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Bispecific antibodies binding to HER-3 and to either HER-2 or EGFR

The invention relates to bispecific antigen-binding molecules, especially antibodies, targeting
HER-3 and another antigen selected from HER-2 and EGFR, methods for the production of

these molecules, compositions, and uses thereof.

BACKGROUND OF THE INVENTION

The HER family, which includes 4 tyrosine kinase receptors (EGFR/HER1, HER2, HERS and
HER4), activates multiple, partially redundant, interconnected downstream signaling
cascades, e.g. MAPK and PI3K/AKT pathways, which are involved in cell proliferation. The
shared general structure of HER receptors consists of an extracellular domain, a single span
transmembrane domain and an intracellular domain containing the conserved catalytic kinase
domain and carboxy terminal tail. A fundamental aspect of signaling in this family is the
dimerization of two receptors. It is the homodimerization and heterodimerization of two HER
family members and transphosphorylation of their intracellular regions that generates the initial
signal leading to activation of numerous downstream signaling pathways. The four members

of the HER family are capable of forming 28 homo and heterodimers.

The deregulation of HER signaling through gene amplification or mutation is seen in many
human tumors and an abundance of experimental evidence supports the etiologic role of these
events in cancer pathogenesis. HER abnormal signaling has been observed in a large number
of solid tumors (lung, colorectal, pancreas, etc.). For example, there is evidence that the HER
family is deregulated in pancreatic cancers. EGFR is expressed in 45-95% of pancreatic
cancer, and expression generally correlates with worse outcome in resected pancreatic
cancers. Overexpression of HER2 has also been described in 7-58% of pancreatic cancer and
HER2-amplified pancreatic cancers show an atypical metastatic pattern, suggesting that HER2
is likely to be also an important driver of tumorigenesis in pancreatic cancer. In addition, HER3
expression correlates with tumor progression and reduced survival in patients with pancreatic

cancer.

Pancreatic cancer is the fourth most common cause of cancer death in Europe with an
increasing number of cases every year (+ 2 % in men, + 10 % in women). It has a very poor
prognosis, even when diagnosed early. It is one of the only cancers for which the survival rate
has almost not been improved over the past 40 years: survival is inferior to 20% and 5% after
1 and 5 years respectively. Pancreatic cancer remains a rare disease, with as many deaths
recorded in the world in 2020 (466,003) as newly diagnosed patients (495,773), due to lack of
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effective treatments. At present, pancreatic adenocarcinoma (90% of pancreatic cancers) is
treated either surgically, by chemotherapy, or a combination of radiation and chemotherapy
with limited results. The launch of gemcitabine in 1996 as first line treatment improved the
survival without relapse by 1.3 month in median and the overall survival (OS) at one year from
2% to 18%. Since 2005, only two drugs, Tarceva® (erlotinib) and Abraxane® (nab-paclitaxel),
have been authorized for pancreatic cancer, despite various clinical trials, involving mainly
combinations but few innovations. Erlotinib, that was the first targeted therapy, improved the
survival without relapse by only 1 month in median in association with gemcitabine. With regard
to HERS3 inhibitors, various molecules are being studied and evaluated in clinical trials (phase
I/11).

Treatment by means of therapeutic agents targeting HER receptors directly or downstream
kinases often faces acquired resistance or is limited by the intrinsic robustness of the signal

transduction network.

In such cases, combined therapies have emerged as natural countermeasures although their
optimal design is not straightforward and can depend on the tumor or its subtypes, thus
requiring prior patient stratification (Fitzgerald JB, Schoeberl B, Nielsen UB, Sorger PK.
Systems biology and combination therapy in the quest for clinical efficacy. Nat Chem Biol.
2006; 2:458-66.). The current arsenal available to inhibit HER signaling is comprised of small
molecule tyrosine kinase inhibitors (TKIs), e.g. lapatinib or erlotinib, and therapeutic antibodies,
e.g. cetuximab or trastuzumab. Indeed, antibodies represent a powerful approach that induces
immunological effects on top of signaling reduction to help clearing the tumors as opposed to

TKIs that are limited to signaling modulation.

Combined antibody-based therapies have been proposed by a number of authors. Targeting
HER dimers, in particular EGFR/HERZ2 heterodimers, by mAb combinations was demonstrated

to be advantageous for inhibition of pancreatic tumor growth.

Bispecific antibodies (BsAb) have further been designed, which combine the targets of two
mAbs. However, they suffer from complicated designs that usually result in inferior
manufacturability and stability, and efficacy of these antibodies could still be improved, since
in in vivo pancreatic cancer model tumors continued to grow even while under treatment with

bispecific antibodies.

For instance, Liu and colleagues (Liu et al. A Novel Antibody Engineering Strategy for Making

Monovalent Bispecific Heterodimeric IgG Antibodies by Electrostatic Steering Mechanism. J
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Biol. Chem. 2015; 290(12):7535-62) have described construction and characterization of a
bispecific anti-EGFR and anti-HER2 antibody, in which panitumumab and trastuzumab
sequences, respectively, were utilized. The antibody demonstrated improved activity against
EGFR+/HER2+ cell lines in vitro and in vivo, however the activity of this antibody still needs to

be improved.

MM-111, an anti-HER2/anti-HER3 bispecific antibody developed by Merrimack Pharma
(McDonagh et al., 2012; Spiess et al., 2015) has been studied in patients with HER2-positive
carcinomas of the distal esophagus, gastroesophageal (GE) junction and stomach. The Phase

I clinical trial was stopped due to non-significant results.

Duligotuzumab, which is an anti-EGFR/anti-HERS3 bispecific antibody (Schaefer et al., 2011b;
Spiess et al., 2015) was compared to cetuximab in combination with FOLFIRI as second-line
therapy in patients with metastatic colorectal cancer. In this trial, duligotuzumab showed no

benefit over cetuximab in combination with FOLFIRI and was abandoned.

In view of the above, there is still a need for improved bispecific antibody targeting HER

receptors, for treating tumors.

SUMMARY OF THE INVENTION

The inventors have now designed novel bispecific antibodies targeting HER3, and another

antigen selected from either EGFR or HERZ2, useful in the treatment of a variety of cancers.

The invention more particularly provides a bispecific antigen-binding fragment which is capable
of simultaneous binding to HER-3 and to another antigen selected from either HER-2 or EGFR
antigens, which comprises:

(i) a Fab fragment comprising a VH-CH1 heavy chain associated with a VL-CL light chain of
antibody 1 (Ab1), and

(i) a Fab fragment comprising a VH-CH1 heavy chain associated with a VL-CL light chain of
antibody 2 (Ab2),

wherein the N-terminal end of the VH domain of the Fab fragment of Ab1 is linked to the C-
terminal end of the CH1 domain of the Fab fragment of Ab2 through a polypeptide linker,
wherein one of Ab1 or Ab2 is patritumab or a functional derivative thereof;

and the other of Ab1 or Ab2 is selected from the group consisting of trastuzumab or a functional
derivative thereof, matuzumab or a functional derivative thereof, and cetuximab or a functional

derivative thereof.
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In a preferred embodiment, Ab2 is patritumab or a functional derivative thereof and wherein
Ab1 is selected from the group consisting of trastuzumab or a functional derivative thereof,

matuzumab or a functional derivative thereof, and cetuximab or a functional derivative thereof.

In a particular embodiment, the functional derivative of cetuximab is a humanized form
comprising VH and VL chain amino acid sequences at least 80% identical to VH and VL chain

amino acid sequences of cetuximab, respectively.

In a particular embodiment, the CH1 and CL domains of Ab1 have a sequence different from
the CH1 and CL domains of Ab2.

In a particular embodiment, the Fab CH1 domain of one of Ab1 or Ab2 is a mutated domain
that derives from the CH1 domain of an immunoglobulin by substitution of the threonine residue
at position 192 of said CH1 domain with a glutamic acid and the cognate CL domain is a
mutated domain that derives from the CL domain of an immunoglobulin by substitution of the
asparagine residue at position 137 of said CL domain with a lysine residue and substitution of
the serine residue at position 114 of said CL domain with an alanine residue, and/or wherein
the Fab CH1 domain of one or the other of Ab1 or Ab2 is a mutated domain that derives from
the CH1 domain of an immunoglobulin by substitution of the leucine residue at position 143 of
said CH1 domain with a glutamine and substitution of the serine residue at position 188 of said
CH1 domain with a valine residue, and the cognate CL domain is a mutated domain that
derives from the CL domain of an immunoglobulin by substitution of the valine residue at
position 133 of said CL domain with a threonine residue and substitution of the serine residue

at position 176 of said CL domain with a valine residue.

In a particular embodiment, the polypeptide linker sequence comprises or consists of amino
acid sequence : EPKX1CDKX2HX3X4PPX5PAPELLGGPX6X7PPX8PX9PX10GG (SEQ ID
NO:33), wherein X1, X2, X3, X4, X5, X6, X7, X8, X9, X10, identical or different, are any amino

acid.

The invention also provides a bispecific molecule that comprises two identical antigen-binding

arms, each consisting of an antigen-binding fragment as defined above.

In a preferred embodiment, the bispecific molecule of the invention is a full-length antibody
comprising two heavy chains and four light chains,
wherein each heavy chain comprises

a. a Fcregion of an immunoglobulin comprising Hinge-CH2-CH3 domains
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b. which Fc region is linked to the Fab VH-CH1 heavy chain of Ab1 by said hinge
domain, wherein the hinge domain links the N-terminal end of said CH2 domain
with the C-terminal end of CH1 domain of Ab1 ;

c. which in turn is linked to Fab VH-CH1 heavy chain of Ab2, by the polypeptide
linker sequence, wherein the polypeptide linker sequence links the N-terminal end
of said VH domain of Ab1 with the C-terminal end of said CH1 domain of Ab2,

and wherein the four light chains comprise two Fab VL-CL light chains of Ab1 and
two Fab VL-CL light chains of Ab2 associated with their cognate heavy chain

domains.

In another embodiment, the bispecific molecule comprises a) two heavy chains, each
comprising, preferably consisting of SEQ ID NO: 27 and b) four light chains, two comprising,
preferably consisting of SEQ ID NO: 14 and the two others comprising, preferably consisting
of SEQ ID NO: 18.

In another embodiment, the bispecific molecule comprises a) two heavy chains, each
comprising, preferably consisting of, SEQ ID NO: 29 and b) four light chains, two comprising,
preferably consisting of SEQ ID NO: 14 and the two others comprising, preferably consisting
of SEQ ID NO: 16.

In another embodiment, the bispecific molecule comprises a) two heavy chains, each
comprising, preferably consisting of SEQ ID NO: 31 and b) four light chains, two comprising,
preferably consisting of SEQ ID NO: 14 and the two others comprising, preferably consisting
of SEQ ID NO: 20.

The invention also relates to a method for producing the bispecific molecule of the invention,
said method comprising the following steps:

a. Culturing in suitable medium and culture conditions a host cell expressing
an antibody heavy chain as defined above, and an antibody light chain as
defined above, and

b. recovering said produced antibodies from the culture medium or from said

cultured cells.

The invention also relates to the bispecific antigen-binding fragment or the bispecific molecule

of the invention, for use as a medicament.
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The invention also relates to the bispecific antigen-binding fragment or the bispecific molecule
of the invention, for use in treating a cancer, preferably solid tumors such as pancreatic cancer,
head and neck cancer, colorectal cancer, breast cancer, or lung cancer, preferably for use in

treating pancreatic cancer.

LEGENDS TO THE FIGURES

Figure 1. Schematic drawing of a bispecific antibody of the invention.

Figure 2. Dual engagement of the 2 antigens simultaneously by ELISA. Binding curve showing
simultaneous binding of (A) Patri-Trastu-Fc to immobilized HER3-Fc and HER2-His (left
panel), and immobilized HER2-Fc and HER3-His (right panel), (B) Patri-Matu-Fc to
immobilized HER3-Fc and EGFR-His (left panel), and immobilized EGFR-Fc and HER3-His
(right panel) or (C) Patri-Cetu-Fc to immobilized HER3-Fc and EGFR-His (left panel), and
immobilized EGFR-Fc and HER3-His (right panel). Half-maximal efficient concentration
(EC50) from ELISA binding curves are indicated.

Figure 3. Biological properties of the bispecific antibodies to inhibit phosphorylation of AKT
(PAKT) and ERK (pERK). Cell lines (A) were pre-stimulated with the bispecific antibodies (B),
for 20min before adding a mix of NRG1/EGF ligands for another 10min. After cell lysis, the
expression levels of pAKT and pERK were quantified by HTRF. The TR-FRET signal
(665nm/620nm emission ratio) was measured on a Pherastar reader relative to the maximal
phosphorylation (100%; medium) obtained in NRG1/EGFR-stimulated cells without bispecific
antibody. Phosphorylation levels are presented as percentages, ranging from 0% (white) to

100% (black) corresponding to phosphorylation in the absence of BsAbs "culture medium."

Figure 4. In vivo Efficacy of bispecific antibodies in Nude mouse models. Tumor growth (left
panel) and survival (middle panel) of bispecific antibody-treated mice xenografted with Sw1990
(A) and PDX P2846 (B) PDAC cells. The % of tumor growth inhibition (TGI) at the end of
treatment, and the 50%-survival benefit (days) are indicated in the right panel. The grey area

corresponds to the duration of the antibody treatment.

Figure 5. Intratumoral penetration of bispecific antibodies in Sw-1990 xenografts.
Immunohistochemistry analysis of Sw1990 tumor penetration by the bispecific antibodies.
Bispecific antibodies are labelled using peroxidase-conjugated anti-human Fc. BsAb IRR is a

control bispecific antibody targeting CD19 and CD3. A 9% NaCl solution was used as negative
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control. Tumor penetration of Patri-Cetu-Fc was visualized globally on the whole tumor slice

(left) and under x40 microscopy (right).

Figure 6. Anti-tumoral features of the TME are observed in Sw1990-Xenograft pancreatic
mouse model after treatment with the bispecific antibodies of the invention. (A)
Immunohistochemistry analysis to monitor CD31+ angiogenesis in resected Sw1990
xenografts from treated mice. Microscopic images of Patri-Cetu-Fc- vs BsAb IRR- and NaCl-
treated xenograft sections are shown as examples (left panel). The mean size of CD31+ micro-
vessels in tumors were quantified using the Qupath software on the whole tumor section. (B)
NK cell immunophenotyping by flow cytometry of resected Sw1990 xenografts from BiXAb-
treated mice. Dissociated cells were labeled with human L/D, CD45, CD3, CD19, CD49,
NKp46, IFNg- and CD107a-specific antibodies. After negative selection of CD45+ CD3+
CD19+ cells, CD49+ NKp46+ NK cells were positively-gated, before CD107a and intracellular
IFNg labelling. C) Analysis of in vivo ErbB degradation. Immunofluorescence microscopic
images of EGFR staining of Patri-Cetu-Fc- vs BsAb IRR- and NaCl-treated Sw1990 xenograft
section (top panel). Western blot analysis of ErbB receptor expression for each Sw1990
xenograft extract treated with NaCl solution, Patri-Trastu-Fc, Patri-Matu-Fc¢ and Patri-Cetu-Fc,
respectively. Tubulin was used as loading control. Western blots were visualized and
quantified using the LI-COR Odyssey imaging system (middle panel). Quantification of ErbB
expression, normalized to tubulin, in each group of resected xenografts (bottom panel). Each
experiment was performed on three Sw1990-xenografted mice. BsAb IRR is a negative control

which binds simultaneously to human CD19 and CD3.

Figure 7. In vivo efficacy of the bispecific antibody Patri-Cetu-Fc vs monospecific antibodies.
Tumor growth (top panel) and survival (bottom panel) of treated mice xenografted with Sw1990
cells. All antibodies in different mouse cohorts contained identical molarity of antibodies based
on their Fc-content: Patri-Cetu-Fc was used at 17 mg/kg, the monoclonal controls (Patritumab
or Cetuximab) at 10mg/kg, and the combination (Patritumab + Cetuximab) at 5mg/kg each.

The grey area corresponds to the duration of the antibody treatment.

Figure 8. Binding profiles of BMX003-001 (Patri-Cetu-Fc), BMX003-010 (humanized Patri-
Cetu-Fc), and BMX003-011 (humanized Patri-Cetu-Fc modified) in a HER3 antigen binding
ELISA (n=1).

Figure 9. Binding profiles of BMX003-001 (Patri-Cetu-Fc), BMX003-010 (humanized Patri-
Cetu-Fc), and BMX003-011 (humanized Patri-Cetu-Fc modified) in a EGFR antigen binding
ELISA (n=3).
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Figure 10. Ability of BMX003-001 (Patri-Cetu-Fc), BMX003-010 (humanized Patri-Cetu-Fc),
and BMX003-011 (humanized Patri-Cetu-Fc modified) to bind to the HER3 and EGFR proteins

expressed on the cell surface of SW-1990 cells, measured using flow cytometry (n=3).

Figure 11. Biological properties of BMX003-001 (Patri-Cetu-Fc), BMX003-010 (humanized
Patri-Cetu-Fc), and BMXO003-011 (humanized Patri-Cetu-Fc modified) to inhibit
phosphorylation of AKT (A) and ERK (B), in response to growth factors.

Figure 12. Capacity of BMX003-001 (Patri-Cetu-Fc), BMX003-010 (humanized Patri-Cetu-Fc),
and BMX003-011 (humanized Patri-Cetu-Fc modified) to induce NK cell degranulation
(expression of CD107a) in presence of HCT-116 cancer cells (2 independent donors, A and
B).

Figure 13."In vivo efficacy study of BMX003-001 (Patri-Cetu-Fc), BMX003-010 (humanized
Patri-Cetu-Fc), and BMX003-011 (humanized Patri-Cetu-Fc modified) with SW1990
pancreatic cancer xenograph model (BMX003-01, BMX003-010 and BMX003-011 used at 8.5
mg/kg and BMX control at 17 mg/kg).

DETAILED DESCRIPTION

Definitions:

The basic structure of a naturally occurring antibody molecule is a Y-shaped tetrameric
quaternary structure consisting of two identical heavy chains and two identical light chains,
held together by non-covalent interactions and by inter-chain disulfide bonds.

In mammalian species, there are five types of heavy chains: q, 9, €, y, and u, which determine
the class (isotype) of immunoglobulin: IgA, IgD, IgE, IgG, and IgM, respectively. The heavy
chain N-terminal variable domain (VH) is followed by a constant region, containing three
domains (numbered CH1, CH2, and CH3 from the N-terminus to the C-terminus) in heavy
chains y, a, and d, while the constant region of heavy chains u and € is composed of four
domains (numbered CH1, CH2, CH3 and CH4 from the N-terminus to the C-terminus). The
CH1 and CH2 domains of IgA, 19G, and IgD are separated by a flexible hinge, which varies in
length between the different classes and in the case of IgA and IgG, between the different
subtypes: 1IgG1, 1gG2, 1gG3, and 1gG4 have respectively hinges of 15, 12, 62 (or 77), and 12

amino acids, and IgA1 and IgA2 have respectively hinges of 20 and 7 amino acids.
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There are two types of light chains: A and k, which can associate with any of the heavy chains
isotypes, but are both of the same type in a given antibody molecule. Both light chains appear
to be functionally identical. Their N-terminal variable domain (VL) is followed by a constant

region consisting of a single domain termed CL.

The heavy and light chains pair by protein/protein interactions between the CH1 and CL
domains, and via VH /VL interactions and the two heavy chains associate by protein/protein
interactions between their CH3 domains. The structure of the immunoglobulin molecule is
generally stabilized by interchains disulfide bonds between the CH1 and CL domains and

between the hinges.

The antigen-binding regions or antigen-binding fragments correspond to the arms of the Y-
shaped structure, which consist each of the complete light chain paired with the VH and CH1
domains of the heavy chain, and are called the Fab fragments (for Fragment antigen binding).
Fab fragments were first generated from native immunoglobulin molecules by papain digestion
which cleaves the antibody molecule in the hinge region, on the amino-terminal side of the
interchains disulfide bonds, thus releasing two identical antigen-binding arms. Other proteases
such as pepsin, also cleave the antibody molecule in the hinge region, but on the carboxy-
terminal side of the interchains disulfide bonds, releasing fragments consisting of two identical
Fab fragments and remaining linked through disulfide bonds; reduction of disulfide bonds in

the F(ab")2 fragments generates Fab' fragments.

The part of the antigen binding region corresponding to the VH and VL domains is called the
Fv fragment (for Fragment variable); it contains the CDRs (complementarity determining

regions), which form the antigen-binding site (also termed paratope).

The effector region of the antibody which is responsible of its binding to effector molecules or
cells, corresponds to the stem of the Y-shaped structure, and contains the paired CH2 and
CH3 domains of the heavy chain (or the CH2, CH3 and CH4 domains, depending on the class

of antibody), and is called the Fc (for Fragment crystallisable) region.

Due to the identity of the two heavy chains and the two light chains, naturally occurring antibody
molecules have two identical antigen-binding sites and thus bind simultaneously to two

identical epitopes.

An antibody “specifically binds” to a target antigen if it binds with greater affinity, avidity,

more readily, and/or with greater duration than it binds to other substances. “Specific binding”
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or “preferential binding” does not necessarily require (although it can include) exclusive
binding. Generally, but not necessarily, reference to binding means preferential binding.

The terms “subject,” “individual,” and “patient” are used interchangeably herein and refer to
a mammal being assessed for treatment and/or being treated. Subjects may be human, but
also include other mammals, particularly those mammals useful as laboratory models for
human disease, e.g. mouse, rat, rabbit, dog, etc.

The term “treatment” or “treating” refers to an action, application or therapy, wherein a
subject, including a human being, is subjected to medical aid with the purpose of improving
the subject's condition, directly or indirectly. Particularly, the term refers to reducing incidence,
or alleviating symptoms, eliminating recurrence, preventing recurrence, preventing incidence,
improving symptoms, improving prognosis or combination thereof in some embodiments. The
skilled artisan would understand that treatment does not necessarily result in the complete
absence or removal of symptoms. For example, with respect to cancer, “treatment” or “treating”
may refer to slowing neoplastic or malignant cell growth, proliferation, or metastasis,
preventing or delaying the development of neoplastic or malignant cell growth, proliferation, or
metastasis, or some combination thereof.

The term "tumor" is used interchangeably with the term "cancer" herein, e.g., both terms
encompass solid and liquid, e.g., diffuse or circulating, tumors. As used herein, the term
"cancer" or "tumor" includes premalignant, as well as malignant cancers and tumors.

The term “mutated derivative”, “mutant” or “functional derivative” designates a sequence
that differs from the parent sequence to which it refers by deletion, substitution or insertion of
one or several amino acids. Preferably, the mutated derivative has an amino acid sequence
that is at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical

to the native sequence.

Cetuximab (Erbitux®; ImClone/Lilly, Merck-Serono) is a chimeric mouse-human monoclonal
antibody (ATCC HB-9764 & ATCC-97-63) targeting epidermal growth factor receptor (EGFR).
See also EP0359282, EP0667165, and US6217866. Cetuximab is approved for use as a
treatment for colorectal cancer and squamous cell carcinoma of the head and neck.
Trastuzumab (Herceptin®; Genentech/Roche) is a humanized |gG1 that interferes with the
HER2/neu receptor. See also EP0590058, US5821337, US8075890, US6407213,
US6054297, US5772997, US6165464, US6399063 and US6639055. Its indications are the
treatment of adjuvant and metastatic breast and metastatic gastric cancers.

Patritumab (U1-59/U3-1287/AMG888) is a fully human anti-HER3 monoclonal antibody with
an 1gG1-like isotype, possessing 1-3 nM affinity for its target, and is directed against the

juxtamembrane portion of HER3. Patritumab has shown promising anti-tumor effects in vitro
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and in vivo in lung, head and neck, and breast cancer models where it effectively blocks HER3
phosphorylation, degrades the HER3 receptor, and reduces tumor burden.

Matuzumab (EMD72000) is a humanized IgG1 derived from the murine antibody MAb 425
(EMD55900) that was produced by lymphocyte hybridization from BALB/c mouse spleens
immunized with human A431 squamous cell carcinoma cells. Matuzumab has been tested in
Phase | clinical trials against a number of cancers, both alone and in combination with

chemotherapy.

1. Design of bispecific antigen-binding fragments

The invention provides a bispecific bivalent antigen binding fragment, comprising one binding
site to HER-3 and one binding site to another antigen selected from either HER-2 or EGFR
antigens. In a particular embodiment, the bispecific antigen-binding fragment is capable of
simultaneous binding to HER-3 and to HER-2. In another particular embodiment, the bispecific

antigen-binding fragment is capable of simultaneous binding to HER-3 and to EGFR.

The antigen-binding fragment of the invention consists essentially of tandemly arranged Fab
fragments. The invention relates specifically to bispecific antigen-binding fragments
constructed using the amino acid sequences of the heavy chain (VH) and the light chain (VL)
variable regions of two monoclonal antibodies “Ab1” and “Ab2”, wherein one of Ab1 or Ab2 is
patritumab or a functional derivative thereof, and the other of Ab1 or Ab2 is selected from the
group consisting of trastuzumab or a functional derivative thereof, matuzumab or a functional

derivative thereof, and cetuximab or a functional derivative thereof.

Said bispecific antigen-binding fragment comprises :

(i) a Fab fragment comprising a VH-CH1 heavy chain associated with a VL-CL light chain of
antibody 1 (Ab1), and

(i) a Fab fragment comprising a VH-CH1 heavy chain associated with a VL-CL light chain of
antibody 2 (Ab2),

wherein the N-terminal end of the VH domain of the Fab fragment of Ab1 is linked to the C-
terminal end of the CH1 domain of the Fab fragment of Ab2 through a polypeptide linker,
wherein one of Ab1 or Ab2 is patritumab or a functional derivative thereof;

and the other of Ab1 or Ab2 is selected from the group consisting of trastuzumab or a functional
derivative thereof, matuzumab or a functional derivative thereof, and cetuximab or a functional

derivative thereof.
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In a particular embodiment, the bispecific antigen-binding fragment comprises two Fab
fragments with different CH1 and CL domains. In a preferred embodiment, the bispecific
antigen-binding fragment comprises two Fab fragments with different CH1 and CL domains
consisting of :

(i) a Fab fragment having CH1 and CL domains derived from a human IgG1/Kappa, and the
VH and VL domains of Ab1,

(i) a Fab fragment having CH1 and CL domains derived from a human IgG1/Kappa and the
VH and VL domains of Ab2.

In a particular embodiment, Ab1 is patritumab or a functional derivative thereof and Ab2 is
trastuzumab or a functional derivative thereof. In another particular embodiment, Ab1 is
trastuzumab or a functional derivative thereof and Ab2 is patritumab or a functional derivative

thereof.

In a particular embodiment, Ab1 is patritumab or a functional derivative thereof and Ab2 is
cetuximab or a functional derivative thereof. In another particular embodiment, Ab1 is
cetuximab or a functional derivative thereof and Ab2 is patritumab or a functional derivative

thereof.

In a particular embodiment, Ab1 is patritumab or a functional derivative thereof and Ab2 is
matuzumab or a functional derivative thereof. In another particular embodiment, Ab1 is
matuzumab or a functional derivative thereof and Ab2 is patritumab or a functional derivative

thereof.

In a preferred embodiment, Ab2 is patritumab or a functional derivative thereof and Ab1 is
selected from the group consisting of trastuzumab or a functional derivative thereof,

matuzumab or a functional derivative thereof, and cetuximab or a functional derivative thereof.

In a particular embodiment, the bispecific antigen-binding fragment comprises a Fab fragment
comprising a VH-CH1 heavy chain associated with a VL-CL light chain of patritumab or a
functional derivative thereof, wherein:
- the VH domain comprises, preferably consists of SEQ ID NO:5, or a mutated derivative
thereof ; and
- the VL domain comprises, preferably consists of SEQ ID NO:6, or a mutated derivative
thereof;
wherein, the CH1 domain is preferably a CH1 constant domain of human IgG1 or a mutated

derivative thereof;
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and wherein the CL domain is preferably a human Kappa constant domain or a mutated

derivative thereof.

In a particular embodiment, the bispecific antigen-binding fragment comprises a Fab fragment
comprising a VH-CH1 heavy chain associated with a VL-CL light chain of cetuximab or a
functional derivative thereof, wherein:
- the VH domain comprises, preferably consists of SEQ ID NO:7, or a mutated derivative
thereof ; and
- the VL domain comprises, preferably consists of SEQ ID NO:8, or a mutated derivative
thereof;
wherein, the CH1 domain is preferably a CH1 constant domain of human IgG1 or a mutated
derivative thereof;
and wherein the CL domain is preferably a human Kappa constant domain or a mutated

derivative thereof.

In a particular embodiment, the bispecific antigen-binding fragment comprises a Fab fragment
comprising a VH-CH1 heavy chain associated with a VL-CL light chain of trastuzumab or a
functional derivative thereof, wherein:
- the VH domain comprises, preferably consists of SEQ ID NO:9, or a mutated derivative
thereof ; and
- the VL domain comprises, preferably consists of SEQ ID NO:10, or a mutated derivative
thereof;
wherein, the CH1 domain is preferably a CH1 constant domain of human IgG1 or a mutated
derivative thereof;
and wherein the CL domain is preferably a human Kappa constant domain or a mutated

derivative thereof.

In a particular embodiment, the bispecific antigen-binding fragment comprises a Fab fragment
comprising a VH-CH1 heavy chain associated with a VL-CL light chain of matuzumab or a
functional derivative thereof, wherein:
- the VH domain comprises, preferably consists of SEQ ID NO:11, or a mutated
derivative thereof ; and
- the VL domain comprises, preferably consists of SEQ ID NO:12, or a mutated derivative
thereof;
wherein, the CH1 domain is preferably a CH1 constant domain of human IgG1 or a mutated

derivative thereof;
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and wherein the CL domain is preferably a human Kappa constant domain or a mutated

derivative thereof.

Mutated derivatives

The invention makes use of wild-type sequences (of patritumab, matuzumab, cetuximab or
trastuzumab), or mutated derivates thereof.

The term “mutated derivative”, “mutant”, or “functional derivative” designates a sequence
that differs from the parent sequence to which it refers by deletion, substitution or insertion of
one or several amino acids. Preferably, the mutated derivative or functional variant has an
amino acid sequence that is at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% identical to the native sequence. In a particular embodiment, the mutations do

not substantially impact the function of the antibody.

Mutated derivatives, or functional variants, can comprise a VH chain that comprises an amino
acid sequence at least 80% (e.g., at least 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99%) identical to any of the reference sequences recited herein, a VL chain that has
an amino acid sequence at least 80% (e.g., at least 85%,90%, 91% 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99%) identical to any of the reference sequences recited herein, or both.
The functional variant of patritumab is capable of binding to HER3. The functional variant of
cetuximab is capable of binding to EGFR. The functional variant of matuzumab is capable of

binding to EGFR. The functional variant of trastuzumab is capable of binding to HER2.

In some examples, the variants possess similar antigen-binding affinity relative to the
reference antibodies described above (e.g., having a Kd less than 1 x 108, preferably less
than 1 x 10° or 1 x 10" M). In some embodiments, the functional variant of the orginal
antibody has the same binding specificity and has an affinity with its target that is at least
50%, such as at least 60%, 70%, 80% or at least 90% of the affinity of the original antibody.
The affinity of the binding is defined by the terms ka (associate rate constant), kd
(dissociation rate constant), or KD (equilibrium dissociation). Typically, specifically binding
when used with respect to an antibody refers to an antibody that specifically binds to
(“recognizes”) its target(s) with an affinity (KD) value less than 10 M, e.g., less than 10° M
or 1019 M. A lower KD value represents a higher binding affinity (i.e., stronger binding) so

that a KD value of 10 indicates a higher binding affinity than a KD value of 10-8.

The “percent identity” of two amino acid sequences is determined using the algorithm of
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Karlin and Altschul Proc. Natl. Acad. Sci. USA 87:2264-68, 1990, modified as in Karlin and
Altschul Proc. Natl. Acad. Sci. USA 90:5873-77, 1993. Such an algorithm is incorporated into
the NBLAST and XBLAST programs (version 2.0) of Altschul, et al. J. Mol. Biol. 215:403-10,
1990. BLAST protein searches can be performed with the XBLAST program, score=50,
wordlength=3 to obtain amino acid sequences homologous to the protein molecules of
interest. Where gaps exist between two sequences, Gapped BLAST can be utilized as
described in Altschul et al., Nucleic Acids Res. 25(17):3389-3402, 1997. When utilizing
BLAST and Gapped BLAST programs, the default parameters of the respective programs
(e.g., XBLAST and NBLAST) can be used.

In other embodiments, the functional variants described herein can contain one or more
mutations (e.g., conservative substitutions) which preferably do not occur at residues which

are predicted to interact with one or more of the CDRs.

It is herein described mutated derivatives, or functional variants, which are substantially

identical to the reference antibody.

The term “substantially identical” or “insubstantial” means that the relevant amino acid
sequences (e.g., in framework regions (FRs), CDRs, VH, or VL domain) of a variant differ
insubstantially (e.g., including conservative amino acid substitutions) as compared with a
reference antibody such that the variant has substantially similar binding activities (e.g.,
affinity, specificity, or both) and bioactivities relative to the reference antibody. Such a variant
may include minor amino acid changes, e.g. 1 or 2 substitutions in a 5 amino acid sequence
of a specified region. Generally, more substitutions can be made in FR regions, in contrast
to CDR regions, as long as they do not adversely impact the binding function of the antibody
(such as reducing the binding affinity by more than 50% as compared to the original
antibody). In some embodiment, the sequence identity can be about 85%, 90%, 95%, 96%,
97%, 98%, 99% or higher, between the original and the modified antibody. In some
embodiments, the modified antibody has the same binding specificity and has at least 50%
of the affinity of the original antibody. In some embodiments, the mutations do not occur

within the CDR regions.

Conservative substitutions will produce molecules having functional and chemical
characteristics similar to those of the molecule from which such modifications are made. For
example, a “conservative amino acid substitution” may involve a substitution of a native
amino acid residue with another residue such that there is little or no effect on the polarity or

charge of the amino acid residue at that position. Desired amino acid substitutions (whether
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conservative or non-conservative) can be determined by those skilled in the art. For example,
amino acid substitutions can be used to identify important residues of the molecule
sequence, or to increase or decrease the affinity of the molecules described herein. Variants
comprising one or more conservative amino acid substitutions can be prepared according to
methods for altering polypeptide sequence known to one of ordinary skill in the art such as
are found in references which compile such methods, e.g. Molecular Cloning: A Laboratory
Manual, J. Sambrook, et al., eds., Second Edition, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, New York, 1989, or Current Protocols in Molecular Biology, F.M.
Ausubel, et al., eds., John Wiley & Sons, Inc., New York. Conservative substitutions of amino
acids include substitutions made amongst amino acids within the following groups: (a) M, I,
LV,(b)F,Y, W, (c)K, R, H; (d)A, G;(e)S, T; (HQ, N;and (g) E, D.

The present disclosure also provides antibody variants with improved biological properties of
the antibody, such as higher or lower binding affinity, or with altered ADCC properties, or
with altered effects of viability inhibition of HER3, EGFR and/or HER2 expressing cells.

Amino acid sequence variants of the antibody can be prepared by introducing appropriate
nucleotide changes into the antibody nucleic acid, or via peptide synthesis. Such
modifications include, for example, deletions from, and/or insertions into and/or substitutions
of, residues within the amino acid sequences of the antibody. Any combination of deletion,
insertion, and substitution is made to achieve the final construct, provided that the final
construct possesses the desired characteristics. Nucleic acid molecules encoding amino acid
sequence variants of the antibody can be prepared by a variety of methods known in the art.
These methods include, but are not limited to, oligonucleotide-mediated (or site-directed)
mutagenesis, PCR mutagenesis, and cassette mutagenesis of an earlier prepared variant or
a non-variant (natural) version of the antibody. In one embodiment, the equilibrium
dissociation constant (KD) value of the antibodies of the invention is less than 108 M,
particularly less than 10° M or 10'© M. The binding affinity may be determined using
techniques known in the art, such as ELISA or biospecific interaction analysis, or other

techniques known in the art.

Any of the antibodies described herein can be examined to determine their properties, such
as antigen-binding activity, antigen-binding specificity, and biological functions, following

routine methods.

Any of the antibodies described herein can be modified to contain additional

nonproteinaceous moieties that are known in the art and readily available, e.g., by
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PEGylation, hyperglycosylation, conjugation of toxins, radioactive labels and the like.

Modifications that can enhance serum half-life are of interest.

The antibodies of the invention may be glycosylated or not, or may show a variety of
glycosylation profiles. In a preferred embodiment, antibodies are unglycosylated on the

variable region of the heavy and light chains, but are glycosylated on the Fc region.

For example to remove the N-glycosylation site in the VH domain of cetuximab, the Asn at
Kabat position H85 is mutated to aspartic acid (D) according the sequence SEQ ID NO: 77, or
the Asn at Kabat position H85 is mutated to glutamic acid (E) according the sequence SEQ ID
NO: 78.

Certain mutated derivatives of cetuximab are humanized forms of the reference cetuximab
antibody, which, in its original form, is a chimeric antibody with heavy and light chain variable
regions of murine origin. In a humanization approach, complementarity determining regions
(CDRs) and certain other amino acids from donor mouse variable regions are grafted into
human variable acceptor regions and then joined to human constant regions; some CDR
amino acids may be further replaced by amino acids found in human germline sequences of
the acceptor regions. See, e.g. Riechmann et al., Nature 332:323-327 (1988); U.S. Pat. No.
5,225,539.

The invention further encompasses bispecific antigen-binding fragment containing humanized

version of light chains and/or heavy chains of cetuximab.

In a particular embodiment, Ab1 or Ab2 is cetuximab or a humanized version of cetuximab.
In a particular embodiment, the humanized form of cetuximab has a VH domain having an
amino acid sequence which is at least 80%, 85%, 90%, 92%, 94%, 96%, 98%, or at least
99% identical to SEQ ID NO: 7 ; and a VL domain having an amino acid sequence which is
at least 80%, 85%, 90%, 92%, 94%, 96%, 98%, or at least 99% identical to SEQ ID NO: 8.

In a particular embodiment, the humanized form of cetuximab is any humanized form
described in patent application W02012020059.

In a particular embodiment, Ab1 or Ab2 is a humanized form of cetuximab which is capable of

binding to EGFR and which comprises :
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- a heavy chain variable region (VH) comprising a CDR1 having the amino acid
sequence of SEQ ID NO: 49, a CDR2 having the amino acid sequence of SEQ ID NO:
50, and a CDR3 having the amino acid sequence of SEQ ID NO: 51 ; and/or

- alight chain variable region (VL) comprising a CDR1 having the amino acid sequence
of SEQ ID NO: 52, a CDR2 having the amino acid sequence of SEQ ID NO: 53, and a
CDR3 having the amino acid sequence of SEQ ID NO: 54.

In one embodiment, at least 2 and preferably all of the framework regions 1, 2 and 3 of the
heavy chain variable region (VH) of the humanized cetuximab are derived from or correspond
to the human germline VH gene 4-59*01 coding for an amino acid sequence comprising SEQ
ID NO: 55. Furthermore, the framework region 4 of the heavy chain variable region (VH) is
preferably derived from or corresponds to the human germline gene JH1 coding for an amino
acid sequence comprising SEQ ID NO: 56. In one embodiment, at least one of framework
regions 1, 2 and 3 of the light chain variable region (VL) of the humanized cetuximab is derived
from or corresponds to the human germline VL gene 6-21 *01 coding for an amino acid
sequence comprising SEQ ID NO:57. Preferably, at least 2, more preferably all 3 of framework
regions 1, 2 and 3 of the light chain variable region are derived from or correspond to the
human germline VL gene 6-21*01 coding for an amino acid sequence comprising SEQ ID NO:
57. Furthermore, the framework region 4 of the light chain variable region (VL) is preferably
derived from or corresponds to the human germline gene JK2 coding for an amino acid

sequence comprising SEQ ID NO: 58.

Preferably, the humanized cetuximab comprises a heavy chain variable region (VH)
comprising the amino acid sequence of SEQ ID NO: 59 and/or a light chain variable region
(VL) comprising the amino acid sequence of SEQ ID NO: 60. The heavy chain variable region
(VH) preferably comprises an amino acid sequence selected from the group consisting of SEQ
ID NOs: 61 to 68, in particular the amino acid sequence of SEQ ID NO: 63. In a particular
embodiment, the heavy chain variable region (VH) of humanized cetuximab preferably
comprises the amino acid sequence of SEQ ID NO:81. Furthermore, the light chain variable
region (VL) preferably comprises an amino acid sequence selected from the group consisting
of SEQ ID NOs: 69 to 72, in particular the amino acid sequence of SEQ ID NO: 71. Particularly
preferred is a humanized antibody comprising a heavy chain variable region (VH) comprising
the amino acid sequence of SEQ ID NO: 63 and a light chain variable region (VL) comprising
the amino acid sequence of SEQ ID NO: 71. Another particularly preferred is a humanized
cetuximab comprising a heavy chain variable region (VH) comprising the amino acid sequence
of SEQ ID NO: 81 and a light chain variable region (VL) comprising the amino acid sequence
of SEQ ID NO: 71.
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In a particular embodiment, the humanized Cetuximab comprises :
- aVH domain of SEQ ID NO: 81 and a CH1 domain of SEQ ID NO:2 (corresponding to
VH-CH1 sequence of SEQ ID NO:83)
- aVL domain of SEQ ID NO: 71 and a CL domain of SEQ ID NO: 4 (corresponding to
VL-CL sequence of SEQ ID NO:84).

In a particular embodiment, the humanized cetuximab comprises a heavy chain variable region
(VH) comprising an amino acid sequence having at least 80%, 85%, 90%, 92%, 94%, 96%,
98%, or at least 99% identity with SEQ ID NO: 59 or with SEQ ID NOs: 61 to 68, in particular
with the amino acid sequence of SEQ ID NO: 63. In a particular embodiment, the humanized
cetuximab comprises a light chain variable region (VL) comprising an amino acid sequence
having at least 80%, 85%, 90%, 92%, 94%, 96%, 98%, or at least 99% identity with SEQ ID
NO: 60 or with SEQ ID NOs: 69 to 72, in particular with the amino acid sequence of SEQ ID
NO: 71.

In some examples, Ab1 or Ab2 is a humanized cetuximab which comprises :
— a Light chain humanized version of cetuximab based on human immunoglobulin gene
kappa variable 6-11 allele 02 (IGKV6-21*02) as defined in IMGT/Gene database,
EIVLTQSPDFQSVTPKEKVTITCRASQSIGTNIHWYQQKPDQSPKLLIKYASESISGVPSRFS
GSGSGTDFTLTINSLEAEDAATYYCQQNNNWPTTFGQGTKLEIK (SEQ ID NO:73)
Where at the following Kabat positions the amino acid residues are:
Kabat position L31 a Thr or Ser
Kabat position L32 an Asn or Ser
Kabat position L33 a lle or Leu
Kabat position L53 a Glu or GInKabat position L89 a GIn or His
And optionally, Kabat position L91 an Asn, Ser, His, Lys or Arg
Kabat position L92 an Asn, Ser, His, Lys or Arg
Kabat position L93 an Asn, Ser, His, Lys or Arg
Kabat position L94 a Trp, Tyr or Phe
Kabat position L96 a Thr or Tyr.

For clarification purposes, L31 refers to the residues 31 in the Light Chain.

— a Light chain humanized version of cetuximab based on human immunoglobulin gene
kappa variable 3-11 allele 01 (IGKV3-11*01) as defined in IMGT/Gene database,
EIVLTQSPATLSLSPGERATLSCRASQSIGTNIHWYQQKPGQAPRLLIKYASESISGIPARFSG
SGSGTDFTLTISSLEPEDFAVYYCQQNNNWPTTFGQGTKLEIK (SEQ ID NO:74)
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Where at the following Kabat positions the amino acid residues are:
Kabat position L29 an lle or Val

Kabat position L30 a Gly or Ser

Kabat position L31 a Thr or Ser

Kabat position L32 an Asn or Tyr

Kabat position L33 a lle or Leu

Kabat position L34 a His or Ala

Kabat position L49 a Lys or Tyr

Kabat position L50 a Tyr or Asp

Kabat position L53 a Glu or Asn

Kabat position L54 a Ser or Arg

Kabat position L55 an lle or Ala

Kabat position L56 a Ser or Thr

And optionally Kabat position L91 an Asn, Arg, His, or Lys
Kabat position L92 an Asn, Ser, His, Lys or Arg

Kabat position L94 a Trp, Tyr or Phe

Kabat position L96 a Thr or Tyr.

— a Heavy chain humanized version of cetuximab mAb based on human immunoglobulin
gene heavy variable 4-59 allele 01 (IGHV4-59*01) as defined in IMGT/Gene database,
QVQLQESGPGLVKPSETLSLTCTVSGFSLTNYGVHWVRQPPGKGLEWLGVIWSGGNTDYN
TPLTSRLTISKDNSKNQVSLKLSSVTAADTAVYYCARALTYYDYEFAYWGQGTLVTVSS
(SEQ ID NO:75)
Where at the following Kabat positions the amino acid residues are:
Kabat position H29 a Leu or lle
Kabat position H30 a Thr or Ser
Kabat position H31 an Asn or Ser
Kabat position H33 a Gly or Tyr
Kabat position H35 a His or Ser
Kabat position H37 a Val or lle
Kabat position H48 a Leu or lle
Kabat position H50 at Val or Tyr
Kabat position H52 a Trp, Tyr or Phe
Kabat position H53 a Ser or Tyr
Kabat position H54 a Gly or Ser
Kabat position H56 an Asn or Ser
Kabat position H58 a Asp or Asn
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Kabat position H61 a Thr or Pro
Kabat position H62 a Pro or Ser
Kabat position H64 a Thr or Lys
Kabat position H67 a Leu or Val
Kabat position H73 a Asn or Thr
Kabat position H78 a Val or Phe.

For clarification purposes, H29 refers to the residue 29 in the Heavy Chain.

— a Heavy chain humanized version of cetuximab mAb based on human immunoglobulin
gene heavy variable 3-33 allele 01 (IGHV3-33*01) as defined in IMGT/Gene database,
QVQLVESGGGVVQPGRSLRLSCAVSGFSLTNYGVHWVRQAPGKGLEWLGVIWSGGNTDY
NTPVTSRFTISKDNSKNTVYLQMNSLRAEDTAVYYCARALTYYDYEFAYWGQGTLVTVSS
(SEQ ID NO:76)
Where at the following Kabat positions the amino acid residues are:
Kabat position H28 a Ser or Thr
Kabat position H30 a Thr or Ser
Kabat position H48 a Leu or Val
Kabat position H49 a Gly or Ala
Kabat position H53 a Ser or Asp
Kabat position H55 a Gly or Ser
Kabat position H57 a Lys or Thr
Kabat position H58 a Asp or Tyr
Kabat position H60 an Asn or Ala
Kabat position H61 a Thr or Asp
Kabat position H62 a Pro or Ser
Kabat position H64 a Thr or Lys
Kabat position H65 a Ser or Gly
Kabat position H78 a Val or Leu.

In a particular embodiment, the Fab fragment of Ab1 and/or the Fab fragment of Ab2 comprises
mutations in the VH/VL domains to facilitate pairing of the Fab light chain with the Fab heavy
chain. Specific mutations are described in international patent application W02020/136566,

all incorporated herein by reference.

In a particular embodiment, the Fab fragment of Ab1 and/or the Fab fragment of Ab2 comprises

a mutated VH domain wherein residue at Kabat position 39 has been mutated from Glutamine
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to Lysine ; and a VL domain wherein residue at Kabat position 38 has been mutated from
Glutamine to Glutamic acid.

In a particular embodiment, the Fab fragment of Ab1 and/or the Fab fragment of Ab2 comprises
a mutated VH domain wherein residue at Kabat position 39 has been mutated from Glutamine
to Lysine ; and a VL domain wherein residue at Kabat position 38 has been mutated from
Glutamine to Aspartic acid.

In a particular embodiment, the Fab fragment of Ab1 and/or the Fab fragment of Ab2 comprises
a mutated VH domain wherein residue at Kabat position 39 has been mutated from Glutamine
to Glutamic acid; and a VL domain wherein residue at Kabat position 38 has been mutated

from Glutamine to Lysine.

CH1/CL mutated domains

The assembly of Fab domains is accomplished via natural pairing of Light and Heavy chains
without the use of peptide linkers. In order to maximize propensity of cognate pairing between
Light and Heavy chains, one may contemplate introducing mutations at the interface of Light

and Heavy chains (CL/CH1 interface) in Fab fragments.

In a particular embodiment, the CH1 domain of Ab1 and/or Ab2 is a CH1 constant domain from
human IgG1 of any allotype, or a mutated derivative thereof. In a particular embodiment, the
CH1 domain of Ab1 and/or Ab2 is a CH1 domain of human IgG1 of G1m(1,17) allotype or a
mutated derivative thereof. In another particular embodiment, the CH1 domain of Ab1 and/or

Ab2 is a CH1 domain of human IgG1 of G1m(3) allotype or a mutated derivative thereof.

In preferred embodiments, each CH1 domain carries at least one mutation, and each CL1
domain also carries at least one mutation, which mutations are selected so that a correct

cognate pairing of the CH1 and CL1 domains is improved.

These mutations can be selected from the following list:

- de novo-introduced ionic pairs or reversed polarity charged mutations of native ionic pairs
already present at the interface of the Heavy and Light chains of the Fab fragment;

- knobs-into-holes” mutations;

- mutations that resurface opposing constant regions of Heavy and Light chain interfaces in

Fab fragments to change them from strongly polar to highly hydrophobic or vice versa.

Several sets of mutations are thus suitable, as described in greater details below.
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Of note, throughout the present description, amino acid sequences and the sequence position
numbers used herein for the CH1 and CL domains are defined according to Kabat et al,
Sequences of Proteins of Immunological Interest, 5th Ed. Public Health Service, National
Institutes of Health, Bethesda, Md. (1991).

Residues that can be mutated in the CL kappa domain may be e.g. selected from the group
consisting of S 114, F 116, F 118, E 123 (e.g. E123K), Q 124, T 129, S 131,V 133, L 135, N
137, Q 160, S 162, S174,S 176, T 178, and T 180.

Residues that can be mutated in the CH1 domain may be e.g. selected from the group
consisting of L 124, A 139, L 143, D 144, K 145, D 146, H 172, F 174, P 175, Q 179, S183,
S188,V 190, T 192, and K 221 (e.g.K221E).

Specific mutations are described in US patent applications 2014/0200331, 2014/150973,
2014/0154254, and international patent application W0O2007/147901, all incorporated herein

by reference.

Examples of CH1 / CL mutated derivatives are described below.

According to a particular embodiment, the bispecific antigen-binding fragment comprises :

— a mutated CH1 constant domain from human IgG1 (residue at Kabat position 192 has
been mutated from threonine to Glutamic acid (E)) corresponding to SEQ ID NO: 1;
— a mutated CH1 constant domain from human IgG1 (residue at Kabat position 192 has

been mutated from threonine to aspartic acid (D)) corresponding to SEQ ID NO: 45 ;

— a mutated CH1 constant domain from human IgG1 (residue at Kabat position 143 has
been mutated from leucine to Glutamine (Q) ; and residue at Kabat position 188 has
been mutated from serine to valine (V)) corresponding to SEQ ID NO: 2 ;

— a mutated CH1 constant domain from human IgG1 (residue at Kabat position 124 has
been mutated from leucine to glutamine (Q) ; and residue at Kabat position 188 has
been mutated from serine to valine (V)) corresponding to SEQ ID NO: 46 ;

— a mutated human Kappa constant domain (residue at Kabat positions 114 has been
mutated from serine to alanine (A) and residue at Kabat position 137 has been
mutated from asparagine to lysine (K)) corresponding to SEQ ID NO: 3 ;

— a mutated human Kappa constant domain (residue at Kabat positions 133 has been
mutated from valine to threonine (T) and residue at Kabat position 176 has been

mutated from serine to valine (V)) corresponding to SEQ ID NO: 4.
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In a preferred embodiment, a pair of interacting polar interface residues is exchanged for a
pair of neutral and salt bridge forming residues. The replacement of Thr192 by a glutamic
acid or aspartic acid on CH1 chain and exchange of Asn137 to a Lys on CL chain can be
selected, optionally with a substitution of the serine residue at position 114 of said CL domain

with an alanine residue.

In another set of mutations, one can replace the Leu143 of the CH1 domain by a GIn residue,
while the facing residue of the CL chain, that is Val33, is replaced by a Thr residue. This first
double mutation constitutes the switch from hydrophobic to polar interactions. Simultaneously
a mutation of two interacting serines (Ser188 on CH1 chain and Ser176 on CL chain) to valine

residues can achieve a switch from polar to hydrophobic interactions.

In yet another embodiment, the mutations can comprise substitution of the leucine residue at
position 124 of CH1 domain with a glutamine and substitution of the serine residue at position
188 of CH1 domain with a valine residue; and substitution of the valine residue at position
133 of CL domain with a threonine residue and substitution of the serine residue at position

176 of said CL domain with a valine residue.

The "knob into holes" mutations include a set of mutations (KH1) wherein Leu 124 and Leu
143 of the CH1 domain have been respectively replaced by an Ala and a Glu residue while
the Val 33 of the CL chain has been replaced by a Trp residue, while, in the set of mutations
named H2, the Val 90 of the CH1 domain has been replaced by an Ala residue, and the
Leu135 and Asn137 of the CL chain have respectively been replaced by a Trp and an Ala

residue.

The preferred mutations are disclosed in the table below:

Preferred mutations Name of the mutation set
(LC is Light Chain, HC is
Heavy Chain)

LC(S114A/N137K), HC(T192E) | CR3 mutation
LC(S114A/N137K), HC(T192D) = CC1 mutation

LC(V133T/S176V), Mut4
HC(L143Q/S188V)
LC(V133T/S176V), ML1

HC(L124Q/S188V)
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In a particular embodiment, the multispecific antibody may carry a double mutation, e.g. one
Fab with the CR3 mutation and the other Fab with the Mut4 mutation.

Bispecific antigen-binding fragment are more particularly described, wherein Ab1 or Ab2 is
patritumab or a mutated derivative thereof, comprising :

- a VH domain consisting of SEQ ID NO: 5 or a mutated derivative thereof,

- a CH1 domain selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID
NO: 45, SEQ ID NO: 46 and SEQ ID NO: 47,

- a VL domain consisting of SEQ ID NO: 6 or a mutated derivative thereof,

- a CL domain selected from the group consisting of SEQ ID NO: 3, SEQ ID NO: 4 and SEQ
ID NO: 48,

wherein the CL and CH1 domains preferably associate as follows :

- SEQ ID NO: 48 with SEQ ID NO: 47,

- SEQ ID NO: 3 with either SEQ ID NO: 1 or SEQ ID NO: 45,

- SEQ ID NO: 4 with either SEQ ID NO: 2 or SEQ ID NO: 46.

Preferably, Ab1 or Ab2 is patritumab or a mutated derivative thereof, comprising :
- a VH domain consisting of SEQ ID NO: 5 or a mutated derivative thereof,

- a CH1 domain consisting of SEQ ID NO: 1 or a mutated derivative thereof,

- a VL domain consisting of SEQ ID NO: 6 or a mutated derivative thereof,

- a CL domain consisting of SEQ ID NO: 3 or a mutated derivative thereof.

Preferably, Ab1 or Ab2 is patritumab or a mutated derivative thereof, comprising :

- a VH-CH1 heavy chain comprising or consisting of SEQ ID NO: 13 or a functional variant
having at least 80%, 85%, 90%, 92%, 94 %, 96%, 98% or at least 99% sequence identity with
SEQ ID NO: 13 ; and

- a VL-CL light chain comprising or consisting of SEQ ID NO: 14, or a functional variant having
at least 80%, 85%, 90%, 92%, 94 %, 96%, 98% or at least 99% sequence identity with SEQ
ID NO: 14.

Bispecific antigen-binding fragment are more particularly described, wherein Ab1 or Ab2 is
cetuximab or a mutated derivative thereof, comprising :

- a VH domain consisting of SEQ ID NO: 7, a mutated derivative thereof or a humanized
derivative thereof,

- a CH1 domain selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID
NO: 45, SEQ ID NO: 46 and SEQ ID NO: 47,
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- a VL domain consisting of SEQ ID NO: 8, a mutated derivative thereof or a humanized
derivative thereof,

- a CL domain selected from the group consisting of SEQ ID NO: 3, SEQ ID NO: 4 and SEQ
ID NO: 48,

wherein the CL and CH1 domains preferably associate as follows :

- SEQ ID NO: 48 with SEQ ID NO: 47,

- SEQ ID NO: 3 with either SEQ ID NO: 1 or SEQ ID NO: 45,

- SEQ ID NO: 4 with either SEQ ID NO: 2 or SEQ ID NO: 46.

Preferably, Ab1 or Ab2 is cetuximab or a mutated derivative thereof, comprising :

- a VH domain consisting of SEQ ID NO: 7, a mutated derivative thereof or a humanized
derivative thereof,

- a CH1 domain consisting of SEQ ID NO: 2 or a mutated derivative thereof,

- a VL domain consisting of SEQ ID NO: 8, a mutated derivative thereof or a humanized
derivative thereof,

- a CL domain consisting of SEQ ID NO: 4 or a mutated derivative thereof.

Preferably, Ab1 or Ab2 is cetuximab or a mutated derivative thereof, comprising :

- a VH-CH1 heavy chain comprising or consisting of SEQ ID NO: 15 or a functional variant
having at least 80%, 85%, 90%, 92%, 94 %, 96%, 98% or at least 99% sequence identity with
SEQ ID NO: 15 ; and

- a VL-CL light chain comprising or consisting of SEQ ID NO: 16, or a functional variant having
at least 80%, 85%, 90%, 92%, 94 %, 96%, 98% or at least 99% sequence identity with SEQ
ID NO: 16.

Bispecific antigen-binding fragment are more particularly described, wherein Ab1 or Ab2 is
trastuzumab or a mutated derivative thereof, comprising :

- a VH domain consisting of SEQ ID NO: 9 or a mutated derivative thereof,

- a CH1 domain selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID
NO: 45, SEQ ID NO: 46 and SEQ ID NO: 47,

- a VL domain consisting of SEQ ID NO: 10 or a mutated derivative thereof,

- a CL domain selected from the group consisting of SEQ ID NO: 3, SEQ ID NO: 4 and SEQ
ID NO: 48,

wherein the CL and CH1 domains preferably associate as follows :

- SEQ ID NO: 48 with SEQ ID NO: 47,

- SEQ ID NO: 3 with either SEQ ID NO: 1 or SEQ ID NO: 45,

- SEQ ID NO: 4 with either SEQ ID NO: 2 or SEQ ID NO: 46.
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Preferably, Ab1 or Ab2 is trastuzumab or a mutated derivative thereof, comprising :
- a VH domain consisting of SEQ ID NO: 9 or a mutated derivative thereof,

- a CH1 domain consisting of SEQ ID NO: 2 or a mutated derivative thereof,

- a VL domain consisting of SEQ ID NO: 10 or a mutated derivative thereof,

- a CL domain consisting of SEQ ID NO: 4 or a mutated derivative thereof.

Preferably, Ab1 or Ab2 is trastuzumab or a mutated derivative thereof, comprising :

- a VH-CH1 heavy chain comprising or consisting of SEQ ID NO: 17 or a functional variant
having at least 80%, 85%, 90%, 92%, 94 %, 96%, 98% or at least 99% sequence identity with
SEQ ID NO: 17 ; and

- a VL-CL light chain comprising or consisting of SEQ ID NO: 18, or a functional variant having
at least 80%, 85%, 90%, 92%, 94 %, 96%, 98% or at least 99% sequence identity with SEQ
ID NO: 18.

Bispecific antigen-binding fragment are more particularly described, wherein Ab1 or Ab2 is
matuzumab or a mutated derivative thereof, comprising :

- a VH domain consisting of SEQ ID NO: 11 or a mutated derivative thereof,

- a CH1 domain selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID
NO: 45, SEQ ID NO: 46 and SEQ ID NO: 47,

- a VL domain consisting of SEQ ID NO: 12 or a mutated derivative thereof,

- a CL domain selected from the group consisting of SEQ ID NO: 3, SEQ ID NO: 4 and SEQ
ID NO: 48,

wherein the CL and CH1 domains preferably associate as follows :

- SEQ ID NO: 48 with SEQ ID NO: 47,

- SEQ ID NO: 3 with either SEQ ID NO: 1 or SEQ ID NO: 45,

- SEQ ID NO: 4 with either SEQ ID NO: 2 or SEQ ID NO: 46.

Preferably, Ab1 or Ab2 is matuzumab or a mutated derivative thereof, comprising :
- a VH domain consisting of SEQ ID NO: 11 or a mutated derivative thereof,
- a CH1 domain consisting of SEQ ID NO: 2 or a mutated derivative thereof,
- a VL domain consisting of SEQ ID NO: 12 or a mutated derivative thereof,

- a CL domain consisting of SEQ ID NO: 4 or a mutated derivative thereof.

Preferably, Ab1 or Ab2 is matuzumab or a mutated derivative thereof, comprising :
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- a VH-CH1 heavy chain comprising or consisting of SEQ ID NO: 19 or a functional variant
having at least 80%, 85%, 90%, 92%, 94 %, 96%, 98% or at least 99% sequence identity with
SEQ ID NO: 19 ; and

- a VL-CL light chain comprising or consisting of SEQ ID NO: 20, or a functional variant having
at least 80%, 85%, 90%, 92%, 94 %, 96%, 98% or at least 99% sequence identity with SEQ
ID NO: 20.

In a particular embodiment, the bispecific antigen-binding fragment comprises :

(i) a Fab fragment comprising a VH-CH1 heavy chain associated with a VL-CL light chain of
trastuzumab or a functional derivative thereof, and

(i) a Fab fragment comprising a VH-CH1 heavy chain associated with a VL-CL light chain of
patritumab or a functional derivative thereof,

wherein the N-terminal end of the VH domain of the Fab fragment of trastuzumab is linked to
the C-terminal end of the CH1 domain of the Fab fragment of patritumab through a polypeptide
linker,

wherein the VH-CH1 heavy chain of trastuzumab preferably consists of SEQ ID NO: 17, the
VL-CL light chain of trastuzumab preferably consists of SEQ ID NO:18, the VH-CH1 heavy
chain of patritumab preferably consists of SEQ ID NO: 13, and/or wherein the VL-CL light chain
of patritumab preferably consists of SEQ ID NO: 14.

In a preferred embodiment, the bispecific antigen binding fragment comprises one heavy chain
comprising or consisting of SEQ ID NO:21 or a functional variant thereof, and two different
light chains comprising or consisting of SEQ ID NO: 18 and SEQ ID NO: 14 or functional

variants thereof.

In a particular embodiment, the bispecific antigen-binding fragment comprises :

(i) a Fab fragment comprising a VH-CH1 heavy chain associated with a VL-CL light chain of
patritumab or a functional derivative thereof, and

(i) a Fab fragment comprising a VH-CH1 heavy chain associated with a VL-CL light chain of
trastuzumab or a functional derivative thereof,

wherein the N-terminal end of the VH domain of the Fab fragment of patritumab is linked to the
C-terminal end of the CH1 domain of the Fab fragment of trastuzumab through a polypeptide
linker,

wherein the VH-CH1 heavy chain of trastuzumab preferably consists of SEQ ID NO: 17, the
VL-CL light chain of trastuzumab preferably consists of SEQ ID NO:18, the VH-CH1 heavy
chain of patritumab preferably consists of SEQ ID NO: 13, and/or wherein the VL-CL light chain
of patritumab preferably consists of SEQ ID NO: 14.
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In a preferred embodiment, the bispecific antigen binding fragment comprises one heavy chain
comprising or consisting of SEQ ID NO:22 or a functional variant thereof, and two different
light chains comprising or consisting of SEQ ID NO: 18 and SEQ ID NO: 14 or functional

variants thereof.

In a particular embodiment, the bispecific antigen-binding fragment comprises :

(i) a Fab fragment comprising a VH-CH1 heavy chain associated with a VL-CL light chain of
cetuximab or a functional or humanized derivative thereof, and

(i) a Fab fragment comprising a VH-CH1 heavy chain associated with a VL-CL light chain of
patritumab or a functional derivative thereof,

wherein the N-terminal end of the VH domain of the Fab fragment of cetuximab is linked to the
C-terminal end of the CH1 domain of the Fab fragment of patritumab through a polypeptide
linker,

wherein the VH-CH1 heavy chain of cetuximab preferably consists of SEQ ID NO: 15, the VL-
CL light chain of cetuximab preferably consists of SEQ ID NO: 16, the VH-CH1 heavy chain of
patritumab preferably consists of SEQ ID NO: 13, and/or wherein the VL-CL light chain of
patritumab preferably consists of SEQ ID NO: 14.

In a preferred embodiment, the bispecific antigen binding fragment comprises one heavy chain
comprising or consisting of SEQ ID NO: 23 or a functional variant thereof, and two different
light chains comprising or consisting of SEQ ID NO: 16 and SEQ ID NO: 14 or functional

variants thereof.

In a particular embodiment, the bispecific antigen-binding fragment comprises :

(i) a Fab fragment comprising a VH-CH1 heavy chain associated with a VL-CL light chain of
patritumab or a functional derivative thereof, and

(i) a Fab fragment comprising a VH-CH1 heavy chain associated with a VL-CL light chain of
cetuximab or a functional or humanized derivative thereof,

wherein the N-terminal end of the VH domain of the Fab fragment of patritumab is linked to the
C-terminal end of the CH1 domain of the Fab fragment of cetuximab through a polypeptide
linker,

wherein the VH-CH1 heavy chain of cetuximab preferably consists of SEQ ID NO: 15, the VL-
CL light chain of cetuximab preferably consists of SEQ ID NO: 16, the VH-CH1 heavy chain of
patritumab preferably consists of SEQ ID NO: 13, and/or wherein the VL-CL light chain of
patritumab preferably consists of SEQ ID NO: 14.
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In a preferred embodiment, the bispecific antigen binding fragment comprises one heavy chain
comprising or consisting of SEQ ID NO: 24 or a functional variant thereof, and two different
light chains comprising or consisting of SEQ ID NO: 16 and SEQ ID NO: 14 or functional

variants thereof.

In a particular embodiment, the bispecific antigen-binding fragment comprises :

(i) a Fab fragment comprising a VH-CH1 heavy chain associated with a VL-CL light chain of
matuzumab or a functional derivative thereof, and

(i) a Fab fragment comprising a VH-CH1 heavy chain associated with a VL-CL light chain of
patritumab or a functional derivative thereof,

wherein the N-terminal end of the VH domain of the Fab fragment of matuzumab is linked to
the C-terminal end of the CH1 domain of the Fab fragment of patritumab through a polypeptide
linker,

wherein the VH-CH1 heavy chain of matuzumab preferably consists of SEQ ID NO: 19, the
VL-CL light chain of matuzumab preferably consists of SEQ ID NO: 20, the VH-CH1 heavy
chain of patritumab preferably consists of SEQ ID NO: 13, and/or wherein the VL-CL light chain
of patritumab preferably consists of SEQ ID NO: 14.

In a preferred embodiment, the bispecific antigen binding fragment comprises one heavy chain
comprising or consisting of SEQ ID NO: 25 or a functional variant thereof, and two different
light chains comprising or consisting of SEQ ID NO: 20 and SEQ ID NO: 14 or functional

variants thereof.

In a particular embodiment, the bispecific antigen-binding fragment comprises :

(i) a Fab fragment comprising a VH-CH1 heavy chain associated with a VL-CL light chain of
patritumab or a functional derivative thereof, and

(i) a Fab fragment comprising a VH-CH1 heavy chain associated with a VL-CL light chain of
matuzumab or a functional derivative thereof,

wherein the N-terminal end of the VH domain of the Fab fragment of patritumab is linked to the
C-terminal end of the CH1 domain of the Fab fragment of matuzumab through a polypeptide
linker,

wherein the VH-CH1 heavy chain of matuzumab preferably consists of SEQ ID NO: 19, the
VL-CL light chain of matuzumab preferably consists of SEQ ID NO: 20, the VH-CH1 heavy
chain of patritumab preferably consists of SEQ ID NO: 13, and/or wherein the VL-CL light chain
of patritumab preferably consists of SEQ ID NO: 14.
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In a preferred embodiment, the bispecific antigen binding fragment comprises one heavy chain
comprising or consisting of SEQ ID NO: 26 or a functional variant thereof, and two different
light chains comprising or consisting of SEQ ID NO: 20 and SEQ ID NO: 14 or functional

variants thereof.

Design of the linkers

A polypeptide linker is used to link the N-terminal end of the VH domain of the Fab fragment
of Ab1 to the C-terminal end of the CH1 domain of the Fab fragment of Ab2.

In the context of the present invention, the term “polypeptide linker sequence” is a polypeptide
of about 20 to 80 amino acids, preferably between 30 and 60 amino acids, still preferably
between 30 and 40 amino acids. The polypeptide linker sequence typically consists of less
than 80 amino acids, preferably less than 60 amino acids, still preferably less than 40 amino
acids. Advantageously, the linker sequence is “hinge-derived”, which means that the
polypeptide linker comprises all or part of the sequence of the hinge region of one or more
immunoglobulin(s) selected among IgA, IgG, and IgD, preferably of human origin. It is also
designated “hinge-derived polypeptide linker sequence” or “pseudo hinge linker’. Said
polypeptide linker may comprise all or part of the sequence of the hinge region of only one
immunoglobulin. In this case, said immunoglobulin may belong to the same isotype and
subclass as the immunoglobulin from which the adjacent CH1 domain is derived, or to a
different isoty45pe or subclass. Alternatively, said polypeptide linker may comprise all or part
of the sequences of hinge regions of at least two immunoglobulins of different isotypes or
subclasses. In this case, the N-terminal portion of the polypeptide linker, which directly follows
the CH1 domain, preferably consists of all or part of the hinge region of an immunoglobulin
belonging to the same isotype and subclass as the immunoglobulin from which said CH1

domain is derived.

Optionally, said polypeptide linker may further comprise a sequence of from 2 to 15, preferably

of from 5 to 10 N-terminal amino acids of the CH2 domain of an immunoglobulin.

In some cases, sequences from native hinge regions can be used; in other cases point
mutations can be brought to these sequences, in particular the replacement of one or more
cysteine residues in native IgG1, 1gG2 or IgG3 hinge sequences by alanine or serine, in order

to avoid unwanted intra-chain or inter-chains disulfide bonds.
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In a particular embodiment, the polypeptide linker sequence comprises or consists of amino
acid sequence EPKX1CDKX2HX3X4PPX5PAPELLGGPX6X7PPX8PXOPX10GG (SEQ ID
NO:33), wherein X1, X2, X3, X4, X5, X6, X7, X8, X9, X10, identical or different, are any amino

acid.

In a particular embodiment, X1, X2 and X3, identical or different, are Threonine (T) or Serine
(S).

In another particular embodiment, X1, X2 and X3, identical or different, are selected from the
group consisting of Ala (A), Gly (G), Val (V), Asn (N), Asp (D) and lle (1), still preferably X1, X2
and X3, identical or different, may be Ala (A) or Gly (G).

Alternatively, X1, X2 and X3, identical or different, may be Leu (L), Glu (E), GIn (Q), Met (M),
Lys (K), Arg (R), Phe (F), Tyr (T), His (H), Trp (W), preferably Leu (L), Glu (E), or GIn (Q).

In a particular embodiment, X4 and X5, identical or different, are any amino acid selected from

the group consisting of Serine (S), Cysteine (C), Alanine (A), and Glycine (G).

In a preferred embodiment, X4 is Serine (S) or Cysteine (C).

In a preferred aspect, X5 is Alanine (A) or Cysteine (C).

In a particular embodiment, X6, X7, X8, X9, X10, identical or different, are any amino acid
other than Threonine (T) or Serine (S). Preferably X6, X7, X8, X9, X10, identical or different,
are selected from the group consisting of Ala (A), Gly (G), Val (V), Asn (N), Asp (D) and lle (l).
Alternatively, X6, X7, X8, X9, X10, identical or different, may be Leu (L), Glu (E), GIn (Q), Met
(M), Lys (K), Arg (R), Phe (F), Tyr (T), His (H), Trp (W), preferably Leu (L), Glu (E), or GIn (Q).
In a preferred embodiment, X6, X7, X8, X9, X10, identical or different, are selected from the
group consisting of Ala (A) and Gly (G).

In still a preferred embodiment, X6 and X7 are identical and are preferably selected from the

group consisting of Ala (A) and Gly (G).

In a preferred embodiment, the polypeptide linker sequence comprises or consists of sequence
SEQ ID NO: 33, wherein

X1, X2 and X3, identical or different, are Threonine (T), Serine (S);

X4 is Serine (S) or Cysteine (C);

X5 is Alanine (A) or Cysteine (C);
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X6, X7, X8, X9, X10, identical or different, are selected from the group consisting of Ala (A)
and Gly (G).

In another preferred embodiment, the polypeptide linker sequence comprises or consists of
sequence SEQ ID NO: 33, wherein

X1, X2 and X3, identical or different, are Ala (A) or Gly (G);

X4 is Serine (S) or Cysteine (C);

X5 is Alanine (A) or Cysteine (C);

X6, X7, X8, X9, X10, identical or different, are selected from the group consisting of Ala (A)
and Gly (G).

In particular, the polypeptide linker sequence may comprise or consist of a sequence selected
from the group consisting of :

EPKSCDKTHTSPPAPAPELLGGPAAPPAPAPAGG (SEQ ID NO: 34);
EPKSCDKTHTAPPAPAPELLGGPAAPPAPAPAGG (SEQ ID NO: 35);
EPKSCDKTHTSPPAPAPELLGGPGGPPGPGPGGG (SEQ ID NO: 36);
EPKSCDKTHTSPPAPAPELLGGPAAPPGPAPGGG (SEQ ID NO: 37);
EPKSCDKTHTCPPCPAPELLGGPSTPPTPSPSGG (SEQ ID NO: 38);

and EPKSCDKTHTSPPSPAPELLGGPSTPPTPSPSGG (SEQ ID NO:39).

Preferably, the polypeptide linker sequence comprises or consists of the amino acid sequence
of SEQ ID NO: 34 or SEQ ID NO:35.

In embodiments wherein the antibodies comprise different Fab fragments, the polypeptide

linkers separating the Fab fragments can be identical or different.

2. Design of bispecific antibodies

The invention also relates to a bispecific molecule that comprises two identical antigen-binding
arms, each consisting of an antigen-binding fragment as defined above. In a preferred

embodiment, the bispecific molecule is a full-length antibody.

If one wishes to obtain an antibody without Fc-mediated effects or an antibody monovalent for
each of the two antigens it targets, the antibody will comprise no Fc region. In this case, the
two antigen-binding arms can be linked together for instance:

- by homodimerization of the antigen-binding arms through the inter-chain disulfide bonds

provided by the polypeptide linker(s) separating the Fab fragments; and/or
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- through the addition at the C-terminal end of each antigen-binding arm, of a polypeptide
extension containing cysteine residues allowing the formation of inter-chain disulfide bonds,
and homodimerization of said polypeptide extension resulting in a hinge-like structure; by way
of non-limiting examples, said polypeptide extension may be for instance a hinge sequence of
an IgG1, 1gG2 or 1gG3;

- through a linker, preferably a semi-rigid linker, joining the C-terminal ends of the heavy chains
of the two antigen-binding arms to form a single polypeptide chain and maintaining said

antigen-binding arms at a sufficient distance between each other.

Alternatively, if effector functions such as antibody-dependent cell-mediated cytotoxicity
(ADCC), complement-dependent cytotoxicity (CDC) and/or antibody-dependent phagocytosis
(ADP) or bivalent binding for each of the two antigens are desired, a multispecific antibody of
the invention can further comprise a Fc domain providing these effector functions. The choice

of the Fc domain will depend on the type of desired effector functions.

The invention also provides bispecific tetravalent antibodies, comprising two binding sites to
HER-3 and two binding sites to another antigen being either HER-2 or EGFR. More particularly,
the invention relates to a bispecific antibody that comprises two identical antigen-binding arms
(thereby providing a symmetrical antibody format), wherein each antigen-binding arm
comprises one binding site to HER-3 and one binding site to HER-2. The invention also relates
to a bispecific antibody that comprises two identical antigen-binding arms (thereby providing a
symmetrical antibody format), wherein each antigen-binding arm comprises one binding site
to HER-3 and one binding site to EGFR.

In a particular embodiment, each antigen-binding arm consists of a bispecific antigen-binding

fragment as defined above.

In a preferred embodiment, a linker connects two pairs of Fab domains in a tetra-Fab bispecific
antibody format, the amino acid sequence of which comprises the heavy chain sequences of
at least two Fab joined by a linker, followed by a hinge sequence, followed by the Fc sequence,

coexpressed with the appropriate light chain sequences.

An example of the antibodies of the invention, which have an IgG-like structure, is illustrated

in Figure 1.

In a particular embodiment, the bispecific antibody has an immunoglobulin-like structure, and

comprises :
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- two identical antigen-binding arms, each consisting of a bispecific antigen-binding
fragment as described herein, and

- a Fc domain, which is preferably functional, i.e. it allows the activation of effector
functions such as antibody-dependent cell-mediated cytotoxicity (ADCC),

phagocytosis, and complement-dependent cytotoxicity (CDC).

In a particular embodiment, the bispecific antibodies of the invention comprises :

- a continuous heavy chain constructed of an Fc (Hinge-CH2-CH3)

- followed by Fab heavy chain (CH1-VH) of antibody 1 (Ab1) and the successive Fab
heavy chain (CH1-VH) of Antibody 2 (Ab2), the latter joined by the polypeptide linker sequence
as described above,

- and during protein expression the resulting heavy chain assembles into homo-dimers
while the co-expressed two light chains (VL-CL) of Ab1 and two light chains (VL-CL) of Ab2
associate with their cognate heavy chains in order to form the final tandem F(ab)2-Fc
molecule,

wherein one of Ab1 or Ab2 is patritumab or a functional derivative thereof;

and the other of Ab1 or Ab2 is selected from the group consisting of trastuzumab or a functional
derivative thereof, matuzumab or a functional derivative thereof, and cetuximab or a functional

derivative thereof.

It is understood that the hinge domain links the N-terminal end of the CH2 domain to the C-
terminal end of the CH1 domain of Ab1, and that the polypeptide linker sequence links the N-
terminal end of the VH domain of Ab1 to the C-terminal end of the CH1 domain of Ab2.

In a particular embodiment, the bispecific antibody has an immunoglobulin-like structure,
comprising:

- two identical antigen-binding arms each consisting of a bispecific antigen-binding fragment
as described herein ;

- the dimerized CH2 and CH3 domains of an immunoglobulin

- the hinge region of an of an immunoglobulin linking the C-terminal ends of CH1 domains of

the antigen-binding arms to the N-terminal ends of the CH2 domains.

In a particular embodiment, the CH2 and/or CH3 domain are CH2 and CH3 domains of IgG1
or 1IgG4 isotype, or mutated derivative thereof. Preferably, the CH2 domain is the CH2 domain
of human IgG1 (SEQ ID NO:41). Preferably, the CH3 domain is the CH3 domain of human
IgG1 of G1m(3) allotype (SEQ ID NO:42). In another particular embodiment, the CH3 domain
is the CH3 domain of human IgG1 of G1m(1,17) allotype.
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In a particular embodiment, the hinge region is the hinge region of an IgA, 1gG1, 19G4, IgD, or
a mutated derivative thereof, linking the C-terminal ends of CH1 domains of the antigen-
binding arms to the N-terminal ends of the CH2 domains. In a particular embodiment, the hinge
regions is the hinge region of IgG4, with S228P substitution. Preferably, the hinge region is the
region of IgG1 of SEQ ID NO:40.

In a particular embodiment, the bispecific antibody has an immunoglobulin-like structure, and
comprises a Fc domain, which may be a wild-type immunoglobulin Fc domain, or a mutated
derivative thereof. In a particular embodiment, the Fc domain is a mutated derivative of IgG1
Fc domain, or a mutated derivative of IgG4 Fc domain. In a particular embodiment, said
mutated derivative is a Fc domain having a modified affinity for at least one Fc gamma receptor

(FcgR) in comparison with a parent Fc domain.

In a particular embodiment, the bispecific antibody has an immunoglobulin-like structure, and
comprises a Fc domain, such as 1gG1 or IgG4 Fc domain, having a reduced binding to Fc
gamma receptors when compared to wild-type Fc domain, leading to a bispecific antibody

having a reduced effector function.

In a particular embodiment, the bispecific antibody has an immunoglobulin-like structure, and
comprises a Fc domain, such as IgG1 or IgG4 Fc domain, that shows no binding, or
substantially no binding, to Fc gamma receptors when compared to the wild-type Fc domain,

leading to a bispecific antibody having a silenced or reduced effector function.

Said Fc domain may comprise one or more mutation(s) reducing or eliminating its binding to
Fc gamma receptors, such as mutation(s) in CH2 and/or CH3 domains. Said mutation(s)
include amino acid substitution, insertion and/or deletion. lllustrative mutations reducing or
eliminating the binding activity of the Fc domain to Fc gamma receptors include, but are not
limited to : L/F234A, L235A/E, G236R/del, G237A, P238S, D265A, H/Q268A, L328R, P329G,
S/A330R/S, and/or P331S. All mutated residues in the Fc domain are herein numbered

according to the EU nomenclature convention.

For clarification purpose, “L/F234A” denotes the substitution of Leucine or Phenylalanine
(whichever is presentin IgG1 or IgG4, respectively, at position 234) by Alanine. For clarification
purpose, “L235A/E” denotes the replacement of Leucine at position 235 by either Alanine or
Glutamic acid. For clarification purpose, “G236R/del” denotes the replacement of Glycine at

position 236 by either Arginine, or the deletion of the Glycine residue at position 236. For
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clarification purpose, “A/S330R/S” denotes the replacement of Alanine or Serine (whichever is

present in 1IgG1 or IgG4, respectively, at position 330) by either Arginine or Serine.

lllustrative mutations reducing or eliminating the binding activity of the IgG1 Fc domain to Fc
gamma receptors include, but are not limited to : L234A, L235A/E, G236R/del, G237A, P238S,
D265A, H268A, L328R, P329G, A330R/S, and/or P331S. lllustrative mutations reducing or
eliminating the binding activity of the IgG4 Fc domain to Fc gamma receptors include, but are
not limited to : F234A, L235A/E, G236R/del, G237A, P238S, D265A, Q268A, L328R, P329G,
and/or S330R.

In another particular embodiment, the bispecific antibody has an immunoglobulin-like structure,
and comprises a Fc domain, such as IgG1 or IgG4 Fc domain, having an increased binding to
Fc gamma receptors when compared to wild-type Fc domain, leading to a bispecific antibody

having an improved effector function.

Said Fc domain may comprise one or more mutation(s) increasing its binding to Fc gamma
receptors, such as mutation(s) in CH2 and/or CH3 domains. lllustrative mutations increasing
the binding activity of the Fc domain, such as IgG1 or IgG4 Fc domain, to Fc gamma receptors
include, but are not limited to : S239D, I332E, S298A, E333A, K334A, D280H, K290S, S298D,
F243L, R292P, Y300L, V305I, P396L, A330L, G236A, L234Y, G236W, and/or S298A. In a
preferred embodiment, the Fc domain, such as 1gG1 or IgG4 Fc domain comprises mutations
S239D and I332E.

In a particular embodiment, the Fc domain, such as IgG1 or IgG4 Fc domain, has a reduced

fucose content in the Fc glycan at position 297 in the CH2 domain.

According to a particular embodiment, the Fc domain, such as IgG1 or IgG4 Fc domain, has
N—glycans on the glycosylation site (Asn 297), said N—glycans having a degree of fucosylation
lower than 65%, preferably lower than 60%, preferably lower than 55%, preferably lower than
50%), more preferably lower than 45%, preferably lower than 40%, preferably lower than 35%,
preferably lower than 30%, preferably lower than 25%, preferably lower than 20%, preferably

lower than 10%.

According to a more particular embodiment, the Fc domain has N—glycans on the glycosylation
site (Asn 297), said N—glycans having a degree of fucosylation equal to 0%. The invention thus
provides a bispecific antibody comprising a Fc domain having N—glycans on the glycosylation

site Asn297 thereof, characterized in that said N—glycans of the Fc domain are fucose—free.
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Advantageously, the Fc domain having a modified glycosylation at the glycosylation site at
position 297, in particular a low fucosylation, shows an increased binding to Fc—gamma

receptors.

In a particular embodiment, the Fc domain comprises, preferably consists of :
- the hinge domain of SEQ ID NO:40 ; and
- the CH2-CH3 domain of SEQ ID NO: 43.

In a particular embodiment, the Fc domain comprises, preferably consists of SEQ ID NO:44,
or a functional variant having at least 80%, 90%, 95%, 96%, 97%, 98% or at least 99%
sequence identity with SEQ ID NO: 44. In another particular embodiment, the Fc domain
comprises, preferably consists of SEQ ID NO: 82, or a functional variant having at least 80%,
90%, 95%, 96%, 97%, 98% or at least 99% sequence identity with SEQ ID NO: 82.

A particular embodiment relates to a bispecific antibody comprising two heavy chains and four
light chains, wherein each heavy chain comprises :

a. a Fc region of an immunoglobulin comprising Hinge-CH2-CH3 domains or mutated
derivatives as described above,

b. which Fc region is linked to Fab CH1-VH heavy chain of antibody 1 (Ab1) by said hinge
domain,

C. which in turn is linked to Fab CH1-VH heavy chain of antibody 2 (Ab2), by a polypeptide
linker sequence, wherein the polypeptide linker sequence links the N-terminus of said VH
domain of Ab1 with the C-terminus of said CH1 domain of Ab2,

wherein the four light chains comprise two Fab CL-VL light chains of Ab1 and two Fab CL-VL
light chains of Ab2 associated with their cognate heavy chain domains ;

wherein one of Ab1 or Ab2 is patritumab or a functional derivative thereof as described above;
and the other of Ab1 or Ab2 is selected from the group consisting of trastuzumab or a functional
derivative thereof, matuzumab or a functional derivative thereof, and cetuximab or a functional

or humanized derivative thereof as described above.

A particular embodiment relates to a bispecific antibody comprising two heavy chains and four
light chains, wherein each heavy chain comprises :

a. a Fc region of an immunoglobulin comprising Hinge-CH2-CH3 domains or mutated
derivatives as described above,

b. which Fc region is linked to Fab CH1-VH heavy chain of antibody 1 (Ab1) by said hinge

domain,
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C. which in turn is linked to Fab CH1-VH heavy chain of antibody 2 (Ab2), by a polypeptide
linker sequence, wherein the polypeptide linker sequence links the N-terminus of said VH
domain of Ab1 with the C-terminus of said CH1 domain of Ab2,

wherein the four light chains comprise two Fab CL-VL light chains of Ab1 and two Fab CL-VL
light chains of Ab2 associated with their cognate heavy chain domains ;

wherein Ab2 is patritumab or a functional derivative thereof as described above;

and Ab1 is selected from the group consisting of trastuzumab or a functional derivative thereof,
matuzumab or a functional derivative thereof, and cetuximab or a functional or humanized

derivative thereof as described above.

In a particular embodiment, the bispecific antibody comprises, preferably consists of :

a) two heavy chains, each comprising, preferably consisting of SEQ ID NO: 27 or a mutative
derivative thereof and

b) four light chains, two comprising, preferably consisting of SEQ ID NO: 14 or a mutative
derivative thereof, the two others comprising, preferably consisting of SEQ ID NO: 18 or a

mutative derivative thereof.

The heavy chain of SEQ ID NO:27 comprises :

- VH of patritumab (SEQ ID NO: 5)

- CH1 domain (human IgG1 of G1m(1,17) allotype with the mutation T192E) of patritumab Fab
(SEQ ID NO:1)

- AP linker (SEQ ID NO:34)

- VH of trastuzumab (SEQ ID NO:9)

- CH1 domain (human 1gG1 of G1m(1,17) allotype with mutations L143Q and S188V) of
trastuzumab Fab (SEQ ID NO:2)

- Hinge of human IgG1 (SEQ ID NO:40)

- CH2 domain of human IgG1 (SEQ ID NO:41)

- CH3 domain of human IgG1 of G1m(3) allotype (SEQ ID NO:42)

In a particular embodiment, the bispecific antibody comprises, preferably consists of :

a) two heavy chains, each comprising, preferably consisting of SEQ ID NO: 28 or a mutative
derivative thereof and

b) four light chains, two comprising, preferably consisting of SEQ ID NO: 14 or a mutative
derivative thereof, the two others comprising, preferably consisting of SEQ ID NO: 18 or a

mutative derivative thereof.

The heavy chain of SEQ ID NO:28 comprises :
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- VH of trastuzumab (SEQ ID NO: 9)

- CH1 domain (human 1gG1 of G1m(1,17) allotype with mutations L143Q and S188V) of
trastuzumab Fab (SEQ ID NO:2)

- AP linker (SEQ ID NO:34)

- VH of patritumab (SEQ ID NO:5)

- CH1 domain (human IgG1 of G1m(1,17) allotype with the mutation T192E) of patritumab Fab
(SEQ ID NO:1)

- Hinge of human IgG1 (SEQ ID NO:40)

- CH2 domain of human IgG1 (SEQ ID NO:41)

- CH3 domain of human IgG1 of G1m(3) allotype (SEQ ID NO:42)

In a particular embodiment, the bispecific antibody comprises, preferably consists of :

a) two heavy chains, each comprising, preferably consisting of SEQ ID NO: 29 or a mutative
derivative thereof and

b) four light chains, two comprising, preferably consisting of SEQ ID NO: 14 or a mutative
derivative thereof, the two others comprising, preferably consisting of SEQ ID NO: 16 or a

mutative derivative thereof.

The heavy chain of SEQ ID NO:29 comprises :

- VH of patritumab (SEQ ID NO: 5)

- CH1 domain (human IgG1 of G1m(1,17) allotype with the mutation T192E) of patritumab Fab
(SEQ ID NO:1)

- AP linker (SEQ ID NO:34)

- VH of cetuximab (SEQ ID NO:7)

- CH1 domain (human 1gG1 of G1m(1,17) allotype with mutations L143Q and S188V) of
trastuzumab Fab (SEQ ID NO:2)

- Hinge of human IgG1 (SEQ ID NO:40)

- CH2 domain of human IgG1 (SEQ ID NO:41)

- CH3 domain of human IgG1 of G1m(3) allotype (SEQ ID NO:42)

In a particular embodiment, the bispecific antibody comprises, preferably consists of :

a) two heavy chains, each comprising, preferably consisting of SEQ ID NO: 30 or a mutative
derivative thereof and

b) four light chains, two comprising, preferably consisting of SEQ ID NO: 14 or a mutative
derivative thereof, the two others comprising, preferably consisting of SEQ ID NO: 16 or a

mutative derivative thereof.



10

15

20

25

30

35

41

WO 2023/166098 PCT/EP2023/055243

The heavy chain of SEQ ID NO:30 comprises :

- VH of cetuximab (SEQ ID NO: 7)

- CH1 domain (human 1gG1 of G1m(1,17) allotype with mutations L143Q and S188V) of
cetuximab Fab (SEQ ID NO:2)

- AP linker (SEQ ID NO:34)

- VH of patritumab (SEQ ID NO:5)

- CH1 domain (human IgG1 of G1m(1,17) allotype with the mutation T192E) of patritumab Fab
(SEQ ID NO:1)

- Hinge of human IgG1 (SEQ ID NO:40)

- CH2 domain of human IgG1 (SEQ ID NO:41)

- CH3 domain of human IgG1 of G1m(3) allotype (SEQ ID NO:42)

In a particular embodiment, the bispecific antibody comprises, preferably consists of :

a) two heavy chains, each comprising, preferably consisting of SEQ ID NO: 31 or a mutative
derivative thereof and

b) four light chains, two comprising, preferably consisting of SEQ ID NO: 14 or a mutative
derivative thereof, the two others comprising, preferably consisting of SEQ ID NO: 20 or a

mutative derivative thereof.

The heavy chain of SEQ ID NO:31 comprises :

- VH of patritumab (SEQ ID NO: 5)

- CH1 domain (human IgG1 of G1m(1,17) allotype with the mutation T192E) of patritumab Fab
(SEQ ID NO:1)

- AP linker (SEQ ID NO:34)

- VH of matuzumab (SEQ ID NO:11)

- CH1 domain (human 1gG1 of G1m(1,17) allotype with mutations L143Q and S188V) of
trastuzumab Fab (SEQ ID NO:2)

- Hinge of human IgG1 (SEQ ID NO:40)

- CH2 domain of human IgG1 (SEQ ID NO:41)

- CH3 domain of human IgG1 of G1m(3) allotype (SEQ ID NO:42)

In a particular embodiment, the bispecific antibody comprises, preferably consists of :

a) two heavy chains, each comprising, preferably consisting of SEQ ID NO: 32 or a mutative
derivative thereof and

b) four light chains, two comprising, preferably consisting of SEQ ID NO: 14 or a mutative
derivative thereof, the two others comprising, preferably consisting of SEQ ID NO: 20 or a

mutative derivative thereof.
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The heavy chain of SEQ ID NO:32 comprises :

- VH of matuzumab (SEQ ID NO: 11)

- CH1 domain (human 1gG1 of G1m(1,17) allotype with mutations L143Q and S188V) of
cetuximab Fab (SEQ ID NO:2)

- AP linker (SEQ ID NO:34)

- VH of patritumab (SEQ ID NO:5)

- CH1 domain (human IgG1 of G1m(1,17) allotype with the mutation T192E) of patritumab Fab
(SEQ ID NO:1)

- Hinge of human IgG1 (SEQ ID NO:40)

- CH2 domain of human IgG1 (SEQ ID NO:41)

- CH3 domain of human IgG1 of G1m(3) allotype (SEQ ID NO:42)

The light chain of SEQ ID NO:14 comprises :
- VL of patritumab (SEQ ID NO: 6)
- CKappa domain with mutations S114A and N137K (SEQ ID NO: 3)

The light chain of SEQ ID NO:16 comprises :
- VL of cetuximab (SEQ ID NO: 8)
- CKappa domain with mutations V133T and S176V (SEQ ID NO:4)

The light chain of SEQ ID NO:18 comprises :
- VL of trastuzumab (SEQ ID NO: 10)
- CKappa domain with mutations V133T and S176V (SEQ ID NO: 4)

The light chain of SEQ ID NO:20 comprises :
- VL of matuzumab (SEQ ID NO: 12)
- CKappa domain with mutations V133T and S176V (SEQ ID NO: 4)

In a particular embodiment, the bispecific antibody comprises, preferably consists of :

a) two heavy chains, each comprising, preferably consisting of SEQ ID NO: 85 or a mutative
derivative thereof and

b) four light chains, two comprising, preferably consisting of SEQ ID NO: 14 or a mutative
derivative thereof, the two others comprising, preferably consisting of SEQ ID NO: 84 or a

mutative derivative thereof.



10

15

20

25

30

35

43

WO 2023/166098 PCT/EP2023/055243

In a particular embodiment, the bispecific antibody comprises, preferably consists of :

a) two heavy chains, each comprising, preferably consisting of SEQ ID NO: 86 or a mutative
derivative thereof and

b) four light chains, two comprising, preferably consisting of SEQ ID NO: 14 or a mutative
derivative thereof, the two others comprising, preferably consisting of SEQ ID NO: 84 or a

mutative derivative thereof.

3. Production of the bispecific antibodies

The skilled person may refer to international patent application W02013/005194, herein

incorporated by reference, for general techniques of expressing multispecific antibodies.

Also herein described is a polynucleotide comprising a sequence encoding a protein chain of
the molecule or antibody of the invention. Said polynucleotide may also comprise additional
sequences: in particular it may advantageously comprise a sequence encoding a leader
sequence or signal peptide allowing secretion of said protein chain. Host-cells transformed

with said polynucleotide are also disclosed.

Typically, the amino acid sequences of the bispecific antibody are used to design the DNA
sequences, optionally after codon optimization for mammalian expression. For the heavy
chain, the DNAs encoding signal peptides, variable region and constant CH1 domain of Fab1
followed the hinge linker and variable region and constant CH1 domain of Fab2 with flanking
sequences for restriction enzyme digestion are synthesized. For the light chain, the DNAs

encoding signal peptides and variable and constant Kappa regions are synthesized.

Nucleic acids encoding heavy and light chains of the bispecific antigen-binding fragments or
antibodies of the invention are inserted into expression vectors. The light and heavy chains
can be cloned in the same or different expression vectors. The DNA segments encoding
immunoglobulin chains are operably linked to control sequences in the expression vector(s)
that ensure the expression of immunoglobulin polypeptides. Such control sequences include
a signal sequence, a promoter, an enhancer, and a transcription termination sequence.
Expression vectors are typically replicable in the host organisms either as episomes or as an
integral part of the host chromosomal DNA. Commonly, expression vectors will contain
selection markers, e.g., tetracycline or neomycin, to permit detection of those cells transformed

with the desired DNA sequences.
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In one example, both the heavy and light chain-coding sequences (e.g., sequences encoding
a VH and a VL, a VH-CH1 and a VL-CL, or a full-length heavy chain and a full-length light
chain) are included in one expression vector. n another example, each of the heavy and light
chains of the antibody is cloned into an individual vector. In the latter case, the expression
vectors encoding the heavy and light chains can be co-transfected into one host cell for
expression of both chains, which can be assembled to form intact antibodies either in vivo or
in vitro. Alternatively, the expression vector encoding the heavy chain and that or those
encoding the light chains can be introduced into different host cells for expression each of the
heavy and light chains, which can then be purified and assembled to form intact antibodies in

vitro.

In a particular embodiment, a host cell is co-transfected with three independent expression
vectors, such as plasmids, leading to the coproduction of all three chains (namely the heavy
chain HC, and two light chains LC1 and LC2, respectively) and to the secretion of the bispecific
antibody. More especially the three vectors may be advantageously used in a following
molecular ratio of 2:1:1 (HC : LC1 : LC2).

The recombinant vectors for expression the antibodies described herein typically contain a
nucleic acid encoding the antibody amino acid sequences operably linked to a promoter, either
constitutive or inducible. The vectors can be suitable for replication and integration in
prokaryotes, eukaryotes, or both. Typical vectors contain transcription and translation
terminators, initiation sequences, and promoters useful for regulation of the expression of the
nucleic acid encoding the antibody. The vectors optionally contain generic expression
cassettes containing at least one independent terminator sequence, sequences permitting
replication of the cassette in both eukaryotes and prokaryotes, i.e., shuttle vectors, and

selection markers for both prokaryotic and eukaryotic systems.

Bispecific antibodies as described herein may be produced in prokaryotic or eukaryotic
expression systems, such as bacteria, yeast, filamentous fungi, plant, insect (e.g. using a
baculovirus vector), and mammalian cells. It is not necessary that the recombinant antibodies
of the invention are glycosylated or expressed in eukaryotic cells; however, expression in
mammalian cells is generally preferred. Examples of useful mammalian host cell lines are
human embryonic kidney line (293 cells), baby hamster kidney cells (BHK cells), Chinese
hamster ovary cells/- or + DHFR (CHO, CHO-S, CHO-DG44, Flp-in CHO cells), African green

monkey kidney cells (VERO cells), and human liver cells (Hep G2 cells).
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Mammalian tissue cell culture is preferred to express and produce the polypeptides because
a number of suitable host cell lines capable of secreting intact immunoglobulins have been
developed in the art, and include the CHO cell lines, various Cos cell lines, HelLa cells,

preferably myeloma cell lines (such as NSO), or transformed B-cells or hybridomas.

In a most preferred embodiment, the bispecific antibodies of the invention are produced by
using a CHO cell line, most advantageously CHO-S or CHO-DG-44 cell lines or their
derivatives. Expression vectors for these cells can include expression control sequences, such
as an origin of replication, a promoter, and an enhancer, and necessary processing information
sites, such as ribosome binding sites, RNA splice sites, polyadenylation sites, and
transcriptional terminator sequences. Preferred expression control sequences are promoters
derived from immunoglobulin genes, SV40, adenovirus, bovine papilloma virus,
cytomegalovirus and the like. The vectors containing the polynucleotide sequences of interest
(e.g., the heavy and light chain encoding sequences and expression control sequences) can
be transferred into the host cell by well-known methods, which vary depending on the type of
cellular host. For example calcium phosphate treatment or electroporation may be used for
other cellular hosts. (See generally Sambrook et al., Molecular Cloning: A Laboratory Manual
(Cold Spring Harbor Press, 2nd ed., 1989). When heavy and light chains are cloned on
separate expression vectors, the vectors are co-transfected to obtain expression and assembly

of intact immunoglobulins.

Host cells are transformed or transfected with the vectors (for example, by chemical
transfection or electroporation methods) and cultured in conventional nutrient media (or
modified as appropriate) for inducing promoters, selecting transformants, or amplifying the

genes encoding the desired sequences.

The expression of the antibodies may be transient or stable.

Preferably, the bispecific antibodies are produced by the methods of stable expression, in
which cell lines stably transfected with the DNA encoding all polypeptide chains of a bispecific
antibody, are capable of sustained expression, which enables manufacturing of therapeutics.
For instance stable expression in a CHO cell line is particularly advantageous.

Once expressed, the whole antibodies, their dimers, individual light and heavy chains, or other
immunoglobulin forms of the present invention can be further isolated or purified to obtain
preparations that substantially homogeneous for further assays and applications. Standard
protein purification methods known in the art can be used. For example, suitable purification
procedures may include fractionation on immunoaffinity or ion-exchange columns, ethanol

precipitation, high-performance liquid chromatography (HPLC), sodium dodecyl sulfate
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polyacrylamide gel electrophoresis (SDS-PAGE), ammonium sulfate precipitation, and gel
filtration (see generally Scopes, Protein Purification (Springer-Verlag, N.Y., 1982).
Substantially pure immunoglobulins of at least about 90 to 95% homogeneity are preferred,

and 98 to 99% or more homogeneity most preferred, for pharmaceutical uses.

In vitro production allows scale-up to give large amounts of the desired bispecific antibodies of
the invention. Such methods may employ homogeneous suspension culture, e.g. in an airlift
reactor or in a continuous stirrer reactor, or immobilized or entrapped cell culture, e.g. in hollow

fibers, microcapsules, on agarose microbeads or ceramic cartridges.

4. Therapeutic uses

The bispecific antibodies of the invention have been shown to induce tumor growth inhibition.
The bispecific antigen binding fragment or antibody of the invention is useful as a medicament,

in particular in treating a cancer.

The term "cancer" as used herein includes any cancer, especially pancreatic cancer and any
other cancer characterized by HER3, EGFR or HER2 expression or overexpression, and
especially those cancers characterized by co-expression of both HER3 and EGFR or
HERS3 and HER2.

In some embodiments, the cancer comprises cells with a wild-type KRAS gene.

Examples of cancers are solid tumors such as pancreatic cancer, head and neck cancer,
including squamous cell carcinoma, colorectal cancer, breast cancer, lung cancer, gastric

cancer, esophageal cancer, ovarian cancer.

Preferably, the cancer is a pancreatic cancer.

It is thus described a method of treatment of a patient suffering from cancer by administering
an antibody according to the invention to said patient in the need of such treatment. Another
aspect of the invention is thus the use of the bispecific antibodies according to the invention

for the manufacture of a medicament for the treatment of cancer.

One aspect of the invention is a pharmaceutical composition comprising a bispecific molecule
according to the invention. Another aspect of the invention is the use of a bispecific molecule

according to the invention for the manufacture of a pharmaceutical composition. A further
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aspect of the invention is a method for the manufacture of a pharmaceutical composition

comprising a bispecific molecule according to the invention.

In another aspect, the present invention provides a composition, e.g. a pharmaceutical
composition, containing a bispecific molecule as defined herein, formulated together with a

pharmaceutical carrier.

As used herein, "pharmaceutical carrier" includes any and all solvents, dispersion media,
coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents, and
the like that are physiologically compatible. Preferably, the carrier is suitable for
intravenous, intramuscular, subcutaneous, parenteral, spinal or epidermal administration

(e.g. by injection or infusion).

A composition of the present invention can be administered by a variety of methods known in

the art. The route and/or mode of administration will vary depending upon the desired results.

To administer the bispecific molecule or antibody of the invention by certain routes of
administration, it may be necessary to coat the bispecific molecule or antibody of the invention
with, or co-administer the bispecific molecule or antibody of the invention with a material to
prevent its inactivation. For example, the bispecific molecule or antibody of the invention may
be administered to a subject in an appropriate carrier, for example, liposomes, or a diluent.
Pharmaceutically acceptable diluents include saline and aqueous buffer solutions.
Pharmaceutical carriers include sterile aqueous solutions or dispersions and sterile powders
for the extemporaneous preparation of sterile injectable solutions or dispersion. The use of

such media and agents for pharmaceutically active substances is known in the art.

These compositions may also contain adjuvants such as preservatives, wetting agents,
emulsifying agents and dispersing agents. Prevention of presence of microorganisms may be
ensured both by sterilization procedures and by the inclusion of various antibacterial and
antifungal agents, for example, paraben, chlorobutanol, phenol, sorbic acid, and the like. It
may also be desirable to include isotonic agents, such as sodium chloride into the
compositions. In addition, prolonged absorption of the injectable pharmaceutical form may be

brought about by the inclusion of agents which delay absorption.

Actual dosage levels of the active ingredients in the pharmaceutical compositions of the

present invention may be varied so as to obtain an amount of the active ingredient, which is
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effective to achieve the desired therapeutic response for a particular patient, composition, and

mode of administration, without being toxic to the patient.

The selected dosage level will depend upon a variety of pharmacokinetic factors including the
activity of the particular compositions of the present invention employed, the route of
administration, the time of administration, the duration of the treatment, other drugs,
compounds and/or materials used in combination with the particular compositions employed,
the age, sex, weight, condition, general health and prior medical history of the patient being
treated, and like factors well known in the medical arts. For example the bispecific molecule or
antibody of the invention can be administrated at a dosage of 0.2-20mg/kg from 3 times/week

to 1 time/month.

The present invention, thus generally described above, will be understood more readily by
reference to the following examples, which are provided by way of illustration and are not

intended to be limiting the instant invention.

EXAMPLES

Example 1. Preparation of the bispecific antibodies of the invention.

The bispecific antibodies (BsAbs) of the invention comprise 2 heavy chains and four light
chains. In particular, the BsAbs have 4 antigen-binding sites (Fabs) with 2 Fabs from Ab1 and
2 other Fabs from Ab2 (Figure 1). Thus, they have a double binding capacity for each of the 2
target antigens (tetravalence). The distal to the Fc domain Fabs are termed “external Fabs”

and the proximal to the Fc domain Fabs are termed “internal Fabs” (Figure 1).

6 antibodies were designed based on 4 parental antibodies: Patritumab (anti-HERS3),
cetuximab (anti-EGFR) and matuzumab (anti-EGFR). The
nomenclature and the sequences of heavy and light chains of each construct are detailed in
Table 1:

atezolizumab (anti-PDL1),

External Internal . Light chains Light chains
Name Heavy chains (external .
Fabs Fabs (internal Fabs)
Fabs)
Patri-trastu-Fc Patritumab | Trastuzumab | SEQ ID NO:27 | SEQ ID NO:14 SEQ ID NO:18
Trastu-Patri-Fc | Trastuzumab | Patritumab SEQ ID NO:28 | SEQ ID NO:18 SEQ ID NO:14
Patri-Cetu-Fc Patritumab Cetuximab SEQ ID NO:29 | SEQ ID NO:14 SEQ ID NO:16
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Cetu-Patri-Fc Cetuximab Patritumab SEQ ID NO:30 | SEQ ID NO:16 SEQ ID NO:14
Patri-Matu-Fc Patritumab Matuzumab | SEQ ID NO:31 | SEQ ID NO:14 SEQ ID NO:20
Matu-Patri-Fc Matuzumab Patritumab SEQ ID NO:32 | SEQ ID NO:20 SEQ ID NO:14

Table 1 : description of the bispecific antibody constructs

As shown in Figure 1, each bispecific antibody comprises:

- 2 identical heavy chains, wherein each heavy chain comprises (from N-ter to C-ter) :
the VH domain and the CH1 domain of the external Fab, a linker, the VH domain and
the CH1 domain of the internal Fab, a constant Fc domain (comprising Hinge-Ch2-
Ch3).

- 2identical light chains of the external Fabs, wherein each light chain comprises (from
N-ter to C-ter): the VL domain and the CL domain of the external Fab.

- 2 identical light chains of the internal Fabs, wherein each light chain comprises (from
N-ter to C-ter): the VL domain and the CL domain of the internal Fab.

Details on the sequences that constitute the heavy and light chains of each construct are

provided in Table 2.

Heavy chain Light chain Light chain
External Fab Internal Fab (external Fabs) | (internal Fabs)
Name -
VH CH1 Linker VH CH1 Fc VL CL VL CL
Patri- | SEQID | SEQID | SEQID | SEQID | SEQID | SEQID | SEQID | SEQID | SEQID | SEQID
trastu-Fc| NO:5 NO:1 NO:34 NO:9 NO:2 NO:44 NO:6 NO:3 NO:10 NO:4
Trastu- | SEQID | SEQID | SEQID | SEQID | SEQID | SEQID | SEQID | SEQID | SEQID | SEQID
Patri-Fc | NO:9 NO:2 NO:34 NO:5 NO:1 NO:44 NO:10 NO:4 NO:6 NO:3
Patri- | SEQID | SEQID | SEQID | SEQID | SEQID | SEQID | SEQID | SEQID | SEQID | SEQID
Cetu-Fc| NO:5 NO:1 NO:34 NO:7 NO:2 NO:44 NO:6 NO:3 NO:8 NO:4
Cetu- | sEQID | SEQID | SEQID | SEQID | SEQID | SEQID | SEQID | SEQID | SEQID | SEQID
Patri-Fc | NO:7 NO:2 NO:34 NO:5 NO:1 NO:44 NO:8 NO:4 NO:6 NO:3
Patri- | SEQID | SEQID | SEQID | SEQID | SEQID | SEQID | SEQID | SEQID | SEQID | SEQID
Matu-Fc| NO:5 NO:1 NO:34 NO:11 NO:2 NO:44 NO:6 NO:3 NO:12 NO:4
Matu- | SEQID | SEQID | SEQID | SEQID | SEQID | SEQID | SEQID | SEQID | SEQID | SEQID
Patri-Fc | NO:11 NO:2 NO:34 NO:5 NO:1 NO:44 NO:12 NO:4 NO:6 NO:3

Table 2 : details on the sequences of each bispecific construct.

Gene synthesis
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The amino acid sequences of patritumab (anti-HER3), atezolizumab (anti-PDL1), cetuximab
(anti-EGFR) and matuzumab (anti-EGFR) were used to design the DNA sequences, after
codon optimization for mammalian expression. These antibodies are referred to as the

“parental” antibodies.

The DNA construct of the heavy chain was designed as such:
- signal peptide (SEQ ID NO:79),
- followed by the sequence consisting of the variable region of the external Fab followed
by the constant CH1 domain of the external Fab
- followed by the linker
- followed by the variable region of the internal Fab followed by the constant CH1 domain
of the internal Fab.
Flanking sequences for restriction enzyme digestion were introduced at both ends of the heavy

chain DNA construct.

The DNA construct for the light chain of the external Fab was designed as such:
- signal peptide (SEQ ID NO:80),
- followed by the variable region of the external Fab followed by a constant Kappa region

of the external Fab.

The DNA construct for the light chain of the internal Fab was designed as such:
- signal peptide (SEQ ID NO:80),
- followed by the variable region of the internal Fab followed by a constant Kappa region

of the internal Fab.

All DNA constructs were synthesized by GeneWis or Eurofins. PCR reactions, using PfuTurbo
Hot Start, were carried out to amplify the inserts, which were then digested with Notl and Apal,
and Notl and Hindlll for heavy and light chains, respectively. The double digested heavy chain
fragments were ligated with Notl and Apal digested Icosagen’s proprietary pQMCF expression
vector into which the human IgG1 hinge followed by the CH2-CH3 domains were already
inserted. The double-digested light chain fragments were ligated with Notl and Hindlll digested
Icosagen’s proprietary pQMCF expression vector. Plasmid DNAs were verified by double

strand DNA sequencing.

Expression and Purification
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The bispecific antibodies were produced employing transient gene expression by co-
transfecting 3 genes coded on separate vectors in a 2:1:1 = HC:LC1:LC2 molecular ratio (1
continuous heavy chain (HC) and 2 light chains (LC)). For a 50 mL scale expression, a total of
50 pg of plasmid DNAs in Icosagen’s proprietary pQMCF vector (25 ug heavy chain + 12.5 ug
of each light chain, LC1 and LC2) were mixed in 1.5 mL Eppendorf tube, 1 mL of CHO TF (Xell
AG) growth medium containing Icosagen’s proprietary transfection Reagent 007, incubated at
RT for 20 min. The mixture was loaded onto 49 mL of CHOEBNALT85 1E® cells at 1-2 x 108
cells/mL in 125mL shaking flask in CHO TF (Xell AG) growth medium. Cells were shaken for
2 days at 37°C; on day 3 the temperature was shifted to 32 °C and the cultures were fed; and
on day 4 the temperature was lowered to 30°C; the duration of complete production was 10
days. The supernatant was harvested by centrifuging cells at 3,000 rpm for 15 min. The
harvested supernatants from the bispecific antibodies were purified by Protein A resin
(MabSelect SuRe 5 mL column). The antibody was eluted from protein A using 0.1 M glycine
pH 3.5, and the eluate was neutralized by 1 M TRIS. The bispecific antibodies further purified
employing Gel Filtration Chromatography employing Superdex 200 HiLoad 26/60 pg
preparative columns, whereas the Fab-Fab antibodies where purified employing Superdex 200
Increase 10/300 GL,; all antibodies were buffer-exchanged into PBS pH 7.4. All samples were
sterile filtered employing 0.2 ym ULTRA Capsule GF. The apparent MW was determined using
Ladder Precision Plus Protein Unstained Standards (Biorad). The bispecific antibody typically

exhibited good expression titer in transient CHO expression.

SDS polyacrylamide gel electrophoresis

In order to evaluate the quality of purified antibodies, we performed SDS-PAGE. In the
presence of sodium dodecyl sulfate (SDS) in the running buffer, the rate at which an antibody
migrates in the gel depends primarily on its size, enabling molecular weight determination. This
assay was performed under non-reducing conditions and under reducing conditions; the latter
permits disruption of the disulfide bonds, and hence visualization of individual polypeptide

chains (the light chains and the heavy chain).
The SDS-PAGE of all bispecific antibodies exhibited the expected profiles, under both
non-reducing and reducing conditions and was in agreement with the calculated

theoretical molecular weights.

Size Exclusion chromatography analysis
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Protein aggregation is frequently observed in engineered protein molecules. We performed
analytical size exclusion chromatography (SEC) to assay the high molecular weight species

content of final antibody preparations after Gel Filtration Chromatography.

The SEC chromatograms demonstrated that the percentage content of higher molecular
weight species is minor (less than 5%), and is similar to conventional monoclonal antibodies
produced in CHO expression systems. The results confirm the absence or minor content of

aggregate. The results also indicated that each antibody was correctly assembled.

Example 2. Monospecific binding of the antibodies to their cognate antigens

The apparent affinity of BsAbs “Patri-Trastu-Fc”, “Patri-Matu-F¢” and “Patri-Cetu-Fc” for
EGFR, HER2 and HERS3 was assessed by direct ELISA. The monospecific binding of
each BsAb, i.e. directed against one antigen at a time, is compared to the parental MAb.
EC50s (antibody concentration inducing 50% median binding between baseline and

maximum binding) are then defined for each BsAb and parental antibody.

Materials and methods

800 ng/ml of EGFR His tag, HER2 His tag or HER3 His tag antigens were diluted in 50
Ml of 1X PBS in Nunc Maxisorp 96 plates. The plates were incubated overnight at 4°C,
then washed 4 times with 0.1% PBS-Tween (PBS-T) and saturated with PBS-T
containing 1% BSA for 1h at 37°C. After 4 washes in 0.1% PBS-T, the antibodies (BsAbs,
MADbs, and controls ), were diluted in a final volume of 50 ul in 1X PBS and incubated for
1h at 37°C. After 4 washes in 0.1% PBS-T, the detection antibody (HRP-coupled anti-
human Fc) was added at 1/40000 in a 50pul volume of 1X PBS and incubated for 1h at
37°C. The plate was washed 4 times in 0.1% PBS-T and 50 pl of TMB was added to

each well for 10-30min at room temperature and protected from light. The reaction was

stopped with 50 ul of 1M hydrochloric acid before reading the optical density at a

wavelength of 450 nm.

Results

The results are shown in Table 3 below.

EC50 (nM)
ID EGFR HER2 HER3
Matuzumab 0.09 n.a. n.a.
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Cetuximab 0.07 n.a. n.a.
Trastuzumab n.a. 0.09 n.a.
Patritumab n.a. n.a. 0.09
Patri-Trastu-Fc n.a. 0.09 0.18
Patri-Matu-Fc 0.39 n.a. 0.16
Patri-Cetu-Fc 0.14 n.a. 0.19

Table 3. ELISA analysis for monospecific binding to HER3, HER2 or EGFR. Measurement of
half-maximal efficient concentration (EC50) for each parental antibody (as positive control) or
BiXAbs against HER3, HER2 or EGFR antigens

The bispecific antibodies were all able to bind to the antigen and shown a binding profile very
similar to the corresponding parental antibody. Sub-nanomolar apparent affinity for their

cognate antigens was measured for all constructs, almost identical to their parental antibodies.

Example 3. Dual binding by the bispecific antibodies to their cognate antigens

Bispecific binding of the antibodies to HER3/HER2 and HER3/EGFR was assessed by an
ELISA sandwich assay. Briefly, tag-free antigen was coated on the plate and incubated first
with the BsAb and then the second antigen with the His-Tag; finally, an anti-HIS peroxidase
antibody were used to develop the assay. This design allows to assess simultaneous binding

by bispecific antibodies to both antigens.

Materials and methods

1000 ng/ml of EGFR, HERZ2 or HERS3 tag free antigens were diluted in 50 pl of 1X PBS in Nunc
Maxisorp 96 plates. The plates were incubated overnight at 4°C, then washed 4 times in 0.1%
PBS-Tween and saturated with PBS-T containing 1% BSA for 1 h at 37°C. After 4 washes in
0.1% PBS-T, the antibodies (BsAbs or IRR), were added at various dilutions in a final volume
of 50 yl of 1X PBS and incubated for 1h at 37°C. After 4 washes in 0.1% PBS-T, 1000 ng/ml
EGFR His tag, HER2 His tag or HER3 His tag antigens in 50 pl of PBS1X were incubated for
1h at 37°C. The plates were washed 4 times with 0.1% PBS-T and HRP-coupled anti-His tag
detection antibody was added at 1/2000 in 50ul of 1X PBS. The plates were incubated for 1h
at 37°C. The plates were washed 4 times in 0.1% PBS-T and 50 pl of TMB developing solution
was added for 10-30 min at room temperature, protected from light. The reaction was stopped
with 50 ul of 1M hydrochloric acid before reading the optical density at a wavelength of 450

nm.
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Results

The binding curves of figure 2(A) show simultaneous binding profile of Patri-Trastu-Fc to
immobilized HER3 developed by soluble HER2-His (left panel), and to immobilized HER2
developed by soluble HER3-His (right panel) in a dose-dependent manner. The binding curve
of figure 2(B) shows simultaneous binding of Patri-Matu-Fc to immobilized HER3-Fc and
EGFR-His (left panel), and to immobilized EGFR-Fc and HERS3-His (right panel). This is also

the case for the binding curves shown in figure 2(C) for the Patri-Cetu-Fc

The results thereby show that the BsAbs of the invention are able to simultaneously bind to

both antigens.

Example 4. Bispecific antibodies inhibit phosphorylation of AKT and ERK

The main anti-tumoral effects of antibodies targeting HER family of receptors are their ability
to inhibit the signaling associated with those receptors. We thus investigated the two main
signaling pathways linked to EGFR, HER2 and HERS signaling: MAPK/ERK and PI3K/AKT.
Using HTRF technique, we assessed the phosphorylation inhibition of pERK and pAKT
induced by the addition of bispecific antibodies after stimulation with EGF+NRG1 ligands.

Materials and methods

At Day 0, 50,000 cells per wells were seeded in 100 pl of complete medium (DMEM or RPMI
10% SVF) in 96-well flat-bottom plates. At Day 1, cells were depleted of FCS by changing the
10% FCS culture medium to 2% FCS medium. At Day 2, culture medium was removed for all
conditions and cells were treated with 70 nM of antibody (BsAbs or MAbs) diluted in 100 pl of
2% FCS culture medium for 20 min, to which two ligands, EGF at 16.6 nM (100 ng/ml) and
NRG1 at 3.71 nM (100 ng/ml), were added for an additional 10 min at 37°C. At the end of the
30min treatment, the medium was then removed and the cells were rinsed once with cold 1X
PBS. The cells were then lysed for 1h under agitation and pERK and pAKT levels were
measured with the HTRF kit pERK Thr202/Tyr204 (CisBio®, #64ERKPEG) and pAKT Ser473
(CisBio®, #64AKSPET) according to manufacturer’'s recommendations. Plates were then read
on the Pherastar reader (BMG LabTech) at 665 nm and 620 nm.

Results
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For the three PDAC cell lines tested (BxPC-3, AsPC-1, and CFPAC), all BsAbs (Patri-Trastu-
Fc, Patri-Cetu-Fc and Patri-Matu-Fc) demonstrated strong inhibition of pAKT and pERK
signaling after ligand induction (Figure 3B). Both EGFR/HERS3 bispecific antibodies blocked
almost 100% of basal pAKT signaling in BxPC-3 cells and about 85-90% in ASPC1 and
CFPAC cells similar to HER2/HERS3 antibodies. They also efficiently inhibited pERK signaling
in BXPC3 cells (85 and 99% for Patri-Matu-Fc and Patri-Cetux-Fc, respectively, compared to
50% for the Patri-Trastu-Fc). All antibodies inhibited the strongest signaling pathways in the
BxPC3 cell line since this cell line was the only one expressing WT Kras, while pERK inhibition
was weaker in ASPC1 and CFPAC, which expressed mutated Kras. In all three cell lines,
EGFR density was much higher than that for HER2 or HER3 (Figure 3A). Superiority of anti-
EGFR-containing BiXAbs was also expected compared to anti-HER2/HERS antibodies.

Example 5. In vivo effects of Patri-Trastu-Fc, Patri-Matu-Fc and Patri-Cetu-Fc.
The tumor growth and survival of bispecific antibody-treated mice xenografted with Sw1990
and PDX P2846 PDAC cells, were evaluated. Those models express mutated Kras and similar

antigenic densities of EGFR, HER2 or HERS3 antigens.

Materials and methods

At Day 0, 5-week-old Swiss nude immunodeficient mice were transplanted subcutaneously
with 3 millions of Sw-1990 cells (n=9 mice/group). Treatments started when the tumors were
90 mm3 on average. Mice were treated with 17 mg/kg of bispecific antibodies administered
intraperitoneally in 200 ul injections. The treatment schedule was 2 injections per week for 4
weeks. Tumor size was measured with a caliper. Mice were sacrificed when the tumor size
reaches 1500 to 2000 mm3.

P2846 P7 with a size of 150 mm3 were transplanted intrascapularly under the brown body.

The treatment regimen remained the same as for the Sw-1990 mouse model.

Results

In mice xenografted with Sw1990 cells, tumor growth was inhibited by 42 %, 62% and 69%
with Patri-Trastu-Fc, Patri-Matu-Fc and Patri-Cetu-Fc, respectively (Figure 4A)

Survival of Sw-1990 xenografted mice was improved by 11 days for the Patri-Trastu-Fc treated
group, 15 days for the Patri-Matu-Fc treated group and 15 days for the Patri-Cetu-Fc treated
group. EGFR/HER3 BsAbs induced the strongest tumor growth inhibition (875mm3 for 3Patri-
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1Matu-Fc and 3Patri-1Cetu-Fc on day 46) compared to 3Patri-2Trastu-Fc EGFR/HER2 BsAb
(1200mm3 on day 46). BsAb 3Patri-1Cetu-Fc provided better overall survival. No signs of
toxicity or weight loss were noted in this experiment. The negative control vehicle vs irrelevant

Bispecific antibody (BsAb IRR) showed similar tumor growth and survival.

In mice xenografted with PDX P2846, tumor growth was inhibited by 87 % with Patri-Cetu-
Fc, by 77% with Patri-Trastu-Fc and by 63 % with Patri-Matu-Fc (45 days post-graft) (Figure
4B).

On day 80, the survival of xenografted mice with P2846 P7 PDX was improved by 70% for
Patri-Trastu-Fc and Patri-Cetu-Fc treated groups and by 20% for the Patri-Matu-Fc treated
group compared with the BsAb IRR group. BsAbs Patri-Trastu-Fc and Patri-Cetu-Fc induced
the strongest tumor growth inhibition compared to Patri-Matu-Fc. Survival was improved by 34
days in Patri-Trastu-Fc group and 41 days in Patri-Cetu-Fc group compared to the control

BsAb IRR group. No signs of toxicity or weight loss were noted in this trial.

Example 6. Intratumoral penetration of BsAb in Sw-1990 xenografts.

A common question concerning large molecular weight of BsAbs (250 kDa) relative to
conventional antibodies (150 kDa) concerns their ability to penetrate into tumors, particularly
into pancreatic tumors known to have abundant and dense stroma. Histological sections were
made from the extracted tumors; Sw1990 tumor penetration by the bispecific antibodies was
analyzed by immunohistochemistry. Bispecific antibodies were labelled using peroxidase-
conjugated anti-human Fc. BsAb IRR was a control bispecific antibody targeting CD19 and
CD3. NaCl was used as negative control (Figure 5).

Specific labeling of BsAbs was observed in tumors treated with Patri-Trastu-Fc, Patri-Matu-Fc
and Patri-Cetu-Fc. The image at 40X showed that the labeling is homogeneous between the
center of the tumor and the periphery, despite the dense stroma, suggesting that the BsAbs
penetrate the tumor. In addition, a pronounced labeling is observed at the membrane of tumor
epithelial cells in the center of the tumor, demonstrating binding and accumulation of the BsAbs
at the membrane of tumor cells in the interior of the tumor mass. No non-specific labeling was
observed for tumors treated with NaCl. BsAb IRR is weakly detected at the tumor periphery or
stroma, and is not detected at the tumor epithelial cells, indicating that BsAb IRR does not bind

to tumor cells.

Example 7. Patri-Trastu-Fc, Patri-Matu-Fc and Patri-Cetu-Fc decrease angiogenesis
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Angiogenesis or neovascularization has been studied using anti-CD31 staining by
immunohistochemistry (IHC). CD31 is expressed on endothelial cells and thus allows the
labeling of blood vessels. Angiogenesis is a major parameter in tumor transformation,
especially in pancreatic cancer. The proportion of blood vessels was evaluated after a
treatment with the 3 BsAbs compared to controls (NaCl and BsAb IRR). For each treatment, 3
tumor sections corresponding to three different mice were labeled and the images were
analyzed by ImageJ software. The results of the quantification are represented in histograms

highlighting the variation in vessel size according to the treatments (Figure 6A).
The IHC results demonstrate a decrease in blood vessel size from 75 pm for the control groups
(NaCl, BsAb IRR) to 55 um for the groups treated with the BsAbs of the invention. This

suggests inhibition of xenograft neovascularization by BsAbs.

Example 8. Ex vivo analysis of NK infiltration in the tumor treated by Patri-Trastu-Fc,
Patri-Matu-Fc and Patri-Cetu-Fc.

Materials and Methods

NK cell immunophenotyping was conducted by flow cytometry on resected Sw1990 xenografts
from BsAb-treated mice. Dissociated cells were labeled with Live/dead, mouse CD45, CD3,
CD19, CD49, NKp46, IFNy and CD1070-specific antibodies. NK cells were isolated for
immunophenotyping using a panel containing phycoerythrin-conjugated anti-CD3, and APC-
Cy7-conjugated anti-CD19 antibodies for negative selection, and AF700-conjugated anti-
CD45, APC-conjugated anti-CD49b, fluorescein-conjugated anti-NKp46 for positive selection.
Activation of CD45+ CD49b+ NKp46+ NK cells was analyzed by flow cytometry after BV786-
conjugated anti-CD107a, and intracellular BV421-conjugated anti-IFNg labelling.

Results

The NK infiltration increased by 2-fold in tumors treated with the BsAbs of the invention
compared to the NaCl and BsAb IRR groups, as shown in the CD49+NKp46+ analysis (Figure
5B).The increase of IFNy+ and CD107a+ on NK cells suggested that these intra-tumoral NK

cells are also activated compared to untreated tumors and thus could mediate the ADCC.

Example 9. Ex vivo efficacy of Patri-Trastu-Fc, Patri-Matu-Fc and Patri-Cetu-Fc on
EGFR, HER2 and HERS3 receptor degradation
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Materials and Methods

EGFR staining from Patri-Cetu-Fc- vs BsAb IRR- and NaCl-treated Sw1990 xenograft section
was carried out. HER receptor expression was determined by Western blot analysis for each
Sw1990 xenograft extract treated with NaCl, Patri-Trastu-Fc, Patri-Matu-Fc and Patri-Cetu-Fc
respectively. Tubulin was used as loading control. Western blots were visualized using primary
rabbit monoclonal antibodies against EGFR, HER2, and HERS3, before adding the secondary
IRDye800-conjugated goat anti-rabbit IgG (1/20000 dilution). The fluorescence was quantified
using the LI-COR Odyssey imaging system. HER receptor expression was then quantified and
normalized to tubulin, in each group of resected xenografts. Each experiment was performed
on three Sw1990-xenografted mice. BsAb IRR is a negative control which binds

simultaneously to human CD19 and CD3.

Results

The images obtained at X20 and X40 magnifications (Figure 5C, top panel) showed a clear
decrease in EGFR signal in the tumor treated with Patri-Cetu-Fc compared to the tumor treated
with NaCl or BsAb IRR.

EGFR, HER2, and HERS total protein levels were assessed by western blot on protein extracts
from Sw-1990 xenografts and revealed by immunofluorescence. Total protein levels were
quantified and normalized to tubulin. The results of Figure 5C (middle and upper panel) show
that the 3 BsAbs of the invention induce EGFR, HER2 or HER3 degradation compared to the
NaCl and BsAb IRR groups.

Example 10. The bispecific antibody Patri-Cetu-F¢ more potently decreased tumor
growth compared to monospecific antibodies or their combination in Sw1990 xenograft

model

Materials and Methods

Mice xenografted with Sw1990 cells were treated with (1) BisAb IRR anti-CD19-CD3 (2)
bispecific antibody Patri-Cetu-Fc (17mg/Kg) (3) Cetuximab parental antibody (10 mg/kg) (4)
Patritumab parental antibody (10 mg/kg) or the combination (Cetuximab+Patritumab,
5+5mg/kg) (9 mice per group). Doses of the bispecific antibody and parental antibodies

possessed identical molarity based on their Fc-content.
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At Day 0, Swiss nude immunodeficient mice were transplanted subcutaneously with 3 millions
of Sw-1990 cells. Treatments started when the tumors have an average size of 140 mm3. The
treatment schedule was 2 injections per week for 4 weeks. Tumor growth and survival of the

treated mice were evaluated (Figure 7).

Results

BsAb Patri-Cetu-Fc induced a strong inhibition of tumor growth in vivo (77% of tumor growth
inhibition on day 38 post-graft compared to IRR-treated mice). Monospecific antibodies,
Cetuximab and Patritumab induced a tumor growth inhibition of 50% and 43% respectively, on
day 38 post-graft. Finally, the combination of the two monoclonal antibodies showed 65% of
tumor growth inhibition when compared to IRR-treated mice. The bispecific antibody Patri-
Cetu-Fc is thus much more potent than monospecific parental antibodies, in terms of tumor

growth inhibition.

Patri-Cetu-Fc also induced a strong survival benefit in vivo. The bispecific antibody Patri-Cetu-
Fc was shown to be more potent than monospecific parental antibodies, in terms of survival

benefit.

Example 11

Two additional bispecific antibodies comprising a humanized Cetuximab Fab, were designed:
- The “BMX003-010” antibody : which comprises Patritumab Fab domain (as external
Fab) and a humanized version of Cetuximab Fab domain (as internal Fab).
- The “BMX003-011” antibody, which is identical to BMX003-010, except that it further
comprises 2 mutations in the Fc domain (S239D and I332E).

BMX003-010 and BMX003-011 both comprise a humanized Cetuximab Fab comprising :
- VH domain of SEQ ID NO: 81 and CH1 domain of SEQ ID NO:2 (corresponding to VH-
CH1 sequence of SEQ ID NO:83)
- VL domain of SEQ ID NO: 71 and CL domain of SEQ ID NO: 4 (corresponding to VL-
CL sequence of SEQ ID NO:84)

BMX003-011 differs from BMX003-010 in that it comprises 2 mutations (S239D and I1332E) in
the Fc domain (Mutated Fc domain of SEQ ID NO:82).
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. Light chains Light chains
Name Heavy chains (external .
(internal Fabs)
Fabs)
BMX003-010 SEQ ID NO:85 | SEQ ID NO:14 SEQ ID NO:84
BMX003-011 SEQ ID NO:86 | SEQ ID NO:14 SEQ ID NO:84

Table 4 : details on the seqguences of bispecific construct “BMX003-010" and “BMX003-
011",

The activity of BMX003-010 and BMX003-011 that comprise a humanized Cetuximab Fab
fragment, was compared to the activity of “BMX003-001” that comprises parental Cetuximab

Fab (“BMX003-001” corresponds to the “Patri-cetu-Fc” construct described above).

SDS polyacrylamide gel electrophoresis and Size Exclusion chromatography analysis

In order to evaluate the quality of purified antibodies, a SDS-PAGE and size exclusion
chromatography (SEC) were performed as described above. The SDS-PAGE of BMX003-
010 and BMX003-011 bispecific antibodies exhibited the expected profiles. The SEC
chromatograms confirmed the absence or minor content of aggregate and indicated that

each antibody was correctly assembled.

Affinity for HER3 and EGFR assessed by ELISA

The apparent affinity of BsAbs BMX003-010, BMX003-011 and BMX003-001 (Patri-Cetu-
Fc) antibodies for HER3 and EGFR was assessed by direct ELISA. The monospecific
binding of each BsAb, i.e. directed against one antigen at a time, is compared to the
parental MAb. EC50s (antibody concentration inducing 50% median binding between
baseline and maximum binding) are then defined for each BsAb and parental antibody.

ELISA assay was carried out as described above.

Figures 8 and 9 show that the bispecific antibodies were all able to bind to their antigens
(HERS3 and EGFR, respectively), with a binding profile very similar to the corresponding

parental antibody.
Flow cytometry binding profile
The Ability of BMX003-010, BMX003-011, and BMX003-001 (Patri-Cetu-Fc), to bind to the

HERS3 and EGFR proteins expressed on the cell surface of SW-1990 cells, was measured by

flow cytometry (n=3).
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The results of Figure 10 show that BMX-003-001, and humanized BMX-003-010 and BMX-
003-011 have very similar EC50 and ECmax.

Phosphorylation assay

Based on the Advanced Phospho-ERK and Advanced Phospho-AKT kits from Perkin Elmer.
HCT-116 colon cancer cells were plated in cDMEM media at a density of 50,000 cells/well in
a 96 well. Flat bottomed micro-titre plate and grown over night at 37°C (5% CQ2). Tissue
culture media was removed and replaced with serum-free media (DMEM + GlutaMAX) and the
cells were incubated for a further 24 hrs at 37°C (5% CO2). Tissue culture media was removed
and replaced with test articles (BiXAbs, MAbs or controls) resuspended in DMEM and
incubated for 20 mins at 370C (5% CO2). Growth factors (16.6 nM EGF and 3.71 nM NRG1)
were added to the wells and incubated for a further 10 mins. Medium was removed and cells
were then washed once with cold PBS. Cells were then lysed by the addition of Lysis buffer
(provided in kit from Perkin Elmer). Quantitation of the phosphor-signal was achieved by
following the FRET assays kit instructions provided by Perkin Elmer. In essence, 4 microlL of
premixed europium labelled antibodies were incubated with the cell lysates for 4 hrs at room
temperature. Supernatants were then transferred to a fluorescence plate reader and HTRF

was measured at 665nm and 620 nm.

The results show that all bispecific antibodies demonstrated strong inhibition of pAKT (Figure

11 A) and pERK (Figure 11 B) signaling after ligand induction.

Degranulation assay

PBMCs from two independent donors were prepared following standard procedures and rested
overnight in complete RPMI media The HCT116 colon cancer cell line was grown in RPMI
tissue culture media supplemented with 10% FBS. 20,000 HCT116 cells were plated in U-
bottomed 96 well micro-titre plates together with 100,000 PBMCs (giving an Effector to Target
(E:T) ratio of 1:2 based on the NK population being approximately 10% of the PBMCs). BiXAb
test articles and control were then added to the cell mixture together with the anti-CD107a-
AF488 mAb and incubated for 1 hr at 370C (5% CO2). GolgiStop was then added to the wells
and the plates were incubated for a further 4 hrs. Anti CD45, anti-CD3 and CD56 mAbs were
then added to the wells to permit the identification of NK cells by typical FACs staining. NK
degranulation was assessed by FACS analysis of CD107a by gating on NK cells.
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The results of Figure 12 show that Cetuximab, BMXO003-001 and BMX003-010 are
comparable. A much higher degranulation was observed in presence of BMX003-011 (Fc-
modified), suggesting that the BMX003-011 mutated Fc domain has an increased binding to
Fc gamma receptors when compared to wild-type Fc domain, leading to a bispecific antibody

having an improved effector function.

In vivo efficacy

In vivo efficacy of BMX003-001 (Patri-Cetu-Fc), BMX003-010 (humanized Patri-Cetu-Fc), and
BMX003-011 (humanized Patri-Cetu-Fc modified) was assessed in a SW1990 pancreatic
cancer xenograph model. BMX003-01, BMX003-010 and BMX003-011 were used at 8.5 mg/kg
and BMX control at 17 mg/kg. The method is as described above.

On Day 35 (after the last injection on Day 32), all the groups treated with HER3 x EGFR BiXAbs
presented significantly lower tumor volumes than the control group PBS. No major differences
between BMX003-001, BMX-003-010 and BMX-003-011 BiXAbs was observed.

Conclusion

The results show that the bispecific antibodies of the invention were efficiently produced, and
properly assembled. The results also demonstrate the therapeutic properties of the bispecific
antibodies:
- simultaneously bind to their targets with good affinity when compared to parental
antibodies ;
- inhibit the activation of HER3/HER2/EGFR receptors, by inhibiting the phosphorylation
signaling pathway ;
- simultaneously degrade the two targeted receptors ;
- penetrate into the tumor ;
- inhibit the neovascularization :
- modulate the infiltration of immune cells in the tumor ; and

- significantly inhibit tumor growth and improve survival in vivo.
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Claims

A bispecific antigen-binding fragment which is capable of simultaneous binding to
HER-3 and to another antigen selected from HER-2 and EGFR antigens, which
comprises:

(i) a Fab fragment comprising a VH-CH1 heavy chain associated with a VL-CL light
chain of antibody 1 (Ab1), and

(i) a Fab fragment comprising a VH-CH1 heavy chain associated with a VL-CL light
chain of antibody 2 (Ab2),

wherein the N-terminal end of the VH domain of the Fab fragment of Ab1 is linked to
the C-terminal end of the CH1 domain of the Fab fragment of Ab2 through a
polypeptide linker,

wherein one of Ab1 or Ab2 is patritumab or a functional derivative thereof;

and the other of Ab1 or Ab2 is selected from the group consisting of trastuzumab or
a functional derivative thereof, matuzumab or a functional derivative thereof, and

cetuximab or a functional derivative thereof.

The bispecific antigen-binding fragment of claim 1, wherein Ab2 is patritumab or a
functional derivative thereof and wherein Ab1 is selected from the group consisting of
trastuzumab or a functional derivative thereof, matuzumab or a functional derivative

thereof, and cetuximab or a functional derivative thereof.

The bispecific antigen-binding fragment of any of claims 1 or 2, wherein the functional
derivative of cetuximab is a humanized form comprising VH and VL chain amino acid
sequences at least 80% identical to VH and VL chain amino acid sequences of

cetuximab, respectively.

The bispecific antigen-binding fragment of any of claims 1 to 3, wherein the CH1 and

CL domains of Ab1 have a sequence different from the CH1 and CL domains of Ab2.

The bispecific antigen-binding fragment of any of claims 1 to 4, wherein the Fab CH1
domain of one of Ab1 or Ab2 is a mutated domain that derives from the CH1 domain
of an immunoglobulin by substitution of the threonine residue at position 192 of said
CH1 domain with a glutamic acid and the cognate CL domain is a mutated domain
that derives from the CL domain of an immunoglobulin by substitution of the
asparagine residue at position 137 of said CL domain with a lysine residue and

substitution of the serine residue at position 114 of said CL domain with an alanine
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residue, and/or wherein the Fab CH1 domain of one or the other of Ab1 or Ab2 is a
mutated domain that derives from the CH1 domain of an immunoglobulin by
substitution of the leucine residue at position 143 of said CH1 domain with a glutamine
and substitution of the serine residue at position 188 of said CH1 domain with a valine
residue, and the cognate CL domain is a mutated domain that derives from the CL
domain of an immunoglobulin by substitution of the valine residue at position 133 of
said CL domain with a threonine residue and substitution of the serine residue at

position 176 of said CL domain with a valine residue.

The bispecific antigen-binding fragment of any of claims 1 to 5, wherein the
polypeptide linker sequence comprises or consists of amino acid sequence :
EPKX1CDKX2HX3X4PPX5PAPELLGGPX6X7PPX8PX9PX10GG (SEQ ID NO:33),
wherein X1, X2, X3, X4, X5, X6, X7, X8, X9, X10, identical or different, are any amino

acid.

A bispecific molecule that comprises two identical antigen-binding arms, each

consisting of an antigen-binding fragment as defined in any of claims 1 to 6.

The bispecific molecule of claim 7, which is a full-length antibody comprising two
heavy chains and four light chains,
wherein each heavy chain comprises

d. a Fcregion of an immunoglobulin comprising Hinge-CH2-CH3 domains

e. which Fc region is linked to the Fab VH-CH1 heavy chain of Ab1 by said hinge
domain, wherein the hinge domain links the N-terminal end of said CH2 domain
with the C-terminal end of CH1 domain of Ab1 ;

f.  which in turn is linked to Fab VH-CH1 heavy chain of Ab2, by the polypeptide
linker sequence, wherein the polypeptide linker sequence links the N-terminal end
of said VH domain of Ab1 with the C-terminal end of said CH1 domain of Ab2,

and wherein the four light chains comprise two Fab VL-CL light chains of Ab1 and
two Fab VL-CL light chains of Ab2 associated with their cognate heavy chain

domains.

The bispecific molecule of any of claims 7 or 8, which comprises a) two heavy chains,
each comprising, preferably consisting of SEQ ID NO: 27 and b) four light chains, two
comprising, preferably consisting of SEQ ID NO: 14, the two others comprising,
preferably consisting of SEQ ID NO: 18.
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The bispecific molecule of any of claims 7 or 8, which comprises a) two heavy chains,
each comprising, preferably consisting of, SEQ ID NO: 29 and b) four light chains,
two comprising, preferably consisting of SEQ ID NO: 14, the two others comprising,
preferably consisting of SEQ ID NO: 16.

The bispecific molecule of any of claims 7 or 8, which comprises a) two heavy chains,
each comprising, preferably consisting of SEQ ID NO: 31 and b) four light chains, two
comprising, preferably consisting of SEQ ID NO: 14, the two others comprising,
preferably consisting of SEQ ID NO: 20.

A method for producing the bispecific molecule of any of claims 7 to 11, said method
comprising the following steps:

Culturing in suitable medium and culture conditions a host cell expressing an antibody
heavy chain as defined in any of claims 6 to 10, and an antibody light chain as defined
in any of claims 6 to 10, and

recovering said produced antibodies from the culture medium or from said cultured

cells.

The bispecific antigen-binding fragment of any of claims 1 to 6 or the bispecific

molecule of any of claims 7 to 11, for use as a medicament.

The bispecific antigen-binding fragment of any of claims 1 to 6 or the bispecific
molecule of any of claims 7 to 11, for use in treating a cancer, preferably solid tumors
such as pancreatic cancer, head and neck cancer, colorectal cancer, breast cancer,

or lung cancer, preferably for use in treating pancreatic cancer.
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3-1 Sequences
3-1-1 Sequence Number [ID] 1
3-1-2 Molecule Type AA
3-1-3 Length 98
3-1-4 Features Location/ REGION 1..98
Qualifiers note=CH1 (CR3)
source 1..98
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-1-5 Residues ASTKGPSVFP LAPSSKSTSG GTAALGCLVK DYFPEPVTVS WNSGALTSGV HTFPAVLQSS 60
GLYSLSSWVE VPSSSLGTQT Yl CNVNHKPS NTKVDKKV 98
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source 1..98
mol_type=protein
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3-4 Sequences
3-4-1 Sequence Number [ID] 4
3-4-2 Molecule Type AA
3-4-3 Length 107
3-4-4 Features Location/ REGION 1..107
Qualifiers note=CL (MUT4)
source 1..107
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-4-5 Residues RTVAAPSVFI FPPSDEQLKS GTASVTCLLN NFYPREAKVQ WKVDNALQSG NSQESVTEQD 60
SKDSTYSLVS TLTLSKADYE KHKVYACEVT HQGLSSPVTK SFNRGEC 107
3-5 Sequences
3-5-1 Sequence Number [ID] 5
3-5-2 Molecule Type AA
3-5-3 Length 117
3-5-4 Features Location/ REGION 1..117
Qualifiers note=VH patri
source 1..117
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-5-5 Residues QVQLQQWNGAG LLKPSETLSL TCAVYGGSFS GYYWSW RQP PGKGLEW GE | NHSGSTNYN 60
PSLKSRVTI S VETSKNQFSL KLSSVTAADT AVYYCARDKW TWYFDLWGRG TLVTVSS 117
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mol_type=protein
organism=synthetic construct
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3-6-5 Residues DI EMTQSPDS LAVSLGERAT | NCRSSQSVL YSSSNRNYLA WYQQONPGQPP KLLI YWASTR 60
ESGVPDRFSG SGSGTDFTLT | SSLQAEDVA VYYCQQYYST PRTFGQGTKV EI K 113
3-7 Sequences
3-7-1 Sequence Number [ID] 7
3-7-2 Molecule Type AA
3-7-3 Length 119
3-7-4 Features Location/ REGION 1..119
Qualifiers note=VH cetu
source 1..119
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-7-5 Residues QVQLKQSGPG LVOQPSQSLSI TCTVSGFSLT NYGVHWRQS PGKGLEW.GV | WEGGNTDYN 60
TPFTSRLSI N KDNSKSQVFF KMNSLQSNDT Al YYCARALT YYDYEFAYWG QGTLVTVSA 119
3-8 Sequences
3-8-1 Sequence Number [ID] 8
3-8-2 Molecule Type AA
3-8-3 Length 107
3-8-4 Features Location/ REGION 1..107
Qualifiers note=VL cetu
source 1..107
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-8-5 Residues DI LLTQSPVI LSVSPGERVS FSCRASQSI G TN HWQQRT NGSPRLLI KY ASESI SG PS 60
RFSGSGSGID FTLSI NSVES EDI ADYYCQQ NNNWPTTFGA GTKLELK 107
3-9 Sequences
3-9-1 Sequence Number [ID] 9
3-9-2 Molecule Type AA
3-9-3 Length 120
3-9-4 Features Location/ REGION 1..120
Qualifiers note=VH trastu
source 1..120
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-9-5 Residues EVQLVESGGG LVQPGGSLRL SCAASGFNI K DTYI HWRQA PGKGLEWAR | YPTNGYTRY 60
ADSVKGRFTI SADTSKNTAY LQWNSLRAED TAVYYCSRWG GDGFYAMDYW GQGTLVTVSS 120
3-10 Sequences
3-10-1 Sequence Number [ID] 10
3-10-2 Molecule Type AA
3-10-3 Length 107
3-10-4 Features Location/ REGION 1..107
Qualifiers note=VL trastu
source 1..107
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-10-5 Residues DI QUTQSPSS LSASVCGDRVT | TCRASQDVN TAVAWYQKP GKAPKLLI YS ASFLYSGVPS 60
RFSGSRSGID FTLTI SSLQP EDFATYYCQQ HYTTPPTFGQ GTKVEI K 107
3-11 Sequences
3-11-1 Sequence Number [ID] 11
3-11-2 Molecule Type AA
3-11-3 Length 121
3-11-4 Features Location/ REGION 1..121
Qualifiers note=VH matu

source 1..121
mol_type=protein
organism=synthetic construct




NonEnglishQualifier Value

3-11-5 Residues QVQLVQSGAE VKKPGASVKV SCKASGYTFT SHWHW/RQA PGQGLEW GE FNPSNGRTNY 60
NEKFKSKATM TVDTSTNTAY MELSSLRSED TAVYYCASRD YDYAGRYFDY WGQGTLVTVS 120
S 121
3-12 Sequences
3-12-1 Sequence Number [ID] 12
3-12-2 Molecule Type AA
3-12-3 Length 106
3-12-4 Features Location/ REGION 1..106
Qualifiers note=VL matu
source 1..106
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-12-5 Residues DI QUTQSPSS LSASVGDRVT | TCSASSSVT YMYWYQQKPG KAPKLLI YDT SNLASGVPSR 60
FSGSGSGIDY TFTI SSLQPE DI ATYYCQQW SSHI FTFGQG TKVEI K 106
3-13 Sequences
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3-13-2 Molecule Type AA
3-13-3 Length 215
3-13-4 Features Location/ REGION 1..215
Qualifiers note=VH-CH1 patri
source 1..215
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-13-5 Residues QVQLQQWGAG LLKPSETLSL TCAVYGGSFS GYYWSW RQP PGKGLEW GE | NHSGSTNYN 60
PSLKSRVTI S VETSKNQFSL KLSSVTAADT AVYYCARDKW TWYFDLWGRG TLVTVSSAST 120
KGPSVFPLAP SSKSTSGGTA ALGCLVKDYF PEPVTVSWNS GALTSGVHTF PAVLQSSGLY 180
SLSSVVEVPS SSLGTQTYI C NVNHKPSNTK VDKKV 215
3-14 Sequences
3-14-1 Sequence Number [ID] 14
3-14-2 Molecule Type AA
3-14-3 Length 220
3-14-4 Features Location/ REGION 1..220
Qualifiers note=VL-CL patri
source 1..220
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-14-5 Residues DI EMTQSPDS LAVSLGERAT | NCRSSQSVL YSSSNRNYLA WYQQONPGQPP KLLI YWASTR 60
ESGVPDRFSG SGSGIDFTLT | SSLQAEDVA VYYCQQYYST PRTFGQGTKV ElI KRTVAAPA 120
VFI FPPSDEQ LKSGTASVVC LLKNFYPREA KVQWKVDNAL QSGNSQESVT EQDSKDSTYS 180
LSSTLTLSKA DYEKHKVYAC EVTHQGLSSP VTKSFNRGEC 220
3-15 Sequences
3-15-1 Sequence Number [ID] 15
3-15-2 Molecule Type AA
3-15-3 Length 217
3-15-4 Features Location/ REGION 1..217
Qualifiers note=VH-CH1 cetu
source 1..217
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-15-5 Residues QVQLKQSGPG LVQPSQSLSI TCTVSGFSLT NYGVHWRQS PGKGLEWL.GV | WBGGNTDYN 60
TPFTSRLSI N KDNSKSQVFF KMNSLQSNDT Al YYCARALT YYDYEFAYWG QGTLVTVSAA 120
STKGPSVFPL APSSKSTSGG TAALGCQVKD YFPEPVTVSW NSGALTSGVH TFPAVLQSSG 180
LYSLVSWTV PSSSLGTQTY | CNVNHKPSN TKVDKKV 217
3-16 Sequences
3-16-1 Sequence Number [ID] 16
3-16-2 Molecule Type AA
3-16-3 Length 214
3-16-4 Features Location/ REGION 1..214
Qualifiers note=VL-CL cetu

source 1..214




mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-16-5 Residues DI LLTQSPVI LSVSPGERVS FSCRASQSI G TNl HWQQRT NGSPRLLI KY ASESI SA PS 60
RFSGSGSGID FTLSI NSVES EDI ADYYCQQ NNNWPTTFGA GTKLELKRTV AAPSVFI FPP 120
SDEQLKSGTA SVTCLLNNFY PREAKVQAKV DNALQSGNSQ ESVTEQDSKD STYSLVSTLT 180

LSKADYEKHK VYACEVTHQG LSSPVTKSFN RGEC 214
3-17 Sequences
3-17-1 Sequence Number [ID] 17
3-17-2 Molecule Type AA
3-17-3 Length 218
3-17-4 Features Location/ REGION 1..218
Qualifiers note=VH-CHL1 trastu

source 1..218
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-17-5 Residues EVQLVESGGG LVQPGGSLRL SCAASGFNI K DTYI HWRQA PGKGLEWAR | YPTNGYTRY 60
ADSVKGRFTI SADTSKNTAY LQWNSLRAED TAVYYCSRWG GDGFYAMDYW GQGTLVTVSS 120
ASTKGPSVFP LAPSSKSTSG GTAALGCQVK DYFPEPVTVS WNSGALTSGY HTFPAVLQSS 180

GLYSLVSWT VPSSSLGTQT YI CNVNHKPS NTKVDKKV 218
3-18 Sequences
3-18-1 Sequence Number [ID] 18
3-18-2 Molecule Type AA
3-18-3 Length 214
3-18-4 Features Location/ REGION 1..214
Qualifiers note=VL-CL trastu

source 1..214
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-18-5 Residues DI QUTQSPSS LSASVGDRVT | TCRASQDVN TAVAWYQKP GKAPKLLI YS ASFLYSGVPS 60
RFSGSRSGTD FTLTI SSLQP EDFATYYCQQ HYTTPPTFGQ GTKVEI KRTV AAPSVFI FPP 120
SDEQLKSGTA SVTCLLNNFY PREAKVQ/AKY DNALQSGNSQ ESVTEQDSKD STYSLVSTLT 180

LSKADYEKHK VYACEVTHQG LSSPVTKSFN RGEC 214
3-19 Sequences
3-19-1 Sequence Number [ID] 19
3-19-2 Molecule Type AA
3-19-3 Length 219
3-19-4 Features Location/ REGION 1..219
Qualifiers note=VH-CH1 matu

source 1..219
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-19-5 Residues QVQLVQSGAE VKKPGASVKV SCKASGYTFT SHWHW/RQA PGQGLEW GE FNPSNGRTNY 60
NEKFKSKATM TVDTSTNTAY MELSSLRSED TAVYYCASRD YDYAGRYFDY WGQGTLVTVS 120
SASTKGPSVF PLAPSSKSTS GGTAALGCQVY KDYFPEPVTV SWNSGALTSG VHTFPAVLQS 180

SGLYSLVSW TVPSSSLGTQ TYI CNVNHKP SNTKVDKKV 219
3-20 Sequences
3-20-1 Sequence Number [ID] 20
3-20-2 Molecule Type AA
3-20-3 Length 213
3-20-4 Features Location/ REGION 1..213
Qualifiers note=VL-CL matu

source 1..213
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-20-5 Residues DI QUTQSPSS LSASVCGDRVT | TCSASSSVT YMYWYQQKPG KAPKLLI YDT SNLASGVPSR 60
FSGSGSGTDY TFTI SSLQPE DI ATYYCQQW SSHI FTFGQG TKVEI KRTVA APSVFI FPPS 120
DEQLKSGTAS VTCLLNNFYP REAKVOWKVD NALQSGNSQE SVTEQDSKDS TYSLVSTLTL 180
SKADYEKHKV YACEVTHQGL SSPVTKSFNR GEC 213

3-21 Sequences
3-21-1 Sequence Number [ID] 21




3-21-2 Molecule Type AA
3-21-3 Length 467
3-21-4 Features Location/ REGION 1..467
Qualifiers note=Patri-trastu
source 1..467
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-21-5 Residues QVQLQQWGAG LLKPSETLSL TCAVYGGSFS GYYWSW RQP PGKGLEW GE | NHSGSTNYN 60
PSLKSRVTI S VETSKNQFSL KLSSVTAADT AVYYCARDKW TWYFDLWGRG TLVTVSSAST 120
KGPSVFPLAP SSKSTSGGTA ALGCLVKDYF PEPVTVSWNS GALTSGVHTF PAVLQSSGLY 180
SLSSWVEVPS SSLGTQTYI C NVNHKPSNTK VDKKVEPKSC DKTHTSPPAP APELLGGPAA 240
PPAPAPAGCGE VQLVESGGGL VQPGGSLRLS CAASGFNI KD TYI HWRQAP CKGLEWARI 300
YPTNGYTRYA DSVKGRFTI S ADTSKNTAYL QWNSLRAEDT AVYYCSRWGG DGFYAMDYWG 360
QGTLVTVSSA STKGPSVFPL APSSKSTSGG TAALGCQVKD YFPEPVTVSW NSGALTSGVH 420
TFPAVLQSSG LYSLVSWTV PSSSLGTQTY | CNVNHKPSN TKVDKKV 467
3-22 Sequences
3-22-1 Sequence Number [ID] 22
3-22-2 Molecule Type AA
3-22-3 Length 467
3-22-4 Features Location/ REGION 1..467
Qualifiers note=Trastu-Patri
source 1..467
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-22-5 Residues EVQLVESGGG LVQPGGSLRL SCAASGFNI K DTYI HVWRQA PGKGLEWAR | YPTNGYTRY 60
ADSVKGRFTI SADTSKNTAY LQWNSLRAED TAVYYCSRWG GDGFYAMDYW GQGTLVTVSS 120
ASTKGPSVFP LAPSSKSTSG GTAALGCQVK DYFPEPVTVS WNSGALTSGY HTFPAVLQSS 180
CGLYSLVSWT VPSSSLGTQT YI CNVNHKPS NTKVDKKVEP KSCDKTHTSP PAPAPELLGG 240
PAAPPAPAPA GCOQVQLQOWG AGLLKPSETL SLTCAVYGGS FSGYYWSW R QPPCGKGLEW 300
CEl NHSGSTN YNPSLKSRVT | SVETSKNQF SLKLSSVTAA DTAVYYCARD KWI'WYFDLWG 360
RGTLVTVSSA STKGPSVFPL APSSKSTSGG TAALGCLVKD YFPEPVTVSW NSGALTSGVH 420
TFPAVLQSSG LYSLSSVVEV PSSSLGTQTY | CNVNHKPSN TKVDKKV 467
3-23 Sequences
3-23-1 Sequence Number [ID] 23
3-23-2 Molecule Type AA
3-23-3 Length 466
3-23-4 Features Location/ REGION 1..466
Qualifiers note=Patri-Cetu
source 1..466
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-23-5 Residues QVQLQQWGAG LLKPSETLSL TCAVYGGSFS GYYWSW RQP PGKGLEW GE | NHSGSTNYN 60
PSLKSRVTI S VETSKNQFSL KLSSVTAADT AVYYCARDKW TWYFDLWGRG TLVTVSSAST 120
KGPSVFPLAP SSKSTSGGTA ALGCLVKDYF PEPVTVSWNS GALTSGVHTF PAVLQSSGLY 180
SLSSVVEVPS SSLGTQTYI C NVNHKPSNTK VDKKVEPKSC DKTHTSPPAP APELLGGPAA 240
PPAPAPAGEQ VQLKQSGPGL VQPSQSLSI T CTVSGFSLTN YGVHW/RQSP GKGLEW.GVI 300
WSGGNTDYNT PFTSRLSI NK DNSKSQVFFK MNSLQSNDTA | YYCARALTY YDYEFAYWEQ 360
GTLVTVSAAS TKGPSVFPLA PSSKSTSGGT AALGCQVKDY FPEPVTVSWN SGALTSGVHT 420
FPAVLQSSGL YSLVSWVTVP SSSLGTQTYlI CNVNHKPSNT KVDKKV 466
3-24 Sequences
3-24-1 Sequence Number [ID] 24
3-24-2 Molecule Type AA
3-24-3 Length 466
3-24-4 Features Location/ REGION 1..466
Qualifiers note=Cetu-Patri
source 1..466
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-24-5 Residues QVQLKQSGPG LVQPSQSLSI TCTVSGFSLT NYGVHWRQS PGKGLEW.GV | WEGGNTDYN 60

TPFTSRLSI N KDNSKSQVFF KMNSLQSNDT Al YYCARALT YYDYEFAYWG QGTLVTVSAA 120
STKGPSVFPL APSSKSTSGG TAALGCQVKD YFPEPVTVSW NSGALTSGVH TFPAVLQSSG 180




LYSLVSWTV PSSSLGTQTY | CNVNHKPSN
AAPPAPAPAG GQVQLQOMNGA GLLKPSETLS
El NHSGSTNY NPSLKSRVTI SVETSKNQFS

TKVDKKVEPK
LTCAVYGGSF
LKLSSVTAAD

SCDKTHTSPP APAPELLGGP 240
SGYYWSW RQ PPGKGLEW G 300
TAVYYCARDK WIWFDLWCER 360

GTLVTVSSAS TKGPSVFPLA PSSKSTSGGT AALGCLVKDY FPEPVTVSWN SGALTSGVHT 420
FPAVLQSSGL YSLSSVVEVP SSSLGTQTYlI CNVNHKPSNT KVDKKV 466
3-25 Sequences
3-25-1 Sequence Number [ID] 25
3-25-2 Molecule Type AA
3-25-3 Length 468
3-25-4 Features Location/ REGION 1..468
Qualifiers note=Patri-Matu
source 1..468
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-25-5 Residues QVQLQQWGAG LLKPSETLSL TCAVYGGSFS GYYWSW RQP PGKGLEW GE | NHSGSTNYN 60
PSLKSRVTI S VETSKNQFSL KLSSVTAADT AVYYCARDKW TWYFDLWGRG TLVTVSSAST 120
KGPSVFPLAP SSKSTSGGTA ALGCLVKDYF PEPVTVSWNS GALTSGVHTF PAVLQSSGLY 180
SLSSWEVPS SSLGTQTYI C NVNHKPSNTK VDKKVEPKSC DKTHTSPPAP APELLGGPAA 240
PPAPAPAGED VQLVQSGAEV KKPGASVKVS CKASGYTFTS HWWHWRQAP GQGLEW GEF 300
NPSNGRTNYN EKFKSKATMI' VDTSTNTAYM ELSSLRSEDT AVYYCASRDY DYAGRYFDYW 360
GQGTLVTVSS ASTKGPSVFP LAPSSKSTSG GTAALGCQVK DYFPEPVTVS WNSGALTSGV 420
HTFPAVLQSS GLYSLVSVWVT VPSSSLGTQT Yl CNVNHKPS NTKVDKKV 468
3-26 Sequences
3-26-1 Sequence Number [ID] 26
3-26-2 Molecule Type AA
3-26-3 Length 468
3-26-4 Features Location/ REGION 1..468
Qualifiers note=Matu-Patri
source 1..468
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-26-5 Residues QVQLVQSGAE VKKPGASVKV SCKASGYTFT SHWWHW/RQA PGQGLEW GE FNPSNGRTNY 60
NEKFKSKATM TVDTSTNTAY MELSSLRSED TAVYYCASRD YDYAGRYFDY WGQGTLVTVS 120
SASTKGPSVF PLAPSSKSTS GGTAALGCQV KDYFPEPVTV SWNSGALTSG VHTFPAVLQS 180
SALYSLVSWV TVPSSSLGTQ TYI CNVNHKP SNTKVDKKVE PKSCDKTHTS PPAPAPELLG 240
GPAAPPAPAP AGCQVQLQQW GAGLLKPSET LSLTCAVYGG SFSGYYWSW RQPPGKGLEW 300
I GEI NHSGST NYNPSLKSRV Tl SVETSKNQ FSLKLSSVTA ADTAVYYCAR DKWIWYFDLW 360
CRGTLVTVSS ASTKGPSVFP LAPSSKSTSG GTAALGCLVK DYFPEPVTVS WNSGALTSGV 420
HTFPAVLQSS GLYSLSSVVE VPSSSLGTQT Yl CNVNHKPS NTKVDKKV 468
3-27 Sequences
3-27-1 Sequence Number [ID] 27
3-27-2 Molecule Type AA
3-27-3 Length 699
3-27-4 Features Location/ REGION 1..699
Qualifiers note=Patri-trastu-Fc
source 1..699
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-27-5 Residues QVQLQAWGAG LLKPSETLSL TCAVYGGSFS GYYWSW RQP PGKGLEW GE | NHSGSTNYN 60
PSLKSRVTI S VETSKNQFSL KLSSVTAADT AVYYCARDKW TWYFDLWGRG TLVTVSSAST 120
KGPSVFPLAP SSKSTSGGTA ALGCLVKDYF PEPVTVSWANS GALTSGVHTF PAVLQSSGLY 180
SLSSWVEVPS SSLGTQTYlI C NVNHKPSNTK VDKKVEPKSC DKTHTSPPAP APELLGGPAA 240
PPAPAPAGGE VQLVESGGGEL VQPGGSLRLS CAASGFNI KD TYlI HW/RQAP GKGLEW/ARI 300
YPTNGYTRYA DSVKGRFTI S ADTSKNTAYL QVNSLRAEDT AVYYCSRWGG DG-YAMDYWG 360
QGTLVTVSSA STKGPSVFPL APSSKSTSGG TAALGCQVKD YFPEPVTVSW NSGALTSGVH 420
TFPAVLQSSG LYSLVSWTV PSSSLGTQTY | CNVNHKPSN TKVDKKVEPK SCDKTHTCPP 480
CPAPELLGGP SVFLFPPKPK DTLM SRTPE VTCVVWWDVSH EDPEVKFNWY VDGVEVHNAK 540
TKPREEQYNS TYRWSVLTV LHQDW.NGKE YKCKVSNKAL PAPI EKTI SK AKGQPREPQV 600
YTLPPSREEM TKNQVSLTCL VKGFYPSDI A VEWESNGOQPE NNYKTTPPVL DSDGSFFLYS 660
KLTVDKSRWQ QGNVFSCSVM HEALHNHYTQ KSLSLSPGK 699
3-28 Sequences
3-28-1 Sequence Number [ID] 28




3-28-2
3-28-3
3-28-4

3-28-5

Molecule Type
Length

Features Location/

Qualifiers

NonEnglishQualifier Value

Residues

AA

699

REGION 1..699
note=Trastu-Patri-Fc

source 1..699
mol_type=protein
organism=synthetic construct

EVQLVESGGG LVQPGGSLRL SCAASGFNI K
ADSVKGRFTI SADTSKNTAY LQVNSLRAED
ASTKGPSVFP LAPSSKSTSG GTAALGCQVK
GLYSLVSWT VPSSSLGTQT YI CNVNHKPS
PAAPPAPAPA GGQVQLQOWG AGLLKPSETL
GEI NHSGSTN YNPSLKSRVT | SVETSKNQF
RGTLVTVSSA STKGPSVFPL APSSKSTSGG
TFPAVLQSSG LYSLSSWEV PSSSLGTQTY
CPAPELLGGP SVFLFPPKPK DTLM SRTPE
TKPREEQYNS TYRWSVLTV LHQDW.NGKE
YTLPPSREEM TKNQVSLTCL VKGFYPSDI A
KLTVDKSRW) QGNVFSCSVM HEALHNHYTQ

DTYI HWRQA
TAVYYCSRWG

DYFPEPVTVS
NTKVDKKVEP
SLTCAVYGGS
SLKLSSVTAA
TAALGCLVKD
| CNVNHKPSN
VTCVWVDVSH
YKCKVSNKAL
VEWESNGQPE
KSLSLSPGK

PGKGLEW/AR | YPTNGYTRY
GDGFYAMDYW GQGTLVTVSS
WNSGALTSGV HTFPAVLGSS
KSCDKTHTSP PAPAPELLGG
FSGYYWBW R QPPGKGLEW
DTAVYYCARD KWNAYFDLWG
YFPEPVTVSW NSGALTSGVH

TKVDKKVEPK
EDPEVKFNWY
PAPI EKTI SK
NNYKTTPPVL

SCDKTHTCPP
VDGVEVHNAK
AKGQPREPQV
DSDGSFFLYS

60

120
180
240
300
360
420
480
540
600
660
699

3-29

3-29-1
3-29-2
3-29-3
3-29-4

Sequences

Sequence Number [ID]

Molecule Type
Length

Features Location/

Qualifiers

29

AA

698

REGION 1..698
note=Patri-Cetu-Fc

source 1..698
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value

3-29-5

Residues

QVQLQOWGAG LLKPSETLSL
PSLKSRVTI S VETSKNQFSL
KGPSVFPLAP SSKSTSGGTA
SLSSWEVPS SSLGTQTYI C
PPAPAPAGGEQ VQLKQSGPGL
WSGGNTDYNT PFTSRLSI NK
GTLVTVSAAS TKGPSVFPLA
FPAVLQSSGL YSLVSWTVP
PAPELLGGPS VFLFPPKPKD
KPREEQYNST YRWVSVLTVL
TLPPSREEMI KNQVSLTCLV
LTVDKSRWOQ GNVFSCSVMVH

TCAVYGGSFS
KLSSVTAADT
ALGCLVKDYF
NVNHKPSNTK
VQPSQSLSI T
DNSKSQVFFK
PSSKSTSGGT
SSSLGTQTVI

TLM SRTPEV
HQDW.NGKEY
KGFYPSDI AV
EALHNHYTQK

GYYWSW RQP PGKGLEW GE
AVYYCARDKW TWYFDLWCERG
PEPVTVSVWNS GALTSGVHTF
VDKKVEPKSC DKTHTSPPAP
CTVSGFSLTN YGVHW/RQSP
IMNSLQSNDTA | YYCARALTY
AALGCQVKDY FPEPVTVSWN
CNVNHKPSNT  KVDKKVEPKS
TCVVVDVSHE DPEVKFNWV
KCKVSNKALP API EKTI SKA
EVEESNGQPEN NYKTTPPVLD
SLSLSP&K

| NHSGSTNYN
TLVTVSSAST
PAVLQSSGLY
APELLGGPAA
GKGLEW.GVI

YDYEFAYWGQ
SGALTSGVHT
CDKTHTCPPC
DGVEVHNAKT
KGQPREPQVY
SDGSFFLYSK

60

120
180
240
300
360
420
480
540
600
660
698

3-30

3-30-1
3-30-2
3-30-3
3-30-4

Sequences

Sequence Number [ID]

Molecule Type
Length

Features Location/

Qualifiers

30

AA

698

REGION 1..698
note=Cetu-Patri-Fc

source 1..698
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value

3-30-5

Residues

QVQLKQSGPG LVQPSQSLSI

TCTVSGFSLT

TPFTSRLSI N KDNSKSQVFF KMNSLQSNDT
STKGPSVFPL APSSKSTSGG TAALGCQVKD
LYSLVSWTV PSSSLGTQTY | CNVNHKPSN
AAPPAPAPAG GQVQLQOMNGA GLLKPSETLS
El NHSGSTNY NPSLKSRVTI SVETSKNQFS
GTLVTVSSAS TKGPSVFPLA PSSKSTSGGT
FPAVLQSSGL YSLSSWWEVP SSSLGTQTYI
PAPELLGGPS VFLFPPKPKD TLM SRTPEV
KPREEQYNST YRWSVLTVL HQDW.NGKEY
TLPPSREEMI KNQVSLTCLV KGFYPSDI AV
LTVDKSRWOQ GNVFSCSVVH EALHNHYTQK

NYGVHWRQS PGKGLEW.GV | WEGGNTDYN
Al YYCARALT YYDYEFAYWG QGTLVTVSAA
YFPEPVTVSW NSGALTSGVH TFPAVLQSSG

TKVDKKVEPK
LTCAVYGGSF
LKLSSVTAAD
AALGCLVKDY
CONVNHKPSNT
TCVWVDVSHE
KCKVSNKALP
EVWESNGQPEN
SLSLSPGK

SCDKTHTSPP APAPELLGGP
SGYYWSW RQ PPGKGLEW G
TAVYYCARDK \WMAYFDLWGR
FPEPVTVSWN SGALTSGVHT
KVDKKVEPKS CDKTHTCPPC
DPEVKFNWYV DGVEVHNAKT
APl EKTI SKA KGQPREPQVY
NYKTTPPVLD SDGSFFLYSK

60

120
180
240
300
360
420
480
540
600
660
698

3-31

Sequences




3-31-1 Sequence Number [ID] 31
3-31-2 Molecule Type AA
3-31-3 Length 700
3-31-4 Features Location/ REGION 1..700
Qualifiers note=Patri-Matu-Fc
source 1..700
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-31-5 Residues QVQLQQWGAG LLKPSETLSL TCAVYGGSFS GYYWSW RQP PGKGLEW GE | NHSGSTNYN 60
PSLKSRVTI S VETSKNQFSL KLSSVTAADT AVYYCARDKW TWYFDLWGRG TLVTVSSAST 120
KGPSVFPLAP SSKSTSGGTA ALGCLVKDYF PEPVTVSWNS GALTSGVHTF PAVLQSSGLY 180
SLSSWVEVPS SSLGTQTYI C NVNHKPSNTK VDKKVEPKSC DKTHTSPPAP APELLGGPAA 240
PPAPAPAGGQ VQLVQSGAEV KKPGASVKVS CKASGYTFTS HWWHWRQAP GQGLEW GEF 300
NPSNGRTNYN EKFKSKATMI' VDTSTNTAYM ELSSLRSEDT AVYYCASRDY DYAGRYFDYW 360
GQGTLVTVSS ASTKGPSVFP LAPSSKSTSG GTAALGCQVK DYFPEPVTVS WNSGALTSGV 420
HTFPAVLQSS GLYSLVSWVT VPSSSLGTQT Yl CNVNHKPS NTKVDKKVEP KSCDKTHTCP 480
PCPAPELLGG PSVFLFPPKP KDTLM SRTP EVTCVVVDVS HEDPEVKFNW YVDGVEVHNA 540
KTKPREEQYN STYRVVSVLT VLHQDW.NGK EYKCKVSNKA LPAPI EKTI S KAKGQPREPQ 600
VYTLPPSREE MIKNQVSLTC LVKGFYPSDI AVEVWESNGQP ENNYKTTPPV LDSDGSFFLY 660
SKLTVDKSRW QQGNVFSCSVY MHEALHNHYT QKSLSLSPGK 700
3-32 Sequences
3-32-1 Sequence Number [ID] 32
3-32-2 Molecule Type AA
3-32-3 Length 700
3-32-4 Features Location/ REGION 1..700
Qualifiers note=Matu-Patri-Fc
source 1..700
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-32-5 Residues QVQLVQSGAE VKKPGASVKV SCKASGYTFT SHWHW/RQA PGQGLEW GE FNPSNGRTNY 60
NEKFKSKATM TVDTSTNTAY MELSSLRSED TAVYYCASRD YDYAGRYFDY WGQGTLVTVS 120
SASTKGPSVF PLAPSSKSTS GGTAALGCQV KDYFPEPVTV SWNSGALTSG VHTFPAVLQS 180
SALYSLVSWV TVPSSSLGTQ TYI CNVNHKP SNTKVDKKVE PKSCDKTHTS PPAPAPELLG 240
GPAAPPAPAP AGCQVQLQQW GAGLLKPSET LSLTCAVYGG SFSGYYWSW RQPPGKGLEW 300
I GEI NHSGST NYNPSLKSRV Tl SVETSKNQ FSLKLSSVTA ADTAVYYCAR DKWIWYFDLW 360
CRGTLVTVSS ASTKGPSVFP LAPSSKSTSG GTAALGCLVK DYFPEPVTVS WNSGALTSGV 420
HTFPAVLQSS GLYSLSSVVE VPSSSLGTQT Yl CNVNHKPS NTKVDKKVEP KSCDKTHTCP 480
PCPAPELLGG PSVFLFPPKP KDTLM SRTP EVTCVVVDVS HEDPEVKFNW YVDGVEVHNA 540
KTKPREEQYN STYRVVSVLT VLHQ@DW.NGK EYKCKVSNKA LPAPI EKTI S KAKGQPREPQ 600
VYTLPPSREE MIKNQVSLTC LVKGFYPSDI AVEWESNGQP ENNYKTTPPV LDSDGSFFLY 660
SKLTVDKSRW QQGNVFSCSVY MHEALHNHYT QKSLSLSPGK 700
3-33 Sequences
3-33-1 Sequence Number [ID] 33
3-33-2 Molecule Type AA
3-33-3 Length 34
3-33-4 Features Location/ REGION 1..34
Qualifiers note=Formule G linker
SITE 4

note=misc_feature - Xaa can be any naturally occurring amino acid

SITE 8

note=misc_feature - Xaa can be any naturally occurring amino acid

REGION 10..11

note=misc_feature - Xaa can be any naturally occurring amino acid

SITE 14

note=misc_feature - Xaa can be any naturally occurring amino acid

REGION 24..25

note=misc_feature - Xaa can be any naturally occurring amino acid

SITE 28

note=misc_feature - Xaa can be any naturally occurring amino acid

SITE 30

note=misc_feature - Xaa can be any naturally occurring amino acid

SITE 32

note=misc_feature - Xaa can be any naturally occurring amino acid




NonEnglishQualifier Value

source 1..34
mol_type=protein
organism=synthetic construct

3-33-5 Residues EPKXCDKXHX XPPXPAPELL GGPXXPPXPX PXGG 34
3-34 Sequences
3-34-1 Sequence Number [ID] 34
3-34-2 Molecule Type AA
3-34-3 Length 34
3-34-4 Features Location/ REGION 1..34
Qualifiers note=linker
source 1..34
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-34-5 Residues EPKSCDKTHT SPPAPAPELL GGPAAPPAPA PAGG 34
3-35 Sequences
3-35-1 Sequence Number [ID] 35
3-35-2 Molecule Type AA
3-35-3 Length 34
3-35-4 Features Location/ REGION 1..34
Qualifiers note=linker
source 1..34
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-35-5 Residues EPKSCDKTHT APPAPAPELL GGPAAPPAPA PAGG 34
3-36 Sequences
3-36-1 Sequence Number [ID] 36
3-36-2 Molecule Type AA
3-36-3 Length 34
3-36-4 Features Location/ REGION 1..34
Qualifiers note=linker
source 1..34
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-36-5 Residues EPKSCDKTHT SPPAPAPELL GGPGGPPGPG PGGG 34
3-37 Sequences
3-37-1 Sequence Number [ID] 37
3-37-2 Molecule Type AA
3-37-3 Length 34
3-37-4 Features Location/ REGION 1..34
Qualifiers note=llinker
source 1..34
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-37-5 Residues EPKSCDKTHT SPPAPAPELL GGPAAPPGPA PGGG 34
3-38 Sequences
3-38-1 Sequence Number [ID] 38
3-38-2 Molecule Type AA
3-38-3 Length 34
3-38-4 Features Location/ REGION 1..34
Qualifiers note=linker
source 1..34
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-38-5 Residues EPKSCDKTHT CPPCPAPELL GGPSTPPTPS PSGG 34
3-39 Sequences
3-39-1 Sequence Number [ID] 39
3-39-2 Molecule Type AA
3-39-3 Length 34




3-39-4 Features Location/ REGION 1..34
Qualifiers note=Linker
source 1..34
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-39-5 Residues EPKSCDKTHT SPPSPAPELL GGPSTPPTPS PSGG 34
3-40 Sequences
3-40-1 Sequence Number [ID] 40
3-40-2 Molecule Type AA
3-40-3 Length 15
3-40-4 Features Location/ REGION 1..15
Qualifiers note=hinge
source 1..15
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-40-5 Residues EPKSCDKTHT CPPCP 15
3-41 Sequences
3-41-1 Sequence Number [ID] 41
3-41-2 Molecule Type AA
3-41-3 Length 110
3-41-4 Features Location/ REGION 1..110
Qualifiers note=CH2 domain
source 1..110
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-41-5 Residues APELLGGPSV FLFPPKPKDT LM SRTPEVT CVVVDVSHED PEVKFNWYVD GVEVHNAKTK 60
PREEQYNSTY RVVSVLTVLH QDW.NGKEYK CKVSNKALPA Pl EKTI SKAK 110
3-42 Sequences
3-42-1 Sequence Number [ID] 42
3-42-2 Molecule Type AA
3-42-3 Length 107
3-42-4 Features Location/ REGION 1..107
Qualifiers note=CH3 domain
source 1..107
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-42-5 Residues GQPREPQVYT LPPSREEMIK NQVSLTCLVK GFYPSDI AVE WESNGQPENN YKTTPPVLDS 60
DGSFFLYSKL TVDKSRWIQG NVFSCSVMHE ALHNHYTQKS LSLSPGK 107
3-43 Sequences
3-43-1 Sequence Number [ID] 43
3-43-2 Molecule Type AA
3-43-3 Length 217
3-43-4 Features Location/ REGION 1..217
Qualifiers note=CH2-CH3
source 1..217
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-43-5 Residues APELLGGPSV FLFPPKPKDT LM SRTPEVT CVVWWDVSHED PEVKFNWYVD GVEVHNAKTK 60
PREEQYNSTY RWVSVLTVLH QDW.NGKEYK CKVSNKALPA Pl EKTI SKAK GQPREPQVYT 120
LPPSREEMIK NQVSLTCLVK GFYPSDI AVE VESNGQPENN YKTTPPVLDS DGSFFLYSKL 180
TVDKSRWQQG NVFSCSVMVHE ALHNHYTQKS LSLSPCK 217
3-44 Sequences
3-44-1 Sequence Number [ID] 44
3-44-2 Molecule Type AA
3-44-3 Length 232
3-44-4 Features Location/ REGION 1..232
Qualifiers note=Fc domain

source 1..232
mol_type=protein
organism=synthetic construct




NonEnglishQualifier Value

3-44-5 Residues EPKSCDKTHT CPPCPAPELL GGPSVFLFPP KPKDTLM SR TPEVTCVVWWD VSHEDPEVKF 60
NWYVDGVEVH NAKTKPREEQ YNSTYRVVSV LTVLHQ@DW.N GKEYKCKVSN KALPAPI EKT 120
| SKAKGQPRE PQVYTLPPSR EEMIKNQVSL TCLVKGFYPS DI AVEVWESNG QPENNYKTTP 180
PVLDSDGSFF LYSKLTVDKS RWQQGNVFSC SVMHEALHNH YTQKSLSLSP &K 232
3-45 Sequences
3-45-1 Sequence Number [ID] 45
3-45-2 Molecule Type AA
3-45-3 Length 98
3-45-4 Features Location/ REGION 1..98
Qualifiers note=CH1 (CC1)
source 1..98
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-45-5 Residues ASTKGPSVFP LAPSSKSTSG GTAALGCLVK DYFPEPVTVS WNSGALTSGY HTFPAVLQSS 60
GLYSLSSVVD VPSSSLGTQT YI CNVNHKPS NTKVDKKV 98
3-46 Sequences
3-46-1 Sequence Number [ID] 46
3-46-2 Molecule Type AA
3-46-3 Length 98
3-46-4 Features Location/ REGION 1..98
Qualifiers note=CH1 (ML1)
source 1..98
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-46-5 Residues ASTKGPSVFP QAPSSKSTSG GTAALGCLVK DYFPEPVTVS WNSGALTSGY HTFPAVLQSS 60
CGLYSLVSWT VPSSSLGTQT YI CNVNHKPS NTKVDKKV 98
3-47 Sequences
3-47-1 Sequence Number [ID] 47
3-47-2 Molecule Type AA
3-47-3 Length 98
3-47-4 Features Location/ REGION 1..98
Qualifiers note=CH1 (WT)
source 1..98
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-47-5 Residues ASTKGPSVFP LAPSSKSTSG GTAALGCLVK DYFPEPVTVS WNSGALTSGY HTFPAVLQSS 60
GLYSLSSWT VPSSSLGTQT YI CNVNHKPS NTKVDKKV 98
3-48 Sequences
3-48-1 Sequence Number [ID] 48
3-48-2 Molecule Type AA
3-48-3 Length 107
3-48-4 Features Location/ REGION 1..107
Qualifiers note=CL (WT)
source 1..107
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-48-5 Residues RTVAAPSVFI FPPSDEQLKS GTASWCLLN NFYPREAKVQ WKVDNALQSG NSQESVTEQD 60
SKDSTYSLSS TLTLSKADYE KHKVYACEVT HQGLSSPVTK SFNRGEC 107
3-49 Sequences
3-49-1 Sequence Number [ID] 49
3-49-2 Molecule Type AA
3-49-3 Length 5
3-49-4 Features Location/ REGION 1..5
Qualifiers note=CDR1 VH cetuximab
source 1.5
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-49-5 Residues NYGVH 5
3-50 Sequences




3-50-1 Sequence Number [ID] 50
3-50-2 Molecule Type AA
3-50-3 Length 16
3-50-4 Features Location/ REGION 1..16
Qualifiers note=CDR2 VH cetuximab
source 1..16
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-50-5 Residues VI WEGGNTDY NTPFTS 16
3-51 Sequences
3-51-1 Sequence Number [ID] 51
3-51-2 Molecule Type AA
3-51-3 Length 11
3-51-4 Features Location/ REGION 1..11
Qualifiers note=CDR3 VH cetuximab
source 1..11
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-51-5 Residues ALTYYDYEFA Y 11
3-52 Sequences
3-52-1 Sequence Number [ID] 52
3-52-2 Molecule Type AA
3-52-3 Length 11
3-52-4 Features Location/ REGION 1..11
Qualifiers note=CDR1 VL cetuximab
source 1..11
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-52-5 Residues RASQSI GTNI H 11
3-53 Sequences
3-53-1 Sequence Number [ID] 53
3-53-2 Molecule Type AA
3-53-3 Length 7
3-53-4 Features Location/ REGION 1..7
Qualifiers note=CDR2 VL cetuximab
source 1..7
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-53-5 Residues YASESI S 7
3-54 Sequences
3-54-1 Sequence Number [ID] 54
3-54-2 Molecule Type AA
3-54-3 Length 9
3-54-4 Features Location/ REGION 1..9
Qualifiers note=CDR3 VL cetuximab
source 1.9
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-54-5 Residues CQONNNWPTT 9
3-55 Sequences
3-55-1 Sequence Number [ID] 55
3-55-2 Molecule Type AA
3-55-3 Length 95
3-55-4 Features Location/ source 1..95
Qualifiers mol_type=protein
organism=Homo sapiens
NonEnglishQualifier Value
3-55-5 Residues QVQLQESGPG LVKPSETLSL TCTVSGGSI S SYWBW RQPP GKGLEW GYY YSGSTNYNPS 60
LKSRVTI SVD TSKNQFSLKL SSVTAADTAV YYCAR 95
3-56 Sequences




3-56-1 Sequence Number [ID] 56
3-56-2 Molecule Type AA
3-56-3 Length 11
3-56-4 Features Location/ source 1..11
Qualifiers mol_type=protein
organism=Homo sapiens
NonEnglishQualifier Value
3-56-5 Residues WGQGTLVTVS S 11
3-57 Sequences
3-57-1 Sequence Number [ID] 57
3-57-2 Molecule Type AA
3-57-3 Length 95
3-57-4 Features Location/ source 1..95
Qualifiers mol_type=protein
organism=Homo sapiens
NonEnglishQualifier Value
3-57-5 Residues El VLTQSPDF QSVTPKEKVT | TCRASQSI G SSLHWQKP DQSPKLLI KY ASQSFSGVPS 60
RFSGSGSGID FTLTI NSLEA EDAATYYCHQ SSSLP 95
3-58 Sequences
3-58-1 Sequence Number [ID] 58
3-58-2 Molecule Type AA
3-58-3 Length 10
3-58-4 Features Location/ source 1..10
Qualifiers mol_type=protein
organism=Homo sapiens
NonEnglishQualifier Value
3-58-5 Residues FGQGTKLEI K 10
3-59 Sequences
3-59-1 Sequence Number [ID] 59
3-59-2 Molecule Type AA
3-59-3 Length 119
3-59-4 Features Location/ REGION 1..119
Qualifiers note=General formula VH humanized cetux
SITE 6
note=MISC_FEATURE - Xaa is Glu or GIn
SITE 27
note=MISC_FEATURE - Xaa is Gly or Phe
SITE 40
note=MISC_FEATURE - Xaa is Pro or Ser
SITE 70
note=MISC_FEATURE - Xaa is Ser or Asn
SITE71
note=MISC_FEATURE - Xaa is Val or Lys
SITE 73
note=MISC_FEATURE - Xaa is Thr or Asn
SITE 76
note=MISC_FEATURE - Xaa is Asn or Ser
SITE 78
note=MISC_FEATURE - Xaa is Phe or Val
SITE 80
note=MISC_FEATURE - Xaa is Leu or Phe
SITE 82
note=MISC_FEATURE - Xaa is Leu or Met
SITE 88
note=MISC_FEATURE - Xaa is Ala or Asn
source 1..119
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-59-5 Residues QVQLQXSGPG LVKPSETLSL TCTVSGXSI S NYGVHW RQX PGKGLEW GV | WEGGNTDYN 60
TPFTSRVTI X XDXSKXQXSX KXSSVTAXDT AVYYCARALT YYDYEFAYWG QGTLVTVSA 119
3-60 Sequences
3-60-1 Sequence Number [ID] 60
3-60-2 Molecule Type AA
3-60-3 Length 107




3-60-4 Features Location/ REGION 1..107
Qualifiers note=General formula VL humanized cetux
SITE 11
note=MISC_FEATURE - Xaa is GIn or Leu
SITE 21
note=MISC_FEATURE - Xaa is GIn or Leu
SITE 45
note=MISC_FEATURE - Xaa is Lys or Arg
SITE 83
note=MISC_FEATURE - Xaa is Ala or lle
SITE 85
note=MISC_FEATURE - Xaa is Thr or Asp
SITE 100
note=MISC_FEATURE - Xaa is GIn or Ala
source 1..107
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-60-5 Residues El VLTQSPDF XSVTPKEKVT XTCRASQSI G TNl HWWQQKP DQSPXLLI KY ASESI SGVPS 60
RFSGSGSGID FTLTI NSLEA EDXAXYYCQQ NNNWPTTFGX GTKLEI K 107
3-61 Sequences
3-61-1 Sequence Number [ID] 61
3-61-2 Molecule Type AA
3-61-3 Length 119
3-61-4 Features Location/ REGION 1..119
Qualifiers note=hVH1
source 1..119
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-61-5 Residues QVQLQESGPG LVKPSETLSL TCTVSGGSI S NYGVHW RQP PGKGLEW GV | WEGGNTDYN 60
TPFTSRVTI S VDTSKNQFSL KLSSVTAADT AVYYCARALT YYDYEFAYWG QGTLVTVSA 119
3-62 Sequences
3-62-1 Sequence Number [ID] 62
3-62-2 Molecule Type AA
3-62-3 Length 119
3-62-4 Features Location/ REGION 1..119
Qualifiers note=hVH2
source 1..119
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-62-5 Residues QVQLQESGPG LVKPSETLSL TCTVSGFSI S NYGVHW RQP PGKGLEW GV | WEGGNTDYN 60
TPFTSRVTI S KDTSKNQVSL KLSSVTAADT AVYYCARALT YYDYEFAYWG QGTLVTVSA 119
3-63 Sequences
3-63-1 Sequence Number [ID] 63
3-63-2 Molecule Type AA
3-63-3 Length 119
3-63-4 Features Location/ REGION 1..119
Qualifiers note=hVH3
source 1..119
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-63-5 Residues QVQLQESGPG LVKPSETLSL TCTVSGFSI S NYGVHW RQS PGKGLEW GV | WEGGNTDYN 60
TPFTSRVTI S KDNSKNQVSL KLSSVTAADT AVYYCARALT YYDYEFAYWG QGTLVTVSA 119
3-64 Sequences
3-64-1 Sequence Number [ID] 64
3-64-2 Molecule Type AA
3-64-3 Length 119
3-64-4 Features Location/ REGION 1..119
Qualifiers note=hVH4

source 1..119
mol_type=protein
organism=synthetic construct




NonEnglishQualifier Value

3-64-5 Residues QVQLQESGPG LVKPSETLSL TCTVSGGSI S NYGVHW RQP PGKGLEW GV | WEGGNTDYN 60
TPFTSRVTI N KDNSKSQVSF KMSSVTAADT AVYYCARALT YYDYEFAYWG QGTLVTVSA 119
3-65 Sequences
3-65-1 Sequence Number [ID] 65
3-65-2 Molecule Type AA
3-65-3 Length 119
3-65-4 Features Location/ REGION 1..119
Qualifiers note=hVH5
source 1..119
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-65-5 Residues QVQLQRSGPG LVKPSETLSL TCTVSGFSI S NYGVHW RQS PGKGLEW GV | WEGGNTDYN 60
TPFTSRVTI N KDNSKSQFSL KLSSVTAADT AVYYCARALT YYDYEFAYWG QGTLVTVSA 119
3-66 Sequences
3-66-1 Sequence Number [ID] 66
3-66-2 Molecule Type AA
3-66-3 Length 119
3-66-4 Features Location/ REGION 1..119
Qualifiers note=hVH6
source 1..119
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-66-5 Residues QVQLQESGPG LVKPSETLSL TCTVSGFSI S NYGVHW RQS PCGKGLEW GV | WEGGNTDYN 60
TPFTSRVTI S VDTSKNQFSL KLSSVTAADT AVYYCARALT YYDYEFAYWG QGTLVTVSA 119
3-67 Sequences
3-67-1 Sequence Number [ID] 67
3-67-2 Molecule Type AA
3-67-3 Length 119
3-67-4 Features Location/ REGION 1..119
Qualifiers note=hVH7
source 1..119
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-67-5 Residues QVQLQRSGPG LVKPSETLSL TCTVSGFSI S NYGVHW RQP PGKGLEW GV | WEGGNTDYN 60
TPFTSRVTI N KDNSKSQVSF KMSSVTAADT AVYYCARALT YYDYEFAYWG QGTLVTVSA 119
3-68 Sequences
3-68-1 Sequence Number [ID] 68
3-68-2 Molecule Type AA
3-68-3 Length 119
3-68-4 Features Location/ REGION 1..119
Qualifiers note=hVH8
source 1..119
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-68-5 Residues QVQLQRSGPG LVKPSETLSL TCTVSGFSI S NYGVHW RQS PGKGLEW GV | WBGGNTDYN 60
TPFTSRVTI N KDNSKSQVSF KMSSVTAADT AVYYCARALT YYDYEFAYWG QGTLVTVSA 119
3-69 Sequences
3-69-1 Sequence Number [ID] 69
3-69-2 Molecule Type AA
3-69-3 Length 107
3-69-4 Features Location/ REGION 1..107
Qualifiers note=hVL1
source 1..107
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-69-5 Residues El VLTQSPDF QSVTPKEKVT | TCRASQSI G TNI HWQQKP DQSPKLLI KY ASESI SGVPS 60
RFSGSGSGID FTLTI NSLEA EDAATYYCQQ NNNWPTTFGQ GTKLEI K 107
3-70 Sequences
3-70-1 Sequence Number [ID] 70




3-70-2 Molecule Type AA
3-70-3 Length 107
3-70-4 Features Location/ REGION 1..107
Qualifiers note=hVL2
source 1..107
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-70-5 Residues El VLTQSPDF QSVTPKEKVT | TCRASQSI G TNl HWQQKP DQSPKLLI KY ASESI SGVPS 60
RFSGSGSGID FTLTI NSLEA EDAADYYCQQ NNNWPTTFGQ GTKLEI K 107
3-71 Sequences
3-71-1 Sequence Number [ID] 71
3-71-2 Molecule Type AA
3-71-3 Length 107
3-71-4 Features Location/ REGION 1..107
Qualifiers note=hVL3
source 1..107
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-71-5 Residues El VLTQSPDF QSVTPKEKVT | TCRASQSI G TNl HWQQKP DQSPKLLI KY ASESI SGVPS 60
RFSGSGSGID FTLTI NSLEA EDAATYYCQQ NNNWPTTFGA GTKLEI K 107
3-72 Sequences
3-72-1 Sequence Number [ID] 72
3-72-2 Molecule Type AA
3-72-3 Length 107
3-72-4 Features Location/ REGION 1..107
Qualifiers note=hVL4
source 1..107
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-72-5 Residues El VLTQSPDF QSVTPKEKVT | TCRASQSI G TNl HWQQKP DQSPKLLI KY ASESI SGVPS 60
RFSGSGSGID FTLTI NSLEA EDAADYYCQQ NNNWPTTFGA GTKLEI K 107
3-73 Sequences
3-73-1 Sequence Number [ID] 73
3-73-2 Molecule Type AA
3-73-3 Length 107
3-73-4 Features Location/ REGION 1..107
Qualifiers note=hVL based on IGKV3-21*01
source 1..107
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-73-5 Residues El VLTQSPDF QSVTPKEKVT | TCRASQSI G TNl HWQQKP DQSPKLLI KY ASESI SGVPS 60
RFSGSGSGID FTLTI NSLEA EDAATYYCQQ NNNWPTTFGQ GTKLEI K 107
3-74 Sequences
3-74-1 Sequence Number [ID] 74
3-74-2 Molecule Type AA
3-74-3 Length 107
3-74-4 Features Location/ REGION 1..107
Qualifiers note=hVL based on IGKV3-11*01
source 1..107
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-74-5 Residues El VLTQSPAT LSLSPGERAT LSCRASQSI G TNI HWQXKP GQAPRLLI KY ASESI SG PA 60
RFSGSGSGID FTLTI SSLEP EDFAVYYCQQ NNNWPTTFGQ GTKLEI K 107
3-75 Sequences
3-75-1 Sequence Number [ID] 75
3-75-2 Molecule Type AA
3-75-3 Length 119
3-75-4 Features Location/ REGION 1..119
Qualifiers note=hVH based on IGHV4-59*01

source 1..119




NonEnglishQualifier Value

mol_type=protein
organism=synthetic construct

3-75-5 Residues QVQLQESGPG LVKPSETLSL TCTVSGFSLT NYGVHWRQP PCGKGLEWL.GV | WEGGNTDYN 60
TPLTSRLTI S KDNSKNQVSL KLSSVTAADT AVYYCARALT YYDYEFAYWG QGTLVTVSS 119
3-76 Sequences
3-76-1 Sequence Number [ID] 76
3-76-2 Molecule Type AA
3-76-3 Length 119
3-76-4 Features Location/ REGION 1..119
Qualifiers note=hVH based on IGHV3-33*01
source 1..119
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-76-5 Residues QVQLVESGGEG VWQPGRSLRL SCAVSGFSLT NYGVHWRQA PCKGLEWL.GV | WEGGNTDYN 60
TPVTSRFTI S KDNSKNTVYL QWNSLRAEDT AVYYCARALT YYDYEFAYWG QGTLVTVSS 119
3-77 Sequences
3-77-1 Sequence Number [ID] 77
3-77-2 Molecule Type AA
3-77-3 Length 119
3-77-4 Features Location/ REGION 1..119
Qualifiers note=VH cetux N>D
source 1..119
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-77-5 Residues QVQLKQSGPG LVQPSQSLSI TCTVSGFSLT NYGVHWRQS PGKGLEW.GV | WEGGNTDYN 60
TPFTSRLSI N KDNSKSQVFF KMNSLQSDDT Al YYCARALT YYDYEFAYWG QGTLVTVSA 119
3-78 Sequences
3-78-1 Sequence Number [ID] 78
3-78-2 Molecule Type AA
3-78-3 Length 119
3-78-4 Features Location/ REGION 1..119
Qualifiers note=VH cetux N>E
source 1..119
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-78-5 Residues QVQLKQSGPG LVQPSQSLSI TCTVSGFSLT NYGVHWRQS PGKGLEW.GV | WEGGNTDYN 60
TPFTSRLSI N KDNSKSQVFF KMNSLQSEDT Al YYCARALT YYDYEFAYWG QGTLVTVSA 119
3-79 Sequences
3-79-1 Sequence Number [ID] 79
3-79-2 Molecule Type AA
3-79-3 Length 19
3-79-4 Features Location/ REGION 1..19
Qualifiers note=signal peptide heavy chain
source 1..19
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-79-5 Residues MELGLSW FL LAl LKGVQC 19
3-80 Sequences
3-80-1 Sequence Number [ID] 80
3-80-2 Molecule Type AA
3-80-3 Length 22
3-80-4 Features Location/ REGION 1..22
Qualifiers note=signal peptide light chain
source 1..22
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-80-5 Residues MOVRVPAQLL GLLLLW.RGA RC 22
3-81 Sequences
3-81-1 Sequence Number [ID] 81




3-81-2 Molecule Type AA

3-81-3 Length 119
3-81-4 Features Location/ REGION 1..119
Qualifiers note=VH humanized Cetuximab

source 1..119
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-81-5 Residues QVQLQESGPG LVKPSETLSL TCTVSGFSI S NYGVHW RQS PGKGLEW GV | WEGGNTDYN 60
TPFTSRVTI S KDNSKNQVSL KLSSVTAADT AVYYCARALT YYDYEFAYWG QGTLVTVSS 119

3-82 Sequences
3-82-1 Sequence Number [ID] 82
3-82-2 Molecule Type AA
3-82-3 Length 232
3-82-4 Features Location/ REGION 1..232
Qualifiers note=Fc domain (S239D and 1332E)

source 1..232
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-82-5 Residues EPKSCDKTHT CPPCPAPELL GGPDVFLFPP KPKDTLM SR TPEVTCVVWWD VSHEDPEVKF 60
NWYVDGVEVH NAKTKPREEQ YNSTYRVVSV LTVLHQ@DW.N GKEYKCKVSN KALPAPEEKT 120
| SKAKGQPRE PQVYTLPPSR EEMIKNQVSL TCLVKGFYPS DI AVEWESNG QPENNYKTTP 180

PVLDSDGSFF LYSKLTVDKS RWQQGNVFSC SVMHEALHNH YTQKSLSLSP &K 232
3-83 Sequences
3-83-1 Sequence Number [ID] 83
3-83-2 Molecule Type AA
3-83-3 Length 217
3-83-4 Features Location/ REGION 1..217
Qualifiers note=VH-CH1 humanized Cetuximab Fab

source 1..217
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-83-5 Residues QVQLQESGPG LVKPSETLSL TCTVSGFSI S NYGVHW RQS PGKGLEW GV | WEGGNTDYN 60
TPFTSRVTI S KDNSKNQVSL KLSSVTAADT AVYYCARALT YYDYEFAYWG QGTLVTVSSA 120
STKGPSVFPL APSSKSTSGG TAALGCQVKD YFPEPVTVSW NSGALTSGVH TFPAVLQSSG 180

LYSLVSWTV PSSSLGTQTY | CNVNHKPSN TKVDKRV 217
3-84 Sequences
3-84-1 Sequence Number [ID] 84
3-84-2 Molecule Type AA
3-84-3 Length 214
3-84-4 Features Location/ REGION 1..214
Qualifiers note=VL-CL humanized Cetuximab Fab

source 1..214
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-84-5 Residues El VLTQSPDF QSVTPKEKVT | TCRASQSI G TNI HWQQKP DQSPKLLI KY ASESI SGVPS 60
RFSGSGSGTD FTLTI NSLEA EDAATYYCQQ NNNWPTTFGA GTKLEI KRTV AAPSVFI FPP 120
SDEQLKSGTA SVTCLLNNFY PREAKVQAKY DNALQSGNSQ ESVTEQDSKD STYSLVSTLT 180

LSKADYEKHK VYACEVTHQG LSSPVTKSFN RGEC 214
3-85 Sequences
3-85-1 Sequence Number [ID] 85
3-85-2 Molecule Type AA
3-85-3 Length 698
3-85-4 Features Location/ REGION 1..698
Qualifiers note=Heavy chain BMX003-010

source 1..698
mol_type=protein
organism=synthetic construct
NonEnglishQualifier Value
3-85-5 Residues QVQLQQWGAG LLKPSETLSL TCAVYGGSFS GYYWSW RQP PGKGLEW GE | NHSGSTNYN 60
PSLKSRVTI S VETSKNQFSL KLSSVTAADT AVYYCARDKW TWYFDLWGRG TLVTVSSAST 120
KGPSVFPLAP SSKSTSGGTA ALGCLVKDYF PEPVTVSWANS GALTSGVHTF PAVLQSSGLY 180




SLSSWEVPS SSLGTQTYI C
PPAPAPAGGEQ VQLQESGPGL
WSGGNTDYNT PFTSRVTI SK
GTLVTVSSAS TKGPSVFPLA
FPAVLQSSGL YSLVSWTVP
PAPELLGGPS VFLFPPKPKD
KPREEQYNST YRWVSVLTVL
TLPPSREEMI KNQVSLTCLV
LTVDKSRWOQ GNVFSCSVMVH

NVNHKPSNTK
VKPSETLSLT
DNSKNQVSLK
PSSKSTSGGT
SSSLGTQTVI

TLM SRTPEV
HQDW.NGKEY
KGFYPSDI AV
EALHNHYTQK

VDKRVEPKSC
CTVSGFSI SN
LSSVTAADTA
AALGCQUKDY
CONVNHKPSNT
TCVWVDVSHE
KCKVSNKALP
EVWESNGQPEN
SLSLSPGK

DKTHTSPPAP
YGVHW RQSP
VYYCARALTY
FPEPVTVSWN
KVDKRVEPKS
DPEVKFNWYV
APl EKTI SKA
NYKTTPPVLD

APELLGGPAA
GKGLEW GvI

240
300

YDYEFAYWZQ 360

SGALTSGVHT
CDKTHTCPPC
DGVEVHNAKT
KGQPREPQVY
SDGSFFLYSK

420
480
540
600
660
698

3-86

3-86-1
3-86-2
3-86-3
3-86-4

3-86-5

Sequences

Sequence Number [ID]

Molecule Type
Length

Features Location/

Qualifiers

NonEnglishQualifier Value

Residues

86

AA

698

REGION 1..698

note=Heavy chain BMX003-011

source 1..698
mol_type=protein

organism=synthetic construct

QVQLQOWGAG LLKPSETLSL
PSLKSRVTI S VETSKNQFSL
KGPSVFPLAP SSKSTSGGTA
SLSSWEVPS SSLGTQTYI C
PPAPAPAGGE) VQLQESGPGL
WSGGNTDYNT PFTSRVTI SK
GTLVTVSSAS TKGPSVFPLA
FPAVLQSSGL YSLVSWTVP
PAPELLGGPD VFLFPPKPKD
KPREEQYNST YRWVSVLTVL
TLPPSREEMI KNQVSLTCLV
LTVDKSRWOQ GNVFSCSVMVH

TCAVYGGSFS
KLSSVTAADT
ALGCLVKDYF
NVNHKPSNTK
VKPSETLSLT
DNSKNQVSLK
PSSKSTSGGT
SSSLGTQTVI

TLM SRTPEV
HQDW.NGKEY
KGFYPSDI AV
EALHNHYTQK

GYYWSW ROP PGKGLEW GE
AVYYCARDKW TWYFDLWCERG

PEPVTVSWNS
VDKRVEPKSC
CTVSGFSI SN
LSSVTAADTA
AALGCQUKDY
CONVNHKPSNT
TCVWVDVSHE
KCKVSNKALP
EVESNGQPEN
SLSLSPGK

GALTSGVHTF
DKTHTSPPAP
YGVHW RQSP
VYYCARALTY
FPEPVTVSWN
KVDKRVEPKS
DPEVKFNWYV
APEEKTI SKA
NYKTTPPVLD

| NHSGSTNYN
TLVTVSSAST
PAVLQSSGLY
APELLGGPAA
GKGLEW GVI

YDYEFAYWGQ
SGALTSGVHT
CDKTHTCPPC
DGVEVHNAKT
KGQPREPQVY
SDGSFFLYSK

60

120
180
240
300
360
420
480
540
600
660
698
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