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AGONISTIC ICOS BINDING PROTEINS

FIELD OF THE INVENTION

The present invention relates generally to immunotherapy in the treatment of human disease
and reduction of adverse events related thereto. More specifically, the present invention relates to the
use of ICOS binding proteins including ICOS agonist antibodies and their use as immunomodulators

in the treatment of cancer, intectious disease and/or sepsis.

BACKGROUND OF THE INVENTION

Enhancing anti-tumor T cell tunction and inducing T cell proliteration 1s a powertul and new
approach for cancer treatment. Three immune-oncology antibodies (e.g., immuno-modulators) are
presently marketed. Anti-CTLA-4 (YERVOY/ipilimumab) 1s thought to augment immune responses
at the point of T cell priming and anti-PD-1 antibodies (OPDIV O/nivolumab and
KEYTRUDA/pembrolizumab) are thought to act in the local tumor microenvironment, by relieving

an inhibitory checkpoint in tumor specitic T cells that have already been primed and activated.

ICOS 1s a co-stimulatory T cell receptor with structural and functional relation to the
CD28/CTLA-4-1g supertamily (Hutloft, et al., "ICOS 1s an inducible T-cell co-stimulator structurally
and functionally related to CD28", Nature, 397: 263-266 (1999)). Activation of ICOS occurs through
binding by ICOS-L (B7RP-1/B7-H2). Neither B7-1 nor B7-2 (ligands for CD28& and CTLA4) bind or
activate ICOS. However, ICOS-L has been shown to bind weakly to both CD28 and CTLA-4 (Yao S
et al., "B7-H2 1s a costimulatory ligand for CD28 1n human”, Immunity, 34(5); 729-40 (2011)).
Expression of ICOS appears to be restricted to T cells. ICOS expression levels vary between different
T cell subsets and on T cell activation status. ICOS expression has been shown on resting TH17, T
follicular helper (TFH) and regulatory T (Treg) cells; however, unlike CD28; it 1s not highly
expressed on naive Tyl and Ty2 effector T cell populations (Paulos CM et al., “The inducible
costimulator (ICOS) 1s critical for the development of human Th17 cells™, Sci1 Transl Med, 2(55);
55ra’78 (2010)). ICOS expression 1s highly induced on CD4+ and CD&+ effector T cells following
activation through TCR engagement (Wakamatsu E, et al., “Convergent and divergent effects of
costimulatory molecules 1n conventional and regulatory CD4+ T cells™, Proc Natal Acad Sc1 USA,
110(3); 1023-8 (2013)). Co-stimulatory signalling through ICOS receptor only occurs in T cells
receiving a concurrent TCR activation signal (Sharpe AH and Freeman GJ. “The B7-CD28
Superfamily”, Nat. Rev Immunol, 2(2); 116-26 (2002)). In activated antigen specific T cells, ICOS
regulates the production of both Tyl and Ty2 cytokines including IFN-y, TNF-a, 1L-10, IL-4, 1L-13

and others. ICOS also stimulates etfector T cell proliferation, albeit to a lesser extent than CD28

(Sharpe AH and Freeman GJ. “The B7-CD28 Superfamily”, Nat. Rev Immunol, 2(2); 116-26 (2002))
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A growing body of literature supports the i1dea that activating ICOS on CD4+ and CD&+
ettector T cells has anti-tumor potential. An ICOS-L-Fc¢ tusion protein caused tumor growth delay
and complete tumor eradication in mice with SA-1 (sarcoma), Meth A (fibrosarcoma), EMT6 (breast)
and P815 (mastocytoma) and EL-4 (plasmacytoma) syngeneic tumors, whereas no activity was
observed 1n the B16-F10 (melanoma) tumor model which 1s known to be poorly immunogenic (Ara G
et al., “Potent activity of soluble B7RP-1-Fc¢ 1n therapy of murine tumors 1n syngeneic hosts™, Int. J
Cancer, 103(4); 501-7 (2003)). The anti-tumor activity of ICOS-L-Fc¢ was dependent upon an intact
immune response, as the activity was completely lost in tumors grown in nude mice. Analysis ot
tumors from ICOS-L-Fc treated mice demonstrated a significant mcrease i CD4+ and CD8+ T cell
infiltration 1n tumors responsive to treatment, supporting the immunostimulatory ettect ot ICOS-L-Fc

1n these models.

Another report using ICOS” and ICOS-L” mice demonstrated the requirement of ICOS
signalling in mediating the anti-tumor activity of an anti-CTLA4 antibody in the B16/Bl6 melanoma
syngeneic tumor model (Fu T et al., “The ICOS/ICOSL pathway 1s required for optimal antitumor
responses mediated by anti-CTLA-4 therapy™, Cancer Res, 71(16); 5445-54 (2011)). Mice lacking
ICOS or ICOS-L had signiticantly decreased survival rates as compared to wild-type mice after anti-
CTLA4 antibody treatment. In a separate study, B16/Bl6 tumor cells were transduced to overexpress
recombinant murine ICOS-L. These tumors were found to be significantly more sensitive to anti-
CTLA4 treatment as compared to a B16/B16 tumor cells transduced with a control protein (Allison J
et al., "Combination immunotherapy for the treatment of cancer”, W0O2011/041613 A2 (2009)).
These studies provide evidence of the anti-tumor potential of an ICOS agonist, both alone and in

combination with other immunomodulatory antibodies.

Emerging data trom patients treated with anti-CTLA4 antibodies also point to the positive
role of ICOS+ etfector T cells 1n mediating an anti-tumor immune response. Patients with metastatic
melanoma (Giacomo AMD et al., “Long-term survival and immunological parameters in metastatic
melanoma patients who respond to ipilimumab 10 mg/kg within an expanded access program”,
Cancer Immunol Immunother., 62(6); 1021-8 (2013)); urothelial (Carthon BC ¢t al., “Preoperative
CTLA-4 blockade: Tolerability and immune monitoring in the setting of a presurgical clinical trial”
Clin Cancer Res., 16(10); 2861-71 (2010)); breast (Vonderheide RH et al., “Tremelimumab 1n
combination with exemestane in patients with advanced breast cancer and treatment-associated
modulation of inducible costimulator expression on patient T cells™, Clin Cancer Res., 16(13); 3485-
94 (2010)); and prostate cancer which have increased absolute counts of circulating and tumor
infiltrating CD4"ICOS™ and CD8'ICOS™ T cells after ipilimumab treatment have significantly better
treatment related outcomes than patients where little or no increases are observed. Importantly, it was

shown that ipilimumab changes the ICOS™ T ettector:T,, ratio, reversing an abundance of T,., pre-

troatmant tn a citonificant alhiinmdancea nf T atfactare ve T fallavrino treatment (T 1alban T at al
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“CTLA-4 blockade increases IFN-gamma producing CD4+ICOShi cells to shift the ratio of effector to
regulatory T cells mn cancer patients”, Proc Natl Acad Sc1 USA. 105(39); 14987-92 (2008)) and
(Vonderheide RH et al., Clin Cancer Res., 16(13); 3485-94 (2010)). Theretore, ICOS positive T
ettector cells are a positive predictive biomarker ot ipilimumab response which points to the potential

advantage of activating this population of cells with an agonist ICOS antibody.

Thus, there 1s a need tor additional T cell proliferation inducing molecules 1n the treatment of

CAIlCCr.

SUMMARY OF THE INVENTION

In one embodiment of the present invention, ICOS binding proteins or antigen binding
portions thereot are provided comprising one or more of: CDRHI as set torth in SEQ ID NO:1;
CDRH?2 as set forth in SEQ ID NO:2; CDRH3 as set forth in SEQ ID NO:3; CDRL]1 as set forth 1n
SEQ ID NO:4; CDRL?2 as set forth in SEQ ID NO:5 and/or CDRL3 as set forth in SEQ ID NO:6 or a
direct equivalent of each CDR wherein a direct equivalent has no more than two amino acid

substitutions 1n said CDR.

In one embodiment ot the present invention, ICOS binding proteins or antigen binding
portions thereot are provided which specifically binds to human ICOS wherein said ICOS binding
protein comprises a Vi domain comprising an amino acid sequence at least 90% 1dentical to the
amino acid sequence set tforth in SEQ ID NO:7 and/or a V{ domain comprising an amino acid

sequence at least 90% identical to the amino acid sequence set forth in SEQ ID NO:S8.

In one embodiment, humanized monoclonal antibodies or antigen binding portions thereot are
provided comprising heavy chain CDRs having the amino acid sequences set forth in SEQ 1D NO:1;
SEQ ID NO:2; and SEQ ID NO:3 and light chain CDRs having the amino acid sequences set forth in
SEQ ID NO:4; SEQ ID NO:5; and SEQ ID NO:6. In one embodiment, humanized monoclonal
antibodies are provided which comprise a hIgG4PE scatfold; a Vi domain comprising an amino acid
sequence set forth in SEQ ID NO:7; and a V; domain comprising an amino acid sequence set torth in
SEQ ID NO:8. The antibodies of the present invention may stimulate cytokine production when

contacted with a T cell.

In one embodiment, ICOS binding proteins are provided that compete for binding to human

ICOS with any one of the ICOS binding proteins or antigen binding portions thereof ot the invention.

In one embodiment, methods are provided for treating cancer, infectious disease and/or sepsis
with an ICOS binding protein or a pharmaceutical composition comprising at least one ICOS binding

protein of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
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Figure 2: Proliferation in CD4+CD25- T cells.

Figure 3: H2LS5 humanized variant of anti-ICOS 422.2 shows better cytokine production in PBMC
cells.

Figure 4: 422 H2LS IgG1 induced decreased T cell viability which was not apparent with Fc-disabled
or higG4PE 1sotypes.

Figure 5: Dose response of H2LS hlgG4PE induced prointlammatory cytokine induction in human
CD4+ T cells.

Figure 6: H2LS5 higG4PE induces proliteration, cytokine production and increased cytotoxic potential

in activated PBMCs trom healthy human donors.

Figure 7: Meso Scale Discovery (MSD) assay showing the inhibition of ICOS-L binding to ICOS by
H2L5 hlgG4PE, indicating that it binds to the same epitope on ICOS as ICOS-L and competes for
binding.

Figure 8: Recovered antibody Vy and Vi genes from RNA of hybridoma clone 422.2.

Figure 9: Protein sequences of heavy and light chains of H2L5 higG4PE with signal sequence.
Figure 10: DNA sequence of coding region of H2LS hlgG4PE heavy chain with signal sequence.
Figure 11: DNA sequence of coding region of H2LS hlgG4PE light chain with signal sequence.

Figure 12: Plasma concentrations of H2LS hlgG4PE 1in cynomolgus monkeys. Concentrations were
determined after the (A) first or (B) second dose (day 15) of H2LS hlgG4PE. Animals were

sacrificed 48 hours post second dose tor tissue sample collection and histopathology analysis.

Figure 13: Detection of H2LS higG4PE binding to CD4+ T cells from the spleen and axillary lymph

nodes of monkeys. Tissue was collected 48 hours post-second dose (Day 17).

Figure 14: Receptor Occupancy of H2L5 hIgG4PE 1 blood CD4+ T cells from cynomolgus

monkeys.

(A) ICOS “free receptor” as measured by positive binding of the anti-ICOS fluorescently
labelled antibody used for tflow cytometry, which binds only when H2LS5 hIgGG4PE 1s not present.

(B) Receptor bound H2L5 hlgG4PE on peripheral blood CD4+ cells as measured by

fluorescently labelled anti-Human IgG.

Figure 15 (a) Phospho-AKT (T308) expression levels in Ba/F3-1COS cells treated with
H2L5 hlgG4PE - Intracellular signalling antibody array (b) Phospho-AKT (S473) expression levels
in Ba/F3-ICOS cells treated with H2LS hlgG4PE - Intracellular signalling antibody array.
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Figure 16: H2LS5 hIgG4PE 1n combination with ipilimumab results increased proimnflammatory

cytokine production as compared to single antibody treatment in PBMC pre-stimulation assay.

Figure 17: H2LS hlgG4PE 1in combination with pembrolizumab results increased prointlammatory

cytokine production as compared to single antibody treatment in PBMC pre-stimulation assay.

Figure 18: H2LS5 hlgG4PE plus ipilimumab combination induces increased promflamatory cytokine

production 1 a modified MLR assay with CEFT peptide and pre-incubation.

Figure 19: H2LS5 hlgG4PE plus pembrolizumab combination induces increased prointlamatory

cytokine production in a modified MLR assay with CEFT peptide and pre-incubation.

Figure 20: H2LS higG4PE anti-ICOS agonist mAb alone and 1n combination with pembrolizumab

results 1 tumor growth imhibition in a human PBMC A2058 Melanoma mouse tumor model.

Figure 21: anti-ICOS murine surrogate mAb results 1n significant tumor growth inhibition and
increased survival in combination with an anti-PD1 murine surrogate mAb in the CT26 mouse tumor

model.

Figure 22: anti-ICOS murine surrogate mAb results 1in significant tumor growth ihibition and
increased survival in combination with an anti-PD1 murine surrogate mAb in the EMT6 mouse tumor

model.

DETAILED DESCRIPTION OF THE INVENTION
DEFINITIONS

As used herein “ICOS™ means any Inducible T-cell costinmulator protein. Pseudonyms for
{COS {(Inductble T-cell COStumulator) include AILIM; CD278; CVIDI1, JTT-1 ot 3112, MGC39850,
or 8F4, ICOS 18 a CDZ23-superfamily costinniatory molecule that 18 expressed on activated T cells.
The protemn encoded by this gene belongs o the CDZR and CTLA-4 cell-surtace receptor tamly., It
forms homodimers and plays an smportant role i cell-cell signaling, ivnune responses, and
regulation of cell prolgeration. The amino acid sequence of huwman COS 18 shown below as SEQ 1D

N 1O

MKSGLWYFFLECLRIKVLTGEINGSANYEMEITI FHNGGVQILCKYPDIVOQOQEFKMOLLKGGQI LCDLTKTKGSGNTYV

SIKSLKFCHSQLSNNSVSEFFLYNLDHSHANYYEFCNLSIFDPPPERKVITLTGGYLHIYESQLCCQLKEWLPIGCAAE

VVVCILGCILICWLTKKM (SEQ ID NO:10)

As used herein “ICOS-L” and “1COS Ligand™ are used interchangeably and refer to the

membrane bound natural ligand of human ICOS. ICOS ligand 1s a protein that in humans 1s encoded
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by the ICOSLG gene. ICOSLG has also been designated as CD275 (cluster of differentiation 275).
Pseudonyms for ICOS-L include B7RP-1 and B7-H2.

As used herein the term “agonist™ refers to an antigen binding protein, for example an ICOS
binding protein, which upon contact with ICOS causes one or more of the following (1) stimulates or
activates the ICOS receptor, (2) enhances, increases or promotes, induces or prolongs an activity,
function or presence of ICOS and/or (3) enhances, increases, promotes or induces the expression of
the ICOS. Agonist activity can be measured in vitro by various assays know 1n the art such as, but not
limited to, measurement of cell signaling, cell proliteration, immune cell activation markers, cytokine
production. Agonist activity can also be measured in vivo by various assays that measure surrogate

end points such as, but not limited to the measurement of T cell proliferation or cytokine production.

As used herein the term “cross competes for binding™” refers to any ICOS binding protein that
will compete for binding to ICOS with any of the ICOS binding proteins of the present invention.
Competition for binding between two molecules tor ICOS can be tested by various methods known 1n
the art including Flow cytometry, Meso Scale Discovery and ELISA. Binding can be measured
directly, meaning two or more binding proteins can be put in contact with ICOS and binding may be
measured for one or each. Alternatively, binding of molecules or interest can be tested against the

binding or natural ligand and quantitatively compared with each other.

The term “ICOS binding protein™ as used herein refers to antibodies and other protein
constructs, such as domains, which are capable of binding to ICOS. In some instances, the ICOS 1s
human ICOS. The term “ICOS binding protein™ can be used interchangeably with “ICOS antigen
binding protein.” Thus, as 1s understood 1n the art, anti-ICOS antibodies and/or ICOS antigen binding
proteins would be considered ICOS binding proteins. As used herein, “antigen binding protein™ 1s
any protein, including but not limited to antibodies, domains and other constructs described herein,
that binds to an antigen, such as ICOS. As used herein “antigen binding portion™ of an ICOS binding
protein would include any portion of the ICOS binding protein capable of binding to ICOS, including

but not limited to, an antigen binding antibody fragment.

The term “antibody™ 1s used herein 1n the broadest sense to refer to molecules with an
immunoglobulin-like domain (for example IgG, IgM, IgA, 1gD or IgE) and includes monoclonal,
recombinant, polyclonal, chimeric, human, humanized, multispecitic antibodies, including bispecific
antibodies, and heteroconjugate antibodies; a single variable domain (e.g., Vg, Vugu, VL, domain
antibody (dAb™")), antigen binding antibody fragments, Fab, F(ab’) _» Fv, disulphide linked Fv, single
chain Fv, disulphide-linked scFv, diabodiecs, TANDABST™_ ¢tc. and modified versions of any of the

foregoing.

Alternative antibody tormats include alternative scatfolds in which the one or more CDRs of
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skeleton, such as an atfibody, a SpA scatfold, an LDL receptor class A domain, an avimer or an EGF

domain.

The term “domain™ refers to a folded protein structure which retains its tertiary structure
independent of the rest ot the protein. Generally domains are responsible for discrete tfunctional
properties of proteins and 1 many cases may be added, removed or transterred to other proteins

without loss of function of the remainder of the protein and/or of the domain.

The term ““single variable domain™ refers to a folded polypeptide domain comprising
sequences characteristic of antibody variable domains. It theretore includes complete antibody
variable domains such as Vg, Vgg and Vi, and modified antibody variable domains, for example, in
which one or more loops have been replaced by sequences which are not characteristic ot antibody
variable domains, or antibody variable domains which have been truncated or comprise N- or C-
terminal extensions, as well as folded fragments of variable domains which retain at least the binding
activity and specificity of the tull-length domain. A single variable domain 1s capable ot binding an
antigen or epitope independently of a different variable region or domain. A “domain antibody™ or
“dAb"™” may be considered the same as a “single variable domain”. A single variable domain may
be a human single variable domain, but also includes single variable domains from other species such
as rodent nurse shark and Camelid Vi dAbs' . Camelid Vi are immunoglobulin single variable
domain polypeptides that are derived from species including camel, llama, alpaca, dromedary, and
guanaco, which produce heavy chain antibodies naturally devoid ot light chains. Such Vg domains
may be humanized according to standard techniques available 1n the art, and such domains are

considered to be “single variable domains™. As used herein Vy includes camelid Vg domains.

An antigen binding fragment may be provided by means of arrangement of one or more
CDRs on non-antibody protein scaffolds. “Protein Scaffold™ as used herein includes but 1s not limited
to an immunoglobulin (Ig) scattold, tor example an IgG scatfold, which may be a four chain or two
chain antibody, or which may comprise only the Fc region of an antibody, or which may comprise one
or more constant regions from an antibody, which constant regions may be of human or primate

origin, or which may be an artificial chimera of human and primate constant regions.

The protein scatfold may be an Ig scattold, for example an 1gG, or IgA scatfold. The IgG
scattold may comprise some or all the domains of an antibody (1.e. CH1, CH2, CH3, Vy, V1). The
antigen binding protein may comprise an IgG scatfold selected from IgG1, 1gG2, 1gG3, 1gG4 or
IgG4PE. For example, the scatfold may be Ig(G1. The scatfold may consist of, or comprise, the Fc

region of an antibody, or 1s a part thereof.

The protein scatfold may be a derivative of a scattold selected trom the group consisting ot

CTLA-4, lipocalin, Protein A derived molecules such as Z-domain of Protein A (Atffibody, SpA), A-

domain (Avimer/Maxihodv): heat chock nroteing siich ag GiroFl and GiroES: transferrin (tran<-hoadv):
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ankyrin repeat protein (DARP1n); peptide aptamer; C-type lectin domain (Tetranectin); human vy-
crystallin and human ubiquitin (atfilins); PDZ domains; scorpion toxin kunitz type domains of human
protease inhibitors; and tibronectin/adnectin; which has been subjected to protein engineering in order

to obtain binding to an antigen, such as ICOS, other than the natural ligand.

Antigen binding site refers to a site on an antigen binding protein which 1s capable of
specifically binding to an antigen, this may be a single variable domain, or it may be paired Vy/Vy
domains as can be found on a standard antibody. Single-chain Fv (ScFv) domains can also provide
antigen-binding sites. The term “epitope-binding domain™ refers to a domain that specifically binds to

a region of an antigen known as the epitope independently of a ditferent domain.

The term multi-specific antigen binding protein refers to antigen binding proteins which
comprise at least two different antigen binding sites. Each of these antigen-binding sites will be
capable of binding to a different epitope, which may be present on the same antigen or ditferent
antigens. The multi-specific antigen binding protein will have specificity for more than one antigen,

for example two antigens, or for three antigens, or for four antigens.

Examples of multi-specific antigen binding proteins include those that consist of, or consist
essentially of, an Fc region of an antibody, or a part thereot, linked at each end, directly or indirectly
(for example, via a linker sequence) to a binding domain. Such an antigen binding protein may
comprise two binding domains separated by an Fc region, or part thereot. By separated 1s meant that
the binding domains are not directly linked to one another, and may be located at opposite ends (C

and N terminus) of an Fc region, or any other scattold region.

The antigen binding protein may comprise two scatfold regions each bound to two binding
domains, for example at the N and C termini of each scatfold region, either directly or indirectly via a

linker. Each binding domain may bind to a different antigen.

As used herein, the term mAbdAD reters to a monoclonal antibody linked to a further binding
domain, 1n particular a single variable domain such as a domain antibody. A mAbdADb has at least
two antigen binding sites, at least one of which 1s from a domain antibody, and at least one 1s from a

paired Vy/VL domain.

A "dAb™ conjugate" refers to a composition comprising a dAb to which a drug is chemically
conjugated by means of a covalent or noncovalent linkage. Preterably, the dAb and the drug are
covalently bonded. Such covalent linkage could be through a peptide bond or other means such as via
a moditied side chain. The noncovalent bonding may be direct (e.g., electrostatic interaction,
hydrophobic interaction) or indirect (e.g., through noncovalent binding ot complementary binding
partners (e.g., biotin and avidin), wherein one partner 18 covalently bonded to drug and the

complementary binding partner is covalently bonded to the dAb'"). When complementary binding
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through a suitable linker moiety, and the complementary binding partner can be covalently bonded to

the dAb" directly or through a suitable linker moiety.

As used herein, "dAb " fusion" refers to a fusion protein that comprises a dAb' " and a
polypeptide drug (which could be a dAb"™ or mAb). The dAb" " and the polypeptide drug are present

as discrete parts (moieties) of a single continuous polypeptide chain.

In one embodiment, antigen binding proteins of the present disclosure show cross-reactivity
between human ICOS and ICOS from another species, such as cynomolgus ICOS. In an embodiment,
the antigen binding proteins of the invention specifically bind human and cynomolgus ICOS. The
provision of a drug that can bind human and monkey species allows one to test results 1in these system
and make side-by-side comparisons of data using the same drug. Cross reactivity between other

species used 1n disease models such as dog or monkey, 1n particular monkey, 1s envisaged.

Competition between an ICOS binding protein and a reference ICOS binding protein may be
determined by competition MSD, ELISA, FMAT or BlAcore. In one embodiment, the competition
assay 1s carried out by comparison of an ICOS binding protein with ICOS ligand binding. There are
several possible reasons for this competition: the two proteins may bind to the same or overlapping
epitopes, there may be steric inhibition of binding, or binding of the first protein may induce a

conformational change 1n the antigen that prevents or reduces binding ot the second protein.

The term “neutralizes™ as used throughout the present specification means that the interaction
between ICOS and ICOS-L 1s reduced 1n the presence of an antigen binding protein as described
herein in comparison to the interaction of ICOS and ICOS-L 1n the absence of the ICOS binding
protein, in vitro or in vivo. Neutralization may be due to one or more of blocking ICOS binding to its
ligand, preventing ICOS trom being activated by its ligand, down regulating ICOS or 1ts receptor, or
atfecting ettector tunctionality. For example, the ligand binding competition described in Examples 3

and 5 may be used to assess the neutralizing capability of an ICOS binding protein.

The effect of an ICOS binding protein on the interaction between ICOS and ICOS-L may be
partial or total. A neutralising ICOS binding protein may block the interaction of ICOS with ICOS-L
by at least 20%, 30% 40%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 82%, 84%, 86%, 88%, 90%,

02%, 949, 95%, 969, 97%, 98%, 99% or 100% relative to ICOS — ICOS-L 1nteractions 1n the
absence of the ICOS binding protein.

Neutralization may be determined or measured using one or more assays known to the skilled

person or as described herein.

Attty 1s the strength ot binding of one molecule, e.g. an antigen binding protein of the
invention, to another, e.g. 1ts target antigen, at a single binding site. The binding affinity of an antigen

binding protein to its target may be determined by equilibrium methods (e.g. enzyme-linked
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immunoabsorbent assay (ELISA) or radioommunoassay (RIA)), or kinetics (e.g. BIACORE™
analysis). For example, the Biacore'" methods described in Example 5 may be used to measure

binding atfinity.

Avidity 1s the sum total of the strength of binding ot two molecules to one another at multiple

sites, e.g. taking into account the valency of the interaction.

In an embodiment, the equilibrium dissociation constant (KD) of the ICOS binding protein-
ICOS mteraction 1s 100 nM or less, 10 nM or less, 2 nM or less or 1 nM or less. Alternatively the KD
may be between 5 and 10 nM; or between 1 and 2 nM. The KD may be between 1 pM and 500 pM;
or between 500 pM and 1 nM. A skilled person will appreciate that the smaller the KD numerical
value, the stronger the binding. The reciprocal of KD (1.e. 1/KD) 1s the equilibrium association
constant (KA) having units M. A skilled person will appreciate that the larger the KA numerical

value, the stronger the binding.

The dissociation rate constant (kd) or ““off-rate” describes the stability of the ICOS binding
protein ICOS complex, 1.e. the fraction of complexes that decay per second. For example, a kd ot
0.01 s equates to 1% of the complexes decaying per second. In an embodiment, the dissociation rate
constant (kd) 1s 1x10~° s orless, 1x10* s or less, 1x10° s or less, or 1x10° s or less. The kd may
be between 1x10° s and 1x10™ s'or between 1x10* s and 1x107 s,

The association rate constant (ka) or “on-rate” describes the rate of ICOS binding protein-
ICOS complex formation. In an embodiment, the association rate constant (ka) 1s about 1.0 x 10°M

1 -1
S .

By “1solated™ 1t 1s intended that the molecule, such as an antigen binding protein or nucleic
acid, 1s removed tfrom the environment in which 1t may be found in nature. For example, the molecule
may be puritied away from substances with which 1t would normally exist in nature. For example, the

mass of the molecule 1n a sample may be 95% of the total mass.

The term “expression vector” as used hereimn means an 1solated nucleic acid which can be used
to introduce a nucleic acid ot interest mnto a cell, such as a eukaryotic cell or prokaryotic cell, or a cell
free expression system where the nucleic acid sequence of interest 18 expressed as a peptide chain
such as a protein. Such expression vectors may be, tor example, cosmids, plasmids, viral sequences,
transposons, and linear nucleic acids comprising a nucleic acid of interest. Once the expression vector
1s mtroduced 1nto a cell or cell free expression system (e.g., reticulocyte lysate) the protein encoded
by the nucleic acid of interest 1s produced by the transcription/translation machinery. Expression
vectors within the scope of the disclosure may provide necessary elements for eukaryotic or
prokaryotic expression and include viral promoter driven vectors, such as CMYV promoter driven

vectors, e.g., pcDNA3.1, pCEP4, and their derivatives, Baculovirus expression vectors, Drosophila

exnresion vectors and exnresion vectors that are driven hv mammalian oene nromoters ich ag
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human Ig gene promoters. Other examples include prokaryotic expression vectors, such as T7
promoter driven vectors, e.g., pET41, lactose promoter driven vectors and arabinose gene promoter
driven vectors. Those of ordinary skill in the art will recognize many other suitable expression

vectors and expression systems.

The term “recombinant host cell” as used herein means a cell that comprises a nucleic acid
sequence of interest that was 1solated prior to 1ts introduction into the cell. For example, the nucleic
acid sequence of interest may be 1n an expression vector while the cell may be prokaryotic or
eukaryotic. Exemplary eukaryotic cells are mammalian cells, such as but not limited to, COS-1,
COS-7, HEK293, BHK21, CHO, BSC-1, HepG2, 653, SP2/0, NSO, 293, HeLa, myeloma, lymphoma
cells or any derivative thereot. Most preferably, the eukaryotic cell 1s a HEK293, NSO, SP2/0, or
CHO cell. E. coli1s an exemplary prokaryotic cell. A recombinant cell according to the disclosure
may be generated by transfection, cell fusion, immortalization, or other procedures well known in the
art. A nucleic acid sequence of imnterest, such as an expression vector, transfected into a cell may be

extrachromasomal or stably integrated into the chromosome ot the cell.

A “chimeric antibody” refers to a type of engineered antibody which contains a naturally-
occurring variable region (light chain and heavy chains) derived from a donor antibody 1n association

with light and heavy chain constant regions derived from an acceptor antibody.

A “humanized antibody™ refers to a type of engineered antibody having its CDRs derived
from a non-human donor immunoglobulin, the remaining immunoglobulin-derived parts of the
molecule being derived from one or more human immunoglobulin(s). In addition, framework support
residues may be altered to preserve binding affinity (see, e.g., Queen et al. Proc. Natl Acad Sc1 USA,
86:10029-10032 (1989), Hodgson, et al., Bio/Technology, 9:421 (1991)). A suitable human acceptor
antibody may be one selected from a conventional database, e.g., the KABAT™ database, Los
Alamos database, and Swiss Protein database, by homology to the nucleotide and amino acid
sequences of the donor antibody. A human antibody characterized by a homology to the framework
regions of the donor antibody (on an amino acid basis) may be suitable to provide a heavy chain
constant region and/or a heavy chain variable tramework region for insertion ot the donor CDRs. A
suitable acceptor antibody capable of donating light chain constant or variable framework regions
may be selected 1n a similar manner. It should be noted that the acceptor antibody heavy and light

chains are not required to originate from the same acceptor antibody. The prior art describes several

ways of producing such humanized antibodies — see, for example, EP-A-0239400 and EP-A-0549351.

The term "fully human antibody" includes antibodies having variable and constant regions (if
present) derived from human germline immunoglobulin sequences. The human sequence antibodies
of the mvention may include amino acid residues not encoded by human germline immunoglobulin

sequences (e.g., mutations mtroduced by random or site-specific mutagenesis in vitro or by somatic
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mutation 1 vivo). Fully human antibodies comprise amino acid sequences encoded only by
polynucleotides that are ultimately of human origin or amino acid sequences that are 1dentical to such
sequences. As meant herein, antibodies encoded by human immunoglobulin-encoding DNA 1inserted
into a mouse genome produced 1n a transgenic mouse are fully human antibodies since they are
encoded by DNA that 1s ultimately of human origin. In this situation, human immunoglobulin-
encoding DNA can be rearranged (to encode an antibody) within the mouse, and somatic mutations
may also occur. Antibodies encoded by originally human DNA that has undergone such changes in a
mouse are fully human antibodies as meant herein. The use of such transgenic mice makes 1t possible
to select fully human antibodies against a human antigen. As 1s understood in the art, fully human
antibodies can be made using phage display technology wherein a human DNA library 1s inserted in

phage tor generation of antibodies comprising human germline DNA sequence.

The term “donor antibody™ refers to an antibody that contributes the amino acid sequences of
its variable regions, CDRs, or other functional fragments or analogs thereof to a first immunoglobulin
partner. The donor, theretore, provides the altered immunoglobulin coding region and resulting
expressed altered antibody with the antigenic specificity and neutralising activity characteristic of the

donor antibody.

The term “acceptor antibody™ refers to an antibody that 1s heterologous to the donor antibody,
which contributes all (or any portion) of the amino acid sequences encoding its heavy and/or light
chain framework regions and/or its heavy and/or light chain constant regions to the first

immunoglobulin partner. A human antibody may be the acceptor antibody.

The terms Vg~ and “V.” are used herein to refer to the heavy chain vanable region and light

chain variable region respectively of an antigen binding protein.

“CDRs” are defined as the complementarity determining region amino acid sequences of an
antigen binding protemn. These are the hypervariable regions of immunoglobulin heavy and light
chains. There are three heavy chain and three light chain CDRs (or CDR regions) in the variable
portion of an immunoglobulin. Thus, "CDRs" as used herein reters to all three heavy chain CDRs, all

three light chain CDRs, all heavy and light chain CDRs, or at least two CDREs.

Throughout this specification, amino acid residues 1n variable domain sequences and full
length antibody sequences are numbered according to the Kabat numbering convention. Similarly,
the terms “CDR”™, “CDRL1”, “"CDRL2”, “CDRL3”, “CDRHI1”, “"CDRH2”, “CDRH3" used 1n the
Examples follow the Kabat numbering convention. For further information, see Kabat et al.,
Sequences of Proteins of Immunological Interest, Sth Ed., U.S. Department of Health and Human

Services, National Institutes of Health (1991).

It will be apparent to those skilled 1n the art that there are alternative numbering conventions
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also alternative numbering conventions for CDR sequences, for example those set out in Chothia et al.
(1989) Nature 342: 877-883. The structure and protein folding of the antibody may mean that other
residues are considered part of the CDR sequence and would be understood to be so by a skilled

person.

Other numbering conventions for CDR sequences available to a skilled person include
“AbM” (University of Bath) and “contact™ (University College London) methods. The minimum
overlapping region using at least two of the Kabat, Chothia, AbM and contact methods can be

determined to provide the “minimum binding unit”. The minimum binding unit may be a sub-portion

of a CDR.

Table 1 below represents one definition using each numbering convention tor each CDR or
binding unit. The Kabat numbering scheme 1s used i1n Table 1 to number the variable domain amino
acid sequence. It should be noted that some ot the CDR detinitions may vary depending on the

individual publication used.

Table 1
Kabat CDR Chothia AbM CDR Contact CDR | Minimum binding
CDR unit

H1 31-35/35A/ 35B | 26-32/33/34 | 26-35/35A/35B | 30-35/35A/35B | 31-32

H2 | 50-65 52-56 50-58 47-58 52-56

H3 | 95-102 95-102 95-102 93-101 95-101

L1 24-34 24-34 24-34 30-36 30-34

L2 50-56 50-56 50-56 46-55 50-55

L3 89-97 89-97 89-97 89-96 89-96

Accordingly, ICOS binding proteins are provided, which comprises any one or a combination

of the following CDRs:

CDRH1: DYAMH (SEQ ID NO:1)

CDRHZ: LISIYSDHTNYNQKEFQG (SEQ ID NO:2)

CDRH3: NNYGNYGWYFEFDV (SEQ ID NO:3)

CDRL1: SASSSVSYMH (SEQ ID NO:4)

CDRLZ: DTSKLAS (SEQ ID NO:5)

CDRL3: FOQGSGYPYT (SEQ ID NO:o©)

In one embodiment ot the present invention the ICOS binding protein comprises CDRHI1
(SEQ ID NO:1), CDRH2 (SEQ ID NO:2), and CDRH3 (SEQ ID NO:3) 1n the heavy chain variable
region having the amino acid sequence set forth in SEQ ID NO:7. ICOS binding proteins of the

i imm o mam A ¢ e et i e i am i ool Mo D 0 VD L oo Ml Tl ool ALY o L L o me L d. T OTTONY TTY NTONLTT
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are designated as “H2.” In some embodiments, the ICOS binding proteins of the present invention
comprise a heavy chain variable region having at least 90% sequence 1dentity to SEQ ID NO:7.

Suitably, the ICOS binding proteins of the present invention may comprise a heavy chain variable

region having about 83%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 949%, 95%, 96%, 97%, 98%,
99%, or 100% sequence 1dentity to SEQ ID NO:7.

Humanized Heavy Chain (V) Variable Region (H2):

QVQLVQSGAE VKKPGSSVKYV SCRKASGYTET DYAMHWVRQA PGQGLEWMGL ISIYSDHTNY

NQKEFQGRVTI TADKSTSTAY MELSSLRSED TAVYYCGRNN YGNYGWYEDV WGQGTTVIVS S

(SEQ ID NO:7)

In one embodiment ot the present invention the ICOS binding protein comprises CDRL1
(SEQ ID NO:4), CDRL2 (SEQ ID NO:5), and CDRL3 (SEQ ID NO:6) 1n the light chain variable
region having the amino acid sequence set forth in SEQ ID NO:8. ICOS binding proteins of the
present invention comprising the humanized light chain variable region set forth in SEQ ID NO:8 are
designated as “L5.” Thus, an ICOS binding protein of the present invention comprising the heavy
chain variable region of SEQ ID NO:7 and the light chain variable region of SEQ ID NO:8 can be
designated as H2LS herein.

Suitably a leader sequence for the variable heavy chain and light chain constructs 1s show in

Figure 9 and includes, but 1s not limited to: MGWSCIILFLVATATGVHS (SEQ ID NO:11)

In some embodiments, the ICOS binding proteins of the present invention comprise a light
chain variable region having at least 90% sequence 1dentity to the amino acid sequence set forth in

SEQ ID NO:8. Suitably, the ICOS binding proteins of the present invention may comprise a light
chain variable region having about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% sequence 1dentity to SEQ ID NO:8.

Humanized Light Chain (V;) Variable Region (L5)

EIVLTQSPAT LOSLSPGERAT LSCSASSSVS YMHWYQOQOKPG QAPRLLIYDT SKLASGIPAR

FSGSGSGTDY TLTISSLEPE DFAVYYCFQG SGYPYTFGQOG TKLEIK (SEQ ID NO:8)

CDRs or mimimum binding units may be modified by at least one amino acid substitution,

deletion or addition, wherein the variant antigen binding protein substantially retains the biological

characteristics of the unmoditied protein, such as a murine antibody produced trom clone 422.2 or an

antibody comprising SEQ ID NO:7 and SEQ ID NO:8.

It will be appreciated that each of CDR H1, H2, H3, L1, L2, L3 may be moditied alone or in
combination with any other CDR, 1n any permutation or combination. In one embodiment, a CDR 1s

modified by the substitution, deletion or addition of up to 3 amino acids, for example 1 or 2 amino
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acids, for example 1 amino acid acid. Typically, the moditication i1s a substitution, particularly a

conservative substitution, for example as shown in Table 2 below.

Table 2
Side chain Members
Hydrophobic Met, Ala, Val, Leu, lle
Neutral hydrophilic Cys, Ser, Thr
Acidic Asp, Glu
Basic Asn, Gln, His, Lys, Arg
Residues that intluence chain orientation Gly, Pro
Aromatic Trp, Tyr, Phe

For example, 1n a variant CDR, the amino acid residues of the minimum binding unit may
remain the same, but the tlanking residues that comprise the CDR as part of the Kabat or Chothia

definition(s) may be substituted with a conservative amino acid residue.

Such antigen binding proteins comprising modified CDRs or minimum binding units as
described above may be referred to herem as “functional CDR variants™ or “functional binding unit
variants”. Suitably, in one embodiment ICOS binding proteins are provided comprising one or more

CDRs having the amino acid sequences set forth in SEQ ID NOs:1, 2, 3, 4, 5, and/or 6 and/or a

function CDR variant thereof.

The term "epitope” as used herein refers to that portion of the antigen that makes contact with
a particular binding domain of the antigen binding protein. An epitope may be linear or
conformational/discontinuous. A contormational or discontinuous epitope comprises amino acid
residues that are separated by other sequences, 1.e. not 1 a continuous sequence in the antigen's
primary sequence. Although the residues may be trom ditferent regions ot the peptide chain, they are
in close proximity in the three dimensional structure of the antigen. In the case of multimeric
antigens, a conformational or discontinuous epitope may include residues trom ditterent peptide
chains. Particular residues comprised within an epitope can be determined through computer
modelling programs or via three-dimensional structures obtained through methods known 1n the art,

such as X-ray crystallography.

The CDRs L1, L2, L3, H]l and H2 tend to structurally exhibit one of a finite number of main
chain conformations. The particular canonical structure class of a CDR 1s defined by both the length
of the CDR and by the loop packing, determined by residues located at key positions in both the
CDRs and the framework regions (structurally determining residues or SDRs). Martin and Thornton
(1996; ] Mol Biol 263:800-815) have generated an automatic method to define the “key residue™
canonical templates. Cluster analysis 1s used to define the canonical classes for sets ot CDRs, and

canonical templates are then 1dentified by analysing buried hydrophobics, hydrogen-bonding residues,
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classes by comparing the sequences to the key residue templates and scoring each template using

identity or similarity matrices.

There may be multiple variant CDR canonical positions per CDR, per corresponding CDR,
per binding unit, per heavy or light chain variable region, per heavy or light chain, and per antigen
binding protein, and theretore any combination of substitution may be present in the antigen binding
protein of the invention, provided that the canonical structure of the CDR 1s maintained such that the

antigen binding protein 1s capable of specifically binding ICOS.

As discussed above, the particular canonical structure class of a CDR 1s defined by both the
length ot the CDR and by the loop packing, determined by residues located at key positions in both

the CDRs and the framework regions.

“Percent 1dentity” between a query nucleic acid sequence and a subject nucleic acid sequence
1s the “Identities™ value, expressed as a percentage, that 1s calculated by the BLASTN algorithm when
a subject nucleic acid sequence has 100% query coverage with a query nucleic acid sequence atter a
pair-wise BLASTN alignment 18 performed. Such pair-wise BLASTN alignments between a query
nucleic acid sequence and a subject nucleic acid sequence are pertormed by using the detault settings

of the BLASTN algorithm available on the National Center for Biotechnology Institute’s website with

the filter for low complexity regions turned off. Importantly, a query nucleic acid sequence may be

described by a nucleic acid sequence 1dentified in one or more claims herein.

“Percent 1dentity” between a query amino acid sequence and a subject amino acid sequence is
the “Identities™ value, expressed as a percentage, that 1s calculated by the BLASTP algorithm when a
subject amino acid sequence has 100% query coverage with a query amino acid sequence after a pair-
wise BLASTP alignment 1s performed. Such pair-wise BLASTP alignments between a query amino
acid sequence and a subject amino acid sequence are performed by using the detault settings of the
BLASTP algorithm available on the National Center for Biotechnology Institute’s website with the
filter tor low complexity regions turned off. Importantly, a query amino acid sequence may be

described by an amino acid sequence identified 1n one or more claims herein.

The query sequence may be 100% identical to the subject sequence, or it may include up to a
certain mteger number of amino acid or nucleotide alterations as compared to the subject sequence
such that the % 1dentity 1s less than 100%. For example, the query sequence 1s at least 50, 60, 70, 73,
80, 83, 90, 95, 96, 97, 98, or 99% 1dentical to the subject sequence. Such alterations include at least
one amino acid deletion, substitution (including conservative and non-conservative substitution), or
insertion, and wherein said alterations may occur at the amino- or carboxy-terminal positions of the
query sequence or anywhere between those terminal positions, interspersed either individually among

the amino acids or nucleotides 1n the query sequence or in one or more contiguous groups within the

Aalerv seatience
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The % 1dentity may be determined across the entire length ot the query sequence, including
the CDR(s). Alternatively, the % 1dentity may exclude the CDR(s), for example the CDR(s) 1s 100%
identical to the subject sequence and the % 1dentity variation 1s 1n the remaining portion of the query

sequence, so that the CDR sequence 1s fixed/intact.

The variant sequence substantially retains the biological characteristics of the unmoditied

protein, such as SEQ ID NO:7 or SEQ ID NO:S.

The Vg or Vi sequence may be a variant sequence with up to 15 amino acid substitutions,
additions or deletions. For example, the variant sequence may have up to 135, 14, 13, 12, 11, 10, 9, &,

7,6,5,4, 3,2 or 1 amino acid substitution(s), addition(s) or deletion(s).

The sequence variation may exclude the CDR(s), tor example the CDR(s) 1s the same as the
Vyu or Vi (or HC or LC) sequence and the variation 1s 1n the remaining portion of the Vyor Vi (or HC

or LC) sequence, so that the CDR sequence 1s tfixed/intact.

The skilled person will appreciate that, upon production of an antigen binding protein such as
an antibody, in particular depending on the cell line used and particular amino acid sequence ot the
antigen binding protein, post-translational modifications may occur. For example, this may include
the cleavage of certain leader sequences, the addition of various sugar moieties 1n various
glycosylation and phosphorylation patterns, deamidation, oxidation, disultide bond scrambling,
isomerisation, C-terminal lysine clipping, and N-terminal glutamine cyclisation. The present
invention encompasses the use of antigen binding proteins which have been subjected to, or have
undergone, one or more post-translational modifications. Thus an “antigen binding protein™ or
“antibody” of the invention includes an “antigen binding protein™ or “antibody”, respectively, as

defined earlier which has undergone a post-translational modification such as described herein.

Deamidation 1s an enzymatic reaction primarily converting asparagine (IN) to 1so-aspartic acid
and aspartic acid (D) at approximately 3:1 ratio. To a much lesser degree, deamidation can occur with
glutamine residues in a similar manner. Deamidation in a CDR results 1in a change in charge of the

molecule, but typically does not result 1n a change 1n antigen binding, nor does 1t impact on PK/PD.

Oxidation can occur during production and storage (1.e. in the presence of oxidizing
conditions) and results 1n a covalent modification ot a protein, induced either directly by reactive
oxygen species or indirectly by reaction with secondary by-products of oxidative stress. Oxidation
happens primarily with methionine residues, but occasionally can occur at tryptophan and tree

cysteine residues.

Disulfide bond scrambling can occur during production and basic storage conditions. Under
certain circumstances, disulfide bonds can break or form incorrectly, resulting in unpaired cysteine

residues (-SH). These free (unpaired) sulthydryls (-SH) can promote shuttling.
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Isomerization typically occurs during production, purification, and storage (at acidic pH) and

usually occurs when aspartic acid 1s converted to 1soaspartic acid through a chemical process.

N-terminal glutamine in the heavy chain and/or light chain 1s likely to form pyroglutamate
(pGlu). Most pGlu formation happens in the production bioreactor, but it can be formed non-
enzymatically, depending on pH and temperature of processing and storage conditions. pGlu

tformation 1s considered as one of the principal degradation pathways for recombinant mADbs.

C-terminal lysine clipping 1s an enzymatic reaction catalyzed by carboxypeptidases, and 1s
commonly observed 1n recombinant mAbs. Variants ot this process include removal of lysine trom
one or both heavy chains. Lysine clipping does not appear to impact bioactivity and has no etfect on

mADbD effector function.

Naturally occurring autoantibodies exist in humans that can bind to proteins. Autoantibodies
can thus bind to endogenous proteins (present in naive subjects) as well as to proteins or peptides
which are administered to a subject for treatment. Therapeutic protein-binding autoantibodies and
antibodies that are newly formed in response to drug treatment are collectively termed anti-drug
antibodies (ADAs). Pre-existing antibodies against molecules such as therapeutic proteins and
peptides, administered to a subject can atfect their etficacy and could result in administration
reactions, hypersensitivity, altered clinical response 1n treated patients and altered bioavailability by
sustaining, eliminating or neutralizing the molecule. It could be advantageous to provide molecules
for therapy which comprise human immunoglobulin (antibody) single variable domains or dAbs
which have reduced immunogenicity (1.e. reduced ability to bind to pre-existing ADAs when

administered to a subject, i particular a human subject.

Thus, in one embodiment of the present invention there is provided a modified dAb"" which
has reduced ability to bind to pre-existing antibodies (ADAS) as compared to the equivalent
unmoditied molecule. By reduced ability to bind it 1s meant that the moditied molecule binds with a
reduced affinity or reduced avidity to a pre-existing ADA. Said modified dAb" comprise one or
more modifications selected from: (a) a C-terminal addition, extension, deletion or tag, and/or (b) one

or more amino acid framework substitutions.

Polypeptides and dAbs """ of the disclosure and agonists comprising these can be formatted to
have a larger hydrodynamic size, for example, by attachment ot a PEG group, serum albumin,
transferrin, transterrin receptor or at least the transterrin-binding portion thereotf, an antibody Fc
region, or by conjugation to an antibody domain. For example, polypeptides dAbs * and agonists

may be formatted as a larger antigen-binding fragment of an antibody or as an antibody (e.g.,

formatted as a Fab, Fab’, F(ab),, F(ab’),, IgG, scFv).

As used herein, “hydrodynamic size™ refers to the apparent size of a molecule (¢.g., an
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diffusion or motion of a protein through solution can be processed to dertve an apparent size of the
protein, where the size 1s given by the ““Stokes radius™ or “hydrodynamic radius™ of the protein
particle. The “hydrodynamic size™ of a protein depends on both mass and shape (conformation), such
that two proteins having the same molecular mass may have dittering hydrodynamic sizes based on
the overall conformation and charge of the protein. An increase in hydrodynamic size can give an

associated decrease 1n renal clearance leading to an observed increase in half life (t;,,).

Hydrodynamic size ot the antigen binding proteins (e.g., domain antibody monomers and
multimers) of the disclosure may be determined using methods which are well known 1n the art. For
example, gel filtration chromatography may be used to determine the hydrodynamic size of an antigen
binding protein. Suitable gel filtration matrices tor determining the hydrodynamic sizes of antigen

binding proteins, such as cross-linked agarose matrices, are well known and readily available.

The size of an antigen binding protein format (e.g., the size ot a PEG moiety attached to a
domain antibody monomer), can be varied depending on the desired application. For example, where
antigen binding protein 1s intended to leave the circulation and enter into peripheral tissues, it 18
desirable to keep the hydrodynamic size of the ICOS binding protein low to facilitate extravazation
from the blood stream. Alternatively, where it 1s desired to have the antigen binding protein remain in
the systemic circulation tor a longer period of time the size of the antigen binding protein can be

increased, for example by formatting as an Ig like protein.

Pharmaceutical Compositions

Antigen binding protein as described herein may be incorporated ito pharmaceutical
compositions tor use in the treatment of the human diseases described herein. In one embodiment, the
pharmaceutical composition comprises an antigen binding protein optionally in combination with one

or more pharmaceutically acceptable carriers and/or excipients.

Such compositions comprise a pharmaceutically acceptable carrier as known and called for by

acceptable pharmaceutical practice.

Pharmaceutical compositions may be administered by injection or continuous infusion
(examples include, but are not limited to, intravenous, intraperitoneal, intradermal, subcutaneous,
intramuscular and imtraportal). In one embodiment, the composition 1s suitable for intravenous
administration. Pharmaceutical compositions may be suitable tor topical administration (which
includes, but 1s not limited to, epicutaneous, inhaled, intranasal or ocular administration) or enteral

administration (which includes, but 1s not limited to, oral or rectal administration).

Pharmaceutical compositions may comprise between 0.5mg to 10g ot ICOS binding protein,
for example between Smg and 1g of antigen binding protein. Alternatively, the composition may

comprise between Smg and 500 mg, for example between Smg and 50mg.



10

15

20

25

30

CA 02974910 2017-07-25

WO 2016/120789 PCT/IB2016/050383
20

Methods for the preparation ot such pharmaceutical compositions are well known to those skilled in
the art. Other excipients may be added to the composition as appropriate tor the mode ot

administration and the particular protein used. Examples of different excipients and their uses are

described in Lowe et al., (2011).

Ettective doses and treatment regimes for administering the antigen binding protein may be
dependent on factors such as the age, weight and health status ot the patient and disease to be treated.
Such factors are within the purview of the attending physician. Guidance 1n selecting appropriate

doses may be found in e.g Bai et al., (2012).

The pharmaceutical composition may comprise a kit of parts of the antigen binding protein
together with other medicaments, optionally with instructions for use. For convenience, the kit may

comprise the reagents in predetermined amounts with mstructions for use.

22 <¢

The terms “individual”, “subject™ and “patient” are used herein interchangeably. In one
embodiment, the subject 1s a mammal, such as a primate, for example a marmoset or monkey. In

another embodiment, the subject 1s a human.

The antigen binding protein described herein may also be used 1n methods of treatment.
Treatment can be therapeutic, prophylactic or preventative. Treatment encompasses alleviation,
reduction, or prevention of at least one aspect or symptom of a disease and encompasses prevention or

cure of the diseases described herein.

The ICOS binding protein or antigen binding portion thereot described herein 1s used 1n an
etfective amount for therapeutic, prophylactic or preventative treatment. A therapeutically effective
amount of the ICOS binding protein or antigen binding portion thereot described herein 1s an amount

eftective to ameliorate or reduce one or more symptoms of, or to prevent or cure, the disease.

Thus, i one embodiment ICOS binding proteins or antigen binding portions thereot ot the
present invention are provided for use 1n therapy. In one embodiment, ICOS binding proteins or
antigen binding portions thereot ot the present invention are provided for use in the treatment of
cancer, infectious disease and/or sepsis. The present invention also provides the use of an ICOS
binding protein or antigen binding portion thereot ot the present invention 1n the manufacture of a

medicament for the treatment of cancer, intectious disease and/or sepsis.

Thus, provided herein are 1solated ICOS binding proteins or antigen binding portions thereot
or the pharmaceutical compositions comprising said 1solated ICOS binding proteins or antigen

binding portions thereot for use in the treatment of cancer, infectious disease and/or sepsis.

Production Methods

Antigen binding proteins may be prepared by any of a number of conventional techniques.

- ~ L] - L] - n ] n Jem - i
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antibody can be puritied from a hybridoma that produces it), or produced in recombinant expression

systems.

A number of ditferent expression systems and purification regimes can be used to generate
the antigen binding protein of the invention. Generally, host cells are transformed with a recombinant
expression vector encoding the desired antigen binding protein. A wide range of host cells can be
employed, including Prokaryotes (including Gram negative or Gram positive bacteria, for example
Escherichia coli, Bacilli sp., Pseudomonas sp., Corynebacterium sp.), Eukaryotes including yeast (for
example Saccharomyces cerevisiae, Pichia pastoris), tungi (for example Aspergilus sp.), or higher

Eukaryotes imcluding imsect cells and cell lines of mammalian origin (for example, CHO, Perc6,

HEK?293, HeLa).

The host cell may be an 1solated host cell. The host cell 1s usually not part of a multicellular

organism (e.g., plant or animal). The host cell may be a non-human host cell.

Appropriate cloning and expression vectors tor use with bacterial, fungal, yeast, and

mammalian cellular hosts and methods of cloning are known in the art.

The cells can be cultured under conditions that promote expression of the antigen binding
protein, and the polypeptide recovered by conventional protein purification procedures. The antigen
binding proteins contemplated for use herein include substantially homogeneous antigen binding

proteins substantially free of contaminating materials.

The skilled person will appreciate that, upon production of the antigen binding protein, in
particular depending on the cell line used and particular amino acid sequence of the antigen binding
protein, post-translational modifications may occur. This may include the cleavage of certain leader
sequences, the addition of various sugar moieties 1n various glycosylation patterns, deamidation (for
example at an asparagine or glutamine residue), oxidation (for example at a methionine, tryptophan or
free cysteine residue), disulfide bond scrambling, isomerisation (for example at an aspartic acid
residue), C-terminal lysine clipping (for example from one or both heavy chains), and N-terminal
glutamine cyclisation (for example 1n the heavy and/or light chain). The present invention
encompasses the use ot antibodies which have been subjected to, or have undergone, one or more
post-translational modifications. The modification may occur in a CDR, the variable framework
region, or the constant region. The modification may result in a change 1n charge ot the molecule.
The modification typically does not result in a change 1n antigen binding, function, bioactivity, nor
does 1t impact the pharmacokinetic (PK) or pharmacodynamic (PD) characteristics of the ICOS

binding protein.

The term “Effector Function™ as used herein 1s meant to refer to one or more of Antibody

dependant cell mediated cytotoxic activity (ADCC), Complement—dependant cytotoxic activity
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(CDC) mediated responses, Fc-mediated phagocytosis or antibody dependant cellular phagocytosis

(ADCP) and antibody recycling via the FcRn receptor.

The interaction between the constant region of an antigen binding protein and various Fc
receptors (FcR) including FcyRI (CD64), FcyRII (CD32) and FcyRIII (CD16) 1s believed to mediate
the etfector functions ot the antigen binding protein. Significant biological etfects can be a
consequence of etfector functionality. Usually, the ability to mediate eftector function requires
binding of the antigen binding protein to an antigen and not all antigen binding proteins will mediate

every effector function.

Effector function can be measured in a number of ways including tor example via binding of
the FcyRIII on Natural Killer cells or via FcyRI on monocytes/macrophages to measure for
ADCC/ADCP eftector function. For example an antigen binding protein of the present invention can
be assessed tor ADCC eftector tfunction in a Natural Killer cell assay. Practical approaches to
evaluate ADCC and /or CDC function can be found in (Kellner C et al., “Boosting ADCC and CDC

activity by Fc¢ engineering and evaluation of antibody etffector functions™, Methods, 1;65(1):105-13
(2014))

Some 1sotypes of human constant regions, 1n particular 1gG4 and IgG2 1sotypes, have reduced
function of a) activation of complement by the classical pathway; and b) antibody-dependent cellular
cytotoxicity. Various modifications to the heavy chain constant region of antigen binding proteins
may be carried out depending on the desired etfector property. Ig(G1l constant regions containing

specific mutations have separately been described to reduce binding to Fc receptors and therefore
reduce ADCC and CDC. (Kellner C et al., “Boosting ADCC and CDC activity by Fc engineering and
evaluation of antibody effector functions™, Methods, 1;65(1):105-13 (2014))

In one embodiment of the present invention there 1s provided an antigen binding protein
comprising a constant region such that the antigen binding protein has reduced ADCC and/or
complement activation or effector functionality. In one such embodiment the heavy chain constant
region may comprise a naturally disabled constant region ot IgG2 or 1g(G4 1sotype or a mutated IgG1

constant region. One example comprises the substitutions of alanine residues at positions 235 and

237 (EU 1index numbering).

The subclass of an antibody in part determines secondary effector tfunctions, such as
complement activation or Fc¢ receptor (FcR) binding and antibody dependent cell cytotoxicity
(ADCC) (Huber, et al., Nature 229(5284): 419-20 (1971); Brunhouse, et al., Mol Immunol 16(11):
907-17 (1979)). In i1dentifying the optimal type of antibody for a particular application, the etfector
functions of the antibodies can be taken into account. For example, hlgG1l antibodies have a

relatively long halt life, are very effective at fixing complement, and they bind to both FcyRI and

FevRIT In contrast hinman To(:4d antihodies have a shaorter halt life do not fix comnlement and have a
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lower attimity for the FcRs. Replacement of serine 228 with a proline (S228P) in the Fc region of
Ig(G4 reduces heterogeneity observed with hlgG4 and extends the serum halt life (Kabat, et al.,
“Sequences of proteins of immunological interest” 5.sup.th Edition (1991); Angal, et al., Mol
Immunol 30(1): 105-8 (1993)). A second mutation that replaces leucine 235 with a glutamic acid
(L235E) eliminates the residual FcR binding and complement binding activities (Alegre, et al., J
Immunol 148(11): 3461-8 (1992)). The resulting antibody with both mutations 1s referred to
as IgG4PE. The numbering of the hlg(G4 amino acids was derived from EU numbering reference:
Edelman, G.M. et al., Proc. Natl. Acad. USA, 63, 78-85 (1969). PMID: 5257969. In one embodiment
of the present invention ICOS antigen binding proteins comprising an IgG4 Fc region comprising the
replacement S228P and L235E may have the designation IgG4PE. Thus, an ICOS binding protein
having the heavy chain variable region H2 and the light chain variable region LS and an IgG4PE Fc
region will be designated as H2LS IgG4PE or synonymously as H2L5 hligG4PE.

Enhanced ADCC/CDC

As 1s understood 1n the art various techniques are known which will increase the ADCC
and/or the CDC activity of an antibody. These include, but are not limited to, various mutation in the
Fc region, Complegent and Potelligent technologies. In one aspect of the present invention one or
more ADCC/CDC enhancing techniques may be applied to the ICOS binding proteins of the present

mvention.

Mutation

Human Ig(G1 constant regions containing specitic mutations or altered glycosylation on
residue Asn297 have also been described to enhance binding to Fc receptors. In some cases these

mutations have also been shown to enhance ADCC and CDC, see for example, Kellner (2013).

In one embodiment of the present invention, such mutations are 1in one or more of positions
selected from 239, 332 and 330 (IgG1), or the equivalent positions in other IgG 1sotypes. Examples
of suitable mutations are S239D and I332E and A330L. In one embodiment the antigen binding
protein of the invention herein described 1s mutated at positions 239 and 332, for example S239D and

[332E or 1n a further embodiment 1t 18 mutated at three or more positions selected from 239 and 332

and 330, for example S239D and I332E and A330L (EU index numbering).

Complegent

In one embodiment of the present invention there 1s provided an antigen binding protein
comprising a chimeric heavy chain constant region for example an antigen binding protein comprising
a chimeric heavy chain constant region with at least one CH2 domain from Ig(G3 such that the antigen

binding protein has enhanced etfector function, for example wherein i1t has enhanced ADCC or
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enhanced CDC, or enhanced ADCC and CDC functions. In one such embodiment, the antigen

binding protein may comprise one CH2 domain from Ig(G3 or both CH2 domains may be from IgG3.

Also provided 1s a method of producing an antigen binding protein according to the mvention

comprising the steps of:

a) culturing a recombinant host cell comprising an expression vector comprising an isolated nucleic
acid as described herein wherein the expression vector comprises a nucleic acid sequence encoding an

Fc domain having both IgG1 and IgG3 Fe domain amino acid residues; and
b) recovering the antigen binding protein.

Such methods tor the production of antigen binding proteins can be pertormed, for example,
using the COMPLEGENT™ technology system available from BioWa, Inc. (Princeton, NJ) and
Kyowa Hakko Kogyo (now, Kyowa Hakko Kirin Co., Ltd.) Co., Ltd. In which a recombinant host
cell comprising an expression vector 1in which a nucleic acid sequence encoding a chimeric F¢ domain
having both IgG1 and IgG3 Fc domain amino acid residues 18 expressed to produce an antigen
binding protein having enhanced complement dependent cytotoxicity (CDC) activity that 1s increased

relative to an otherwise identical antigen binding protein lacking such a chimeric Fc domain. Aspects

of the COMPLEGENT™ technology system are described in W0O2007011041 and US20070148165

each of which are incorporated herein by reterence. In an alternative embodiment CDC activity may
be increased by introducing sequence specitic mutations into the Fc region of an IgG chain. Those ot

ordinary skill in the art will also recognize other appropriate systems.
Potelligent

The present invention also provides a method for the production of an antigen binding protein

according to the invention comprising the steps ot:

a) culturing a recombinant host cell comprising an expression vector comprising the i1solated nucleic
acid as described herein, wherein the FUTS gene encoding alpha-1,6-fucosyltransferase has been

inactivated in the recombinant host cell; and
b) recovering the antigen binding protein.

Such methods tor the production of antigen binding proteins can be pertormed, for example,
using the POTELLIGENT™ technology system available from BioWa, Inc. (Princeton, NJ) in which
CHOKI1SYV cells lacking a tunctional copy ot the FUTS8 gene produce monoclonal antibodies having
enhanced antibody dependent cell mediated cytotoxicity (ADCC) activity that 1s increased relative to

an 1dentical monoclonal antibody produced 1n a cell with a tunctional FUTS gene. Aspects of the

POTELLIGENT™ technology system are described in US7214775, US6946292, WO0061739 and

W00231240 all ot which are incorporated herein by retference. Those of ordinary skill in the art will
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It will be apparent to those skilled 1n the art that such modifications may not only be used

alone but may be used in combination with each other in order to turther enhance eftector tunction.

In one such embodiment of the present invention there 1s provided an antigen binding protein
comprising a heavy chain constant region which comprises a mutated and chimaeric heavy chain
constant region tfor example wherein an antigen binding protein comprising at least one CH2 domain
from IgG3 and one CH2 domain from IgG1, wherein the IgG1 CH2 domain has one or more
mutations at positions selected trom 239 and 332 and 330 (for example the mutations may be selected
from S239D and I332E and A330L) such that the antigen binding protein has enhanced etfector
function, for example wherein it has one or more of the tollowing functions, enhanced ADCC or

enhanced CDC, for example wherein it has enhanced ADCC and enhanced CDC. In one embodiment

the IgG1 CH2 domain has the mutations S239D and I332E.

In an alternative embodiment of the present invention there 1s provided an antigen binding
protein comprising a chimaeric heavy chain constant region and which has an altered glycosylation
profile. In one such embodiment the heavy chain constant region comprises at least one CH2 domain
from Ig(G3 and one CH2 domain from Ig(G1 and has an altered glycosylation protile such that the ratio
of tucose to mannose 18 0.8:3 or less, tor example wherein the antigen binding protein 1s
detucosylated so that said antigen binding protein has an enhanced etfector function 1n comparison
with an equivalent antigen binding protein with an immunoglobulin heavy chain constant region
lacking said mutations and altered glycosylation profile, for example wherein it has one or more of the

following tunctions, enhanced ADCC or enhanced CDC, tor example wherein 1t has enhanced ADCC
and enhanced CDC

In an alternative embodiment the antigen binding protein has at least one IgG3 CH2 domain
and at least one heavy chain constant domain from IgG1 wherein both IgG CH2 domains are mutated

1n accordance with the limitations described herein.

In one aspect of the invention there 1s provided a method of producing an antigen binding

protein according to the invention described herein comprising the steps of:

a) culturing a recombinant host cell containing an expression vector containing an isolated nucleic
acid as described herein, said expression vector turther comprising a Fc nucleic acid sequence
encoding a chimeric Fc domain having both IgG1 and IgG3 Fc domain amino acid residues, and
wherein the FUTS8 gene encoding alpha-1,6-tucosyltransterase has been inactivated in the

recombinant host cell; and
b) recovering the antigen binding protein.

Such methods tor the production of antigen binding proteins can be performed, tor example,

using the ACCRETAMAB™ technology system available from BioWa, Inc. (Princeton, NJ) which



10

15

20

25

30

CA 02974910 2017-07-25

WO 2016/120789 PCT/IB2016/050383
26

combines the POTELLIGENT™ and COMPLEGENT™ technology systems to produce an antigen
binding protein having both ADCC and CDC enhanced activity that 1s increased relative to an
otherwise 1dentical monoclonal antibody lacking a chimeric Fc domain and which has fucose on the

oligosaccharide

In yet another embodiment of the present invention there 1s provided an antigen binding
protein comprising a mutated and chimeric heavy chain constant region wherein said antigen binding
protein has an altered glycosylation profile such that the antigen binding protein has enhanced etftector
function, for example wherein it has one or more of the tollowing tunctions, enhanced ADCC or
enhanced CDC. In one embodiment the mutations are selected from positions 239 and 332 and 330,
for example the mutations are selected trom S239D and I332E and A330L. In a further embodiment
the heavy chain constant region comprises at least one CH2 domain trom IgG3 and one Ch2 domain
from Ig(G1. In one embodiment the heavy chain constant region has an altered glycosylation profile
such that the ratio of fucose to mannose 1s 0.8:3 or less for example the antigen binding protein 1s
detucosylated, so that said antigen binding protein has an enhanced etfector function in comparison
with an equivalent non-chimaeric antigen binding protein or with an immunoglobulin heavy chain

constant region lacking said mutations and altered glycosylation profile.

The long half-lite of IgG antibodies 1s reported to be dependent on 1ts binding to FcRn.
Theretore, substitutions that increase the binding attinity of I1gGG to FcRn at pH 6.0 while maintaining

the pH dependence of the interaction by engineering the constant region have been extensively

studied Kuo and Aveson (2011).

Another means of moditying antigen binding proteins of the present invention involves
increasing the in-vivo half life of such proteins by modification of the immunoglobulin constant

domain or FcRn (Fc receptor neonate) binding domain.

In adult mammals, FcRn, also known as the neonatal Fc receptor, plays a key role in
maintaining serum antibody levels by acting as a protective receptor that binds and salvages
antibodies of the IgG 1sotype from degradation. IgG molecules are endocytosed by endothelial cells,
and 1f they bind to FcRn, are recycled out into circulation. In contrast, IgG molecules that do not bind

to FcRn enter the cells and are targeted to the lysosomal pathway where they are degraded.

The neonatal FcRn receptor 1s believed to be involved 1 both antibody clearance and the
transcytosis across tissues, Kuo and Aveson, (2011). Human IgG1 residues determined to interact
directly with human FcRn includes Ile2353, Ser254, Lys288, Thr307, GIn311, Asn434 and His435.
Switches at any of these positions described 1n this section may enable increased serum halt-life

and/or altered ettector properties of antigen binding proteins of the invention.
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Mutations to increase half life by increasing atfinity to FcRn

Antigen binding proteins of the present invention may have one or more amino acid
moditications that increase the affinity of the constant domain or fragment thereof for FcRn. These
may result in increased halt-life ot these proteins Kuo and Aveson (2011) Increasing the half-lite of
therapeutic and diagnostic IgG’s and other bioactive molecules has many benefits including reducing
the amount and/or frequency ot dosing of these molecules. In one embodiment there 1s therefore
provided an antigen binding according to the invention provided herein or a fusion protein comprising
all or a portion (an FcRn binding portion) of an Ig(G constant domain having one or more of these
amino acid modifications and a non-I1gG protein or non-protein molecule conjugated to such a
modified IgG constant domain, wherein the presence of the modified IgG constant domain increases

the 1n vivo half life of the antigen binding protein.

A number of methods are known that can result 1n increased half-lite (Kuo and Aveson,
(2011)), mcluding amino acid modifications may be generated through techniques including alanine
scanning mutagenesis, random mutagenesis and screening to assess the binding to FcRn and/or the 1in
vivo behaviour. Computational strategies followed by mutagenesis may also be used to select one ot

amino acid mutations to mutate.

The present invention therefore provides a variant of an antigen binding protein with
optimized binding to FcRn. In a preferred embodiment, the said variant of an antigen binding protein
comprises at least one amino acid modification in the Fc region of said antigen binding protein,
wherein said modification 1s selected from the group consisting of 226, 227, 228, 230, 231, 233, 234,
239, 241, 243, 246, 250, 252, 256, 259, 264, 265, 267, 269, 270, 276, 284, 285, 288, 289, 290, 291,
292, 294, 297, 298, 299, 301, 302, 303, 305, 307, 308, 309, 311, 315, 317, 320, 322, 325, 327, 330,
332, 334, 335, 338, 340, 342, 343, 345, 347, 350, 352, 354, 355, 356, 359, 360, 361, 362, 369, 370,
371, 375, 378, 380, 382, 384, 385, 386, 387, 389, 390, 392, 393, 394, 395, 396, 397, 398, 399, 400,
401 403, 404, 408, 411, 412, 414, 415, 416, 418, 419, 420, 421, 422, 424, 426, 428, 433, 434, 438,
439, 440, 443, 444, 445, 446 and 447 of the Fc region as compared to said parent polypeptide,

wherein the numbering of the amino acids in the Fc region 1s that of the EU index 1in Kabat.
In a further aspect of the invention the modifications are M252Y/S254T/T256E.

Additionally, various publications describe methods for obtaining physiologically active
molecules whose half-lives are modified, see for example Kontermann (2009) either by introducing
an FcRn-binding polypeptide into the molecules or by fusing the molecules with antibodies whose
FcRn-binding attinities are preserved but affinities tor other Fc¢ receptors have been greatly reduced or

tusing with FcRn binding domains ot antibodies.
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pH switch technology to increase half life

Although substitutions 1n the constant region are able to significantly improve the functions ot
therapeutic IgG antibodies, substitutions in the strictly conserved constant region have the risk ot
immunogenicity in human and substitution i the highly diverse variable region sequence might be
less immunogenic. Reports concerned with the variable region include engineering the CDR residues
to improve binding atfinity to the antigen and engineering, the CDR and framework residues to
improve stability and decrease immunogenicity risk. As 1s known, improved affinity to the antigen

can be achieved by atfinity maturation using the phage or ribosome display of a randomized library.

Improved stability can be rationally obtained from sequence- and structure-based rational
design. Decreased immunogenicity risk (detmmunization) can be accomplished by various
humanization methodologies and the removal of T-cell epitopes, which can be predicted using in
silico technologies or determined by 1n vitro assays. Additionally, variable regions have been
engineered to lower pl. A longer half life was observed tor these antibodies as compared to wild type
antibodies despite comparable FcRn binding. Engineering or selecting antibodies with pH dependent
antigen binding to modity antibody and/or antigen half life eg 1gG2 antibody half life can be
shortened 1t antigen-mediated clearance mechanisms normally degrade the antibody when bound to
the antigen. Similarly, the antigen:antibody complex can impact the halt-life of the antigen, either
extending halt-life by protecting the antigen from the typical degradation processes, or shortening the
halt-lite via antibody-mediated degradation. One embodiment relates to antibodies with higher
atfinity for antigen at pH 7.4 as compared to endosomal pH (1.e., pH 5.5-6.0) such that the KD ratio at
pHS.5/ pH 7.4 or at pH 6.0/ pH 7.4 1s 2 or more. For example to enhance the pharmacokinetic (PK)
and pharmacodynamic (PD) properties of the antibody, it 1s possible to engineer pH-sensitive binding

to the antibody by introducing histidines into CDR residues.

Additionally, methods of producing an antigen binding protein with a decreased biological
halt-lite are also provided. A variant IgGG in which Hi1s435 1s mutated to alanine results in the
selective loss of FcRn binding and a significantly reduced serum half-lite (see for example

US6,165,745 discloses a method of producing an antigen binding protein with a decreased biological

halt-lite by introducing a mutation into the DNA segment encoding the antigen binding protein. The
mutation includes an amino acid substitution at position 253, 310, 311, 433, or 434 of the Fc-hinge

domain.

Linkers

Protein scattolds may be the same as naturally occurring sequences, such as Ig sequences, or
be fragments of naturally occurring sequences, and may contain additional sequences which may be

naturally occurring, from a ditference source or synthetic, and which may be added at the N or C
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terminus of the scaftold. Such additional sequences may be considered to be linkers when they link

an epitope binding domain and protein scatfold, such as those detined herein.

In another aspect the antigen binding construct consists of, or consists essentially of, an Fc
region of an antibody, or a part thereot, linked at each end, directly or indirectly (for example, via a
linker sequence) to an epitope binding domain. Such an antigen binding construct may comprise 2
epitope-binding domains separated by an Fc region, or part thereof. By separated 1s meant that the
epitope-binding domains are not directly linked to one another, and 1n one aspect are located at

opposite ends (C and N terminus) of an Fc region, or any other scattold region.

In one aspect the antigen binding construct comprises 2 scattold regions each bound to 2
epitope binding domains, for example at the N and C termini of each scattold region, either directly or

indirectly via a linker.

Protein scattolds of the present invention may be linked to epitope-binding domains by the
use of linkers. Examples of suitable linkers include amino acid sequences which may be tfrom 1
amino acid to 150 amino acids 1n length, or from 1 amino acid to 140 amino acids, for example, from
I amino acid to 130 amino acids, or from 1 to 120 amino acids, or from 1 to 80 amino acids, or from 1
to 50 amino acids, or from 1 to 20 amino acids, or from 1 to 10 amino acids, or from 5 to 18 amino
acids. Such sequences may have their own tertiary structure, for example, a linker of the present
invention may comprise a single variable domain. The size of a linker 1n one embodiment 1s
equivalent to a single variable domain. Suitable linkers may be of a size from 1 to 100 angstroms, for
example may be of a size trom 20 to 80 angstroms or for example may be of a size from 20 to 60
angstroms or for example less than 40 angstroms, or less than 20 angstroms, or less than 5 angstroms

in length.

In one embodiment of the present ivention, ICOS binding proteins are provided comprising

one or more of: CDRHI1 as set forth in SEQ ID NO:1; CDRH2 as set forth in SEQ ID NO:2; CDRH3
as set forth in SEQ ID NO:3; CDRLI1 as set forth in SEQ ID NO:4; CDRL?2 as set forth in SEQ ID
NO:5 and/or CDRL3 as set forth in SEQ ID NO:6 or a direct equivalent of each CDR wherein a direct

equivalent has no more than two amino acid substitutions in said CDR.

In one embodiment of the present invention, ICOS binding proteins are provided which
specifically binds to human ICOS comprising a Vi domain comprising an amino acid sequence at
least 90% 1dentical to the amino acid sequence set forth in SEQ ID NO:7 and/or a V{, domain
comprising an amino acid sequence at least 90% 1dentical to the amino acid sequence set torth in SEQ
ID NO:8. In one aspect, the ICOS binding proteins of the present invention, also bind to cynomolgus

ICOS. In one aspect, they do not bind to murine ICOS.
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In one embodiment, the ICOS binding proteins of the invention are ICOS agonists. In one
aspect, the ICOS binding proteins increase IFN-gamma production in the presence ot Tcells. In

another aspect, the ICOS binding proteins of the present invention stimulate Tcell proliferation.
In one embodiment, the ICOS binding protein of the invention bind to human ICOS with

an association rate constant (kon) of at least 1X10° M-1s-1; and a dissociation rate

constant (koff) of less than 6X10-5 s-1; or
a dissociation constant (Kd) of less than 100 nM

wherein the high affinity 1s measured by Biacore.

In one embodiment the ICOS binding protein comprises CDRH3 (SEQ ID NO:3) or a variant
of SEQ ID NO. 3. In another embodiment the ICOS binding proteins comprise one or more of:
CDRHI1 (SEQ ID NO:1); CDRH2 (SEQ ID NO:2); CDRH3 (SEQ ID NO:3); CDRLI1 (SEQ ID
NO:4); CDRL2 (SEQ ID NO:5); and/or CDRL3 (SEQ ID NO:6). In one embodiment, the ICOS
binding proteins comprise heavy chain CDRs as set forth in SEQ ID NO:1; SEQ ID NO:2; and SEQ
ID NO:3 and light chain CDRs as set forth in SEQ ID NO:4; SEQ ID NO:3; and SEQ ID NO:6.

In one embodiment, the ICOS binding proteins comprise a Vi domain having 90% sequence
identity to the amino acid sequence set forth in SEQ ID NO:7; and a V; domain having 90% sequence
identity to the amino acid sequence shown 1n the amino acid sequence set forth in SEQ ID NO:8. In
one aspect, the ICOS binding proteins comprise a Vg domain having the amino acid sequence set
forth in SEQ ID NO.7 and the V; domain comprising the amino acid sequence as set forth in SEQ 1D
NO:8. In one aspect, the ICOS binding proteins comprise a heavy chain variable domain consisting

of SEQ ID NO:7. In one aspect, the ICOS binding protein comprises a light chain variable domain
consisting of SEQ ID NO:&.

In one embodiment, the invention provides an ICOS binding protein or antigen binding portion
thereot comprising a Vi domain comprising an amino acid<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>