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BISPECIFIC TETRAVALENT ANTIBODY TARGETING EGFR AND HER3

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of the filing date of U.S. Provisional Application Ser.
No. 63/237,033 filed August 25, 2021, under 35 U.S.C. 119(e), the entire disclosures of which
are incorporated by reference herein.

TECHNICAL FIELD
The present disclosure generally relates to the technical field of antibody cancer
therapeutics, and more particularly relates to bispecific tetravalent antibodies.

BACKGROUND

The human epidermal growth factor receptor (EGFR, also known as ErbB1, HER1)
family has four members, EGFR, HER2, HER3, and HER4. Deregulation of each member of
the family by means of mutation, amplification, and overexpression plays an important role
in tumorigenesis and tumor metastasis. Overexpression is associated with the development
of a wide variety of tumors, including but not limited to breast, ovarian, stomach, and gastric
cancer, adenocarcinoma of lung, aggressive forms of uterine cancer, and salivary duct
carcinomas. In the case of breast cancer, the overexpression of HERZ occurs in 30% of breast
cancer patients, and the underlying HER2 mutation and amplification produce aberrant
growth signals that activate its downstream signaling pathway leading to tumorigenesis. Of
the subtypes of breast cancer tested negative for HER2, EGFR is overexpressed in at least
50% of triple negative breast cancer (test negative for estrogen and progesterone receptors
and HERZ protein). HER3 is overexpression in approximately 20-30% of invasive forms of
breast cancer. HER3 is the only member in the family that is catalytically inactive and
requires dimerization with other members to be activated. For example, HER3 may
dimerizes with HER2 on the surface of tumor cells, which activates PI3K/AKT signalling that
promotes tumor growth and survival.

Interruption of EGFR signaling, either by blocking EGFR binding sites on the
extracellular domain of the receptor or by inhibiting intracellular tyrosine kinase activity,
can prevent the growth of EGFR-expressing tumors and improve the patient's condition.
Several anti-EGFR antibodies, including cetuximab, panitumumab and nimotuzumab, are
approved for treating metastatic colorectal cancer, head and neck squamous cell carcinoma,
and glioma (Price and Cohen, 2012; Bode et al. 2012). Trastuzumab (Herceptin) and other
agents targeting HER2 have antitumor efficacy in patients with HERZ2-expressing breast
cancer and stomach cancer. However, Trastuzumab is effective only in cancers where HER2
is overexpressed. Many tumors that initially respond to these therapeutic agents eventually
progress due to an acquired resistance to the agents, and the long-term benefit seems to be
limited in some patients. In the case of HER2-targeted therapies, the resistance can occur
via upregulation of HER3 or its ligand HRG. And yet, the current therapeutic approaches
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aiming at inhibiting the activation of HERZ/HER3 signalling pathway have failed to provide
meaningful clinical benefit (Geuijen et al. 2018; Yu et al. 2019). The present disclosure is
related to methods of making and using bispecific tetravalent antibodies targeting EGFR and
HERS for treating patients with cancer.

SUMMARY

The following summary is illustrative only and is not intended to be in any way
limiting. In addition to the illustrative aspects, embodiments, and features described above,
further aspects, embodiments, and features will become apparent by reference to the
drawings and the following detailed description.

The disclosure provides bispecific tetravalent antibodies targeting two members of
EGFR family, EGFR and HER3, and the methods for making and using the antibodies. The
bispecific tetravalent antibodies may include an immunoglobulin G (IgG) moiety with two
heavy chains and two light chains, and two scFv moieties being covalently connected to N
terminal of the heavy chain, or either N or C terminal of the light chain. The IgG moiety may
have a binding specificity to a first member of EGFR family. The scFv moiety may have a
binding specificity to a second member of the EGFR family. The IgG moiety and two scFv
moieties are covalently connected to be functional as a bispecific antibody. The objectives
and advantages of the disclosure will become apparent from the following detailed
description of preferred embodiments thereof in connection with the accompanying
drawings.

In one aspect, the application provides a bispecific antibody, comprising two sets of
heavy and light chains. Each set of the heavy chain and the light chain form a Fab region
having a binding specificity to EGFR. The antibody may further comprise a scFv domain
covalently linked to N-terminal of the heavy chain, N-terminal of the light chain, or C-
terminal of the light chain. The scFv domain has a binding specificity to HER3. In one
embodiment, the bispecific antibody comprises an IgG domain. In one embodiment, the
bispecific antibody comprises an IgG1 domain.

In one embodiment, the scFv domain may be linked to the N-terminal of the heavy
chain. In one embodiment, the scFv domain may be linked to the N-terminal or C-terminal
of the light chain.

In one embodiment, the scFv domain is linked to the N-terminal or C-terminal of the
light chain, wherein the light chain comprises an amino acid sequence having a sequence
identity to SEQ ID NO. 1, 3, 5, 7, or 9.

In one embodiment, the antibody may include an amino acid sequence having at least
50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99% of sequence identity to SEQ ID
NO 17, 23, or 24.

In one embodiment, the scFv domain is linked to the N-terminal of the heavy chain,
wherein the heavy chain comprises an amino acid sequence having a sequence identity to
SEQID NO.2Z, 4,6, 8, or 10.
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In one embodiment, the antibody may include an amino acid sequence having at least
50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99% of a sequence identity to SEQ ID
NO. 22.

In one embodiment, the heavy chain may include 3 complementary determining
regions (CDRs) having the amino acid sequence of SEQ ID NO 31, 32, and 33. In one
embodiment, the heavy chain may include 3 CDRs having the amino acid sequence of SEQ ID
NO 37, 38, and 39.

In one embodiment, the light chain may include 3 CDRs having the amino acid
sequence of SEQ ID NO 34, 35, and 36. In one embodiment, the light chain may include 3
CDRs having the amino acid sequence of SEQ ID NO 40, 41, and 42.

In one embodiment, the antibody may include an IgG constant region, wherein the
IgG constant region comprises an amino acid sequence having at least 50%, 60%, 70%, 75%,
80%, 85%, 90%, 95%, 98%, or 99% of sequence identity to SEQ ID NO. 19.

In one embodiment, the antibody may include a kappa constant region, wherein the
kappa constant region comprises an amino acid sequence having at least 50%, 60%, 70%,
75%, 80%, 85%, 90%, 95%, 98%, or 99% of sequence identity to SEQ ID NO. 20.

In one embodiment, the scFv domain may include an amino acid sequence having at
least 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99% of sequence identity to SEQ
ID NO. 11,12, 13, 14, 15, or 16.

In one embodiment, the scFv domain may include a variable light chain (V.), wherein
the Vi has an amino acid sequence having at least 50%, 60%, 70%, 75%, 80%, 85%, 90%,
95%, 98%, or 99% of sequence identity to SEQ ID NO. 11, 13, or 15. In one embodiment, the
VL. comprises CDRs having an amino acid SEQ ID NO. 46, 47, and 48.

In one embodiment, the scFv domain may include a variable heavy chain (Vu),
wherein the VH has an amino acid sequence having at least 50%, 60%, 70%, 75%, 80%, 85%,
90%, 95%, 98%, or 99% of sequence identity to SEQ ID NO. 12, 14, or 16. In one embodiment,
the Vu comprises CDRs having an amino acid SEQ ID NO. 43, 44, and 45.

In one embodiment, the scFv domain may have a configuration of VL.Vu or V4VL from
the N terminal to the C terminal. In one embodiment, the scFv may include a disulphide bond
between VLand Vu. In one embodiment, the disulfide bond may be between vL100 and vH44
(Kabat) of the scFv domain. In one embodiment, the scFv may include R19S (Kabat)
mutation.

In one embodiment, the scFv domain comprise VL having an amino acid sequence
having a sequence identity to SEQ ID NO. 11 and Vu having an amino acid sequence having
sequence identity to SEQ ID NO. 12. In one embodiment, the scFv comprise Vi having an
amino acid sequence having a sequence identity to SEQ ID NO. 13 and Vu having an amino
acid sequence having sequence identity to SEQ ID NO. 14. In another embodiment, the scFv
comprise Vi having an amino acid sequence having a sequence identity to SEQ ID NO. 15 and
Vu having an amino acid sequence having sequence identity to SEQ ID NO. 16.



WO 2023/028548 PCT/US2022/075445

In one embodiment, the antibody may include an amino acid sequence having at least
50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99% of sequence identity to SEQ ID
NO. 18, and the antibody may include an amino acid sequence having atleast 50%, 60%, 70%,
75%, 80%, 85%, 90%, 95%, 98%, or 99% of sequence identity to SEQ ID NO. 17.

In one embodiment, the antibody may include an amino acid sequence having at least
50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99% of sequence identity to SEQ ID
NO. 22, and the antibody may include an amino acid sequence having atleast 50%, 60%, 70%,
75%, 80%, 85%, 90%, 95%, 98%, or 99% of sequence identity to SEQ ID NO. 21.

In one embodiment, the antibody may include an amino acid sequence having at least
50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99% of sequence identity to SEQ ID
NO. 18, and the antibody may include an amino acid sequence having atleast 50%, 60%, 70%,
75%, 80%, 85%, 90%, 95%, 98%, or 99% of sequence identity to SEQ ID NO. 23.

In one embodiment, the antibody may include an amino acid sequence having at least
50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99% of sequence identity to SEQ ID
NO. 25, and the antibody may include an amino acid sequence having at least 50%, 60%, 70%,
75%, 80%, 85%, 90%, 95%, 98%, or 99% of sequence identity to SEQ ID NO. 24.

In another aspect, the application provides an isolated nucleic acid encoding the
bispecific antibody as disclosed herein.

In a further aspect, the application provides an expression vector including the
isolated nucleic acid encoding the bispecific antibody as disclosed herein. In one
embodiment, the expression vector may be expressible in a cell.

In a further aspect, the application provides a host cell comprising the nucleic acid as
disclosed herein.

In a further aspect, the application provides methods of producing the bispecific
antibody as disclosed herein. The method includes the step of culturing the host cell as
disclosed herein so that the bispecific antibody is produced.

In a further aspect, the application provides immunoconjugates comprising the
bispecific antibody and a cytotoxic agent, and wherein the cytotoxic agent comprises a
chemotherapeutic agent, a growth inhibitory agent, a toxin, or a radioactive isotope.

In a further aspect, the application provides pharmaceutical compositions,
comprising the bispecific antibody and a pharmaceutically acceptable carrier. In one
embodiment, the pharmaceutical composition may include radioisotope, radionuclide, a
toxin, a therapeutic agent, a chemotherapeutic agent or a combination thereof. In one
embodiment, the pharmaceutical composition may include the immunoconjugate and a
pharmaceutically acceptable carrier.

In a further aspect, the application provides methods of treating a subject with a
cancer. In one embodiment, the method may include the step of administering to the subject
an effective amount of the bispecific antibody. In one embodiment, the cancer may include
cells expressing EGFR, HER3 or both. In one embodiment, the cancer may include breast
cancer, colorectal cancer, pancreatic cancer, head and neck cancer, melanoma, ovarian
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cancer, prostate cancer, non-small lung cell cancer, small cell lung cancer, glioma, esophageal
cancer, nasopharyngeal cancer, kidney cancer, gastric cancer, liver cancer, bladder cancer;
cervical cancer, brain cancer, lymphoma, leukaemia, myeloma.

In one embodiment, the method further includes co-administering an effective
amount of a therapeutic agent.

In one embodiment, the therapeutic agent may include an antibody, a chemotherapy
agent, an enzyme, or a combination thereof. In one embodiment, the therapeutic agent may
include capecitabine, cisplatin, trastuzumab, fulvestrant, tamoxifen, letrozole, exemestane,
anastrozole, aminoglutethimide, testolactone, vorozole, formestane, fadrozole, letrozole,
erlotinib, lafatinib, dasatinib, gefitinib, imatinib, pazopinib, lapatinib, sunitinib, nilotinib,
sorafenib, nab-palitaxel, a derivative or a combination thereof.

In one embodiment, the subject is a human.

In a further aspect, the application provides a solution comprising an effective
concentration of the bispecific antibody. In one embodiment, the solution is blood plasma in
a subject.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features of this disclosure may become more fully apparent
from the following description and appended claims, taken in conjunction with the
accompanying drawings. Understanding that these drawings depict only several
embodiments arranged in accordance with the disclosure and are, therefore, not to be
considered limiting of its scope, the disclosure may be described with additional specificity
and detail through use of the accompanying drawings, in which:

Figure 1 depicts the configuration of bispecific tetravalent antibodies targeting EGFR and
HER3, i.e,, EGFR x HER3 bispecific antibodies;

Figure 2 depicts thermal stability data for EGFR x HER3 bispecific antibodies as measured
by dynamic light scattering;

Figure 3 shows biolayer interferometry sensorgrams for EGFR x HER3 bispecific antibodies
binding to human EGFR;

Figure 4 shows biolayer interferometry sensorgrams for EGFR x HER3 bispecific antibodies
binding to human HER3; and

Figure 5 depicts the effect of EGFR x HER3 bispecific antibodies on proliferation of FaDu
tumor cells.

DETAILED DESCRIPTION
This disclosure provides bispecific tetravalent antibodies with superior therapeutic
properties or efficacies over the currently known anti-EGFR antibodies. In one embodiment,
the antibodies target members of EGFR family including, withoutlimitation, EGFR and HER3.
These bispecific tetravalent antibodies may inhibit different receptor-mediated oncogenic
signaling simultaneously therefore overcome resistance in EGFR inhibitor or monoclonal
antibody treatment.
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The present disclosure provides, among others, isolated antibodies or antigen binding
fragments, humanized antibodies or antigen binding fragments, methods of making such
antibodies or antigen binding fragments, monoclonal and/or recombinant monospecific
antibodies, multi-specific antibodies, antibody-drug conjugates and/or immuno-conjugates
composed from such antibodies or antigen binding fragments, pharmaceutical compositions
containing the antibodies, monoclonal and/or recombinant monospecific antibodies, multi-
specific antibodies, antibody-drug conjugates and/or immuno-conjugates, the methods for
making the antibodies and compositions, and the methods for treating cancer using the
antibodies and compositions disclosed herein. Specifically, the present disclosure provides
a group of bispecific tetravalent antibodies with their binding specificity to human EGFR and
HER3, also known as EGFR x HER3 bispecific antibodies (Figure 1), wherein an isolated
antibody comprises an amino acid sequence having an identity with a sequence selected
from SEQ ID NO. 17, 22, 23, 24.

The term “antibody” is used in the broadest sense and specifically covers single
monoclonal antibodies and/or recombinant antibodies (including agonist and antagonist
antibodies), antibody compositions with polyepitopic specificity, as well as antibody
fragments (e.g., Fab, F(ab)2, and Fv), so long as they exhibit the desired biological activity.
In some embodiments, the antibody may be monoclonal, polyclonal, chimeric, single chain,
multi-specific or multi-effective, human and humanized antibodies, as well as active
fragments thereof. Examples of active fragments of molecules that bind to known antigens
include Fab, F(ab")2, scFv and Fv fragments, including the products of a Fab immunoglobulin
expression library and epitope-binding fragments of any of the antibodies and fragments
mentioned above.

The term “Fv” refers to the minimum antibody fragment which contains a complete
antigen recognition and binding site. This region consists of a dimer of one heavy and one
light chain variable domain in tight, non-covalent association. Itis in this configuration that
the three CDRs of each variable domain interact to define an antigen binding site on the
surface of the VH-VL dimer. Collectively, the six CDRs confer antigen binding specificity to
the antibody. However, even a single variable domain (or half of an Fv comprising only three
CDRs specific for an antigen) can recognize and bind antigen, although at a lower affinity
than the entire binding site.

In some embodiments, antibody may include immunoglobulin molecules and
immunologically active portions of immunoglobulin molecules, i.e,, molecules that contain a
binding site and that immunospecifically bind an antigen. A typical antibody refers to
heterotetrameric protein comprising typically of two heavy (H) chains and two light (L)
chains. Each heavy chain is comprised of a heavy chain variable domain (abbreviated as VH)
and a heavy chain constant domain. Each light chain is comprised of a light chain variable
domain (abbreviated as VL) and a light chain constant domain. The light chains of antibodies
(immunoglobulins) from any vertebrate species can be assigned to one of two clearly distinct
types, called kappa and lambda, based on the amino acid sequences of their constant
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domains. The VH and VL regions can be further subdivided into domains of hypervariable
complementarity determining regions (CDR), and more conserved regions called framework
regions (FR). Each variable domain (either VH or VL) is typically composed of three CDRs
and four FRs, arranged in the following order: FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4 from
amino-terminus to carboxy-terminus. Within the variable regions of the light and heavy
chains there are binding regions that interacts with the antigen.

Depending on the amino acid sequence of the constant domain of their heavy chains,
immunoglobulins can be assigned to different classes. There are five major classes of
immunoglobulins: IgA, 1gD, IgE, IgG and IgM, and several of these may be further divided into
subclasses (isotypes), e.g, 1gG-1, IgG-2, 1gG-3, and 1gG-4; 1gA-1 and IgA-2. The heavy chain
constant domains that correspond to the different classes of immunoglobulins are called
alpha, delta, epsilon, gamma, and mu, respectively. The subunit structures and three-
dimensional configurations of different classes of immunoglobulins are well known.

The term “monoclonal antibody” as used herein refers to an antibody obtained from
a population of substantially homogeneous antibodies, i.e., the individual antibodies
comprising the population are identical except for possible naturally occurring mutations
that may be present in minor amounts. Monoclonal antibodies are highly specific, being
directed against a single antigenic site. Furthermore, in contrast to conventional
(polyclonal) antibody preparations which typically include different antibodies directed
against different determinants (epitopes), each monoclonal antibody is directed against a
single determinant on the antigen. In addition to their specificity, the monoclonal antibodies
are advantageous in that they are synthesized by the hybridoma culture, uncontaminated by
other immunoglobulins. The modifier “monoclonal” indicates the character of the antibody
as being obtained from a substantially homogeneous population of antibodies and is not to
be construed as requiring production of the antibody by any method. For example, the
monoclonal antibodies to be used in accordance with the present disclosure may be made
by the hybridoma method first described by Kohler & Milstein, Nature, 256:495 (1975), or
may be made by recombinant DNA methods (e.g,, U.S. Pat. No. 4,816,567). "Recombinant”
means the antibodies are generated using recombinant nucleic acid techniques in
exogeneous host cells.

Monoclonal antibodies can be produced using various methods, including without
limitation, mouse hybridoma, phage display, recombinant DNA, molecular cloning of
antibodies directly from primary B cells, and antibody discovery methods (see Siegel.
Transfus. Clin. Biol. 2002; Tiller. New Biotechnol. 2011; Seeber et al. PLOS One. 2014).
Monoclonal antibodies may include “chimeric” antibodies (immunoglobulins) in which a
portion of the heavy and/or light chain is identical with or homologous to corresponding
sequences in antibodies derived from a particular species or belonging to a particular
antibody class or subclass, while the remainder of the chain(s) is identical with or
homologous to corresponding sequences in antibodies derived from another species or
belonging to another antibody class or subclass, as well as fragments of such antibodies, so
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long as they exhibit the desired biological activity (U.S. Pat. No. 4,816,567; and Morrison et
al., Proc. Natl. Acad. Sci. US4, 81:6851-6855 [1984]).

The term “multi-specific, multivalent” antibody as used herein denotes an antibody
that has at least two binding sites each having a binding affinity to an epitope of an antigen.
The term “bispecific, tetravalent antibody” as used herein denotes an antibody that has four
antigen-binding sites specific to two antigens. For example, the antibodies disclosed herein
are bispecific tetravalent to EGFR and HER3.

The term “humanized antibody” refers to a type of engineered antibody having its
CDRs derived from a non-human donor immunoglobulin, the remaining immunoglobulin-
derived parts of the molecule being derived from one (or more) human immunoglobulin(s).
In addition, framework support residues may be altered to preserve binding affinity.
Methods to obtain “humanized antibodies” are well known to those skilled in the art. [see,
e.g, Queen et al, Proc. Natl Acad Sci USA, 86:10029-10032 (1989), Hodgson et al,
Bio/Technology, 9:421 (1991)).

The terms “antigen- or epitope-binding portion or fragment”, “variable domain”,
“variable region”, “variable region sequence”, or “binding domain” refer to fragments of an
antibody that are capable of binding to an antigen (such as EGFR and HER3 in this
application). The antigen-binding fragment (Fab) is a region (Fab region) on an antibody
that binds to antigens. These fragments may be capable of the antigen-binding function and
additional functions of the intact antibody. Examples of binding fragments include, but are
not limited to, a single-chain Fv fragment (scFv) consisting of the variable light chain (VL)
and variable heavy chain (VH) domains of a single arm of an antibody connected in a single
polypeptide chain by a synthetic linker, or a Fab fragment which is a monovalent fragment
consisting of the VL, constant light (CL), VH and constant heavy 1 (CH1) domain.

Antibody fragments can be even smaller sub-fragments and can consist of domains as
small as a single CDR domain, the CDR3 regions from either the VL and/or VH domains (for
example see Beiboer et al, J. Mol. Biol. 296:833-49 (2000)). Antibody fragments are
produced using conventional methods known to those skilled in the art. The antibody
fragments can be screened for utility using the same techniques employed with intact
antibodies.

The “antigen- or epitope-binding portion or fragment”, “variable region”, “variable
region sequence”, or “binding domain” may be derived from an antibody of the present
application by several art-known techniques. For example, purified monoclonal antibodies
can be cleaved with an enzyme, such as pepsin, and subjected to HPLC gel filtration. Papain
digestion of antibodies produces two identical antigen binding fragments, called “Fab”
fragments, each with a single antigen binding site, and a residual “Fc” fragment, whose name
reflects its ability to crystallize readily. Pepsin treatment yields an F(ab’)z fragment that has
two antigen combining sites and is still capable of cross-linking antigen. The appropriate
fraction containing Fab fragments can then be collected and concentrated by membrane
filtration and the like. For further description of general techniques for the isolation of active
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fragments of antibodies (see for example, Khaw, B. A. et al. ]. Nucl. Med. 23:1011-1019
(1982); Rousseaux et al. Methods Enzymology, 121:663-69, Academic Press, 1986).

The terms “isolated” or “purified” refers to a biological molecule free from at least
some of the components with which it naturally occurs. Either “Isolated" or “purified," when
used to describe the various polypeptides disclosed herein, means a polypeptide that has
been identified and separated and/or recovered from a cell or cell culture from which it was
expressed. Ordinarily, a purified polypeptide will be prepared by at least one purification
step. An "isolated” or a “purified” antibody refers to an antibody which is substantially free
of other antibodies having different antigenic a binding specificity.

The terms “a”, “an” and “the” as used herein are defined to mean “one or more” and
include the plural unless the context is inappropriate.

The terms “polypeptide”, “peptide”, and “protein”, as wused herein, are
interchangeable and are defined to mean a biomolecule composed of amino acids linked by
a peptide bond.

The term “antigen” refers to an entity or fragment thereof which can induce an
immune response in an organism, particularly an animal, more particularly a mammal
including a human. The term includes immunogens and regions thereof responsible for
antigenicity or antigenic determinants.

The term “immunogenic” refers to substances which elicit or enhance the production
of antibodies, T-cells or other reactive immune cells directed against an immunogenic agent
and contribute to an immune response in humans or animals. An immune response occurs
when an individual produces sufficient antibodies, T-cells and other reactive immune cells
against administered immunogenic compositions of the present disclosure to moderate or
alleviate the disorder to be treated. While the immunogenic response generally includes
both cellular (T cell) and humoral (antibody) arms of the immune response, antibodies
directed against therapeutic proteins (anti-drug antibodies, ADA) may consist of IgM, IgG,
IgE, and/or IgA isotypes.

The terms "specific binding", "specifically binds to", or “is specific for a particular
antigen or an epitope” means that the binding is measurably different from a non-specific
interaction. Specific binding can be measured, for example, by determining binding of a
molecule compared to binding of a control molecule, which generally is a molecule of similar
structure that does not have binding activity. For example, specific binding can be
determined by competition with a control molecule that is similar to the target.

The term “affinity” refers to a measure of the attraction between two polypeptides,
such as antibody/antigen, receptor/ligand, etc. The intrinsic attraction between two
polypeptides can be expressed as the binding affinity equilibrium dissociation constant (KD)
of a particular interaction. A KD binding affinity constant can be measured, e.g., by Bio-Layer
Interferometry, where KD is the ratio of kdis (the dissociation rate constant) to kon (the
association rate constant), as KD = kdis/kon.
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Specific binding for a particular antigen or an epitope can be exhibited, for example,
by an antibody having a KD for an antigen or epitope of at least about 104 M, at least about
10-5 M, at least about 10-¢ M, atleast about 10-7 M, at least about 108 M, at least about 109 M,
alternatively at least about 10-19 M, at least about 10-11 M, at least about 10-12 M, or greater,
where KD refers to the equilibrium dissociation constant of a particular antibody-antigen
interaction. Typically, an antibody that specifically binds an antigen will have a KD thatis 20-
, 50-, 100-, 500-, 1000-, 5,000-, 10,000- or more times greater for a control molecule relative
to the antigen or epitope.

Also, specific binding for a particular antigen or an epitope can be exhibited, for
example, by an antibody having a KA or Ka for an antigen or epitope of at least 20-, 50-, 100-
, 500-, 1000-, 5,000-, 10,000- or more times greater for the epitope relative to a control,
where KA or Ka refers to an association rate of a particular antibody-antigen interaction.

The present disclosure may be understood more readily by reference to the following
detailed description of specific embodiments and examples included herein. Although the
present disclosure has been described with reference to specific details of certain
embodiments thereof, it is not intended that such details should be regarded as limitations
upon the scope of the disclosure.

EXAMPLES
Example 1: Configuration of EGFRXHERS3 bispecific antibodies

The cancer-associated gain-of-function mutations alter the HER3 kinase domain and
ultimately enhance allosteric function, which provides a structural and mechanistic basis for
developing drugs that target EGFR/HER3 dimerization. Inhibiting EGFR/HER3 signaling
may be achieved by using either small molecule drugs or monoclonal antibodies against
members of the EGFR family. For example, both cetuximab and nimotuzumab are anti-EGFR
antibodies that have been proved to be therapeutically effective in clinical trials. The binding
fragment derived from these antibodies may be referred as a therapeutic binding domain
because their anti-tumor proliferation activity is proven in clinical trials. Despite the
progress in combination therapy involving the use of two therapeutic antibodies, there is
need to develop a single efficacious bispecific antibody for inhibiting EGFR/HER3
dimerization. Of concerns, the precise geometry of the bispecific antibody (i.e. spacing, and
relative configuration of the two sets of binding domains) may significantly impact the
properties of the therapeutic agent in terms of, for example, expression titer, stability,
antigen binding, or efficacy at inhibiting proliferation or impacting another biological
function.

Figure 1 depicts configurations of six bispecific tetravalent antibodies, each of these
EGFRxXHER3 bispecific antibodies comprise an immunoglobulin G (IgG) moiety with two
heavy chains and two light chains and two scFv binding domains being covalently connected
to two designated ends of the antibody via a linker, such as (Gly-Gly-Gly-Gly-Ser)n linkers or
a (Gly-Gly-Gly-Ser)n linkers, or (GmS)n linkers. Of this panel of EGFRXHER3 bispecific
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antibodies, SI-1X6 and SI-1X4 have been characterized by having an anti-EGFR Fab region
and an anti-HER3 scFv domain linked to the C-terminus of heavy chain
(HC)(W02016106157A1, incorporated herein by reference in its entirety). The two
antibodies share the same configuration that keeps the two binding domains apartat the two
ends of HC with atleast CH1, CHZ, and CH3 in between. In comparison, SI-1X22, SI-1X24, SI-
1X25, and SI-1X26 are configured to have the anti-HER3 scFv domain linked to either one
end of LC or N-terminus of HC. As a result, the space between two binding domains is
reduced to either a CH1 when the scFv domain is linked to C-terminus of L.C (SI-1X22 and SI-
1X26) or none when the scFv domain is linked to N-terminus of either HC or L.C (S1-1X24 and
SI-1x25).

While each domain may exert independent binding specificity, keeping the two
binding domains physically closer may improve the efficiency of antibody binding to both
EGFR and HER3 on the same tumor cell. For example, the proximity of the binding domains
may instill a more rigid conformation where steric constraints prevent domains from
rearranging in such a way as to allow for dimerization of EGFR and HER3. In contrast, a long
inter-domain physical distance combined with flexible regions between binding domains,
may allow for the conformational flexibility to cause undesired receptor dimerization and
downstream proliferative signaling. The mutation R19S (Kabat) in the VH of scFvs on the
light chain (W02021092266A1, incorporated herein by reference in its entirety) was used
to prevent binding of light chain components to protein A during purification. When the anti-
HER3 scFv domain was fused to a light chain, the paired VH/VL within the Fab were
stabilized with a disulfide staple (VH 44C / VL 100C, Kabat).

Example 2: Generation of EGFRXHERS3 bispecific antibodies
SI-1X22, SI-1X24, SI-1X25, and SI-1X26 were cloned and purified. Genes encoding

antibody heavy and light chains (preceded by Kozak and secretory signal peptide) were
cloned into pTT5 vector using standard molecular biology techniques. Antibodies and were
expressed by transiently transfecting the expression plasmids for heavy and light chains in
the ExpiCHO system (Thermo Fisher). Briefly, 10 ug of each expression plasmid was brought
to 1ml with OptiPRO SFM medium. 1ml of OptiPRO SFM medium containing 80ul
Expifectamine CHO reagent was added to the DNA and incubated at room temperature for
2.5 minutes. The resulting mixture was then added to 25ml ExpiCHO cells at 6x10¢ cells/ml
in a 125ml Erlenmeyer flask and incubated at 37°C, 5% COz, 150rpm. Cells were fed with
8.75ml ExpiCHO feed and 150 ul of CHO enhancer at 24 hours post-transfection and shifted
to 32°C, 5% COz, 150rpm. Cells were fed again at 48 hours post-transfection with 8.75ml
ExpiCHO feed. Culture supernatant was harvested 9 days post-transfection, spun for 1 hour
at 4500rpm to pellet the cells and then passed through a 0.2mm filter. Expression titer was
quantitated using biolayer interferometry on an Octet384 system with protein A sensors and
a standard curve prepared with purified bispecific antibody protein.
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Proteins were purified from the harvested supernatant using a 1-ml MabSelect
PrismA protein A column (GE Healthcare). The column was equilibrated with phosphate-
buffered saline. The supernatant was then passed through the column at a flow rate of 1
ml/min. The column was washed with 10ml PBS. Protein was then eluted by passing 5ml of
50 mM sodium acetate, pH 3.5 through the column. The eluted protein was immediately
neutralized by addition of 0.5ml 1M Tris-Cl, pH8.0.

Immediately after first-step protein A or His tag purification, proteins were analyzed
by analytical SEC using Waters Acquity UPLC H-Class with ACQUITY UPLC® Protein BEH SEC
2004, 4.6mm x 150mm, 1.7 ym column. PBS (125 mM sodium phosphate, 137 mM sodium
chloride, pH 6.8) was used as mobile phase for 10-minute runs at 0.3 ml/min, injecting 10 ug
protein. Proteins were further purified by preparative SEC using Superdex Increase 10/300
GL column in mobile phase of 25 mM sodium acetate, 125 mM NaCl, pH 5.5, ultimately to be
buffer-exchanged into 25 mM sodium acetate, 125 mM NaCl, 10% sucrose, pH 5.5. Final
samples contained >95% protein of interest (POI) as assessed by analytical SEC and were
used for subsequent assays.

Example 3: Protein stability

Protein stability is a key parameter defined by the difference in free energy between
the folded and unfolded states. For protein therapeutics, stability may impact
immunogenicity, pharmacokinetics, and even efficacy, and reduction of aggregation can help
to develop therapeutics that are easier to manufacture and safer for patients. In addition,
expression efficiency and protein yield directly determine the cost of protein therapeutics. If
proteins can be more efficiently expressed to reach higher titers and increased yield of
purified protein, manufacturing costs can be reduced significantly.

After transient expression in ExpiCHO cells, titer of the bispecific antibodies was
quantitated using biolayer interferometry. As shown in Table 1, the data demonstrate that
all proteins expressed in the ExpiCHO expression system, indicating they are stable enough
to be efficiently produced. For antibodies with nimotuzumab variable regions (SI-1X4 and
SI-1X26), titer was comparable. For antibodies with cetuximab variable regions (SI-1X6, SI-
1X22, SI-1X24, and SI-1X25), titer was higher than for nimotuzumab-based antibodies, and
was highest for SI-1X24 which contains anti-HER3 scFv at the N-terminus of the cetuximab
heavy chain.

Another parameter related to protein stability is the amount of aggregation after first
step affinity purification. Antibodies with higher stability tend to have lower aggregation,
and therefore higher %POI (percentage protein of interest) by analytical size-exclusion
chromatography. After protein A purification, the bispecific antibodies were analyzed by
analytical SEC to check for aggregation (see Table 1). Of the antibodies containing
nimotuzumab variable regions (SI-1X4 and SI-1X26), SI-1X4 containing anti-HER3 scFv at
the C-terminus of the nimotuzumab heavy chain had significantly less aggregation (and
therefore higher %POI). For cetuximab-based antibodies (S1-1X6, SI-1X22, SI-1X24, and SI-
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1X25), aggregation was lowest for SI-1X24 (containing anti-HER3 scFv at the N-terminus of
the heavy chain) which had the highest %POI after purification.

Example 4: Thermal stability
Thermal stability is another parameter for assessing the quality of any antibody.

Dynamic light scattering was used to compare the thermal stability of the EGFRxHER3
bispecific antibodies. In thermal stability experiments, the temperature was ramped from
25°Cto 85 °C at 0.5 °C/min while the radius of the proteins (1 mg/ml) was monitored by a
Wyatt DynaPro Plate Reader Ill. As shown in Figure 2, the particle size increase is indicative
of protein aggregation or other unfolding events. As an objective measure of thermal
stability, the temperature at which the radius surpassed 10 nm was tabulated (Table 1). Of
the cetuximab-based antibodies (SI-1X6, SI-1X22, SI-1X24, SI-1X25), SI-1X24 was the most
stable in the assay with a Tm of 64.75 °C. The other three antibodies in the family (SI-1X6,
SI-1X22, SI-1X25) had similar Tms in the range of 62-63 °C. Thus, for cetuximab-based
bispecific antibodies, the position of the anti-HER3 scFv can cause significant differences in
thermal stability. As for the nimotuzumab-based antibodies (SI-1X4, SI-1X26), both
antibodies unfolded at about 61.5 °C, indicating that these two molecules have similar
thermal stability.

Example 5: Octet binding
Sartorius Octet platform applies Bio-Layer Interferometry (BLI) as a label-free

technology for measuring protein-protein interactions. Itis an optical analytical technique
that analyses the interference pattern of white light reflected from two surfaces: a layer of
immobilized protein on the biosensor tip, and an internal reference layer. Any change in the
number of molecules bound to the biosensor tip causes a shift in the interference pattern
that can be measured in real-time. In this method, the binding between an antibody/Fc
containing protein immobilized on the Anti-human IgG Fc Capture (AHC) Biosensors tip
surface and an antigen in solution produces an increase in optical thickness at the biosensor
tip, which results in a wavelength shift, A2, directly reflecting the change in thickness of the
biological layer. The interaction of these two molecules is measured in real time, providing
the ability to monitor binding specificity, rates of association and dissociation, or
concentration, with precision and accuracy. Unbound molecules, changes in the refractive
index of the surrounding medium, or changes in flow rate do not affect the interference
pattern.

Biolayer interferometry (Octet) binding assays were performed on an Octet384
instrument to quantify binding kinetics of bispecific antibodies to EGFR and HER3. Antibody
was captured to anti-human Fc (AHC) sensor tips by loading for 180 seconds at 5 pg/ml.
After a 60-second baseline step, a 180-second association phase with serial dilutions (0-100
nM; 1:2 dilution factor) of His-tagged EGFR (expressed/purified in-house) or HER3
(purchased from Acro Bio) in assay buffer (phosphate-buffered saline containing 0.1% BSA,
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0.05% Tween20) was performed, followed by a 300-second dissociation phase in assay
buffer. Regeneration was achieved using 10 mM glycine, pH 1.5. Binding curves were
globally fit to a 1:1 model to extract the dissociation constants, Kp, and kinetic association
and dissociation rates.

Biolayer interferometry was used to measure binding kinetics for EGFRxHER3
bispecific antibodies to human EGFR. As shown in Figure 3 and Table 2, the EGFR binding
data reveal that all the cetuximab-based antibodies (SI-1X6, SI-1X22, SI-1X24, SI-1X25) had
similar KD values ranging from 3 to 6 nM, while nimotuzumab-based antibodies (SI-1X4, SI-
1X26) had weaker affinity with KD values of 11 to 24 nM. Cetuximab-based antibodies had
higher binding response in the assay, which is also suggestive of stronger binding. The
difference in EGFR binding within the two families (cetuximab and nimotuzumab) was not
significant.

Biolayer interferometry was used to measure binding kinetics for EGFR x HER3
bispecific antibodies to human HER3. As shown in Figure 4 and Table 3, the HER3 binding
data reveal that all the bispecific antibodies (SI-1X4, SI-1X6, SI-1X22, SI-1X24, SI-1X25, SI-
1X26) had similar KD values ranging from 94 to 164 nM. This similarity of HER3 binding
makes sense since the HER3-binding domain is derived from the same antibody for all the
proteins. The result suggests that the anti-HER3 scFv can be placed into any position of
cetuximab- and nimotuzumab-based bispecific antibodies without significant differences in
in vitro binding.

Example 6: Inhibiting tumour cell proliferation
To evaluate the effect of EGFR x HER3 bispecific antibodies on cell growth, a

proliferation assay with FaDu cells was conducted with Alamar Blue used to quantify
proliferation. The hypopharyngeal squamous cell carcinoma line FaDu was purchased from
ATCC (cat #HTB-43) and was maintained in EMEM medium supplemented with 10% fetal
bovine serum at 37°C with 5% COz. FaDu cells were detached from flasks with trypsin and
diluted to 1.2x105 cells/ml in EMEM medium + 1% FBS. 50ml of cell suspension (6000 cells)
was seeded to interior 60 wells of 96-well tissue culture plates. Outer wells were filled with
300ml sterile H20 to minimize evaporation in interior wells. Cells were allowed to adhere
for 4 hours at 37°C, 5% CO2. Antibodies to be tested were diluted to 2X final concentration
in EMEM medium + 1% FBS. 50ml of test antibodies were added to each well for a total
volume of 100ml per well. Each antibody was tested in triplicate at the following final
concentrations: 25nM, 6.25nM, 1.563nM, 0.391nM, 0.098nM, 0.024nM, 0.006nM, 0.0015nM,
and 0.0004nM. Each plate contained two antibodies at those concentrations tested in
triplicate. Six control wells per plate contained cells with medium only. Immediately
following addition of test compounds, 10ml alamar blue (Thermo Fisher cat# DAL1100) was
added to three of the medium only control wells on each plate. Cells were incubated for 2
hours at 37°C, 5% CO2. Following the two-hour incubation, 110ml sample from each of the
control wells was removed and placed in a black, opaque 96-well plate. This plate was
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centrifuged for 5 minutes at 2000RPM to remove any bubbles. Fluorescence was then
measured (excitation = 535nm, emission = 595nm) on a Molecular Devices FilterMax F5
microplate reader. Measured control fluorescence values (Cstart) serve as the baseline to
measure assay endpoint proliferation. Plates were returned to 37°C, 5% COz for 7 days (168
hours). Following incubation 10ml alamar blue was added to each test well as well as the
other three control (medium only) wells. Following 2 hours incubation at 37°C, 5% COz,
fluorescence was measured as described above. Endpoint control fluorescence values (Cend)
and test well fluorescence values (Tend) were used to calculate the % of control proliferation
using the following formula:

% of control proliferation = ((Tend-Cstart) /(Cena-Cstart)*100

Data points were analysed by GraphPad Prism and inhibition curves were fitted by
nonlinear regression [log(inhibitor) vs. response, 4 parameters] and ICso values were
calculated. Data for cetuximab-based proteins is shown in Figure 5A, while data for
nimotuzumab-based proteins is shown in Figure 5B. Fitted parameters for both sets of
molecules are shown in Table 4. All the cetuximab-based bispecific antibodies (SI-1X6, SI-
1X22, SI-1X24, SI-1X25) had similar inhibition of FaDu proliferation, which was more
efficacious (64-76%) than that of the cetuximab control antibody (SI-1C6, 60%) and the anti-
HER3 control Fc-scFv (SI-1C7, 9%). The nimotuzumab-based bispecific antibodies (SI-1X4,
SI-1X26) had less potent inhibition of proliferation, consistent with the lower affinity of
nimotuzumab for EGFR. Unexpectedly, the maximal inhibition of SI-1X26 was significantly
higher than that of SI-1X4, suggesting that the geometry of SI-1X26 allows for more efficient
blockade of EGFR and/or HER3 signalling compared to that of SI-1X4.
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TABLES

Table 1 shows the characterization of EGFR x HER3 bispecific antibodies after a protein-A
purification, including titer, purity (% protein of interest, POI), and thermal stability (melting

temperature, Tm).

Protein (:gl;f:;l) %POI1 Tm (° C)
SI-1X4 36.1 95.31 61.50
SI-1X6 84.0 84.38 63.23
SI-1X22 50.9 88.80 62.10
SI-1X24 161.4 92.86 64.75
SI-1X25 62.2 89.14 62.78
SI-1X26 30.1 83.91 61.63

Table 2 shows EGFR binding kinetics of EGFR x HER3 bispecific antibodies as measured by

the values of KD, kon, and kdis using biolayer interferometry.

Protein Response KD (M) kon(1/Ms) | Kkdis(1/s)
SI-1X4 0.1707 2.38E-08 7.16E+04 1.71E-03
SI-1X6 0.4786 4.46E-09 3.12E+05 1.39E-03
SI-1X22 0.4786 5.46E-09 2.94E+05 1.61E-03
SI-1X24 0.4629 4.67E-09 2.52E+05 1.18E-03
SI-1X25 0.4634 3.14E-09 2.45E+05 7.70E-04
SI-1X26 0.1939 1.14E-08 5.51E+04 6.27E-04

Table 3 shows HER3 binding kinetics of EGFR x HER3 bispecific antibodies as measured by

the values of KD, kon, and kdis using biolayer interferometry.

Protein Response KD (M) kon(1/Ms) | kdis(1/s)
SI-1X4 0.2643 1.56E-07 1.80E+05 2.81E-02
SI-1X6 0.3068 1.22E-07 2.41E+05 2.92E-02
SI-1X22 0.3090 1.64E-07 2.03E+05 3.32E-02
SI-1X24 0.3718 1.06E-07 3.03E+05 3.21E-02
SI-1X25 0.3807 9.38E-08 3.07E+05 2.88E-02
SI-1X26 0.2941 1.51E-07 2.04E+05 3.08E-02

16




WO 2023/028548

Table 4 shows the potency and efficacy parameters for EGFR x HER3 bispecific antibody-

mediated inhibition of Fadu cell proliferation.

Protein IC50 (pM) | %€Efficacy
SI-1X4 726.1 51.33
SI-1X6 44.6 73.66

SI-1X22 58.1 64.46

SI-1X24 56.1 71.37

SI-1X25 32.8 75.62

SI-1X26 508.8 72.42
SI-1C6 69.4 59.95
SI-1C7 1.5 8.65
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SEQUENCE LISTING
Variable Origin of anti-TAA Protein DNA
region binding domain SEQ ID NO. SEQ ID NO.
VL VH VL VH
oEGFR Cetuximab 1 2 101 102
Humanized 3 4 103 104
Cetuximab
Panitumumab 5 6 105 106
Nimotuzumab 7 8 107 108
Necitumumab 9 10 109 110
oHER3 MM-111's HER3 11 12 111 112
Patritumab 13 14 113 114
Seribantumab 15 16 115 116
Antibody | Monomer Protein DNA
SEQ ID NO. SEQ ID NO.
Light chain 17 117
SI-1X22 ;
Heavy chain 18 118
Light chain 21 121
SI-1X24 ,
Heavy chain 22 122
SI-1X25 Light Chall’ll 23 123
Heavy chain 18 118
Light chain 24 124
SI-1X26 :
Heavy chain 25 125
Light chain 26 126
SI-1X4 :
Heavy chain 27 127
Light chain 21 121
SI-1X6 ,
Heavy chain 28 128
SI-1C6 Light chalrll 21 121
Heavy chain 29 129
SI-1C7 | Single-chain 30 130
Domain Protein DNA
SEQ ID NO. SEQ ID NO.
human IgG1 19 119

18




WO 2023/028548 PCT/US2022/075445

human Kappa | 20 120 ‘
Domain Protein SEQ ID NO. DNA SEQ ID NO.
CDR1 | CDR2 | CDR3 | CDR1 | CDR2 | CDR3
Cetuximab VH 31 32 33 131 | 132 | 133
Cetuximab VL 34 35 36 134 | 135 | 136
Nimotuzumab VH 37 38 39 137 | 138 | 139
Nimotuzumab VL 40 41 42 140 | 141 | 142
Anti-HER3 VH 43 44 45 143 | 144 | 145
Anti-HER3 VL 46 47 48 146 | 147 | 148

>seq 1 Cetuximab VL amino acid sequence
DILLTQSPVILSVSPGERVSEFSCRASQSIGTNIHWYQQRTNGSPRLLIKYASESTISGIPSRFESG
SGSGTDFTLSINSVESEDIADYYCQONNNWPTTFGAGTKLELK

>seq 2 Cetuximab VH amino acid sequence
QVOLKOSGPGLVQPSQOSLSITCTVSGEFSLTNYGVHWVROSPGKGLEWLGVIWSGGNTDYNTPET
SRLSINKDNSKSQVEFFKMNSLOQSNDTAIYYCARALTYYDYEFAYWGQGTLVTVSS

>seq 3 Humanized Cetuximab VL amino acid sequence
EIVLTQSPSTLSVSPGERATFSCRASQSIGTNIHWYQQKPGKPPRLLIKYASESISGIPDRESG
SGSGTEFTLTISSVQSEDFAVYYCQONNNWPTTEFGPGTKLTVL

>seq 4 Humanized Cetuximab VH amino acid sequence
QVQOLQOOSGPGLVKPSETLSITCTVSGEFSLTNYGVHWIRQAPGKGLEWLGVIWSGGNTDYNTPET
SREFTITKDNSKNQVYFKLRSVRADDTAIYYCARALTYYDYEFAYWGQGTLVTVSS

>seq 5 Panitumumab VL amino acid sequence
DIOMTQSPSSLSASVGDRVTITCQOASQDISNYLNWYQOKPGKAPKLLIYDASNLETGVPSRESG
SGSGTDFTFTISSLOPEDIATYFCOHFDHLPLAFGGGTKVEIK

>seq 6 Panitumumab VH amino acid sequence
QVQLQESGPGLVKPSETLSLTCTVSGGSVSSGDYYWTWIRQSPGKGLEWIGHIYYSGNTNYNPS
LKSRLTISIDTSKTQFSLKLSSVTAADTAIYYCVRDRVTGAFDIWGQGTMVTVSS

>seq 7 Nimotuzumab VL amino acid sequence
DIOMTQSPSSLSASVGDRVTITCRSSONIVHSNGNTYLDWYQQOQTPGKAPKLLIYKVSNRESGVP
SRESGSGSGTDEFTFTISSLOPEDIATYYCEFQYSHVPWTFGQGTKLQIT

>seq 8 Nimotuzumab VH amino acid sequence

QVOLOOSGAEVKKPGSSVKVSCKASGYTFTNYYIYWVRQAPGOGLEWIGGINPTSGGSNENEKE
KTRVTITADESSTTAYMELSSLRSEDTAFYFCTROGLWEDSDGRGEDEWGQGTTVTVSS
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>seq 9 Necitumumab VL amino acid sequence
EIVMTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQKPGQAPRLLIYDASNRATGIPARESG
SGSGTDFTLTISSLEPEDFAVYYCHQYGSTPLTFGGGTKAEIK

>seq 10 Necitumumab VH amino acid sequence
QVQLOESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQPPGKGLEWIGYIYYSGSTDYNPS
LKSRVTMSVDTSKNQFSLKVNSVTAADTAVYYCARVSIFGVGTEFDYWGQGTLVTVSS

>seq 11 MM-111’s HER3 VL amino acid sequence
OSALTQPASVSGSPGQOSITISCTGTSSDVGGYNEVSWYQQHPGKAPKLMIYDVSDRPSGVSDRE
SGSKSGNTASLIISGLOADDEADYYCSSYGSSSTHVIEFGGGTKVTVL

>seq 12 MM-111’s HER3 VH amino acid sequence
QVOLOESGGGLVKPGGSLRLSCAASGEFTEFSSYWMSWVRQAPGKGLEWVANINRDGSASYYVDSV
KGREFTISRDDAKNSLYLOQMNSLRAEDTAVYYCARDRGVGYFDLWGRGTLVTVSS

>seq 13 Patritumab VL amino acid sequence
DIEMTQSPDSLAVSLGERATINCRSSQSVLYSSSNRNYLAWYQONPGOQPPKLLIYWASTRESGV
PDRFSG SGSGTDFTLTISSLQAEDVAVYYCQQYYSTPRTEFGQGTKVEIK

>seq 14 Patritumab VH amino acid sequence
QVOLOOWGAGLLKPSETLSLTCAVYGGSEFSGYYWSWIRQPPGKGLEWIGEINHSGSTNYNPSLK
SRVTISVETSKNQFSLKLSSVTAADTAVYYCARDKWTWYFDLWGRGTLVTVSS

>seq 15 Seribantumab VL amino acid sequence
OSALTQPASVSGSPGOSITISCTGTSSDVGSYNVVSWYQQHPGKAPKLITIYEVSQRPSGVSNRE
SGSKSGNTASLTISGL QTEDEADYYCCSYAGSSIEVIFGGGTKVTVL

>seq 16 Seribantumab VH amino acid sequence
EVQLLESGGGLVQPGGSLRLSCAASGFTEFSHYVMAWVRQAPGKGLEWVSSISSSGGWTLYADSV
KGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRGLKMATIFDYWGQGTLVTVSS

>seq 17 SI-1X22 light chain amino acid sequence
DILLTQSPVILSVSPGERVSEFSCRASQSIGTNIHWYQQORTNGSPRLLIKYASESTISGIPSRFESG
SGSGTDFTLSINSVESEDIADYYCQONNNWPTTEFGCGTKLELKRTVAAPSVEIFPPSDEQLKSG
TASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY
ACEVTHQGLSSPVTKSFNRGECGGGGSGGGGSGGGGSQVOLOESGGGLVKPGGSLSLSCAASGE
TFSSYWMSWVRQAPGKGLEWVANINRDGSASYYVDSVKGRFTISRDDAKNSLYLOMNSLRAEDT
AVYYCARDRGVGYFDLWGRGTLVTVSSGGGGSGGGGSGGGGSQSALTQPASVSGSPGQOSITISC
TGTSSDVGGYNEVSWYQOQHPGKAPKLMIYDVSDRPSGVSDRESGSKSGNTASLITSGLOADDEA
DYYCSSYGSSSTHVIFGGGTKVTVL

>seq 18 SI-1X22, SI-1X25 heavy chain amino acid sequence

QVOLKQOSGPGLVQPSQOSLSITCTVSGESLTNYGVHWVRQSPGKCLEWLGVIWSGGNTDYNTPET
SRLSINKDNSKSQVFFKMNSLOSNDTAIYYCARALTYYDYEFAYWGQGTLVTVSAASTKGPSVE
PLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTEFPAVLOSSGLYSLSSVVTVPES
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SSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMIS
RTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKE
YKCKVSNKALPAPIEKTISKAKGOQPREPQVYTLPPSRDELTKNQVSLTCLVKGEYPSDIAVEWE
SNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOGNVESCSVMHEALHNHYTQKSLSLSPG

>seq 19 human IgGl amino acid sequence
ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYS
LSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVEFLEPP
KPKDTLMISRTPEVTCVVVDVSHEDPEVKEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVL
HODWLNGKEYKCKVSNKALPAPTEKTISKAKGOQPREPQVYTLPPSRDELTKNQVSLTCLVKGEY
PSDIAVEWESNGQPENNYKTTPPVLDSDGSFEFLYSKLTVDKSRWQOGNVESCSVMHEALHNHYT
QKSLSLSPG

>seq 20 human Kappa amino acid sequence
RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNEFYPREAKVOQWKVDNALQSGNSQESVTEQDSKDS
TYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

>seq 21 cetuximab light chain amino acid sequence
DILLTQSPVILSVSPGERVSFSCRASQSIGTNIHWYQORTNGSPRLLIKYASESISGIPSRFESG
SGSGTDFTLSINSVESEDIADYYCQONNNWPTTEFGAGTKLELKRTVAAPSVEIFPPSDEQLKSG
TASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY
ACEVTHQGLSSPVTKSEFNRGEC

>seq 22 SI-1X24 heavy chain amino acid sequence
QVQLOESGGGLVKPGGSLRLSCAASGFTFSSYWMSWVRQAPGKGLEWVANINRDGSASYYVDSV
KGRFTISRDDAKNSLYLOMNSLRAEDTAVYYCARDRGVGY FDLWGRGTLVTVSSGGGGSGGGGS
GGGGSQOSALTQPASVSGSPGOSITISCTGTSSDVGGYNEVSWYQQOHPGKAPKIMIYDVSDRPSG
VSDREFSGSKSGNTASLIISGLOADDEADYYCSSYGSSSTHVIFGGGTKVTVLGGGGSGGGGSQV
QLKQOSGPGLVQPSQOSLSITCTVSGEFSLTNYGVHWVROSPGKGLEWLGVIWSGGNTDYNTPEFTSR
LSINKDNSKSQVEFKMNSLOSNDTAIYYCARALTYYDYEFAYWGQGTLVTVSSASTKGPSVEPL
APSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSS
LGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRT
PEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYK
CKVSNKALPAPTEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESN
GOPENNYKTTPPVLDSDGSFEFLYSKLTVDKSRWQOGNVESCSVMHEALHNHYTQOKSLSLSPG

>seqg 23 SI-1X25 light chain amino acid sequence
QVOLOESGGGLVKPGGSLSLSCAASGFTEFSSYWMSWVRQAPGKGLEWVANINRDGSASYYVDSV
KGRFTISRDDAKNSLYLOMNSLRAEDTAVYYCARDRGVGY FDLWGRGTLVTVSSGGGGSGGGGS
GGGGSQOSALTQPASVSGSPGOSITISCTGTSSDVGGYNEVSWYQQHPGKAPKIMIYDVSDRPSG
VSDRESGSKSGNTASLITSGLOADDEADYYCSSYGSSSTHVIFGGGTKVTVLGGGGSGGGGSDI
LLTQSPVILSVSPGERVSFSCRASQSIGTNIHWYQQORTNGSPRLLIKYASESTISGIPSRESGSG
SGTDFTLSINSVESEDIADYYCQONNNWPTTFGCGTKLELKRTVAAPSVFIFPPSDEQLKSGTA
SVVCLLNNEFYPREAKVOQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYAC
EVTHQGLSSPVTKSEFNRGEC

>seq 24 SI-1X26 light chain amino acid sequence
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DIOMTQSPSSLSASVGDRVTITCRSSONIVHSNGNTYLDWYQQTPGKAPKLLIYKVSNRESGVP
SRESGSGSGTDFTFTISSLOPEDIATYYCFQYSHVPWTFGCGTKLOQITRTVAAPSVEIFPPSDE
QLKSGTASVVCLLNNEFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYE
KHKVYACEVTHQGLSSPVTKSFNRGECGGGGSGGGGSGGGGSQVQLOESGGGLVKPGGSLSLSC
AASGEFTFSSYWMSWVROAPGKGLEWVANINRDGSASYYVDSVKGREFTISRDDAKNSLYLOMNSL
RAEDTAVYYCARDRGVGYFDLWGRGTLVTVSSGGGGSGGGGSGGGGSQSALTQPASVSGSPGOS
ITISCTGTSSDVGGYNFVSWYQOQHPGKAPKLMIYDVSDRPSGVSDRESGSKSGNTASLIISGLO
ADDEADYYCSSYGSSSTHVIFGGGTKVTVL

>seq 25 SI-1X26 heavy chain amino acid sequence
QVOLQOOSGAEVKKPGSSVKVSCKASGYTEFTNYYIYWVRQAPGOQCLEWIGGINPTSGGSNENEKE
KTRVTITADESSTTAYMELSSLRSEDTAFYFCTROQGLWEDSDGRGEDEFWGQGTTVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVV
TVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVEFLFPPKPKDT
IMISRTPEVTCVVVDVSHEDPEVKEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWL
NGKEYKCKVSNKALPAPTEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIA
VEWESNGOPENNYKTTPPVLDSDGSFEFLYSKLTVDKSRWOOGNVESCSVMHEATLHNHYTQKSLS
LSPG

>seq 26 SI-1X4 light chain amino acid sequence
DIQMTQSPSSLSASVGDRVTITCRSSONIVHSNGNTYLDWYQQOTPGKAPKLLIYKVSNRESGVP
SRESGSGSGTDFTFTISSLOPEDIATYYCFQYSHVPWTEFGQGTKLQITRTVAAPSVEIFPPSDE
QLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYE
KHKVYACEVTHQGLSSPVTKSEFNRGEC

>seq 27 SI-1X4 heavy chain amino acid sequence
QVOLOOSGAEVKKPGSSVKVSCKASGYTEFTNYYIYWVRQAPGOGLEWIGGINPTSGGSNENEKE
KTRVTITADESSTTAYMELSSLRSEDTAFYFCTRQGLWEFDSDGRGFDFWGQGTTVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVV
TVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVEFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWL
NGKEYKCKVSNKALPAPTEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGEFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVEFSCSVMHEALHNHYTQKSLS
LSPGGGGGSGGGGSOQVOLOESGGGLVKPGGSLRLSCAASGEFTEFSSYWMSWVRQAPGKGLEWVAN
INRDGSASYYVDSVKGRFTISRDDAKNSLYLOMNSLRAEDTAVYYCARDRGVGYFDLWGRGTLV
TVSSGGGGSGGGGSGGGGSQOSALTQPASVSGSPGOSITISCTGTSSDVGGYNEVSWYQQHPGKA
PKLMIYDVSDRPSGVSDREFSGSKSGNTASLIISGLQADDEADYYCSSYGSSSTHVIFGGGTKVT
VL

>seq 28 SI-1X6 heavy chain amino acid sequence

QVQLKOSGPGLVQPSQSLSITCTVSGEFSLTNYGVHWVRQOSPGKGLEWLGVIWSGGNTDYNTPET
SRLSINKDNSKSQVFEFKMNSLOSNDTATIYYCARALTYYDYEFAYWGQGTLVTVSSASTKGPSVE
PLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPS
SSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMIS
RTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQODWLNGKE
YKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGEFYPSDIAVEWE
SNGQPENNYKTTPPVLDSDGSFEFLYSKLTVDKSRWQOGNVESCSVMHEALHNHYTQKSLSLSPG
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GGGGSGGGGSQVQLOESGGGLVKPGGSLRLSCAASGEFTFSSYWMSWVRQAPGKGLEWVANINRD
GSASYYVDSVKGRFTISRDDAKNSLYLOMNSLRAEDTAVYYCARDRGVGYFDLWGRGTLVTVSS
GGGGSGGGGSGGGGSQSALTQPASVSGSPGQSITISCTGTSSDVGGYNEVSWY QQHPGKAPKLM
IYDVSDRPSGVSDRESGSKSGNTASLIISGLOADDEADYYCSSYGSSSTHVIEFGGGTKVTVL

>seq 29 cetuximab heavy chain amino acid sequence

QVOLKQSGPGLVQPSQOSLSITCTVSGFSLTNYGVHWVRQSPGKGLEWLGVIWSGGNTDYNTPET
SRLSINKDNSKSQVEFFKMNSLOSNDTAIYYCARALTYYDYEFAYWGQGTLVTVSSASTKGPSVE
PLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPS
SSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMIS
RTPEVTCVVVDVSHEDPEVKEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKE
YKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWE
SNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQOGNVESCSVMHEALHNHYTQKSLSLSPG

>seq 30 SI-1C7 amino acid sequence
EPKSSDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYV
DGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPTEKTISKAKGQP
REPQVYTLPPSRDELTKNQVSLTCLVKGEFYPSDIAVEWESNGOQPENNYKTTPPVLDSDGSFELY
SKLTVDKSRWQOGNVESCSVMHEALHNHYTQKSLSLSPGGGGGSGGGGSQVQLOESGGGLVKPG
GSLRLSCAASGFTFSSYWMSWVRQAPGKGLEWVANINRDGSASYYVDSVKGREFTISRDDAKNSL
YLOMNSLRAEDTAVYYCARDRGVGYEFDLWGRGTLVTVSSGGGGSGGGGSGGGGSQSALTQPASYV
SGSPGOSITISCTGTSSDVGGYNEVSWYQQOHPGKAPKIMIYDVSDRPSGVSDRESGSKSGNTAS
LITSGLOADDEADYYCSSYGSSSTHVIFGGGTKVTVL

>seq 31 cetuximab CDR-H1l amino acid sequence
NYGVH

>seq 32 cetuximab CDR-HZ2 amino acid sequence
VIWSGGNTDYNTPFETS

>seq 33 cetuximab CDR-H3 amino acid sequence
ALTYYDYEFAY

>seq 34 cetuximab CDR-L1 amino acid sequence
RASQSIGTNIH

>seq 35 cetuximab CDR-L2 amino acid sequence
YASESIS

>seq 36 cetuximab CDR-L3 amino acid sequence
QONNNWPTT

>seq 37 nimotuzumab CDR-Hl1 amino acid sequence
NYYTY

>seq 38 nimotuzumab CDR-H2 amino acid sequence
GINPTSGGSNEFNEKEFKT
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>seq 39 nimotuzumab CDR-H3 amino acid sequence
QGLWEDSDGRGEDF

>seq 40 nimotuzumab CDR-L1 amino acid sequence
RSSONIVHSNGNTYLD

>seq 41 nimotuzumab CDR-1L2 amino acid sequence
KVSNREF'S

>seq 42 nimotuzumab CDR-L3 amino acid sequence
FOQYSHVPWT

>seq 43 anti-HER3 CDR-H1 amino acid sequence
SYWMS

>seq 44 anti-HER3 CDR-H2 amino acid sequence
NINRDGSASYYVDSVKG

>seq 45 anti-HER3 CDR-H3 amino acid sequence
DRGVGYFDL

>seq 46 anti-HER3 CDR-L1 amino acid sequence
TGTSSDVGGYNEVS

>seq 47 anti-HER3 CDR-L2 amino acid sequence
DVSDRPS

>seq 48 anti-HER3 CDR-L3 amino acid sequence
SSYGSSSTHVI

>seq 101 Cetuximab VL nucleotide sequence
GACATCTTGCTGACTCAGTCTCCAGTCATCCTGTCTGTGAGTCCAGGAGAAAGAGTCAGTTTCT
CCTGCAGGGCCAGTCAGAGTATTGGCACAAACATACACTGGTATCAGCAAAGAACAAATGGTTC
TCCAAGGCTTCTCATAAAGTATGCTTCTGAGTCTATCTCTGGGATTCCTTCCAGGTTTAGTGGC
AGTGGATCAGGGACAGATTTTACTCTTAGCATCAACAGTGTGGAGTCTGAAGATATTGCAGATT
ATTACTGTCAACAAAATAATAACTGGCCAACCACGTTCGGTGCTGGGACCAAGCTGGAGCTGAA
A

>seq 102 Cetuximab VH nucleotide sequence
CAGGTGCAGCTGAAGCAGTCAGGACCTGGCCTAGTGCAGCCCTCACAGAGCCTGTCCATCACCT
GCACAGTCTCTGGTTTCTCATTAACTAACTATGGTGTACACTGGGTTCGCCAGTCTCCAGGARAA
GGGTCTGGAGTGGCTGGGAGTGATATGGAGTGGTGGAAACACAGACTATAATACACCTTTCACA
TCCAGACTGAGCATCAACAAGGACAATTCCAAGAGCCAAGTTTTCTTTAAAATGAACAGTCTGC
AATCTAATGACACAGCCATATATTACTGTGCCAGAGCCCTCACCTACTATGATTACGAGTTTGC
TTACTGGGGCCAAGGGACTCTGGTCACTGTCTCTAGC
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>seq 103 Humanized Cetuximab VL nucleotide sequence
GAGATCGTGCTGACCCAGTCTCCTTCCACACTGTCTGTGTCTCCCGGCGAGAGAGCCACCTTCA
GCTGTAGAGCCTCTCAGTCCATCGGCACCAACATCCACTGGTATCAGCAGAAGCCCGGCAAGCC
TCCTCGGCTGCTGATTAAGTACGCCTCCGAGTCCATCAGCGGCATCCCTGACAGATTCTCCGGC
TCTGGCTCTGGCACCGAGTTTACCCTGACCATCTCCTCCGTGCAGTCCGAGGATTTCGCCGTGT
ACTACTGCCAGCAGAACAACAACTGGCCCACCACCTTTGGACCCGGCACCAAGCTGACAGTTCT
T

>seq 104 Humanized Cetuximab VH nucleotide sequence
CAAGTTCAGTTGCAGCAGTCTGGCCCTGGCCTGGTCAAGCCTTCTGAGACACTGTCCATCACCT
GTACCGTGTCCGGCTTCTCCCTGACCAATTACGGCGTGCACTGGATCAGACAGGCCCCTGGCAA
AGGACTGGAATGGCTGGGAGTGATTTGGAGCGGCGGCAACACCGACTACAACACCCCTTTCACC
AGCCGGTTCACCATCACCAAGGACAACTCCAAGAACCAGGTGTACTTCAAGCTGCGGAGCGTGC
GGGCTGATGACACCGCCATCTACTACTGTGCTCGGGCCCTGACCTACTACGACTACGAGTTTGC
TTACTGGGGCCAGGGCACCCTGGTCACAGTTTCTTCT

>seq 105 Panitumumab VL nucleotide sequence
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACCATCA
CTTGCCAGGCGAGTCAGGACATCAGCAACTATTTAAATTGGTATCAGCAGAAACCAGGGAAAGC
CCCTAAACTCCTGATCTACGATGCATCCAATTTGGAAACAGGGGTCCCATCAAGGTTCAGTGGA
AGTGGATCTGGGACAGATTTTACTTTCACCATCAGCAGCCTGCAGCCTGAAGATATTGCAACAT
ATTTCTGTCAACACTTTGATCATCTCCCGCTCGCTTTCGGCGGAGGGACCAAGGTGGAAATTAA
A

>seq 106 Panitumumab VH nucleotide sequence
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACCCTGTCCCTCACCT
GCACTGTCTCTGGTGGCTCCGTCAGCAGTGGTGATTACTACTGGACCTGGATCCGGCAGTCCCC
AGGGAAGGGACTGGAGTGGATTGGACACATCTATTACAGTGGGAACACCAATTATAACCCCTCC
CTCAAGAGCCGACTCACCATATCAATTGACACGTCCAAGACTCAGTTCTCCCTGAAGCTGAGTT
CTGTGACCGCTGCGGACACGGCCATTTATTACTGTGTGCGAGATCGAGTGACTGGTGCTTTTGA
TATCTGGGGCCAAGGGACAATGGTCACCGTCTCGAGC

>seq 107 Nimotuzumab VL nucleotide sequence
GATATTCAAATGACTCAATCTCCTTCTTCTCTTTCTGCTTCTGTTGGTGATCGTGTTACTATTA
CTTGTCGTTCTTCTCAAAATATTGTTCATTCTAATGGTAATACTTATCTTGATTGGTATCAACA
AACTCCTGGTAAAGCTCCTAAACTTCTTATTTATAAAGTTTCTAATCGTTTTTCTGGTGTTCCT
TCTCGTTTTTCTGGTTCTGGTTCTGGTACTGATTTTACTTTTACTATTTCTTCTCTTCAACCTG
AAGATATTGCTACTTATTATTGTTTTCAATATTCTCATGTTCCTTGGACTTTTGGTCAAGGTAC
TAAACTTCAAATTACT

>seq 108 Nimotuzumab VH nucleotide sequence
CAGGTGCAGCTGCAGCAGAGCGGCGCCGAGGTGAAGAAGCCCGGCAGCAGCGTGAAGGTGAGCT
GCAAGGCCAGCGGCTACACCTTCACCAACTACTACATCTACTGGGTGCGGCAGGCCCCCGGCCA
GGGCCTGGAGTGGATCGGCGGCATCAACCCCACCAGCGGCGGCAGCAACTTCAACGAGAAGTTC
AAGACCCGGGTGACCATCACCGCCGACGAGAGCAGCACCACCGCCTACATGGAGCTGAGCAGCC
TGCGGAGCGAGGACACCGCCTTCTACTTCTGCACCCGGCAGGGCCTGTGGTTCGACAGCGACGG
CCGGGGCTTCGACTTCTGGGGCCAGGGCACCACCGTGACCGTGAGCAGC
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>seq 109 Necitumumab VL nucleotide sequence
GAGATCGTGATGACCCAGAGCCCCGCCACCCTGAGCCTGAGCCCCGGCGAGCGGGCCACCCTGA
GCTGCCGGGCCAGCCAGAGCGTGAGCAGCTACCTGGCCTGGTACCAGCAGAAGCCCGGCCAGGC
CCCCCGGCTGCTGATCTACGACGCCAGCAACCGGGCCACCGGCATCCCCGCCCGGTTCAGCGGL
AGCGGCAGCGGCACCGACTTCACCCTGACCATCAGCAGCCTGGAGCCCGAGGACTTCGCCGTGT
ACTACTGCCACCAGTACGGCAGCACCCCCCTGACCTTCGGCGGCGGCACCAAGGCCGAGATCAA
G

>seq 110 Necitumumab VH nucleotide sequence

CAGGTGCAGCTGCAGGAGAGCGGCCCCGGCCTGGTGAAGCCCAGCCAGACCCTGAGCCTGACCT
GCACCGTGAGCGGCGGCAGCATCAGCAGCGGCGACTACTACTGGAGCTGGATTCGGCAGCCCCC
CGGCAAGGGCCTGGAGTGGATCGGCTACATCTACTACAGCGGCAGCACCGACTACAACCCCAGC
CTGAAGAGCCGGGTGACCATGAGCGTGGACACCAGCAAGAACCAGTTCAGCCTGAAGGTGAACA
GCGTGACCGCCGCCGACACCGCCGTGTACTACTGCGCCCGGGTGAGCATCTTCGGCGTGGGCACL
CTTCGACTACTGGGGCCAGGGCACCCTGGTGACCGTGAGCAGC

>seq 111 MM-111’s HER3 VL nucleotide sequence
CAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCT
GCACTGGAACCAGCAGTGACGTTGGTGGTTATAACTTTGTCTCCTGGTACCAACAACACCCAGG
CAAAGCCCCCAAACTCATGATCTATGATGTCAGTGATCGGCCCTCAGGGGTGTCTGATCGCTTC
TCCGGCTCCAAGTCTGGCAACACGGCCTCCCTGATCATCTCTGGCCTCCAGGCTGACGACGAGG
CTGATTATTACTGCAGCTCATATGGGAGCAGCAGCACTCATGTGATTTTCGGCGGAGGGACCAA
GGTGACCGTCCTA

>seq 112 MM-111’s HER3 VH nucleotide sequence
CAGGTGCAGCTGCAGGAGTCGGGGGGAGGCCTGGTCAAGCCTGGAGGGTCCCTGAGACTCTCCT
GTGCAGCCTCTGGATTCACCTTTAGTAGTTATTGGATGAGCTGGGTCCGCCAGGCTCCAGGGAA
GGGGCTGGAGTGGGTGGCCAACATAAACCGCGATGGAAGTGCGAGTTACTATGTGGACTCTGTG
AAGGGCCGATTCACCATCTCCAGAGACGACGCCAAGAACTCACTGTATCTGCAAATGAACAGCC
TGAGAGCTGAGGACACGGCTGTGTATTACTGTGCGAGAGATCGTGGGGTGGGCTACTTCGATCT
CTGGGGCCGTGGCACCCTGGTCACCGTCTCGAGC

>seq 113 Patritumab VL nucleotide sequence
GACATCGAGATGACCCAGTCTCCAGACTCCCTGGCTGTGTCTCTGGGCGAGAGGGCCACCATCA
ACTGCAGGTCCAGCCAGAGTGTTTTATACAGTTCCAGCAATAGAAACTACTTAGCTTGGTACCA
GCAGAATCCAGGACAGCCTCCTAAGCTGCTCATTTACTGGGCATCTACCCGGGAATCCGGGGTC
CCTGACCGATTCAGTGGCAGCGGGTCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCAGG
CTGAAGATGTGGCAGTTTATTACTGTCAGCAATATTATAGTACTCCTCGCACATTCGGACAAGG
GACCAAAGTGGAGATCAAG

>seq 114 Patritumab VH nucleotide sequence

CAGGTGCAGCTACAGCAGTGGGGCGCAGGACTGTTGAAGCCTTCGGAGACCCTGTCCCTCACCT
GCGCTGTCTATGGTGGGTCCTTCAGTGGTTACTACTGGAGCTGGATCCGCCAGCCCCCAGGGAA
GGGGCTGGAGTGGATTGGGGAAATCAATCATAGTGGAAGCACCAACTACAACCCGTCCCTCAAG
AGTCGAGTCACCATATCGGTAGAGACGTCCAAGAACCAGTTCTCCCTGAAGCTGAGCTCTGTGA
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CCGCCGCGGACACGGCTGTGTATTACTGTGCGAGAGATAAATGGACTTGGTATTTTGACTTATG
GGGCAGAGGGACACTGGTCACCGTCTCTTCA

>seq 115 Seribantumab VL nucleotide sequence
CAAAGCGCTCTGACTCAACCCGCATCTGTTTCAGGCTCTCCAGGGCAATCTATCACAATCTCCT
GTACCGGCACCTCTAGCGACGTCGGAAGCTACAACGTTGTCTCTTGGTATCAACAGCACCCAGG
ARAAAGCACCCAAGCTGATAATTTACGAGGTATCCCAGCGTCCCAGCGGAGTGAGCAACAGATTT
TCAGGTTCCAAATCAGGTAATACAGCAAGTCTGACCATCTCCGGTCTTCAGACTGAGGACGAGG
CTGACTACTATTGCTGTTCCTACGCCGGCAGCTCTATTTTCGTCATTTTTGGTGGCGGGACAAA
AGTGACCGTGCTG

>seq 116 Seribantumab VH nucleotide sequence
GAAGTGCAGTTGCTTGAGAGTGGAGGCGGACTTGTCCAGCCCGGTGGGTCACTGCGGCTGTCTT
GCGCTGCCTCCGGTTTTACCTTCAGTCACTATGTGATGGCATGGGTGCGGCAGGCCCCTGGTAA
GGGCCTGGAGTGGGTCTCTTCCATTTCTAGTTCAGGTGGGTGGACCTTGTACGCCGACAGTGTG
AAGGGACGGTTCACTATCTCACGGGACAACTCAAAGAACACACTCTACTTGCAAATGAATAGTC
TCAGGGCCGAGGATACAGCCGTGTATTACTGCACACGCGGTCTGAAGATGGCTACAATCTTCGA
CTACTGGGGTCAGGGGACTCTGGTGACAGTCAGCTCT

> seq 117 S8I-1X22 light chain nucleotide sequence
GACATCCTGCTGACCCAGTCTCCAGTGATCCTGTCCGTGTCTCCTGGCGAGAGAGTGTCCTTCA
GCTGCAGAGCCTCTCAGTCCATCGGCACCAACATCCACTGGTATCAGCAGCGGACCAACGGCTC
CCCTCGGCTGCTGATTAAGTACGCCTCCGAGTCTATCAGCGGCATCCCCTCCAGATTCTCCGGC
TCTGGCTCTGGCACCGACTTCACCCTGTCCATCAACTCCGTGGAATCCGAGGATATCGCCGACT
ACTACTGCCAGCAGAACAACAACTGGCCCACCACCTTTGGCTGTGGCACCAAGCTGGAATTGAA
ACGTACGGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGA
ACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCCAAAGTACAGTGGAAGG
TGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACAG
CACCTACAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACTACGAGAAACACAAAGTCTAC
GCCTGCGAAGTCACCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGT
GTGGCGGTGGCGGTAGCGGTGGCGGCGGAAGTGGTGGCGGAGGATCCCAGGTGCAGCTGCAGGA
GTCGGGGGGAGGCCTGGTCAAGCCTGGAGGGTCCCTGAGCCTCTCCTGTGCAGCCTCTGGATTC
ACCTTTAGTAGTTATTGGATGAGCTGGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGGTGG
CCAACATAAACCGCGATGGAAGTGCGAGTTACTATGTGGACTCTGTGAAGGGCCGATTCACCAT
CTCCAGAGACGACGCCAAGAACTCACTGTATCTGCAAATGAACAGCCTGAGAGCTGAGGACACG
GCTGTGTATTACTGTGCGAGAGATCGTGGGGTGGGCTACTTCGATCTCTGGGGCCGTGGCACCC
TGGTCACCGTGTCTAGCGGTGGAGGCGGTTCAGGCGGAGGTGGTTCCGGCGGTGGCGGCTCCCA
GTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGC
ACTGGAACCAGCAGTGACGTTGGTGGTTATAACTTTGTCTCCTGGTACCAACAACACCCAGGCA
AAGCCCCCAAACTCATGATCTATGATGTCAGTGATCGGCCCTCAGGGGTGTCTGATCGCTTCTC
CGGCTCCAAGTCTGGCAACACGGCCTCCCTGATCATCTCTGGCCTCCAGGCTGACGACGAGGCT
GATTATTACTGCAGCTCATATGGGAGCAGCAGCACTCATGTGATTTTCGGCGGAGGGACCAAGG
TGACCGTCCTATAA

>seqg 118 SI-1X22, SI-1X25 heavy chain nucleotide sequence

CAAGTTCAGCTCAAGCAGTCTGGCCCTGGCCTGGTTCAGCCTTCTCAGAGCCTGAGCATCACCT
GTACCGTGTCCGGCTTCTCCCTGACCAATTACGGCGTGCACTGGGTTCGACAGAGCCCTGGCAA
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ATGCCTGGAATGGCTGGGAGTGATTTGGAGCGGCGGCAACACCGACTACAACACCCCTTTCACC
TCTCGGCTGTCTATCAACAAGGACAACTCCAAGAGCCAGGTGTTCTTCAAGATGAACTCCCTGC
AGTCCAACGACACCGCCATCTACTACTGTGCTCGGGCCCTGACCTACTACGACTACGAGTTTGC
TTACTGGGGCCAGGGCACCCTGGTCACAGTTTCTGCTGCTAGCACCAAGGGCCCATCGGTCTTC
CCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCGGCCCTGGGCTGCCTGGTCAAGG
ACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCACAC
CTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCC
AGCAGCTTGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCAACACCAAGGTGG
ACAAGAGAGTTGAGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGA
ACTCCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCC
CGGACCCCTGAGGTCACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCA
ACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAA
CAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGCAAGGAG
TACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGARAACCATCTCCAAAGCCA
AAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGACCAAGAA
CCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAG
AGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCT
TCTTCCTCTATAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATG
CTCCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGT
TAG

>seq 119 human IgGl nucleotide sequence
GCTAGCACCAAGGGCCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCA
CAGCGGCCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTC
AGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCC
CTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACCCAGACCTACATCTGCAACGTGA
ATCACAAGCCCAGCAACACCAAGGTGGACAAGAGAGTTGAGCCCAAATCTTGTGACAAAACTCA
CACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCA
AAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATGCGTGGTGGTGGACGTGA
GCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAA
GACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTG
CACCAGGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCC
CCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCC
CCCATCCCGGGATGAGCTGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTAT
CCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGC
CTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTATAGCAAGCTCACCGTGGACAAGAGCAG
GTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCACTACACG
CAGAAGAGCCTCTCCCTGTCTCCGGGT

>seq 120 human Kappa nucleotide sequence
CGTACGGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGAA
CTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCCAAAGTACAGTGGAAGGT
GGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACAGC
ACCTACAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACG
CCTGCGAAGTCACCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTG
T
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>seq 121 cetuximab light chain nucleotide sequence
GACATCTTGCTGACTCAGTCTCCAGTCATCCTGTCTGTGAGTCCAGGAGAAAGAGTCAGTTTCT
CCTGCAGGGCCAGTCAGAGTATTGGCACAAACATACACTGGTATCAGCAAAGAACAAATGGTTC
TCCAAGGCTTCTCATAAAGTATGCTTCTGAGTCTATCTCTGGGATTCCTTCCAGGTTTAGTGGC
AGTGGATCAGGGACAGATTTTACTCTTAGCATCAACAGTGTGGAGTCTGAAGATATTGCAGATT
ATTACTGTCAACAAAATAATAACTGGCCAACCACGTTCGGTGCTGGGACCAAGCTGGAGCTGAA
ACGTACGGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGA
ACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCCAAAGTACAGTGGAAGG
TGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACAG
CACCTACAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACTACGAGAAACACARAAGTCTAC
GCCTGCGAAGTCACCCATCAGGGCCTGAGCTCGCCCGTCACARAAGAGCTTCAACAGGGGAGAGT
GTTAG

>seq 122 SI-1X24 heavy chain nucleotide sequence
CAGGTGCAGCTGCAGGAGTCGGGGGGAGGCCTGGTCAAGCCTGGAGGGTCCCTGAGACTCTCCT
GTGCAGCCTCTGGATTCACCTTTAGTAGTTATTGGATGAGCTGGGTCCGCCAGGCTCCAGGGAA
GGGGCTGGAGTGGGTGGCCAACATARAACCGCGATGGAAGTGCGAGTTACTATGTGGACTCTGTG
AAGGGCCGATTCACCATCTCCAGAGACGACGCCAAGAACTCACTGTATCTGCAAATGAACAGCC
TGAGAGCTGAGGACACGGCTGTGTATTACTGTGCGAGAGATCGTGGGGTGGGCTACTTCGATCT
CTGGGGCCGTGGCACCCTGGTCACCGTGTCTAGCGGTGGAGGCGGTTCAGGCGGAGGTGGTTCC
GGCGGTGGCGGCTCCCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGT
CGATCACCATCTCCTGCACTGGAACCAGCAGTGACGTTGGTGGTTATAACTTTGTCTCCTGGTA
CCAACAACACCCAGGCAAAGCCCCCAAACTCATGATCTATGATGTCAGTGATCGGCCCTCAGGG
GTGTCTGATCGCTTCTCCGGCTCCAAGTCTGGCAACACGGCCTCCCTGATCATCTCTGGCCTCC
AGGCTGACGACGAGGCTGATTATTACTGCAGCTCATATGGGAGCAGCAGCACTCATGTGATTTT
CGGCGGAGGGACCAAGGTGACCGTCCTAGGCGGTGGAGGGTCCGGCGGTGGTGGATCACAGGTG
CAGCTGAAGCAGTCAGGACCTGGCCTAGTGCAGCCCTCACAGAGCCTGTCCATCACCTGCACAG
TCTCTGGTTTCTCATTAACTAACTATGGTGTACACTGGGTTCGCCAGTCTCCAGGAAAGGGTCT
GGAGTGGCTGGGAGTGATATGGAGTGGTGGAAACACAGACTATAATACACCTTTCACATCCAGA
CTGAGCATCAACAAGGACAATTCCAAGAGCCAAGTTTTCTTTAAAATGAACAGTCTGCAATCTA
ATGACACAGCCATATATTACTGTGCCAGAGCCCTCACCTACTATGATTACGAGTTTGCTTACTG
GGGCCAAGGGACTCTGGTCACTGTGTCTAGTGCTAGCACCAAGGGCCCATCGGTCTTCCCCCTG
GCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCGGCCCTGGGCTGCCTGGTCAAGGACTACT
TCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCC
GGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGC
TTGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCAACACCAAGGTGGACAAGA
GAGTTGAGCCCARAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAACTCCT
GGGGGGACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACC
CCTGAGGTCACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGT
ACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGCAC
GTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGCAAGGAGTACAAG
TGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCATCTCCARAGCCAAAGGGC
AGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGACCAAGAACCAGGT
CAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAAT
GGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCC
TCTATAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGT
GATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTTAG
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>seq 123 SI-1X25 light chain nucleotide sequence
CAGGTGCAATTGCAGGAGTCGGGGGGAGGCCTGGTCAAGCCTGGAGGGTCCCTGAGCCTCTCCT
GTGCAGCCTCTGGATTCACCTTTAGTAGTTATTGGATGAGCTGGGTCCGCCAGGCTCCAGGGAA
GGGGCTGGAGTGGGTGGCCAACATAAACCGCGATGGAAGTGCGAGTTACTATGTGGACTCTGTG
AAGGGCCGATTCACCATCTCCAGAGACGACGCCAAGAACTCACTGTATCTGCAAATGAACAGCC
TGAGAGCTGAGGACACGGCTGTGTATTACTGTGCGAGAGATCGTGGGGTGGGCTACTTCGATCT
CTGGGGCCGTGGCACCCTGGTCACCGTCTCGAGCGGTGGAGGCGGTTCAGGCGGAGGTGGTTCC
GGCGGTGGCGGCTCCCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGT
CGATCACCATCTCCTGCACTGGAACCAGCAGTGACGTTGGTGGTTATAACTTTGTCTCCTGGTA
CCAACAACACCCAGGCAAAGCCCCCAAACTCATGATCTATGATGTCAGTGATCGGCCCTCAGGG
GTGTCTGATCGCTTCTCCGGCTCCAAGTCTGGCAACACGGCCTCCCTGATCATCTCTGGCCTCC
AGGCTGACGACGAGGCTGATTATTACTGCAGCTCATATGGGAGCAGCAGCACTCATGTGATTTT
CGGCGGAGGGACCAAGGTGACCGTCCTAGGCGGTGGAGGGTCCGGCGGTGGTGGATCAGACATC
CTGCTGACCCAGTCTCCAGTGATCCTGTCCGTGTCTCCTGGCGAGAGAGTGTCCTTCAGCTGCA
GAGCCTCTCAGTCCATCGGCACCAACATCCACTGGTATCAGCAGCGGACCAACGGCTCCCCTCG
GCTGCTGATTAAGTACGCCTCCGAGTCTATCAGCGGCATCCCCTCCAGATTCTCCGGCTCTGGC
TCTGGCACCGACTTCACCCTGTCCATCAACTCCGTGGAATCCGAGGATATCGCCGACTACTACT
GCCAGCAGAACAACAACTGGCCCACCACCTTTGGCTGTGGCACCAAGCTGGAATTGAAACGTAC
GGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGAACTGCC
TCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCCAAAGTACAGTGGAAGGTGGATA
ACGCCCTCCAATCGGGTAACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACAGCACCTA
CAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGC
GAAGTCACCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGTTAG

>seq 124 SI-1X26 light chain nucleotide sequence

GATATTCAAATGACTCAATCTCCTTCTTCTCTTTCTGCTTCTGTTGGTGATCGTGTTACTATTA
CTTGTCGTTCTTCTCAAAATATTGTTCATTCTAATGGTAATACTTATCTTGATTGGTATCAACA
AACTCCTGGTAAAGCTCCTAAACTTCTTATTTATAAAGTTTCTAATCGTTTTTCTGGTGTTCCT
TCTCGTTTTTCTGGTTCTGGTTCTGGTACTGATTTTACTTTTACTATTTCTTCTCTTCAACCTG
AAGATATTGCTACTTATTATTGTTTTCAATATTCTCATGTTCCTTGGACTTTTGGTTGTGGTAC
TAAACTTCAAATTACTCGTACGGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAG
CAGTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCCA
AAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGTGTCACAGAGCA
GGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACTACGAG
AAACACAAAGTCTACGCCTGCGAAGTCACCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCT
TCAACAGGGGAGAGTGTGGCGGTGGCGGTAGCGGTGGCGGCGGAAGTGGTGGCGGAGGATCCCA
GGTGCAGCTGCAGGAGTCGGGGGGAGGCCTGGTCAAGCCTGGAGGGTCCCTGAGCCTCTCCTGT
GCAGCCTCTGGATTCACCTTTAGTAGTTATTGGATGAGCTGGGTCCGCCAGGCTCCAGGGAAGG
GGCTGGAGTGGGTGGCCAACATAAACCGCGATGGAAGTGCGAGTTACTATGTGGACTCTGTGAA
GGGCCGATTCACCATCTCCAGAGACGACGCCAAGAACTCACTGTATCTGCAAATGAACAGCCTG
AGAGCTGAGGACACGGCTGTGTATTACTGTGCGAGAGATCGTGGGGTGGGCTACTTCGATCTCT
GGGGCCGTGGCACCCTGGTCACCGTGTCTAGCGGTGGAGGCGGTTCAGGCGGAGGTGGTTCCGG
CGGTGGCGGCTCCCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCG
ATCACCATCTCCTGCACTGGAACCAGCAGTGACGTTGGTGGTTATAACTTTGTCTCCTGGTACC
AACAACACCCAGGCARAAGCCCCCAAACTCATGATCTATGATGTCAGTGATCGGCCCTCAGGGGT
GTCTGATCGCTTCTCCGGCTCCAAGTCTGGCAACACGGCCTCCCTGATCATCTCTGGCCTCCAG
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GCTGACGACGAGGCTGATTATTACTGCAGCTCATATGGGAGCAGCAGCACTCATGTGATTTTCG
GCGGAGGGACCAAGGTGACCGTCCTATAA

>seq 125 SI-1X26 heavy chain nucleotide sequence
CAGGTGCAGCTGCAGCAGAGCGGCGCCGAGGTGAAGAAGCCCGGCAGCAGCGTGAAGGTGAGCT
GCAAGGCCAGCGGCTACACCTTCACCAACTACTACATCTACTGGGTGCGGCAGGCCCCCGGCCA
GTGCCTGGAGTGGATCGGCGGCATCAACCCCACCAGCGGCGGCAGCAACTTCAACGAGAAGTTC
AAGACCCGGGTGACCATCACCGCCGACGAGAGCAGCACCACCGCCTACATGGAGCTGAGCAGCC
TGCGGAGCGAGGACACCGCCTTCTACTTCTGCACCCGGCAGGGCCTGTGGTTCGACAGCGACGG
CCGGGGCTTCGACTTCTGGGGCCAGGGCACCACCGTGACCGTGAGCAGCGCTAGCACCAAGGGC
CCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCGGCCCTGGGCT
GCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAG
CGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTG
ACCGTGCCCTCCAGCAGCTTGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCA
ACACCAAGGTGGACAAGAGAGTTGAGCCCARATCTTGTGACAARAACTCACACATGCCCACCGTG
CCCAGCACCTGAACTCCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCARAACCCAAGGACACC
CTCATGATCTCCCGGACCCCTGAGGTCACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTG
AGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGA
GGAGCAGTACAACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTG
AATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAARAACCA
TCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGA
GCTGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCARAGGCTTCTATCCCAGCGACATCGCC
GTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACT
CCGACGGCTCCTTCTTCCTCTATAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAA
CGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCC
CTGTCTCCGGGTTAA

>seq 126 SI-1X4 light chain nucleotide sequence
GATATTCAAATGACTCAATCTCCTTCTTCTCTTTCTGCTTCTGTTGGTGATCGTGTTACTATTA
CTTGTCGTTCTTCTCAAAATATTGTTCATTCTAATGGTAATACTTATCTTGATTGGTATCAACA
AACTCCTGGTAAAGCTCCTAAACTTCTTATTTATAAAGTTTCTAATCGTTTTTCTGGTGTTCCT
TCTCGTTTTTCTGGTTCTGGTTCTGGTACTGATTTTACTTTTACTATTTCTTCTCTTCAACCTG
AAGATATTGCTACTTATTATTGTTTTCAATATTCTCATGTTCCTTGGACTTTTGGTCAAGGTAC
TAAACTTCAAATTACTCGTACGGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAG
CAGTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCCA
AAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGTGTCACAGAGCA
GGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACTACGAG
AAACACAAAGTCTACGCCTGCGAAGTCACCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCT
TCAACAGGGGAGAGTGTTAG

>seq 127 SI-1X4 heavy chain nucleotide sequence

CAAGTTCAACTTCAACAATCTGGTGCTGAAGTTAAAAAACCTGGTTCTTCTGTTAAAGTTTCTT
GTAAAGCCTCTGGTTATACTTTTACTAATTATTATATTTATTGGGTTCGTCAAGCTCCTGGTCA
AGGTCTTGAATGGATTGGTGGTATTAATCCTACTTCTGGTGGTTCTAATTTTAATGAAAAATTT
AAAACTCGTGTTACTATTACTGCCGATGAATCTTCCACCACTGCTTATATGGAACTTTCTTCTC
TTCGTTCTGAAGATACTGCTTTTTATTTTTGTACCCGTCAAGGTCTTTGGTTTGATTCTGATGG
TCGTGGTTTTGATTTTTGGGGTCAAGGTACCACTGTTACTGTCTCGAGCGCTAGCACCAAGGGC
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CCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCGGCCCTGGGCT
GCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAG
CGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTG
ACCGTGCCCTCCAGCAGCTTGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCA
ACACCAAGGTGGACAAGAGAGTTGAGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTG
CCCAGCACCTGAACTCCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACC
CTCATGATCTCCCGGACCCCTGAGGTCACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTG
AGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACARAGCCGCGGGA
GGAGCAGTACAACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTG
AATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAARAACCA
TCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGA
GCTGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCC
GTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACT
CCGACGGCTCCTTCTTCCTCTATAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAA
CGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCC
CTGTCTCCGGGTGGCGGTGGAGGGTCCGGCGGTGGTGGATCACAGGTGCAATTGCAGGAGTCGG
GGGGAGGCCTGGTCAAGCCTGGAGGGTCCCTGAGACTCTCCTGTGCAGCCTCTGGATTCACCTT
TAGTAGTTATTGGATGAGCTGGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGGTGGCCAAC
ATAAACCGCGATGGAAGTGCGAGTTACTATGTGGACTCTGTGAAGGGCCGATTCACCATCTCCA
GAGACGACGCCAAGAACTCACTGTATCTGCAAATGAACAGCCTGAGAGCTGAGGACACGGCTGT
GTATTACTGTGCGAGAGATCGTGGGGTGGGCTACTTCGATCTCTGGGGCCGTGGCACCCTGGTC
ACCGTCTCGAGCGGTGGAGGCGGTTCAGGCGGAGGTGGTTCCGGCGGTGGCGGCTCCCAGTCTG
CCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCACTGG
AACCAGCAGTGACGTTGGTGGTTATAACTTTGTCTCCTGGTACCAACAACACCCAGGCAAAGCC
CCCAAACTCATGATCTATGATGTCAGTGATCGGCCCTCAGGGGTGTCTGATCGCTTCTCCGGCT
CCAAGTCTGGCAACACGGCCTCCCTGATCATCTCTGGCCTCCAGGCTGACGACGAGGCTGATTA
TTACTGCAGCTCATATGGGAGCAGCAGCACTCATGTGATTTTCGGCGGAGGGACCAAGGTGACC
GTCCTATAA

>seq 128 SI-1X6 heavy chain nucleotide sequence

CAGGTGCAGCTGAAGCAGTCAGGACCTGGCCTAGTGCAGCCCTCACAGAGCCTGTCCATCACCT
GCACAGTCTCTGGTTTCTCATTAACTAACTATGGTGTACACTGGGTTCGCCAGTCTCCAGGAAA
GGGTCTGGAGTGGCTGGGAGTGATATGGAGTGGTGGAAACACAGACTATAATACACCTTTCACA
TCCAGACTGAGCATCAACAAGGACAATTCCAAGAGCCAAGTTTTCTTTAAAATGAACAGTCTGC
AATCTAATGACACAGCCATATATTACTGTGCCAGAGCCCTCACCTACTATGATTACGAGTTTGC
TTACTGGGGCCAAGGGACTCTGGTCACTGTCTCTAGCGCTAGCACCAAGGGCCCATCGGTCTTC
CCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCGGCCCTGGGCTGCCTGGTCAAGG
ACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCACAC
CTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCC
AGCAGCTTGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCAACACCAAGGTGG
ACAAGAGAGTTGAGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGA
ACTCCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCC
CGGACCCCTGAGGTCACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCA
ACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAA
CAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGCAAGGAG
TACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCATCTCCAAAGCCA
AAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGACCAAGAA
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CCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAG
AGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCT
TCTTCCTCTATAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATG
CTCCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGT
GGCGGTGGAGGGTCCGGCGGTGGTGGATCACAGGTGCAATTGCAGGAGTCGGGGGGAGGCCTGG
TCAAGCCTGGAGGGTCCCTGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTTAGTAGTTATTG
GATGAGCTGGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGGTGGCCAACATAAACCGCGAT
GGAAGTGCGAGTTACTATGTGGACTCTGTGAAGGGCCGATTCACCATCTCCAGAGACGACGCCA
AGAACTCACTGTATCTGCAAATGAACAGCCTGAGAGCTGAGGACACGGCTGTGTATTACTGTGC
GAGAGATCGTGGGGTGGGCTACTTCGATCTCTGGGGCCGTGGCACCCTGGTCACCGTCTCGAGC
GGTGGAGGCGGTTCAGGCGGAGGTGGTTCCGGCGGTGGCGGCTCCCAGTCTGCCCTGACTCAGC
CTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCACTGGAACCAGCAGTGA
CGTTGGTGGTTATAACTTTGTCTCCTGGTACCAACAACACCCAGGCAAAGCCCCCAAACTCATG
ATCTATGATGTCAGTGATCGGCCCTCAGGGGTGTCTGATCGCTTCTCCGGCTCCAAGTCTGGCA
ACACGGCCTCCCTGATCATCTCTGGCCTCCAGGCTGACGACGAGGCTGATTATTACTGCAGCTC
ATATGGGAGCAGCAGCACTCATGTGATTTTCGGCGGAGGGACCAAGGTGACCGTCCTATAA

>seq 129 cetuximab heavy chain nucleotide sequence
CAGGTGCAGCTGAAGCAGTCAGGACCTGGCCTAGTGCAGCCCTCACAGAGCCTGTCCATCACCT
GCACAGTCTCTGGTTTCTCATTAACTAACTATGGTGTACACTGGGTTCGCCAGTCTCCAGGAAA
GGGTCTGGAGTGGCTGGGAGTGATATGGAGTGGTGGAAACACAGACTATAATACACCTTTCACA
TCCAGACTGAGCATCAACAAGGACAATTCCAAGAGCCAAGTTTTCTTTAAAATGAACAGTCTGC
AATCTAATGACACAGCCATATATTACTGTGCCAGAGCCCTCACCTACTATGATTACGAGTTTGC
TTACTGGGGCCAAGGGACTCTGGTCACTGTCTCTAGCGCTAGCACCAAGGGCCCATCGGTCTTC
CCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCGGCCCTGGGCTGCCTGGTCAAGG
ACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCACAC
CTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCC
AGCAGCTTGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCAACACCAAGGTGG
ACAAGAGAGTTGAGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGA
ACTCCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCC
CGGACCCCTGAGGTCACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCA
ACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAA
CAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGCAAGGAG
TACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCATCTCCAAAGCCA
AAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGACCAAGAA
CCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAG
AGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCT
TCTTCCTCTATAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATG
CTCCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGT
TAA

>seq 130 SI-1C7 amino acid segquence

GAGCCCAAATCTTCCGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGG
GACCGTCAGTCTTCCTCTTCCCCCCAARACCCAAGGACACCCTCATGATCTCCCGGACCCCTGA
GGTCACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTG
GACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACC
GTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGCAAGGAGTACAAGTGCAA
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GGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCATCTCCAAAGCCARAAGGGCAGCCC
CGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGACCAAGAACCAGGTCAGCC
TGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCA
GCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTAT
AGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGC
ATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTGGCGGTGGAGG
GTCCGGCGGTGGTGGATCCCAGGTGCAGCTGCAGGAGTCGGGGGGAGGCCTGGTCAAGCCTGGA
GGGTCCCTGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTTAGTAGTTATTGGATGAGCTGGG
TCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGGTGGCCAACATARACCGCGATGGAAGTGCGAG
TTACTATGTGGACTCTGTGAAGGGCCGATTCACCATCTCCAGAGACGACGCCAAGAACTCACTG
TATCTGCAAATGAACAGCCTGAGAGCTGAGGACACGGCTGTGTATTACTGTGCGAGAGATCGTG
GGGTGGGCTACTTCGATCTCTGGGGCCGTGGCACCCTGGTCACCGTCTCGAGCGGTGGAGGCGG
TTCAGGCGGAGGTGGTTCCGGCGGTGGCGGCTCCCAGTCTGCCCTGACTCAGCCTGCCTCCGTG
TCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCACTGGAACCAGCAGTGACGTTGGTGGTT
ATAACTTTGTCTCCTGGTACCAACAACACCCAGGCAAAGCCCCCAAACTCATGATCTATGATGT
CAGTGATCGGCCCTCAGGGGTGTCTGATCGCTTCTCCGGCTCCAAGTCTGGCAACACGGCCTCC
CTGATCATCTCTGGCCTCCAGGCTGACGACGAGGCTGATTATTACTGCAGCTCATATGGGAGCA
GCAGCACTCATGTGATTTTCGGCGGAGGGACCAAGGTGACCGTCCTATAA

>seq 131 cetuximab CDR-Hl1 amino acid sequence
AACTATGGTGTACAC

>seq 132 cetuximab CDR-H2 amino acid sequence
GTGATATGGAGTGGTGGAAACACAGACTATAATACACCTTTCACATCC

>seq 133 cetuximab CDR-H3 amino acid sequence
GCCCTCACCTACTATGATTACGAGTTTGCTTAC

>seq 134 cetuximab CDR-L1 amino acid sequence
AGGGCCAGTCAGAGTATTGGCACAAACATACAC

>seq 135 cetuximab CDR-L2 amino acid sequence
TATGCTTCTGAGTCTATCTCT

>seq 136 cetuximab CDR-L3 amino acid sequence
CAACAAAATAATAACTGGCCAACCACG

>seq 137 nimotuzumab CDR-Hl1 amino acid sequence
AACTACTACATCTAC

>seq 138 nimotuzumab CDR-H2 amino acid sequence
GGCATCAACCCCACCAGCGGCGGCAGCAACTTCAACGAGAAGTTCAAGACC

>seq 139 nimotuzumab CDR-H3 amino acid sequence
CAGGGCCTGTGGTTCGACAGCGACGGCCGGGGCTTCGACTTC

>seq 140 nimotuzumab CDR-L1 amino acid sequence
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CGTTCTTCTCAAAATATTGTTCATTCTAATGGTAATACTTATCTTGAT

>seq 141 nimotuzumab CDR-L2 amino acid sequence
AAAGTTTCTAATCGTTTTTCT

>seq 142 nimotuzumab CDR-L3 amino acid sequence
TTTCAATATTCTCATGTTCCTTGGACT

>seq 143 anti-HER3 CDR-Hl1l amino acid sequence
AGTTATTGGATGAGC

>seq 144 anti-HER3 CDR-H2 amino acid sequence
AACATAAACCGCGATGGAAGTGCGAGTTACTATGTGGACTCTGTGAAGGGC

>seq 145 anti-HER3 CDR-H3 amino acid sequence
GATCGTGGGGTGGGCTACTTCGATCTC

>seq 146 anti-HER3 CDR-L1 amino acid sequence
ACTGGAACCAGCAGTGACGTTGGTGGTTATAACTTTGTCTCC

>seq 147 anti-HER3 CDR-L2 amino acid sequence
GATGTCAGTGATCGGCCCTCA

>seq 148 anti-HER3 CDR-L3 amino acid sequence
AGCTCATATGGGAGCAGCAGCACTCATGTGATT
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BISPECIFIC ANTIBODY TARGETING TUMOR ANTIGENS

CLAIMS
What is claimed is:

1. Abispecific antibody, comprising two sets of heavy and light chains,
wherein each set of the heavy chain and the light chain form a Fab region having a binding

specificity to EGFR,

wherein the antibody further comprises a scFv domain covalently linked to each set of
the heavy chain and the light chain at N-terminal of the heavy chain, N-terminal of the light

chain, or C-terminal of the light chain, and
wherein the scFv domain has a binding specificity to HER3.

2. The bispecific antibody of Claim 1, wherein the scFv domain is linked to the N-
terminal of the heavy chain, and wherein the antibody comprises an amino acid sequence

having a sequence identity to SEQ ID NO. 22.

3. The bispecific antibody of Claim 1, wherein the scFv domain is linked to the N-
terminal or C-terminal of the light chain, and wherein the antibody comprises an amino acid

sequence having a sequence identity to SEQ ID NO 17, 23, or 24.

4. The bispecific antibody of Claim 1, comprising an antigen-binding domain having at
least 98% sequence identity to SEQ ID NO. 17, 22, 23, or 24.

5. The bispecific antibody of Claim 1, wherein the heavy chain comprises a constant
region, wherein the constant region comprises an amino acid sequence having at least 98%
sequence identity to SEQ ID NO. 19.

6. The bispecific antibody of Claim 1, wherein the light chain comprises a kappa
constant region, wherein the kappa constant region comprises an amino acid sequence
having at least 98% sequence identity to SEQ ID NO. 20.

7. The bispecific antibody of Claim 1, wherein the scFv domain, comprising an amino

acid sequence having at least 98% sequence identity to SEQ ID NO. 11, 12, 13, 14, 15, or 16.
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8. The bispecific antibody of Claim 1, wherein the scFv domain comprises a variable
light chain, wherein the variable light chain has an amino acid sequence having at least 98%
sequence identity to SEQ ID NO. 11, 13, or 15.

9. The bispecific antibody of Claim 1, wherein the scFv domain comprises a variable
heavy chain, wherein the variable heavy chain has an amino acid sequence at least 98%
sequence identity to SEQ ID NO. 12, 14, or 16.

10.  The bispecific antibody of Claim 1, wherein the scFv domain comprises a variable
light chain (VL) and a variable heavy chain (VH), wherein the scFv domain has a
configuration of VLVu or VuVL from the N terminal to the C terminal.

11.  The bispecific antibody of Claim 10, wherein the scFv domain comprises a disulphide
bond between Vi and Vu.

12.  Thebispecificantibody of Claim 11, wherein the disulfide bond is between vL100 and
vH44 (Kabat) of the scFv domain.

13.  The bispecific antibody of Claim 1, wherein the scFv domain comprises R19S (Kabat)
mutation.

14.  The bispecific antibody of Claim 1, wherein the antibody comprises an amino acid
sequence having at least 98% sequence identity to SEQ ID NO. 17 and 18.

15.  The bispecific antibody of Claim 1, wherein the antibody comprises an amino acid
sequence having at least 98% sequence identity to SEQ ID NO. 21 and 22.

16.  The bispecific antibody of Claim 1, wherein the antibody comprises an amino acid
sequence having at least 98% sequence identity to SEQ ID NO. 18 and 23.

17.  The bispecific antibody of Claim 1, wherein the antibody comprises an amino acid
sequence having at least 98% sequence identity to SEQ ID NO. 24 and 25.

18.  Anisolated nucleic acid encoding the bispecific antibody of Claim 1.

19.  An expression vector comprising the isolated nucleic acid of Claim 18.

20.  The expression vector of Claim 19, wherein the vector is expressible in a cell.

21.  Ahostcell comprising the nucleic acid of Claim 18.

22. A method of producing the bispecific antibody of Claim 1, comprising culturing the
host cell of one of Claim 21 so that the bispecific antibody is produced.
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23.  An immunoconjugate comprising the bispecific antibody of Claim 1 and a cytotoxic
agent, and wherein the cytotoxic agent comprises a chemotherapeutic agent, a growth
inhibitory agent, a toxin, or a radioactive isotope.

24. A pharmaceutical composition, comprising the bispecific antibody of Claim 1 and a
pharmaceutically acceptable carrier.

25.  The pharmaceutical composition of Claim 24, further comprising radioisotope,
radionuclide, a toxin, a therapeutic agent, a chemotherapeutic agent, or a combination
thereof.

26. A pharmaceutical composition, comprising the immunoconjugate of Claim 23 and a
pharmaceutically acceptable carrier.

27. A method of treating a subject with a cancer, comprising administering to the subject
an effective amount of the bispecific antibody of Claim 1

28.  The method of Claim 27, wherein the cancer comprises cells expressing EGFR, HER3
or both, or wherein the cancer comprises breast cancer, colorectal cancer, pancreatic cancer,
head and neck cancer, melanoma, ovarian cancer, prostate cancer, non-small lung cell cancer,
small cell lung cancer, glioma, esophageal cancer, nasopharyngeal cancer, kidney cancer,
gastric cancer, liver cancer, bladder cancer, cervical cancer, brain cancer, lymphoma,
leukaemia, myeloma.

29.  The method of Claim 27, further comprising co-administering an effective amount of
a therapeutic agent.

30.  The method of Claim 29, wherein the therapeutic agent comprises an antibody, a
chemotherapy agent, an enzyme, or a combination thereof, and wherein the therapeutic
agent comprises capecitabine, cisplatin, trastuzumab, fulvestrant, tamoxifen, letrozole,
exemestane, anastrozole, aminoglutethimide, testolactone, vorozole, formestane, fadrozole,
letrozole, erlotinib, lafatinib, dasatinib, gefitinib, imatinib, pazopinib, lapatinib, sunitinib,
nilotinib, sorafenib, nab-palitaxel, a derivative or a combination thereof.

31. The method of Claim 27, wherein the subject is a human.

32.  Asolution comprising an effective concentration of the bispecific antibody of Claim 1,

wherein the solution is blood plasma in a subject.
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