAGTTTCGCTCTGGTGTCAAAGCTGACCGTCGAT
AAAAGCCGGTGGCAGCAGGGCAATGTGTTTAGCTGCTCCGTCATGCACGAAGCCCTGCACA
ATCACTACACACAGAAGTCCCTGAGCCTGAGCCCTGGC

Tras-GSE34-scmab-
HetFc00la (trastuzumab
scmab with GSE34 linker)

GATATTCAGATGACTCAGAGCCCCTCAAGCCTGTCCGCCTCCGTGGGAGATAGAGTGACTA
TTACTTGTAGAGCCTCACAGGATGTCAACACCGCTGTGGCATGGTACCAGCAGAAGCCTGE
CAAAGCTCCAAAGCTGCTGATCTACTCCGCATCTTTCCTGTATTCTGGGGTCCCAAGTCGG
TTTAGTGGUCTCAAGAAGCGGGACAGACTTCACTCTGACCATTAGCTCCCTGCAGCCCGAGG
ATTTTGCCACTTACTATTGCCAGCAGCACTATACCACACCCCCTACATTCGGACAGGGCAC
TAAAGTGGAGATCAAGCGCACCGTGGCCGCTCCTTCTGTCTTCATTTTTCCACCCAGCGAC
GAACAGCTGAAATCAGGCACAGCCAGCGTGGETCTGTCTGUCTGAACAATTTTTACCCACGAG
AAGCCAAAGTGCAGTGGAAGGTCGATAACGCTCTGCAGTCCGGCAATTCTCAGGAGAGTGT
GACCGAACAGGACTCAAAAGATAGCACATATTCCCTGTCTAGTACACTGACTCTGTCTAAG
GCAGACTACGAGAAGCACAAAGTGTATGCCTGCGAAGTCACTCATCAGGGGCTGTCAAGCC
CCGTGACCAAGAGCTTCAATAGGGGAGAGTGTTCCGGAGGAGGATCTGGAGGAGGAAGTGA
GGGAGGAGGCAGCGAAGGCGGGGGEATCTGAGGGAGGUCGGAAGTGAGGGUCGGAG<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>