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MULTI-SPECIFIC ANTIBODIES AND ANTIBODY COMBINATIONS

FIELD OF THE INVENTION

[001] The present invention relates to antibodies that bind to IL13 and IL22. Such antibodies provided

herein are useful 1n the treatment of inflammatory conditions, in particular, skin inflammation.

BACKGROUND

[002] Atopic dermatitis (AD), also known as atopic eczema, 1s an inflammatory condition which results
in epidermal dysfunction and thickening, eczematous lesions and pruritis. The condition 1s prevalent 1n
pcople of all ages and ethnicities and has the greatest disease burden of all skin diseases measured by
disability-adjusted life years (Laughter er a/, Br. J. Dermatol. 2020; Epub ahecad of print). AD 1s a
complex condition and 1ts pathophysiology 1s influenced by multiple factors, such as genetics,
environmental and immunological factors. Although type-2 immune mechanisms are important in the

pathology of atopic dermatitis, increasing ¢vidence supports a role for several immune pathways.

[003] Treatments used for AD include systemic immunosuppressants such as cyclosporin,
methotrexate, mycophenolate mofetil and azathioprine. Antidepressants and naltrexone may be used to
control pruritus. In 2016, crisaborole, a topical phosphodiesterase-4 inhibitor, was approved for mild-
to-modecrate eczema, and 1n 2017, dupilumab, a monoclonal antibody antagonist of IL-4Ra was
approved to treat moderate-to-severe eczema. Current treatment options however, ofter only temporary.

incomplete, symptomatic relief.

[004] IL22 1s a member of the IL10 cytokine family with multiple functions 1n various mflammatory

and tissue responses, depending on the environmental context. IL22 1s mainly produced by lymphoid
cells such as T helper 1 (Thl) cells, Th17 cells, and Th22 cells, yo T cells, Natural Killer (NK) cells and

innate lymphoid cells (ILCs) 3 as well as non-lymphoid cells such as fibroblasts, neutrophils,
macrophages and mast cells (For an overview see: Lanfranca M P ef al. J. Mol. Med. (Berl) (2016)
94(5):523-534). 1L22 signals through a heterodimeric transmembrane receptor complex composed of
IL22 receptor 1 (IL22R1, also known as IL22RA1, or as Interleukin-22 receptor subunit alpha-1) and
IL10 receptor 2 (IL10R2), whereas IL 10 signals through IL10R1 and IL10R2. Similar to other members
of the IL-10 family, 1L22 mediates 1ts effects through the IL22R1/IL10R2 complex and subsequent
JAK-signal transducer and activator of transcription (STAT) signaling pathways, including Jak1, Tyk2,
and STAT3. In contrast to 1L 10, IL22 1s also reported to signal through a number of MAPK pathways
such as ERK1/2, JNK and p38. In the skin, IL22 acts on keratinocytes through binding to 1L22R1

expressed on these cells.

[005] Unlike other members of the 1L10 cytokine family, IL22 has a soluble-secreted receptor, known
as IL22 binding protein (IL22BP, also known as IL22RA2, or as Interleukin- 22 Receptor Subunit Alpha
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2). Although IL22BP shares the highest structural homology with the IL22R1 chain, IL22BP ¢xhibits a
much higher affinity for IL22 than IL22R1 and therefore prevents the binding of 1L22 to 1L22R1.

[006] It has been shown that IL22BP, which 1s specific for IL22, blocks its activity. Inhibition of total
1L.22 has shown efficacious signals 1n patients with severe atopic dermatitis or 1n patients with high
baseline 1L22 expression (Guttman-Yassky E ef a/. ] Am Acad Dermatol. 2018; 78(5): 872-881 and
Brunner PM ef al, J Allergy Cin Immunol. 2019; 143(1): 142-154). Inhibition of the IL22R1 has also
been proposed as a potential therapeutic option to mhibit IL22 which would also partially block the
cttect of 1L-20 and IL-24. To date, no therapeutic option exists that 1s designed to specifically target
biologically active 1L22 that 1s not bound to IL22BP, thus not impacting on the normal biological

function of IL22BP.

[007] Increased expression of Th22 cytokine IL22 1s a characteristic finding 1n atopic dermatitis (AD).
However, the specific role of IL22 1n the pathogenesis of AD in vivo 1s not completely understood. The
role of IL22 1n the development and maimtenance of AD has not been specifically explored but 1t has
been hypothesized that IL22 plays an important role in the development of AD by impairing skin barrier

function, immune dysregulation, and pruritus.

[008] US8906375 and US7901684 disclose antibodies binding IL22 and usefulness of such antibodies
in the treatment of AD. US7737259 discloses specific anti-IL22 antibodies usetul mn the treatment of

PSOT1asis.

[009] IL13 1s a short-chain cytokine sharing 23% sequence identity with IL4. It comprises
approximately 132 amino acids, forming a secondary structure of four helices spanning residues 10-21
(helix A), 43-52 (helix B), 61-69 (helix C), and 92-110 (helix D), along with two [ strands spanning
residues 33-36 and 87-90. The solution structure of IL13 has been solved, revealing the predicted up-
up-down-down four-helix-bundle conformation that 1s also observed with 1L4. .

[0010] Human IL13 1s a 17kDa glycoprotein and 1s produced by activated T-cells of the Th2 lincage,
although ThO and Thl CD4+ T cells, CD8+ T cells, and several non-T cell populations such as mast
cells also produce IL13. The functions of IL13 include immunoglobulin 1sotype switching to IgE 1n
human B cells and suppressing intflammatory cytokine production in both humans and mice. 1L 13 has
been shown to play a role m epidermal thickening.

[0011] IL13 binds 1ts cell surface receptors, IL13R-alphal and IL13R-alpha2. IL13R-alphal mteracts
with IL13 with a low affmity (KD~10nM), followed by recruitment of IL4R-alpha to form a high
attinity (KD~0.4nM) heterodimeric receptor signaling complex.

[0012] The IL4R/IL13Ralphal complex i1s expressed on many cell types, such as B cells,
monocytes/macrophages, dendritic cells, eosinophils, basophils, fibroblasts, endothelial cells, airrway
epithelial cells, and airway smooth muscle cells. Ligation of the IL13R-alpha/IL4R receptor complex
results 1n activation of a variety of signal-transduction pathways, including signal transducer and

activator of transcription 6 (STAT6) and 1nsulin receptor substrate 2 (IRS2) pathways.
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[0013] The IL13R-alpha2 chain alone has a high affinity for IL13 (KD~0.25-0.4nM). It functions both

as a decoy receptor that negatively regulates IL 13 binding, and as a signaling receptor that induces TGF-

B synthesis and fibrosis via the AP-1 pathway mm macrophages and possibly other cell types.
SUMMARY OF THE INVENTION

[0014] The present invention addresses the need for new treatments of inflammatory conditions, such
as mflammatory skin conditions, 1n particular atopic dermatitis, by providing antibodics that bind both
IL13 and IL22. The invention for the first time demonstrates that inhibiting both IL13 and IL22 restores

normal skin phenotype.

[0015] The present invention provides a multi-specific antibody comprising at least two antigen binding

domains, wherein one antigen binding domain binds to 1L 13 and the second antigen-binding domain

binds to 1L.22.

[0016] The present invention also provide a pharmaceutical composition comprising an antibody that

binds to IL13 and an antibody that binds to 1L22.

[0017] The present invention also provides a combination of an antibody that binds to and ncutralizes
IL 13 and an antibody that binds to and neutralizes IL22 for use 1n the treatment of an mmflammatory skin

condition.
BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The present invention 1s described below by reference to the following drawings, in which:

[0019] Figure 1 shows a schematic representation of two examples of multi-specific antibodies
according to the present mvention: (A) TrYbe molecule having 1L13-, IL22- and albumin-binding
domains; (B) Knobs-into-Holes molecule having IL13- and IL22-binding domains (in 2 possible

orientations).
[0020] Figure 2 shows Ab650 humanization alignments. (A) Light chain graft; (B) heavy cham graft

[0021] Figure 3 shows humanization of antibody 11041 light chain. Different vanants generated for

that chain are also shown. CDR sequences are underlined.

[0022] Figure 4 shows humanization of antibody 11041 heavy chain. Different variants generated for

that chain are also shown. CDR sequences are underlined.

[0023] Figure 5 shows humanization of antibody 11070 light chain (A) and heavy chain (B). Different

vaniants generated for that chain are also shown. CDR sequences are underlined.
[0024] Figure 6 shows IL22 peptide coverage map of the HDX-MS experiment.

[0025] Figure 7 shows the results of HDX-MS analysis for 11041gl.13gH14 Fab. (A) peptides showing

significant reduced deuterrum incorporation upon antibody binding are listed. Peptides showing a
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similar exchange pattern 1n the presence and absence of the antibody have a non-significant deuterium
incorporation and are displayed 1n light grey. (B) determined 11041gl.13gH14 Fab epitope 1s projected
onto the 1L22 3D structure and highlighted in black. Relative 11041gl.13gH14 Fab binding to 1L.22

from X-ray data 1s displayed for reference.

[0026] Figure 8 shows the results of HDX-MS analysis for 11070gL.7gH16 Fab. (A) peptides showing
significant reduced deuterrum incorporation upon antibody binding are listed. Peptides showing a
stmilar exchange pattern 1n the presence and absence of the antibody have a non-significant deuterium

incorporation and are displayed 1n light grey. (B) determined 11070gL.7gH16 Fab epitope 1s projected
onto the 1L22 3D structure and highlighted 1n black.

[0027] Figure 9 shows the results of X-ray analysis of 11041gl.13gH14 Fab binding to 1L22. (A)
cartoon representation of 11041gl.13gH14 Fab binding to 1L-22. (B) a detailed view on the interaction
interface between 1L-22 and of 11041gl.13gH 14 Fab.

[0028] Figure 10 shows that 11041gL13gH14 Fab molecule prevents the interaction of 1L22 with the
IL22R1 receptor (A) IL22 (surface representation) in complex with its receptor IL22R1 (PDB: 3DLQ).
(B) The 11041gL13gH14 Fab light chain blocks the mteraction site between IL22 and IL22R1.

[0029] Figure 11 shows mn (A) Cryo-EM structure of IL22 m complex with Fezakinumab and
11070gL7gH16 Fab (VR11070) in Fab format; and in (B) Model of IL22 in complex with Fezakinumab
and 11041¢gl.13gH14 Fab (VRI11041). The model was created by superposing the
1L22/11041gl.13gH14 Fab crystal structure on the cryo-EM structure in panel (A). This reveals that
11070gL7gHI16 Fab and 11041gL13gH14 Fab have a similar epitope on IL22.

[0030] Figure 12 shows 1n (A) superposition of the crystal structure of IL22R1 bound to IL22, on the
cryo-EM structure of IL-22 in complex with 11070gL.7gH16 Fab and Fezakinumab Fab; and in (B) The
sidechains of IL-22 residues known to contribute to the interaction with IL-10R2 are shown as sticks.

This site 1s occupied by the Fezakinumab Fab molecule.

[0031] Figure 13 shows the SDS-PAGE results for the 1L13/1L22 TrYbe under reducing (lane 1) or
non-reducing (lane 2) conditions. Mark 12 protemn markers (Life Technologies) were used as standards

(M). Molecular weights (MW) were measured 1n kilo daltons (kDa).

[0032] Figure 14 shows IL13/IL22 TrYbe (TRYBE) activity 1n the in vitro human primary keratinocyte
assay. (A) . Example of cotaxin-3 response 1n the assay. Geometric mean n=4-6, stimulation: 1L-13 and
IL-22 at 100ng/ml, Lebrikizumab(Leb) and Fezakinumab (Fez) at 100nM and IL13/IL22 TrYbe
(TRYBE) at 25nM. (B) . Example of SI00A7 response 1n the assay. Geometric mean n=5-6, stimulation:
IL-13 and IL-22 at 100ng/ml, Lebrikizumab (Leb) and Fezakinumab (Fez)at 100nM and IL13/IL22
TrYbe (TRYBE) at 25nM.

[0033] Figure 15 shows IL13/IL22 TrYbe and IL13/1L22 KiH molecules activity in the iz vitro human
primary keratinocyte assay. (A) Percentage inhibition of eotaxin-3 and S100A7 by IL13/IL22 TrYbe 1in
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the assay. Mecan = SD, n=3 donors, Statistic: log(inhibitor) vs. response (three parameters), Stimulation:
IL-13 and IL-22 at 100ng/ml. (B) Percentage inhibition of eotaxin-3 and S100A7 by IL13/IL22
bispecific in the KiH formats (IL13 K /1L 22 H and IL13 H/IL 22 K) 1n the assay. Mean -

donors, Statistic: log(inhibitor) vs. response (three parameters), Stimulation: IL-13 and IL-22 at

100ng/ml.

[0034] Figure 16 shows the effect of IL-13, IL-22 or theirr combination (100ng/ml each) on
reconstituted human epidermis (EpiDerm FT from MatTek) atter 7 day culture (treated every other day).

[0035] Figure 17 shows the titration of IL13/IL22 TrYbe (TRYBE) from 66nM to 0.2nM, with
combination of 100ng/ml IL-13 and 1L-22, m EpiDermFT model, or 66nM IL13/IL22 TrYbe (TRY BE)
with I1L-13 or IL-22 alone.

[0036] Figure 18 shows the effect of Molar equivalent Lebrikizumab, Fezakinumab (alone or in
combination) and IL13/IL22 TrYbe, on combination of 100ng/ml IL-13 and IL-22 in EpiDermFT

model.

DETAILED DESCRIPTION OF THE INVENTION

Abbreviations

[0037] Table 1. Abbreviations used throughout the specification

PCT/EP2021/084402

ADCC antibody-dependent cellular cytotoxicity
CDC complement dependent cytotoxicity
CDR complementarity-determining region
CHI., CH2, CH3 constant heavy domain

CL constant light

dssckv disulphide stabilised sckv

Fab fragment antigen-binding

Fc fragment crystallizable

FR1, FR2, FR3, FR4 framework region

Fv variable domain

HVR hyper-variable region

KD constant of dissociation

mADb monoclonal antibody

sckv single chain variable-fragment

VH variable heavy region

VHH single domain antibody

VL variable light region

VNAR variable domain of IgNAR

[0038] Table 2. Amino acids abbreviations

Abbreviation 1 Amino acid name
Ala A Alanme

Arg R Arginine

Asn N Asparagine

Asp D Aspartic acid

Cys C Cysteine

- SD. n=2
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Gln Glutamine

Glu Glutamic acid

Gly Glycine

Histidine

lle Isoleucine

Ien Leucine
Lysine
Methionine
Phenylalanine
Proline
Pyrrolysine
Sermne
Selenocysteine
Threonne

ryptophan
Tyr Tyrosine
Val Valine
Definitions

[0039] The following terms are used throughout the specification.

|0040] The term "acceptor human framework” 1s used herein 1s a framework comprising the amino acid
scquence of a light chamn variable domain (VL) framework or a heavy chain vanable domain (VH)
framework derived from a human immunoglobulin framework or a human consensus framework. An
acceptor human framework derived from a human immunoglobulin framework or a human consensus
framework may comprise the same amino acid sequence thereof, or 1t may contain amino acid sequence

changes.

[0041] The term “affinity” refers to the strength of all noncovalent interactions between an antibody
thereof and the target protein. Unless indicated otherwise, as used herein, the term "binding atfmity”
refers to intrinsic binding atfinity which reflects a 1 : 1 interaction between members of a binding pair
(c.g., antibody and antigen). The affinity of a molecule for its binding partner can be generally
represented by the dissociation constant (KD). Affinity can be measured by common methods known

in the art, including those described herein.

[0042] The term "aftfinity matured"” 1n the context of antibody refers to an antibody with one or more
alterations 1 the hypervariable regions, compared to a parent antibody which does not possess such

alterations, where such alterations resulting 1n an improvement in the atfinity of the antibody for antigen.

[0043] The term "antibody" herein 1s used 1n the broadest sense and encompasses various antibody
structures, including but not limited to monoclonal antibodies, polyclonal antibodies, and multi-specitic
antibodies as long as they exhibit the desired antigen-binding activity. The term antibody as used herein
relates to whole (full-length) antibodies (1.¢. comprising the elements of two heavy chains and two light
chains) and functionally active fragments thercof (1.¢., molecules that contain an antigen binding domain

that specifically binds to an antigen, also termed antibody fragments or antigen-binding fragments).



10

15

20

25

30

35

WO 2022/122654 / PCT/EP2021/084402

Features described herein with respect to antibodies also apply to antibody fragments unless context
dictates otherwise. An antibody may comprise a Fab linked to two scFvs or dsscFvs, each scFv or dsscFv
binding the same or a different target (¢.g., one scFv or dsscFv binding a therapeutic target and one scFv
or dsscFv that increases halt-life by binding, for instance, albumin). Such antibodies are described mn
WO02015/197772. The term "antibody" encompasses monovalent, 1.¢., antibodies comprising only one
antigen binding domain (¢.g. onc-armed antibodiecs comprising a full-length heavy chain and a full-
length light chain interconnected, also termed “half-antibody™)., and multivalent antibodies, 1.c.

antibodies comprising mor¢ than one antigen binding domain, ¢.g bivalent.

[0044] The term "antibody binding to the same epitope as a reference antibody™ refers to an antibody
that blocks binding of the reference antibody to 1ts antigen 1n a competition assay by 350% or more, and
conversely, the reference antibody blocks binding of the antibody to i1ts antigen 1n a competition assay

by 50% or more.

[0045] The term “antibody-dependent cellular cytotoxicity”™ or "ADCC™ 1s a mechanism for inducing
cell death that depends upon the interaction of antibody-coated target cells with effector cells possessing
Iytic activity, such as natural killer cells, monocytes, macrophages and neutrophils via Fc gamma

receptors (FcyR) expressed on ettector cells.

[0046] The term “antigen-binding domain™ as employed herein refers to a portion of the antibody, which
comprises a part or the whole of one or more variable domains, for example a part or the whole of a pair
of variable domains VH and VL, that intecract specifically with a target antigen. In the context of the
present invention the term 1s used 1n relation to three different antigens: IL13, IL22, and albumin. Hence,
such antigen-binding domains are referred to as “IL13-binding domain™, “IL22-binding domain™, and
“albumin-binding domain”. A binding domain may comprise a single domain antibody. Each binding
domain may be monovalent. Each binding domain may comprise no more than one VH and one VL.
Antigen-binding domain may comprise or consist of an antibody or antigen-binding fragment of an
antibody. An example of an antigen-binding domain 1s a VH/VL unit comprised of a heavy chain

variable domain (VH) and a light chain vaniable domain (VL).

[0047] The term "antigen-binding fragment” as employed herein refer to functionally active antibody
binding fragments including but not limited to Fab, modified Fab, Fab', modified Fab', F(ab')2, Fv,
single domain antibodies, scFv, Fv, b1, tr1 or tetra-valent antibodies, Bis-scFv, diabodics, triabodies,
tetrabodies and epitope-binding fragments of any of the above (see for example Holliger and Hudson,
20035, Nature Biotech. 23(9): 1126-1136; Adair and Lawson, 2005, Drug Design Reviews - Online 2(3),
209-217). A "binding fragment" as employed herein refers to a fragment capable of binding a target
peptide or antigen with sufficient affinity to characterize the fragment as specific for the peptide or

antigen.

[0048] The term "antibody variant” refers to a polypeptide, for example, an antibody possessing the

desired characternistics described herein and comprising a VH and/or a VL that has at least about 80%
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amino acid sequence 1dentity with a VH and/or a VL of the reference antibody. Such antibody varants
include, for instance, antibodies wherein one or more amino acid residues are added to or deleted from
the VH and/or a VL domain. Ordinanly, an antibody variant will have at least about 80% amino acid
scquence 1dentity, alternatively at least about any of 85%., 90%., 95%. 96%, 97%,. 98%, or 99% amino
acid sequence 1dentity, to an antibody described herein. Optionally, vanant antibodies will have no more
than on¢ conservative amino acid substitution as compared to an antibody sequence provided herein,
alternatively no more than about any of 2, 3, 4, 5, 6, 7, 8. 9, or 10 conservative amino acid substitution

as compared to an antibody sequence provided herein.

[0049] The term ““bispecific” or “bispecific antibody™ as employed herein refers to an antibody with

two antigen specificities.

[0050] The term "complementarity determining regions” or "CDRs" refers to generally, antibodies
comprise six CDRs: three 1n the VH (H1, H2, H3), and three in the VL (L1, L2, L3). The CDRs of the
heavy chain vanable domain are located at residues 31-35 (CDR-HI1), residues 50-65 (CDR-H2) and
residues 95-102 (CDR-H3) according to the Kabat numbering system. However, according to Chothia
(Chothia, C. and Lesk, A.M. J. Mol. Biol., 196, 901-917 (1987)), the loop equivalent to CDR-HI
extends from residue 26 to residue 32. Thus, unless indicated otherwise “CDR-H1™ as employed herein
1s intended to refer to residues 26 to 33, as described by a combination of the Kabat numbering system
and Chothia’s topological loop definition. The CDRs of the light chain variable domain are located at
residues 24-34 (CDR-L1), residues 50-56 (CDR-L2) and residues 89-97 (CDR-L3) according to the
Kabat numbering system. Unless indicated otherwise, CDR residues and other residues 1n the variable

domain (¢.g., FR residues) are numbered herein according to Kabat.

|0051] The term "chimeric" antibody refers to an antibody in which the variable domain (or at least a
portion thercof) of the heavy and/or light chain 1s derived from a particular source or species, while the
remainder of the heavy and/or light chain (1.¢. the constant domains) 1s derived from a ditferent source
or specics. (Morrison; PNAS 81, 6851 (1984)). Chimeric antibodies can for instance comprise non-
human variable domains and human constant domains. Chimeric antibodies are typically produced

using recombinant DNA methods. A subcategory of “chimeric antibodies™ 1s “humanized antibodies™.

[0052] The "class” of an antibody refers to the type of constant domain or constant region possessed by
its heavy chain. There are five major classes of antibodies: IgA, IgD, IgE, I1gG, and IgM, and scveral of
these may be further divided into subclasses (1sotypes), ¢.g., IgGl, 1gG2 |, IgG3 |, IgG4 |, IgAl, and IgA2.
The heavy chain constant domains that correspond to the ditferent classes of immunoglobulins are called

a, O, €, v, and p, respectively.

[0053] The term “‘combination™ or “antibody combination™ in the context of multiple antibodies refers
to multiple (2 or more) antibodies that are not physically mixed (being a part of a composition), but are

provided a separate antibodics or each 1n a form of a composition in combination with other ingredients.
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[0054] The term “complement-dependent cytotoxicity ™, or “CDC” refers to a mechanism for inducing
cell death in which an Fc effector domain of a target-bound antibody binds to and activates complement

component Clg which 1n turn activates the complement cascade leading to target cell death.

[0055] The terms “constant domain(s)” or “constant region”, as used herein are used interchangeably to
refer to the domain(s) of an antibody which 1s outside the variable regions. The constant domains are
identical 1n all antibodies of the same 1sotype but are different from one 1sotype to another. Typically,
the constant region of a heavy chain 1s formed, from N to C terminal, by CHI1-hinge -CH2-CH3-,

optionally CH4, comprising three or four constant domains.

[0056] The term “competing antibody™ or “cross-competing antibody™ shall be interpreted as meaning
that the claimed antibody binds to either (1) the same position on the antigen to which the reference
antibody binds , or (11) a position on the antigen where the antibody sterically hinders the binding of the

reterence antibody to the antigen.

[0057] The term “Derivatives™ as used herein 1s intended to include reactive derivatives, for example
thiol-sclective reactive groups such as maleimides and the like. The reactive group may be linked
directly or through a linker segment to the polymer. It will be appreciated that the residue of such a
ogroup will in some 1nstances form part of the product as the linking group between the antibody fragment

and the polymer.

[0058] The term “dernived from™ 1n the context of generating variable sequences refers to the fact that
the sequence employed or a sequence highly similar to the sequence employed was obtained from the

original genetic material, such as the light or heavy chain of an antibody.

[0059] The term “diabody™ as employed herein refers to two Fv pairs, a first VH/VL pair and a further
VH/VL pair which have two mter-Fv linkers, such that the VH of a first Fv 1s linked to the VL of the
second Fv and the VL of the first Fv 1s linked to the VH of the second Fv.

[0060] The term “DiFab™ as employed herein refers to two Fab molecules linked via their C-terminus

of the heavy chains.

[0061] The term “DiFab’” as employed herein refers to two Fab® molecules linked via one or more

disulfide bonds in the hinge region thereof.

[0062] The term “dsFab™ as employed herein refers to a Fab with an intra-variable region disulfide

bond.

[0063] The term “dsscFv™ or “disulphide-stabilised single chain variable fragment™ as employed herein
retfer to a single chain vanable fragment which 1s stabilised by a peptide linker between the VH and VL
variable domain and also includes an inter-domain disulphide bond between VH and VL. (see for
example, Weatherill er al., Protein Engineering, Design & Selection, 25 (321-329), 2012,
W02007109254.
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[0064] The term “DVD-Ig™ (also known as dual V domain I1g(G) refers to a full-length antibody with 4

additional variable domains, one on the N-terminus of cach heavy and cach light chain.

[0065] The term "eftector functions” refer to those biological activities attributable to the Fc region of
an antibody, which vary with the antibody 1sotype. Examples of antibody effector functions include:
Clg binding and complement dependent cytotoxicity (CDC), Fc receptor binding, antibody-dependent
cell-mediated cytotoxicity (ADCC), phagocytosis, down regulation of cell surface receptors (e.g. B cell

receptor), and B cell activation.

[0066] The term ““effector molecule™ as used herein includes, for example, antincoplastic agents, drugs,
toxins, biologically active proteins, for example enzymes, other antibody or antibody fragments,
synthetic or naturally occurring polymers, nucleic acids and fragments thereof ¢.g. DNA, RNA and
fragments thereof, radionuclides, particularly radioiodide, radioisotopes, chelated metals, nanoparticles
and reporter groups such as fluorescent compounds or compounds which may be detected by NMR or

ESR spectroscopy.

[0067] The term "epitope” or “binding site” 1 the context of antibodies refer to a site (or a part) on an
antigen to which the paratope of an antibody binds or recognizes. Epitopes can be formed both from
contiguous amino acids (also often called “linear epitopes™) or noncontiguous amino acids formed by
tertiary folding of a protein (often called “conformational epitopes™). Epitopes formed from contiguous
amino acids arc typically retained on exposure to denaturing solvents whercas epitopes formed by
folding are typically lost on treatment with denaturing solvents. An epitope typically includes at least 3,
and more usually, at least 5-10 amino acids 1n a unique spatial conformation. Epitopes usually consist
of chemically active surface groups of molecules such as amino acids, sugar side chains and usually

have specific 3D structural and charge characteristics.

[0068] The “EU index™ or “EU index as in Kabat™ or “"EU numbering scheme™ refers to the numbering
of the¢ EU antibody (Edeclman ef al., 1969, Proc Natl Acad Sc1 USA 63:78-85). Such 1s generally used
when referring to a residue 1n an antibody heavy chaimn constant region (¢.g., as reported 1n Kabat ez al.).
Unless stated otherwise, the EU numbering scheme 1s used to refer to residues in antibody heavy chain

constant regions described herein.

[0069] The term “Fab™ refers to as used herein refers to an antibody fragment comprising a light chain
fragment comprising a VL (vanable light) domain and a constant domain of a light chain (CL), and a
VH (vanable heavy) domain and a first constant domain (CHI) of a heavy chamn. Dimers of a Fab’
according to the present disclosure create a F(ab')2 where, for example, dimerization may be through

the hinge.

[0070] The term “Fab’-Fv™ as employed herein 1s stmilar to FabFv, wherein the Fab portion 1s replaced
by a Fab’. The format may be provided as a PEGylated version thereof.
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[0071] The term “Fab’-scFv™ as employed herein 1s a Fab™ molecule with a scFv appended on the C-

terminal of the light or heavy chain.

[0072] The term “Fab-dsFv™ as employed herein refers to a FabFv wherein an intra-Fv disulfide bond

stabilises the appended C-terminal variable regions. The format may be provided as a PEGylated version

thereof.

[0073] The term “Fab-Fv™ as employed herein refers to a Fab fragment with a variable region appended
to the C-terminal of each of the following, the CHI of the heavy chain and CL of the light chain. The

format may be provided as a PEGylated version thereof.

[0074] The term “Fab-scFv™ as employed herein 1s a Fab molecule with a scFv appended on the C-

terminal of the light or heavy chain.

[0075] The term “Fc¢”, “Fc fragment™, and “Fc region™ are used interchangeably to reter to the C-
terminal region of an antibody comprising the constant region of an antibody excluding the first constant
rcgion immunoglobulin domain. Thus, Fc¢ refers to the last two constant domains, CH2 and CH3, of
IgA, IgD, and IgG, or the last three constant domains of IgE and IgM, and the flexible hinge N-terminal
to these domains. The human IgG1 heavy chain Fc region 1s defined herein to comprise residues C226
to 1ts carboxyl-terminus, wherein the numbering 1s according to the EU index. In the context of human
Ig(G1, the lower hinge refers to positions 226-236, the CH2 domain refers to positions 237-340 and the
CH3 domam refers to positions 341-447 according to the EU index. The corresponding Fc region of

other immunoglobulins can be 1dentificd by sequence alignments.

[0076] The term "Framework" or "FR" refers to variable domain residues other than hypervarnable
region residues. The FR of a variable domain gencrally consists of four FR domains: FR1, FR2, FR3,

and FR4. Accordingly, the HVR and FR sequences generally appear 1in the following sequence in VH
(or VL): FR1-HI(L1)-FR2-H2(L2)-FR3-H3(L3)-FR4.

[0077] The term "full length antibody" used herein to refer to an antibody having a structure
substantially similar to a native antibody structure or having heavy chains that contain an Fc region as
defined herein. Each light chain 1s comprised of a light chain variable region (abbreviated heremn as VL)
and a light chain constant region (CL). Each heavy chain 1s comprnised of a heavy vanable region
(abbreviated herein as VH) and a heavy chain constant region (CH) constituted of three constant
domains CHI1, CH2 and CH3, or four constant domains CH1, CH2, CH3 and CH4, depending on the Ig
class. The constant regions of the antibodies may mediate the binding of the immunoglobulin to host
tissues or factors, including various cells of the immune system (¢.g., effector cells) and the first

component (Clq) of the classical complement system.

[0078] The term “Fv™ refers to two variable domains of full length antibodies, for example co-operative

variable domains, such as a cognate pair or atfinity matured vanable domains, 1.c. a VH and VL pair.
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[0079] The term “highly similar”™ as employed 1n the context of amino-acid sequences 1s mtended to

refer to an amino acid sequence which over its full length 1s 95% similar or more, such as 96, 97, 98 or

09% simuilar.

[0080] The term "human antibody" refers to an antibody which possesses an amino acid sequence which
corresponds to that of an antibody produced by a human or a human cell or derived from a non-human
source that utilizes human antibody repertoires or other human antibody-encoding sequences. This
definition of a human antibody specifically excludes a humanized antibody comprising non-human

antigen-binding residues.

[0081] The term "human consensus framework"” refers to a framework which represents the most
commonly occurring amino acid residues 1 a selection of human immunoglobulin VL or VH
framework sequences. Generally, the selection of human immunoglobulin VL or VH sequences 1s from
a subgroup of variable domain sequences. Generally, the subgroup of sequences 1s a subgroup as 1n
Kabat ef al., Sequences of Proteins of Immunological Interest, Fifth Edition, NIH Publication 91-3242,
Bethesda MD (1991), vols. 1-3. In some embodiments, for the VL, the subgroup 1s subgroup kappa I
as 1n Kabat ef al., supra. In some embodiments, for the VH, the subgroup 1s subgroup I, IIl or IV as in

Kabat et al.

[0082] The term “humanized™ antibody refers to an antibody comprising amino acid residues from non-
human HVRs and amino acid residues from human FRs. Typically the heavy and/or light chain contains
onc or more CDRs (including, 1f desired, one or more modified CDRs) from a donor antibody (¢.g. a
non-human antibody such as a murine or rabbit monoclonal antibody) and 1s grafted into a heavy and/or
light chain vaniable region framework of an acceptor antibody (a human antibody)( see ¢.g. Vaughan et
al, Nature Biotechnology, 16, 535-539, 1998). The advantage of such humanized antibodies 1s to reduce
immunogenicity to humans, while retaining the specificity and affinity of the parental non-human
antibody. Rather than the entire CDR being transferred, only one or more of the specificity determining
residues from any one of the CDRs described herein above can be transterred to the human antibody
framework (sec ¢.g., Kashmin ef al., 2005, Mcthods, 36, 25-34). A "humanized" antibody refers to a
chimeric antibody comprising amino acid residues from non-human HVRs and amino acid residues
from human FRs. A "humanized form" of an antibody, ¢.g., anon-human antibody, refers to an antibody

that has undergone humanization.

[0083] The term "hypervanable region” or "HVR" as used herein refers to cach of the regions of an
antibody variable domain which are hypervarnable 1n sequence ("complementarity determining regions”
or "CDRs") and/or form structurally defined loops ("hypervariable loops") and/or contain the antigen-

contacting residues ("antigen contacts").

[0084] The term™ IC507 as used herein refers to the halt maximal immhibitory concentration which 1s a

measure of the effectiveness of a substance, such as an antibody, in mhibiting a specific biological or
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biochemical function. The 1C50 1s a quantitative measure which indicates how much of a particular

substance 1s needed to mhibit a given biological process by 50%.

[0085] The “identity” between amino-acids 1n the sequence indicates that at any particular position 1n

the aligned sequences, the amino acid residue 1s 1dentical between the sequences.

[0086] The term “IgG-scFv™ as employed herein 1s a full-length antibody with a scFv on the C-terminal

of cach of the heavy chains or cach of the light chains.

[0087] The term “IgG-V™ as employed herein 1s a full-length antibody with a variable domain on the

C-terminal of cach of the heavy chains or cach of the light chains

[0088] The term “1solated” means, throughout this specification, that the antibody, or polynucleotide,
as the case may be, exists 1n a physical milicu distinct from that 1n which it may occur 1n nature. The
term “1solated” nucleic acid refers to a nucleic acid molecule that has been 1solated from 1ts natural
environment or that has been synthetically created. An 1solated nucleic acid may comprise synthetic

DNA, for instance produced by chemical processing, cDNA, genomic DNA or any combination thercof.

[0089] The term “Kabat residue designations™ or “Kabat™ refer to the residue numbering scheme
commonly used for antibodies. Such do not always correspond directly with the lincar numbering of the
amino acid residues. The actual linear amino acid sequence may contain fewer or additional amio
acids than 1n the strict Kabat numbering corresponding to a shortening of, or insertion into, a structural
component, whether framework or complementarity determining region (CDR), of the basic varable
domain structure. The correct Kabat numbering of residues may be determined for a given antibody by
alignment of residues of homology 1n the sequence of the antibody with a “standard™ Kabat numbered
sequence. For details see Kabat ef al., Sequences of Proteins of Immunological Interest, Sth Ed. Public
Health Service, National Institutes of Health, Bethesda, MD (1991). Unless indicated otherwise, Kabat

numbering 1S used throughout the specification

[0090] The term “KD™ as used herein refers to the constant of dissociation which 1s obtained from the
ratio of Kd to Ka (1.¢. Kd/Ka) and 1s expressed as a molar concentration (M). Kd and Ka refers to the
dissociation rate and association rate, respectively, of a particular antigen-antibody interaction. KD

values for antibodies can be determined using methods well established 1n the art.

[0091] The term "monoclonal antibody" (or “"mAb”) refers to an antibody obtained from a population
of substantially homogencous antibodies, 1.¢. each individual of a monoclonal antibody preparation are
identical except for possible mutations (¢.g., naturally occurring mutations), that may be present in
minor amounts. Certain differences 1n the protein sequences linked to post-translational modifications
(for example, cleavage of the heavy chain C-terminal lysine, deamidation of asparagine residues and/or
1Isomerisation of aspartate residucs) may nevertheless exist between the various ditferent antibody
molecules present 1n the composition. Contrary to polyclonal antibody preparations, each monoclonal

antibody of a monoclonal antibody preparation 1s directed against a single determinant on an antigen.
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[0092] The term “multi-paratopic antibody™ as employed heremn refers to an antibody as described
herein which comprises two or more distinct paratopes, which interact with different epitopes either
from the same antigen or from two different antigens. Multi-paratopic antibodies described herein may

be biparatopic, triparatopic, tetraparatopic.

[0093] The term “multi-specific” or “multi-specific antibody™ as employed herein refers to an antibody
as described herein which has at least two binding domains, 1.¢. two or more binding domains, for
example two or three binding domains, wherein the at least two binding domains independently bind
two different antigens or two different epitopes on the same antigen. Multi-specific antibodies are
ogenerally monovalent for cach specificity (antigen). Multi-specific antibodies described herein

encompass monovalent and multivalent, €.g. bivalent, trivalent, tetravalent multi-specific antibodies.

[0094] The term “neutralizing™ (or “neutralize”) in the context of antibodies and antigen-binding
domains describes an antibody (or an antigen-binding domain) that i1s capable of inhibiting or

attenuating the biological signaling activity of 1its target (target protein).
[0095] The term ““paratope™ refers to a region of an antibody which recognizes and binds to an antigen.

[0096] The term "percent (%) sequence identity (or similarity)” with respect to the polypeptide and
antibody sequences 1s defined as the percentage of amino acid residues 1n a candidate sequence that are
1dentical (or similar) to the amino acid residues 1n the polypeptide bemg compared, after aligning the
sequences and introducing gaps, if necessary, to achieve the maximum percent sequence 1dentity, and

not considering any conservative substitutions as part of the sequence 1dentity .

[0097] A "pharmaccutically acceptable carrier” refers to an mgredient in a pharmaceutical formulation,
other than an active mgredient, which 1s nontoxic to a subject. Pharmaceutically acceptable carriers

include, but are not limited to, a buffer, excipient, stabilizer, or preservative.

[0098] The term ““polyclonal antibody™ refers to a mixture of ditferent antibody molecules which bind

to (or otherwise interact with) more than one epitope of an antigen

[0099] The term “prevent” 1n the context of antibodies 1s used herein interchangeably with the term
“mmhibit” and indicates the effect the antibodies according to the present invention have with respect to

a particular biological process or molecular interaction.

[00100] The term “scDiabody™ refers to a diabody comprising an intra-Fv linker, such that the molecule
comprises three linkers and forms a normal scFv whose VH and VL terminals are cach linked to a on¢

of the vanable regions of a further Fv pair.

[00101] The term “Scdiabody-CH3™ as employed herein refers to two scdiabody molecules each linked,

for example via a hinge to a CH3 domain.
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[00102] The term “ScDiabody-F¢~ as employed heremn 1s two scdiabodies, wherein cach one 1s

appended to the N-terminus of a CH2 domain, for example via a hinge, of constant region fragment -

CH2CHS.

[00103] The term ““single chain vaniable fragment™ or ““scFv™ as employed heremn refers to a single chain

variable fragment which 1s stabilised by a peptide linker between the VH and VL vanable domains.

[00104] The term “ScFv-Fc-scFv™ as employed heremn refers to four sckFvs, wherem one of each 1s

appended to the N-terminus and the C-terminus of both the heavy chamns of a -CH2CH3 fragment.

[00105] The term “scFv-IgG” as employed heremn 1s a full-length antibody with a scFv on the N-

terminal of each of the heavy chains or each of the light chains.

[00106] The term "similarity”, as used herein, mdicates that, at any particular position 1n the aligned
sequences, the amino acid residue 1s of a ssmilar type between the sequences. For example, leucine may
be substituted for1soleucine or valine. Other amino acids which can often be substituted for one another
include but are not limited to:

- phenylalanine, tyrosine and tryptophan (amino acids having aromatic side chains);

- lysine, arginine and histidine (amino acids having basic side chains);

- aspartate and glutamate (amino acids having acidic side chains);

- asparagine and glutamine (amino acids having amide side chains); and

- cysteme and methionine (amio acids having sulphur-containing side chains).
[00107] The term "single domain antibody" as used herein refers to an antibody fragment consisting of

a single monomeric variable domain. Examples of single domain antibodies include VH or VL or VHH

or V-NAR.

[00108] The term “specific” as employed herein 1in the context of antibodies 1s intended to refer to an
antibody that only recognizes the antigen to which 1t 1s specific or an antibody that has significantly
higher binding affinity to the antigen to which 1t 1s specific compared to binding to antigens to which 1t

1s non-specific, for example at least 3, 6, 7, 8, 9, 10 times higher binding atfinity.

[00109] The term "sterically blocking" or “sterically preventing” as employed herein 1s intended to refer
to the means of blocking an mteraction between first and second proteins by a third protein's binding to
the first protein. The binding between the first and the third proteins prevents the second protein from
binding to the first protemn due to unfavorable van der Waals or electrostatic mteractions between the

second and third proteins.

[00110] The terms "subject” or “individual 1n the context of the treatments and diagnosis generally refer
to a mammal. Mammals include, but are not limited to, domesticated animals (¢.g., cows, sheep, cats,
dogs, and horses), primates (e.g., humans and non-human primates such as monkeys), rabbits, and

rodents (¢.g., mice and rats). More specifically, the individual or subject 1s a human



10

15

20

25

30

WO 2022/122654 16 PCT/EP2021/084402

[00111] The term “Tandem scFv™ as employed herein refers to at least two scFvs linked via a smgle

linker such that there 1s a single inter-Fv linker.

[00112] The term “Tandem scFv-Fc¢™ as employed herein refers to at least two tandem scFvs, wherein

cach one 1s appended to the N-terminus of a CH2 domain, for example via a hinge, of constant region

fragment -CH2CHS3.

[00113] The term ““target™ or “antibody target™ as used herein refers to target antigen to which the
antibody binds.

[00114] The term “Tetrabody™ as employed herein refers to a format similar to the diabody comprising

fours Fvs and four inter-Fv linkers.

[00115] The term “‘therapeutically effective amount™ refers to the amount of an antibody thercof that,
when administered to a subject for treating a disease, 1s sufficient to produce such treatment for the
discase. The therapeutically effective amount will vary depending on the antibody, the disease and its

scverity and the age, weight, etc., of the subject to be treated.

[00116] The term “tribody™ (also referred to a Fab(scFv),) as employed herein refers to a Fab fragment
with a first scFv appended to the C-terminal of the light chain and a second scFv appended to the C-

terminal of the heavy the chain.

[00117] The term ““trispecific or trispecific antibody™ as employed herein refers to an antibody with
three antigen binding specificities. For example, the antibody 1s an antibody with three antigen binding
domains (trivalent), which independently bind three different antigens or three different epitopes on the
same antigen, 1.€¢. cach binding domain 1s monovalent for cach antigen. One of the examples of a

trispecific antibody format 1s TrYbe.

[00118] The terms "prevent”, or "preventing” and the like, refer to obtaining a prophylactic eftect i
terms of completely or partially preventing a disease or symptom thercof. Preventing thus encompasses
stopping the disease from occurring 1n a subject who may be predisposed to the disease but has not yet

been diagnosed as having the disease.

[00119] The terms “‘treatment”, “‘treating” and the like, refer to obtaining a desired pharmacologic
and/or physiologic ettect. The effect may be therapeutic 1n terms of a partial or complete cure for a
disease and/or adverse effect attributable to the disease. Treatment thus encompasses (a) inhibiting the
disease, 1.¢., arresting 1ts development; and (b) rchieving the disease, 1.€., causing regression of the

disecase.

[00120] The term “TrYbe” as employed hercin refers to a tribody comprising two dsscFvs
(Fab(dsscFv):). The term “IL13/IL22 TrYbe™ as employed herein refers to a TrY be that comprises 1L 13-

and IL22 -binding domains, and an albumin-binding domain.
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[00121] The term "vanable region"” or "variable domain" refers to the domain of an antibody heavy or
light chain that 1s involved 1n binding the antibody to antigen. The vanable domains of the heavy chain
(VH) and light chain (VL) of a full length generally have similar structures, with each domain
comprising four conserved framework regions (FRs) and three CDRs. (See, ¢.g., Kindt e al. Kuby
Immunology, 6th ed., W.H. Freeman and Co., page 91 (2007).) A single VH or VL domain may be
sufficient to confer antigen-binding specificity. Each VH and VL 1s composed of three CDRs and four
FRs, arranged from amino-terminus to carboxy-terminus in the following order: FR1, CDRI1, FR2,
CDR2, FR3, CDR3, FR4. The CDRs and the FR together form a variable region. By convention, the
CDRs 1n the heavy chain vanable region of an antibody are reterred as CDR-HI1, CDR-H2 and CDR-
H3 and 1 the light chain vanable regions as CDR-L1, CDR-L2 and CDR-L3. They are numbered
scquentially i the direction from the N-terminus to the C-terminus of cach chain. CDRs are

conventionally numbered according to a system devised by Kabat.

[00122] The term "vector," as used herein, refers to a nucleic acid molecule capable of propagating
another nucleic acid to which 1t 1s linked. The term includes the vector as a self-replicating nucleic acid
structure as well as the vector incorporated into the genome of a host cell into which 1t has been
introduced. Certain vectors are capable of directing the expression of nucleic acids to which they are
operatively linked. Such vectors are referred to herein as "expression vectors." The term “vector”

includes “expression vectors .
[00123] The term “VH refers to the varniable domain (or the sequence) of the heavy chain.

[00124] The term “V-IgG™~ as employed herein 1s a full-length antibody with a variable domain on the

N-terminal of each of the heavy chains or each of the light chains.

[00125] The term VL™ refers to the vanable domain (or the sequence) of the light chain.

Interleukin 22 (1L22)

[00126] The term “interleukin-22"" or “1L22" refers to a class 11 cytokine capable of binding to IL22R 1
(also known as IL22RA1, IL22 receptor 1, or Interleukin-22 receptor subunit alpha-1) and/or a receptor
complex of IL22R1 and IL10RA2 (also known as IL22BP, IL22 binding protein, or Interleukin- 22
Receptor Subunit Alpha 2). IL22 1s also known as interleukin-10 related T cell-derived inducible factor
(IL-TIF). The term refers to naturally occurring or endogenous mammalian IL22 proteins and to proteins
having an amino acid sequence which 1s the same as that of a naturally occurring or endogenous
corresponding mammalian IL22 protein (¢.g., recombinant proteins, synthetic proteins). Accordingly,
as defined herein, the term includes mature IL22 protein, polymorphic or allelic variants, and other
1soforms of IL22 (¢.g., produced by alternative splicing or other cellular processes), and modified or
unmodificd forms of the foregoing (¢.g., Lipidated, glycosylated). Naturally occurring or endogenous
IL22 include wild type protems such as mature IL22, polymorphic or allelic variants and other 1soforms

and mutant forms which occur naturally in mammals (e.g., humans, non- human primates). These
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proteins and proteins having the same amino acid sequence as a naturally occurring or endogenous
corresponding 1L.22 are referred to by the name of the corresponding mammal.
[00127] The amino acid sequence of mature human IL22 corresponds to amino acids 34-179 of SEQ

ID NO:1. Analysis of recombinant human IL22 reveals many structural domains. (Nagem ef al. (2002)
Structure, 10:1051-62; US2002/0187512).

Interleukin 13 (IL13)

[00128] "Interleukin-13" or “IL13” refers to naturally occurring or endogenous mammalian 1L13
proteins and to proteins having an amino acid sequence which 1s the same as that of a naturally occurring
or endogenous corresponding mammalian 1L 13 protein (¢.g., recombinant proteins, synthetic proteins).
Accordingly, as defined herein, the term includes mature IL13 protein, polymorphic or allelic variants,
and other 1soforms of 1L13 (¢.g., produced by altemative splicing or other cellular processes), and
modified or unmodified forms of the foregoing (¢.g., Lipidated, glycosylated). Naturally occurring or
endogenous IL13 include wild type proteins such as mature IL13, polymorphic or allelic varants and
other 1soforms and mutant forms which occur naturally in mammals (e¢.g., humans, non- human
primates). These proteins and protemns having the same amino acid sequence as a naturally occurring or
endogenous corresponding IL13 are referred to by the name of the corresponding mammal. For
example, where the corresponding mammal 1s a human, the protein 1s designated as a human IL13.

Scveral mutant 1L 13 proteins are known 1n the art, such as those disclosed m WO 03/035847.

[00129] The term "human IL13", as used herein, mmcludes a human IL13 cytokine. The term includes a
monomeric protein of 13 kDa polypeptide. The structure of human 1L13 1s described further i, for
example, (Moy, Diblasio ef al. 2001 J Mol Biol 310 219-30). The term human IL13 1s intended to
include recombinant human IL 13 (which can be prepared by standard recombinant expression methods).

The amino acid sequence of mature human 1L 13 corresponds to amino acids 25-146 of SEQ 1D NO:5.

Antibodies and antigen binding domains that bind to 1L22 and IL13

|00130] The present invention provides an antibody that comprises an antigen binding domain that
binds to IL13 ("IL13-binding domain™) and an antigen binding domain that binds to I1L22 (T“1L22-
binding domain™) (multi-specific antibody).

[00131] Alternatively, the IL13 and IL22 antigen-binding domains might also be present on different
antibodies. Hence, the invention in some embodiments utilizes an antibody that comprises an 1L22-
binding domain, and an antibody that comprises an IL13-binding domain. Such antibodies might be a
part of a composition. Alternatively, they might be provided individually, or each in a form of a

composition. The antibody might be a full-length antibody or a fragment of a full-length antibody.

[00132] The antibodies may be (or derived from) polyclonal, monoclonal, fully human, humanized or

chimeric.
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[00133] The antibodies described further in for purposes of reference and example only and do not limit

the scope of mvention.

[00134] An antibody used according to the invention may be a monoclonal antibody or a polyclonal
antibody, and 1s preferably a monoclonal antibody. An antibody used according to the mvention may
be a chimeric antibody, a CDR-grafted antibody, a nanobody, a human or humanized antibody. For the
production of both monoclonal and polyclonal antibodies, the animal used to raise such antibodies 1s
typically a non-human mammal such as a goat, rabbit, rat or mouse but the antibody may also be raised

in other species.

[00135] Polyclonal antibodies may be produced by routine methods such as immunization of a suitable
animal with an antigen of interest. Blood may be subsequently removed from such animal and the

produced antibodies purified.

[00136] Monoclonal antibodics may be made by a varnety of techniques, including but not limited to,
the hybrnndoma method, recombinant DNA methods, phage-display methods, and methods utilizing
transgenic animals containing all or a part of the human immunoglobulin loci. Some exemplary

methods for making monoclonal antibodies are described herein.

[00137] For example, monoclonal antibodies may be prepared using the hybridoma technique (Kohler
& Milstein, 1975, Nature, 256:495-497), the trioma technique, the human B-cell hybridoma technique
(Kozbor ef al., 1983, Immunology Today, 4:72) and thec EBV-hybridoma technique (Cole er al.,
Monoclonal Antibodies and Cancer Therapy, pp77-96, Alan R Liss, Inc., 1985).

[00138] Monoclonal antibodies may also be generated using single lymphocyte antibody methods by
cloning and expressing immunoglobulin varnable region ¢cDNAs gencrated from single lymphocytes
sclected for the production of specific antibodies by for example the methods described in W0O9202551,
W02004051268 and W0O2004106377.

[00139] Antibodies generated against the target polypeptide may be obtained, where immunization of
an animal 1s necessary, by administering the polypeptide to an animal, preferably a non-human animal,
using well-known and routine protocols, see for example Handbook of Experimental Immunology, D.
M. Weir (ed.), Vol 4, Blackwell Scientific Publishers, Oxford, England, 1986). Many animals, such as
rabbits, mice, rats, sheep, cows, camels or pigs may be immunized. However, mice, rabbits, pigs and

rats arc generally used.

[00140] Monoclonal antibodies can also be generated using various. phage display methods known 1n
the art and include those disclosed by Brinkman ef a/. (in J. Immunol. Methods, 1995, 182: 41-50),
Ames ef al. (J. Immunol. Methods, 1993, 184:177-186), Kettleborough ef a/. (Eur. J. Immunol. 1994,
24:952-938), Persic et al. (Gene, 1997 187 9-18), Burton et al. (Advances in Immunology, 1994,
57:191-280). In certain phage display methods, repertoires of VH and VL genes are separately cloned

by polymerase chain reaction (PCR) and recombined randomly in phage libranies, which can then be
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screened for antigen-binding phage as described in Winter ef a/., Ann. Rev. Immunol, 12: 433-455
(1994). Phage typically display antibody fragments, either as single-chain Fv (scFv) fragments or as
Fab fragments. Libranecs from immunized sources provide high-affinity antibodies to the immunogen
without the requirement of constructing hybridomas. Alternatively, the naive repertoire can be cloned
(c.g., from human) to provide a single source of antibodics to a wide range of non-self and also self
antigens without any immunization as described by Griffiths ef a/., EMBO J 12: 725-734 (1993).
Finally, naive libraries can also be made synthetically by cloning unrearranged V-gene segments from
stem cells, and using PCR primers containing random sequence to encode the highly variable CDR3
regions and to accomplish rearrangement 1n vitro, as described by Hoogenboom and Winter, J. Mol.

Biol, 227: 381-388 (1992). Patent publications describing human antibody phage libraries include, for
example: US 35,750,373, and US 2005/0079574, US2005/0119455, US2005/0266000,

US2007/0117126, US2007/0160598, US2007/0237764, US2007/0292936, and US2009/0002360.

[00141] Screening for antibodies can be performed using assays to measure binding to the target
polypeptide and/or assays to measure the ability of the antibody to block a particular interaction. An
example of a binding assay 1s an ELISA, for example, using a fusion protein of the target polypeptide,
which 1s immobilized on plates, and employing a conjugated secondary antibody to detect the antibody
bound to the target. An example of a blocking assay 1s a flow cytometry based assay measuring the
blocking of a ligand protein binding to the target polypeptide. A fluorescently labelled secondary
antibody 1s used to detect the amount of such ligand protein binding to the target polypeptide.

[00142] Antibodies may be 1solated by screening combinatorial libraries for antibodies with the desired
activity or activities. For example, a variety of methods are known 1n the art for generating phage display

libraries and screening such libraries for antibodies possessing the desired binding characteristics.

[00143] Antibodies or antibody fragments 1solated from human antibody librarics are considered human

antibodies or human antibody fragments.

[00144] The antibody may be a full length antibody. More particularly the antibody may be of the I1gG
1sotype. More particularly the antibody may be an IgG1 or Ig(G4.

[00145] The constant region domains of the antibody, if present, may be selected having regard to the
proposed function of the antibody molecule, and 1in particular the effector functions which may be
required. For example, the constant region domains may be human IgA, IgD, IgE, IgG or IgM domains.
In particular, human IgG constant region domains may be used, especially of the IgG1 and 1gG3 1sotypes
when the antibody molecule 1s intended for therapeutic uses and antibody effector functions are
required. Alterna<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>