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NOVEL ANTI_CD137 ANTIBODIES AND USES THEREOF

Field of Invention

The present invention relates to antibody-based polypeptides with binding specificity for
CD137, which have utility in the treatment of diseases such as cancer. The invention also
relates to pharmaceutical compositions, uses, methods and kits comprising such

antibodies.

Background

CD137 (4-1BB, TNFRSF9) is a TNF receptor (TNFR) superfamily member and is
expressed on activated CD4* and CD8* T cells, Treg, DC, monocytes, mast cells and
eosinophils. CD137 activation plays an important role in CD8* T cell activation and survival
(Lee et al., 2002; Pulle et al., 2006). It sustains and augments, rather than initiates, effector
functions and preferentially supports Th1 cytokine production (Shuford et al., 1997). In
CD4* T cells, CD137 stimulation initially results in activation and later in activation-induced
cell death, explaining why CD137 agonistic antibodies have shown therapeutic effect in
tumour immunity as well as in autoimmunity (Zhang, JCI, 2007, Sun, Trends Mol Med,
2003). CD137 also suppresses Treg function (So, Cytokine Growth Factor Rev, 2008).
Activation of CD137 is dependent on receptor oligomerization (Rabu et al., 2005; Wyzgol
et al., 2009).

CD137 agonistic antibody has been shown to activate endothelial cells in the tumour
environment, leading to upregulation of ICAM-1 and VCAM-1 and improved T cell

recruitment (Palazon, Cancer Res, 2011).

CD137 is upregulated on NK cells activated by cytokines or CD16, in mice or humans,
respectively (see Melero, CCR 19 (5)1044-53, 2013 and references cited therein). CD137
has been shown to activate NK cells in mice as well as humans, potentiating ADCC (Kohrt
et al., 2014), though there are reports suggesting opposite effects on NK cells in mice and
humans, leading to NK cell activation in mice and inhibition in humans (Baessler, Blood,
2010).

Several studies have demonstrated induction of tumour immunity by treatment with
agonistic CD137 antibody (Dubrot et al., 2010; Gauttier et al., 2014; Kim et al., 2001;

1
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McMillin et al., 2006; Melero et al., 1997; Miller et al., 2002; Sallin et al., 2014; Taraban et
al., 2002; Uno et al., 2006; Vinay and Kwon, 2012; Wilcox et al., 2002). In addition, it
synergizes with several immunomodulators, including CpG, TRAIL, CD40, OX-40, DR5,
PD-1/PD-L1, CTLA-4 Tim-3, IL-2, IL-12(Curran et al., 2011; Gray et al., 2008; Guo et al.,
2013; Kwong et al., 2013; Lee et al., 2004; Morales-Kastresana et al., 2013; Pan et al.,
2002; St Rose et al., 2013; Uno et al., 2006; Wei et al., 2013; Westwood et al., 2010;
Westwood et al., 2014a; Westwood et al., 2014b} in pre-clinical models.

Two CD137 antibodies are in clinical development. Urelumab (BMS-66513) is a fully
human 1gG4 antibody developed by Bristol-Myers Squibb. Several phase | and Il studies
in various indications are currently ongoing. The other CD137 antibody in development is
PF-05082566, a fully human IgG2 antibody developed by Pfizer. It is currently in phase |

development in lymphoma and various solid cancers.

The agonistic effect of CD137 antibodies is affected by the isotype of the Fc region. The
antibodies tested in the clinic are either IgG2 or IgG4. Like most TNFR family members,
CD137 depends on cross linking for activation (Wilson 2011, Cancer Cell). The CD137L
expressed on the membrane of an APC may induce significant multiple cross linking of the
receptor. An antibody can by itself only cross link two CD137 receptors, and to induce a
strong signal, further cross linking via FcyRs expressed on other cells (in trans) may be
necessary for induction of a strong CD137 mediated signal. An exception to this may be
IgG2 antibodies, which induce a cross linking independent signaling by an unknown
mechanism (White et al, 2015 Cancer Cell). T cells do not express FcyRs, and the FcyR
mediated cross linking in vivo is thought to be mediated by monocytes, macrophages, DCs
and potentially B cells and other cell types. It has been suggested that interaction with the
inhibitory FcyR FcyRIIB plays a major role for this effect in mouse models for CD40
agonists (Li 2011, Science), whereas for OX40 antibodies, interactions with activating
receptors may be of greater importance (Bulliard 2014, Imm and Cell Biol). For CD137
antibodies, FcyRIl is not critical (Sanmamed 2015, Semin Onc). The translational
relevance of this is uncertain, since the human FcyR distribution as well as the affinity of
different 1gG isotypes to different FcyR differs from mice. Further, human IgG1 binds to
mFcyRIIb with relatively low affinity, similar to migGlla and considerably lower than migG1,
the latter having the most potent effect in vivo (Li Science 2011, Overdijk 2012 JI, Horton
et al 2008, White et al 2011 and 2014).
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Another factor to take into account is that engagement of FcyR receptors may also induce
ADCC, antibody-dependent cellular phagocytosis (ADCP) and complement-dependent
cytotoxicity (CDC) on cells coated with antibodies (for simplicity ADCC below includes
ADCP and CDC). Typically, human IgG1 is a strong inducer of NK/Macrophage dependent
ADCC, depending on the nature of the target, the cell type and the receptor density. IgG4
antibodies may also induce ADCC but to a lower extent than IgG1 (Wang 2015, Front Imm;
Vidarson 2014 Front Imm).

The effect of a CD137 agonistic antibody with different isotypes may thus be affected by
the balance between 1) inducing cross linking, which results in a stronger immune
activation, and 2) inducing ADCC, which may lead to killing of both effector T cells
(predominantly CD8 T cells) and Tregs. The net effect of 1) and 2) will likely depend on
the distribution of CD137 expressing cells, the possibility of the target cells to engage with
FcyR expressing immune cells, the receptor density and affinity and the sensitivity of Teff
vs Treg to ADCC. The CD137 expression is high both on CD8 and Tregs in melanoma
tumours (Quezada, presentation SITC 2015). The I1gG4 format would allow for FcyRI
mediated cross linking by macrophages and monocytes, yet minimizing NK mediated
ADCC of effector CD8 T cells.

However, as outlined above, it is difficult to translate comparison of different human Fc in
mouse models due to differences in expression and affinity between murine and human
FcRs. Further, the functional consequence in vivo of antibodies blocking the binding of the
CD137L to CD137 is currently debated.

Several studies have demonstrated induction of tumour immunity by treatment with
agonistic CD137 mAb (Dubrot et al., 2010; Gaulttier et al., 2014; Kim et al., 2001; McMiillin
et al., 2006; Melero et al., 1997; Miller et al., 2002; Sallin et al., 2014; Taraban et al., 2002;
Uno et al., 2006; Vinay and Kwon, 2012; Wilcox et al., 2002). Two different antibodies are
commonly used for in vivo studies in mice, Lob12.3 and 3H3 (Shuford 1997 J Exp Med).

The toxicity seen in mouse models has been detected following repeated dosing in a time
dependent but not dose dependent manner (Ascierto 2010 Semin Onc, Dubrot 2010 Can
Imm, Niu 2007 JI). The toxicity includes skin toxicity and liver toxicity: aspartate amino
transferase/alanine amino transferase ratio (ASAT/ALAT) and cytokine release. This
suggests that either the toxicity requires CD137 mediated pre-activation of immune cell
populations (likely T cells) or it depends on secondary effects caused by antidrug-

antibodies (ADA) response, potentially forming aggregations of CD137 antibodies that
3
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may lead to enhanced cross-linking. The toxicities seen in mice are reversible and seems
to depend on TNFa/CD8 cell dependent manner (Ascierto 2010 Sem Onc). Toxicology
studies in monkeys showed that both single and repeated dosing of up to 100mg/kg once
weekly for four weeks was tolerable with no skin or liver toxicity detected (Ascierto 2010,

Semin Onc).

Prolonged and continuous activation through TNF receptor family members may lead to
immune exhaustion. Therefore, it may be of advantage to administer such antibodies in a
manner allowing resting periods for the cells expressing the receptors. One approach to
increase the resting period in a specific dosing protocol is to reduce the half-life of an
antibody by for example decreasing the binding to the neonatal Fc receptor (FcRn). This
could, depending on the administration route, also reduce the toxicity associated with the

treatment.

There remains a need for improved anti-tumour therapies, particularly anti-CD137
antibodies suitable for clinical use and with improved properties, such as reduced toxicity.
It is an object of the present invention to go some way towards meeting this need and/or

to at least provide the public with a useful choice.

Summary of Invention

In a first aspect the present invention provides an antibody or an antigen-binding fragment
thereof with binding specificity for domain 2 of human CD137, wherein the antibody or
antigen-binding fragment thereof comprises:
(i) a heavy chain variable region comprising the following CDRs:
a) GFTFGYSY [SEQ ID NO: 3];
b) IGSGSSYT [SEQ ID NO: 4]; and
c) ARVYSSPGIDY [SEQ ID NO: 5], and
a light chain variable region comprising the following CDRs:
d) QSISSY [SEQ ID NO: 6];
e) AAS [SEQ ID NO: 7]; and
f) QQYYTWVPFT [SEQ ID NO: 8]; or
(ii) a heavy chain variable region comprising the following CDRs:
a) GFNFGYSY [SEQ ID NO: 21];
b) IGSTSSHT [SEQ ID NO: 22]; and
c) ARVYSSPGIDY [SEQ ID NO: 23], and

a light chain variable region comprising the following CDRs:

4



2017360094 26 Nov 2024

d) QSIGST [SEQ ID NO: 24];
e) GAS [SEQ ID NO: 25]; and
f) QQYYTWVPFT [SEQ ID NO: 26.

In a second aspect the present invention provides an isolated nucleic acid molecule
encoding an antibody or antigen-binding fragment thereof according to any one of the
preceding claims; optionally

wherein the nucleic acid molecule is a cDNA molecule; and/or

encodes an antibody heavy chain or variable region thereof, such as a nucleic acid
molecule comprising or consisting of a nucleotide sequence of SEQ ID NO: 9 or a
nucleotide sequence of SEQ ID NO: 27; and/or

encodes an antibody light chain or variable region thereof, such as a nucleic acid
molecule comprising or consisting of a nucleotide sequence of SEQ ID NO: 10 or a
nucleotide sequence of SEQ ID NO: 28.

In a third aspect the present invention provides a vector comprising a nucleic acid molecule

according to the second aspect, such as an expression vector.

In a fourth aspect the present invention provides a recombinant host cell comprising a
nucleic acid molecule according to the second aspect or a vector according to the third
aspect, optionally wherein the host cell is a bacterial cell or a mammalian cell or a human

cell.

In a fifth aspect the present invention provides a method for producing an antibody or
antigen-binding fragment according to the first aspect, the method comprising culturing a
host cell as defined in the fourth aspect under conditions which permit expression of the

encoded antibody or antigen-binding fragment thereof.

In a sixth aspect the present invention provides a pharmaceutical composition comprising
an effective amount of an antibody or antigen-binding fragment thereof according to the
first aspect and a pharmaceutically acceptable diluent, carrier or excipient; optionally
wherein the pharmaceutical composition is adapted for parenteral delivery, intravenous

delivery or topical delivery.

In a seventh aspect the present invention provides a use of an antibody or antigen-binding
fragment according to the first aspect in the manufacture of a medicament for the treatment

of cancer; optionally wherein the cancer is selected from the group consisting of: prostate

5
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cancer; breast cancer; colorectal cancer; kidney cancer; pancreatic cancer; ovarian
cancer; lung cancer; cervical cancer; rhabdomyosarcoma; neuroblastoma; bone cancer;
multiple myeloma; leukemia (such as acute lymphoblastic leukemia [ALL] and acute
myeloid leukemia [AML]), skin cancer (e.g. melanoma), bladder cancer and glioblastoma,;
further optionally wherein the medicament is for treating a patient who has been pre-

screened and identified as having a tumour with cells expressing CD137 and FcyR.

In an eighth aspect the present invention provides a method for treating cancer in an
individual, the method comprising administering to an individual in need thereof an
effective amount of an antibody or antigen-binding fragment thereof according to the first
aspect, optionally wherein the cancer is selected from the group consisting of: prostate
cancer; breast cancer; colorectal cancer; kidney cancer; pancreatic cancer; ovarian
cancer; lung cancer; cervical cancer; rhabdomyosarcoma; neuroblastoma; bone cancer;
multiple myeloma; leukemia (such as acute lymphoblastic leukemia [ALL] and acute
myeloid leukemia [AML]), skin cancer (e.g. melanoma), bladder cancer and glioblastoma,;
further optionally wherein the patient has been pre-screened and identified as having a

tumour with cells expressing CD137 and FcyR.

In a ninth aspect the present invention provides a combination therapy comprising an
antibody or antigen-binding fragment thereof according to the first aspect and one or more
further therapeutic agents; optionally wherein the one or more further therapeutic agents

are cancer therapies.

In this specification where reference has been made to patent specifications, other external
documents, or other sources of information, this is generally for the purpose of providing
a context for discussing the features of the invention. Unless specifically stated otherwise,
reference to such external documents is not to be construed as an admission that such
documents, or such sources of information, in any jurisdiction, are prior art, or form part of

the common general knowledge in the art.

In the description in this specification reference may be made to subject matter that is not
within the scope of the claims of the current application. That subject matter should be
readily identifiable by a person skilled in the art and may assist in putting into practice the

invention as defined in the claims of this application.

Brief Description of invention
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A first embodiment of the invention provides an antibody or an antigen-binding fragment
thereof (‘antibody polypeptides’) with binding specificity for domain 2 of CD137, wherein
the antibody or antigen-binding fragment is a CD137 agonist and is capable of inhibiting
the binding of reference antibody ‘“1630/1631’ to human CD137.

A second embodiment of the invention, provides an antibody or an antigen-binding
fragment thereof (‘antibody polypeptides’) with binding specificity for domain 2 of CD137,
wherein the antibody or antigen-binding fragment is a CD137 agonist and is capable of
inhibiting the binding of reference antibody 2674/2675’ to human CD137.

In one embodiment of the above aspects of the invention, the antibody or antigen binding
fragment is capable of inhibiting the binding of reference antibody “1630/1631° and/or
‘2674/2675’ to human CD137.

According to the first embodiment of the invention, antibody polypeptides are provided
which are capable of inhibiting the binding of one or more reference antibodies to human
CD137.

For the avoidance of doubt, the following disclosures are applicable to both the first and

second embodiments of the invention.

By “CD137” we specifically include the human CD137 protein, for example as described
in GenBank Accession No. AAH06196.1 (the sequence of which is set out in SEQ ID NO:
11, below). CD137 is also known in the scientific literature as 4-1BB and TNFRSFS.

Human CD137, amino acid sequence: >qi|571321|gb|AAA53133.1| 4-1BB [Homo sapiens]

MGNSCYNIVATLLLVLNFERTRSLQDPCSNCPAGTEFCDNNRNQICSPCPPNSFEFSS
AGGQRTCDICRQCKGVFRTRKECSSTSNAECDCTPGFHCLGAGCSMCEQDCKQGQ

ELTKKGCKDCCFGTENDQKRGICRPWTNCSLDGKSVLVNGTKERDVVCGPSPADL
SPGASSVTPPAPAREPGHSPQITISFFLALTSTALLFLLFFLTLRFSVVKRGRKKL
LYTFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL

[SEQ ID NO: 11]

By “domain 2" corresponds to amino acids 66 to 107 of human CD137 (see bold,
underlined region in SEQ ID NO:11 above).
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Thus, the antibody polypeptides of the invention have specificity for CD137. By
“specificity” we mean that the antibody polypeptide is capable of binding to CD137
in vivo, i.e. under the physiological conditions in which CD137 exists within the human
body. Preferably, the antibody polypeptide does not bind to any other protein in vivo. Such
binding specificity may be determined by methods well known in the art, such as ELISA,
immunohistochemistry, immunoprecipitation, Western blots and flow cytometry using

transfected cells expressing CD137.

The antibody preferably binds to human CD137 with a Kd value which is less than 10x10-
%M or less than 7x10-°M, more preferably less than 4, or 2x10-°M, most preferably less than
1.2x10°M. Advantageously, the antibody polypeptide is capable of binding selectively to
CD137, i.e. it bind at least 10-fold more strongly to CD137 than to any other proteins. The
anti-CD137 antibody preferably specifically binds to CD137, i.e. it binds to CD137 but does
not bind, or binds at a lower affinity, to other molecules. Therefore, typically, the Kd for
the antibody with respect to human CD137 will be 2-fold, preferably 5-fold, more preferably
10-fold less than Kd with respect to the other, non-target molecule, such as murine CD137,
other TNFR superfamily members, or any other unrelated material or accompanying
material in the environment. More preferably, the Kd will be 50-fold less, even more

preferably 100-fold less, and yet more preferably 200-fold less.

Methods for measuring the overall affinity (KD) and on-rate (ka) and off-rate (kd) of an
interaction (such as an interaction between an antibody and a ligand) are well known in
the art. Exemplary in vitro methods are described in the accompanying Examples. It is
also conceivable to use flow cytometry based methods (Sklar et al., Annu Rev Biophys
Biomol Struct, (31), 97-119, 2002).

The term CD137 as used herein typically refers to human CD137. The antibody may have
some binding affinity for CD137 from other mammals, such as CD137 from a non-human
primate, for example Macaca fascicularis (cynomolgus monkey). The antibody preferably
does not bind to murine CD137 and/or does not bind to other human TNFR superfamily

members, for example human OX40 or CD40.

Typically, the invention provides an antibody or antigen-binding fragment with affinity for

CD137 in its native state, and in particular for CD137 localised on the surface of a cell.
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By “localised on the surface of a cell” it is meant that CD137 is associated with the cell
such that one or more region of CD137 is present on the outer face of the cell surface. For
example, CD137 may be inserted into the cell plasma membrane (i.e. orientated as a
transmembrane protein) with one or more regions presented on the extracellular surface.
This may occur in the course of expression of CD137 by the cell. Thus, in one embodiment,
‘localised on the surface of a cell” may mean “expressed on the surface of a cell.”
Alternatively, CD137 may be outside the cell with covalent and/or ionic interactions

localising it to a specific region or regions of the cell surface.

The antibodies and antigen-binding fragments thereof as defined herein are CD137
agonists. For example, they may be capable of inducing the release of interferon-gamma
from CD8+ T cells. Agonistic activity of anti-CD137 antibodies may be evaluatedina T cell

assay based on primary CD8+ T cells (see Examples).

Thus, the antibody may modulate the activity of a cell expressing CD137, wherein said
modulation is an increase or decrease in the activity of said cell. The cell is typically a
T cell. The antibody may increase the activity of a CD4+ or CD8+ effector cell, or may
decrease the activity of, or deplete, a regulatory T cell (T reg). In either case, the net effect
of the antibody will be an increase in the activity of effector T cells, particularly CD4+, CD8+
or NK effector T cells. Methods for determining a change in the activity of effector T cells

are well known and are as described earlier.

The antibody preferably causes an increase in activity in a CD8+ T cell in vitro, optionally
wherein said increase in activity is an increase in proliferation, IFN-y production and/or IL-
2 production by the T cell. The increase is preferably at least 2-fold, more preferably at
least 10-fold and even more preferably at least 25-fold higher than the change in activity

caused by an isotype control antibody measured in the same assay.
As outlined above, antibody polypeptides which are capable of inhibiting the binding of one
or more reference antibodies to human CD137 are provided. The reference antibodies

described herein are reference antibody 1630/1631 and reference antibody 2674/2675.

By reference antibody “1630/1631” we mean an intact IgG antibody comprising heavy and

light chains having the amino acid sequences of SEQ ID NOS: 17 and 18, respectively.

1630/1631- Full sequence Heavy chain
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EVQLLESGGGLVQPGGSLRLSCAASGFTFGYSYMSWVRQAPGKGLEWVSSIGSGSSY
TYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARVYSSPGIDYWGQGTLVT
VSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPA
VLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPE
FLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKP
REEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYT
LPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYS
RLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGK

[SEQ ID NO: 17]

10
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1630/1631 - Full sequence Light chain

DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQKPGKAPKLLIYAASSLQSGVP
SRFSGSGSGTDFTLTISSLQPEDFATYYCQQYYTWVPFTFGQGTKLEIKRTVAAPSVFIF
PPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSL
SSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

[SEQ ID NO: 18]

By reference antibody “2674/2675” we mean an intact IgG antibody comprising heavy and

light chains having the amino acid sequences of SEQ ID NOS: 29 and 30, respectively.

2674/2675 — Full sequence heavy chain

EVQLLESGGGLVQPGGSLRLSCAASGFNFGYSYMSWVRQAPGKGLEWVSSIGSTSSH
TYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARVYSSPGIDYWGQGTLVT
VSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPA
VLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPE
FLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKP
REEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYT
LPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYS
RLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGK

[SEQ ID NO: 29]

2674/2675 — Full sequence light chain

DIQMTQSPSSLSASVGDRVTITCRASQSIGSTLNWYQQKPGKAPKLLIYGASSLQSGVP
SRFSGSGSGTDFTLTISSLQPEDFATYYCQQYYTWVPFTFGQGTKLEIKRTVAAPSVFIF
PPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSL
SSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

[SEQ ID NO: 30]

As discussed below, the reference antibody ‘“1630/1631" binds to domain 2 of CD137.
Reference antibody 2674/2675 also binds to domain 2 of CD137. Thus, it will be
appreciated that the antibody or an antigen-binding fragment of the invention also binds to
domain 2 of CD137.

11
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By “capable of inhibiting the binding of reference antibody ‘1630/1631’ to human CD137”
we mean that the presence of the antibody polypeptides of the invention inhibits, in whole
or in part, the binding of ‘1630/1631’ to human CD137. Similarly, by “capable of inhibiting
the binding of reference antibody ‘2674/2675 to human CD137” we mean that the
presence of the antibody polypeptides of the invention inhibits, in whole or in part, the
binding of 2674/2675” to human CD137. Such competitive binding inhibition can be
determined using assays and methods well known in the art, for example using BlAcore
chips with immobilised CD137 and incubating with the reference antibody “1630/1631" or
2674/2675 with and without an antibody polypeptide to be tested. Alternatively, a pair-
wise mapping approach can be used, in which the reference antibody ‘“1630/1631" or
2674/2675  is immobilised to the surface of the BlAcore chip, CD137 antigen is bound to
the immobilised antibody, and then a second antibody is tested for simultaneous CD137-
binding ability (see ‘BlAcore Assay Handbook’, GE Healthcare Life Sciences, 29-0194-00

AA 05/2012; the disclosures of which are incorporated herein by reference).

In a further alternative, competitive binding inhibition can be determined using flow
cytometry. For example, to test whether a test antibody is able to inhibit the binding of the
1630/1631 or 2674/2675 reference antibody to a cell surface antigen, cells expressing the
antigen can be pre-incubated with the test antibody for 20 min before cells are washed
and incubated with the reference 1630/1631 or 2674/2675 antibody conjugated to a
fluorophore, which can be detected by flow cytometry. If the pre-incubation with the test
antibody reduces the detection of the reference 1630/1631 or 2674/2675 antibody in flow
cytometry, the test antibody inhibits the binding of the reference antibody to the cell surface
antigen. If the antibody to be tested exhibits high affinity for CD137, then a reduced pre-

incubation period may be used (or even no pre-incubation at all).

In a further alternative, competitive binding inhibition can be determined using an ELISA

(e.g. as described in Example 8).

By “an antibody or an antigen-binding fragment thereof” we include substantially intact
antibody molecules, as well as chimaeric antibodies, humanised antibodies, isolated
human antibodies, single chain antibodies, bispecific antibodies, antibody heavy chains,
antibody light chains, homodimers and heterodimers of antibody heavy and/or light chains,
and antigen-binding fragments and derivatives of the same. Suitable antigen-binding
fragments and derivatives include, but are not necessarily limited to, Fv fragments

(e.g. single chain Fv and disulphide-bonded Fv), Fab-like fragments (e.g. Fab fragments,
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Fab’ fragments and F(ab). fragments), single variable domains (e.g. V1 and V| domains)
and domain antibodies (dAbs, including single and dual formats [i.e. dAb-linker-dAb]). The
potential advantages of using antibody fragments, rather than whole antibodies, are several-
fold. The smaller size of the fragments may lead to improved pharmacological properties,
such as better penetration of solid tissue. Moreover, antigen-binding fragments such as Fab,
Fv, ScFv and dAb antibody fragments can be expressed in and secreted from E. coli, thus

allowing the facile production of large amounts of the said fragments.

For example, the antigen-binding fragment may comprise an scFv molecule, i.e. wherein

the Vu and Vi partner domains are linked via a flexible oligopeptide.

The phrase “an antibody or an antigen-binding fragment thereof” is also intended to
encompass antibody mimics (for example, non-antibody scaffold structures that have a
high degree of stability yet allow variability to be introduced at certain positions). Those
skilled in the art of biochemistry will be familiar with many such molecules, as discussed
in Gebauer & Skerra, 2009, Curr Opin Chem Biol 13(3): 245-255 (the disclosures of which
are incorporated herein by reference). Exemplary antibody mimics include: affibodies
(also called Trinectins; Nygren, 2008, FEBS J, 275, 2668-2676); CTLDs (also called
Tetranectins; Innovations Pharmac. Technol. (2006), 27-30); adnectins (also called
monobodies; Meth. Mol. Biol., 352 (2007), 95-109); anticalins (Drug Discovery Today
(2005), 10, 23-33); DARPins (ankyrins; Nat. Biotechnol. (2004), 22, 575-582); avimers
(Nat. Biotechnol. (2005), 23, 1556-1561); microbodies (FEBS J, (2007), 274, 86-95);
peptide aptamers (Expert. Opin. Biol. Ther. (2005), 5, 783-797); Kunitz domains (J.
Pharmacol. Exp. Ther. (2006) 318, 803-809); affilins (Trends. Biotechnol. (2005}, 23, 514-
522); affimers (Avacta Life Sciences, Wetherby, UK).

Persons skilled in the art will further appreciate that the invention also encompasses
modified versions of antibodies and antigen-binding fragments thereof, whether existing
now or in the future, e.g. modified by the covalent attachment of polyethylene glycol or

another suitable polymer (see below).

Methods of generating antibodies and antibody fragments are well known in the art. For
example, antibodies may be generated via any one of several methods which employ
induction of in vivo production of antibody molecules, screening ofimmunoglobulin libraries
(Orlandi. et al, 1989. Proc. Natl. Acad. Sci. U.S.A. 86:3833-3837; Winter et al., 1991,
Nature 349:293-299, the disclosures of which are incorporated herein by reference) or

generation of monoclonal antibody molecules by cell lines in culture. These include, but
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are not limited to, the hybridoma technique, the human B-cell hybridoma technique, and
the Epstein-Barr virus (EBV)-hybridoma technique (Kohler et al, 1975. Nature
256:4950497; Kozbor et al., 1985. J. Immunol. Methods 81:31-42; Cote et al., 1983. Proc.
Natl. Acad. Sci. USA 80:2026-2030; Cole et al., 1984. Mol. Cell. Biol. 62:109-120, the

disclosures of which are incorporated herein by reference).

Suitable methods for the production of monoclonal antibodies are also disclosed in
“Monoclonal Antibodies: A manual of techniques”, H Zola (CRC Press, 1988, the disclosures
of which are incorporated herein by reference) and in “Monoclonal Hybridoma Antibodies:
Techniques and Applications”, J G R Hurrell (CRC Press, 1982, the disclosures of which are

incorporated herein by reference).

Likewise, antibody fragments can be obtained using methods well known in the art (see,
for example, Harlow & Lane, 1988, “Antibodies: A Laboratory Manual’, Cold Spring Harbor
Laboratory, New York, the disclosures of which are incorporated herein by reference). For
example, antibody fragments according to the present invention can be prepared by
proteolytic hydrolysis of the antibody or by expression in E. coli or mammalian cells
(e.g. Chinese hamster ovary cell culture or other protein expression systems) of DNA
encoding the fragment. Alternatively, antibody fragments can be obtained by pepsin or

papain digestion of whole antibodies by conventional methods.

The antibodies of the invention are defined by reference to the variable regions of
reference antibodies 1630/1631 and 2674/2675.

The reference antibody designated “1630/1631’ comprises:

(a) a heavy chain variable region having the amino acid sequence of SEQ ID NO: 1:

EVOLLESGGGLVQPGGSLRLSCAASGEFTFGYSYMSWVRQAPGKGLEWVSSIGSGS
SYTYYADSVKGRFTISRDNSKNTLYLOQMNSLRAEDTAVYYCARVYSSPGIDYWGQ
GTLVTVSS

[SEQ ID NO:1]
and
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(b) a light chain variable region having the amino acid sequence of SEQ ID NO: 2:

DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQKPGKAPKLLIYAASSLQ
SGVPSRFSGSGSGTDFTLTISSLOPEDFATYYCQQYYTWVPFTFGQGTKLEIK
[SEQ ID NO:2]

The reference antibody designated ‘2674/2675’ comprises:

(a) a heavy chain variable region having the amino acid sequence of SEQ ID NO: 19:

EVOLLESGGGLVQPGGSLRLSCAASGENEFGYSYMSWVRQAPGKGLEWVSSIGSTS
SHTYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARVYSSPGIDYWGQ
GTLVTVSS

[SEQ ID NO:19]
and

(b) a light chain variable region having the amino acid sequence of SEQ ID NO: 20:

DIQMTQSPSSLSASVGDRVTITCRASQSIGSTLNWYQQKPGKAPKLLIYGASSLQ
SGVPSREFSGSGSGTDFTLTISSLOPEDFATYYCQQYYTWVPFTFGQGTKLEIK

[SEQ ID NO:20]

The term “amino acid” as used herein includes the standard twenty genetically-encoded
amino acids and their corresponding sterecisomers in the ‘D’ form (as compared to the
natural ‘L’ form), omega-amino acids and other naturally-occurring amino acids,
unconventional amino acids (e.g. a,o-disubstituted amino acids, N-alkyl amino acids, etc.)

and chemically derivatised amino acids (see below).

When an amino acid is being specifically enumerated, such as “alanine” or “Ala” or “A”,
the term refers to both L-alanine and D-alanine unless explicitly stated otherwise. Other
unconventional amino acids may also be suitable components for polypeptides of the
present invention, as long as the desired functional property is retained by the polypeptide.
For the peptides shown, each encoded amino acid residue, where appropriate, is
represented by a single letter designation, corresponding to the trivial name of the

conventional amino acid.
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In one embodiment, the antibody polypeptides as defined herein comprise or consist of L-

amino acids.

It will be appreciated by persons skilled in the art that the binding specificity of an antibody
or antigen-binding fragment thereof is conferred by the presence of complementarity
determining regions (CDRs) within the variable regions of the constituent heavy and light

chains, such as those CDRs described herein.

It will be further appreciated by persons skilled in the art that any intact 1IgG antibody
comprising the above variable regions may be used as the reference antibody to identify
antibody polypeptides of the invention that competitively inhibit 1630/1631 or 2674/2675
binding to CD137. Preferably however, reference antibody 1630/1631 consists of heavy
and light chains as defined in SEQ ID NOs:17 and 18, respectively, and reference antibody
2674/2675 consists of heavy and light chains as defined in SEQ ID NOs:29 and 30,

respectively

Competitive binding typically arises because the test antibody binds at, or at least very
close to, the epitope on the antigen to which binds the reference antibody (in this case,
1630/1631 or 2674/2675). However, it will be appreciated by persons skilled in the art that
competitive binding may also arise by virtue of steric interference; thus, the test antibody
may bind at an epitope different from that to which the reference antibody binds but may
still be of sufficient size or configuration to hinder the binding of the reference antibody to

the antigen.

The antibodies and antigen-binding fragments of the present invention were identified after
screening of anti-CD137 antibodies, on the basis of exhibiting properties that make them

particularly suitable as diagnostic and therapeutic agents for cancer.

Thus, in one embodiment, the antibody or antigen-binding fragment exhibits one or more

of the following properties:

a) the ability to stimulate CD137 and activate T cells and other immune cells via
a cross-linking dependent mechanism (e.g. to induce release of interferon-
gamma from CD8+ T cells; see Examples); and/or

b) cross-reactivity with cynomolgus CD137 (see Examples).
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For example, the antibody or antigen-binding fragment may exhibit both of the above

properties.

As described above, the antibodies of the invention may have a cross linking dependent
mechanism. By “cross linking dependent mechanism”, we include an Fc cross linking
dependent mechanism wherein the antibody has to bind both CD137 and an Fc receptor
in order to stimulate CD137. As such, the antibody has to be capable of binding both
CD137 and an Fc receptor.

In a preferred embodiment, the Fc receptor that is targeted is an FcyR. Examples of FcyRs
include, FcyRI, FcyRIIA and FcyRIIB Thus, in one embodiment, the FcyR may be FcyRIIA.
By FcyRIIA, we include both the R131 and H131 allotypes of FcyRIIA. Thus, in one
embodiment, the FcyR to be targeted is the R131 allotype of FcyRIIA.

In an alternative embodiment, the antibody could be Fc crosslinking independent, such

that it can stimulate CD137 in the absence of binding to an Fc receptor.

Thus, exemplary antibodies 2674/2675 and 1630/1631 are FcyR-crosslinking dependent
agonistic antibodies targeting the co-stimulatory CD137 receptor. They are therefore only
active in tissues or tumours containing cells expressing CD137 and FcyR. By “tumours
containing cells expressing CD137 and FcyR” we include tumours or tumour draining
lymph nodes comprising tumour cells and/or tumour infiltrating immune cells (such as
monocytes, macrophages, dendritic cells, NK cells, T cells, B cells and granulocytes)
expressing CD137 and FcyR. It will be appreciated that CD137 and FcyR may be
expressed on separate cells within the tumour and/or co-expressed in the same cells.
Reference antibodies 2674/2675 and 1630/1631 will thus provide a tumour directed
immune activation in indications associated with cells that express both CD137 and FcyR
in the tumour micro environment; this contrasts with FcyR independent CD137 agonists
(e.g. Urelumab), which capable of inducing systemic immune activation. The tumour
localizing effect of antibodies 2674/2675 and 1630/1631 will primarily depend on the

number of tumour infiltrating macrophages/myeloid cells expressing different FcyRs.

It is known that 1gG4 binds with high affinity to FcyRI and with moderate/low affinity to
FcyRlla and FcyRIIb. FcyRI and FcyRlla are expressed on monocytes and FcyRIIb is
expressed with a high density on B cells. Crosslinking of antibodies 2674/2675 and
1630/1631 will preferentially occur intratumorally as well as in adjacent draining lymph

nodes. Systemically in the blood, where serum IgG levels are high, the availability of free
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non-blocked FcyRs are believed to be too low for an effective crosslinking to occur.
Therefore, the risk for a systemic immune activation of is believed to be low which improves

the risk-benefit profile compared to other CD137 mAbs.

Patient selection and a biomarker rationale for treatment with antibodies of the invention,
such as 2674/2675 and 1630/1631, may be guided by tumour types that have infiltrating
cells expressing CD137 and FcyRs. Thus, the antibodies of the invention may be for use
in patients selected on the basis of having a tumour containing cells expressing CD137

and FcyRs (i.e. a as companion diagnostic test).

By “infiltrating cells” we include tumour infiltrating immune cells such as monocytes,

macrophages, dendritic cells, NK cells, T cells, B cells and granulocytes

Advantageously, the antibody or antigen-binding fragment is capable of inducing tumour
immunity. Tumour immunity can be demonstrated using methods well known in the art,
for example by re-challenging mice that have been cured from a given tumour by CD317
antibody treatment with the same tumour. If tumour immunity has been induced by the

antibody therapy, then the tumour is rejected upon re-challenge.

In one embodiment, the antibody or antigen binding fragment substantially incapable of

inducing the following upon binding to cells expressing CD137:

a) antibody-dependent cellular cytotoxicity (ADCC);
b) antibody-dependent cellular phagocytosis (ADCPY); and/or
c) complement-dependent cytotoxicity (CDC).

In one embodiment, the antibody or antigen-binding fragment is capable of binding to an
epitope on the extracellular domain of CD137 which overlaps, at least in part, with the
epitope on CD137 to which reference antibody 1630/1631 and/or 2674/2675 is capable of
binding. Thus, the antibody or antigen-binding fragment may be capable of binding to an

epitope located at/within domain 2 of CD137.
In one embodiment, the antibody polypeptide of the invention comprises or consists of an

intact antibody (such as an IgG1 or IgG4 antibody). In a preferred embodiment, the

antibody is an 1gG4 antibody.
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In an alternative embodiment, the antibody polypeptide of the invention comprises or
consists of an antigen-binding fragment selected from the group consisting of Fv fragments
(e.g. single chain Fv and disulphide-bonded Fv), Fab-like fragments (e.g. Fab fragments,
Fab’ fragments and F(ab). fragments) and domain antibodies (e.g. single Vy variable

domains or V| variable domains). In particular, the antibody polypeptide may be a scFv.

In a further embodiment, as discussed above, the polypeptide of the invention comprises
or consists of an antibody mimic selected from the group comprising or consisting of
affibodies, tetranectins (CTLDs), adnectins (monobodies), anticalins, DARPins (ankyrins),

avimers, iMabs, microbodies, peptide aptamers, Kunitz domains and affilins.

In one embodiment, the antibody or antigen binding fragment thereof according to the first

or second aspect of the invention comprises:

a) a heavy chain CDR1 sequence with the consensus sequence G, F, T/N, F, G,
Y,S,Y;

b) a heavy chain CDR2 sequence with the consensus sequence |, G, S, G/T, S,
S, Y/H, T; and

c) a heavy chain CDR3 sequence with the sequence ARVYSSPGIDY.

In one embodiment, the antibody or antigen binding fragment thereof comprises:

a) a light chain CDR1 sequence with the consensus sequence Q, S, I, S/G, S,
Y/T,;

b) a light chain CDR2 sequence with the consensus sequence A/G, A, S; and

c) a light chain CDR3 sequence with the sequence QQYYTWVPFT.

In a preferred embodiment, the antibody or antigen-binding fragment thereof according to
the first aspect of the invention comprises a heavy chain variable region comprising the

following CDRs:

a) GFTFGYSY [SEQ ID NO: 3] or an amino acid sequence containing up to 3
amino acid mutations compared to SEQ ID NO: 3, for example 1, 2 or 3
mutations;

b) IGSGSSYT [SEQ ID NO: 4] or an amino acid sequence containing up to 3
amino acid mutations compared to SEQ ID NO: 4, for example 1, 2 or 3

mutations; and
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c) ARVYSSPGIDY [SEQ ID NO: 5] or an amino acid sequence containing up to 3
amino acid mutations compared to SEQ ID NO: 5, for example 1, 2 or 3

mutations.

Thus, the antibody or antigen-binding fragment thereof may comprise a heavy chain
variable region comprising the CDRs of SEQ ID NOs 3, 4 and 5.

For example, the antibody or antigen-binding fragment thereof may comprise a heavy
chain variable region having the amino acid sequence of the corresponding region of the
1630/1631 reference antibody, i.e. SEQ ID NO:1.

In an alternative preferred embodiment, the antibody or antigen-binding fragment thereof
according to the first or second aspect of the invention comprises a heavy chain variable

region comprising the following CDRs:

a) GFNFGYSY [SEQ ID NO: 21] or an amino acid sequence containing up to 3
amino acid mutations compared to SEQ ID NO: 21, for example 1, 2 or 3
mutations;

b) IGSTSSHT [SEQ ID NO: 22] or an amino acid sequence containing up to 3
amino acid mutations compared to SEQ ID NO: 22, for example 1, 2 or 3
mutations; and

c) ARVYSSPGIDY [SEQ ID NO: 23] or an amino acid sequence containing up to
3 amino acid mutations compared to SEQ ID NO: 23, for example 1, 2 or 3

mutations.

Thus, the antibody or antigen-binding fragment thereof may comprise a heavy chain
variable region comprising the CDRs of SEQ ID NOs 21, 22 and 23.

For example, the antibody or antigen-binding fragment thereof may comprise a heavy
chain variable region having the amino acid sequence of the corresponding region of the
2674/2675 reference antibody, i.e. SEQ ID NO:19.

However, it will be appreciated (in relation to either embodiment, 1630/1631 or 2674/2675)
that a low level of mutation (typically, just one, two or three amino acids) within a CDR
sequence may be tolerated without loss of the specificity of the antibody or antigen-binding
fragment for CD137.
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For example, in an alternative embodiment, the antibody or antigen-binding fragment
thereof may comprise a heavy chain variable region comprising the CDRs as defined
above, wherein the H1 and H2 CDRs are mutated versions of SEQ ID NO: 3 and 4,
respectively, and wherein the H3 CDR is SEQ ID NO: 5.

In a further alternative embodiment, the antibody or antigen-binding fragment thereof may
comprise a heavy chain variable region comprising the CDRs as defined above, wherein
the H1 and H2 CDRs are mutated versions of SEQ ID NO: 21 and 22, respectively, and
wherein the H3 CDR is SEQ ID NO: 23.

Percent identity can be determined by, for example, the LALIGN program (Huang and
Miller, Adv. Appl. Math. (1991) 12:337-357, the disclosures of which are incorporated
herein by reference) at the Expasy facility site
(http://www.ch.embnet.org/software/LALIGN_form.html) using as parameters the global
alignment option, scoring matrix BLOSUM®62, opening gap penalty —14, extending gap
penalty —4. Alternatively, the percent sequence identity between two polypeptides may be
determined using suitable computer programs, for example the GAP program of the
University of Wisconsin Genetic Computing Group and it will be appreciated that percent
identity is calculated in relation to polypeptides whose sequence has been aligned

optimally.

The alignment may alternatively be carried out using the Clustal W program (as described
in Thompson et al., 1994, Nucl. Acid Res. 22:4673-4680, which is incorporated herein by

reference). The parameters used may be as follows:

- Fast pair-wise alignment parameters: K-tuple(word) size; 1, window size; 5, gap
penalty; 3, number of top diagonals; 5. Scoring method: x percent.

- Multiple alignment parameters: gap open penalty; 10, gap extension penalty; 0.05.

- Scoring matrix: BLOSUM.

Alternatively, the BESTFIT program may be used to determine local sequence alignments.
In a further preferred embodiment, the antibody or antigen-binding fragment thereof

according to the first aspect of the invention comprises a light chain variable region

comprising the following CDRs:
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a) QSISSY [SEQ ID NO: 6] or an amino acid sequence containing up to 3 amino
acid mutations compared to SEQ ID NO: 6, for example 1, 2 or 3 mutations;

b) AAS [SEQ ID NO: 7] or an amino acid sequence containing up to 2 amino acid
mutations compared to SEQ ID NO: 7; for example 1 or 2 mutations and

c) QQYYTWVPFT [SEQ ID NO: 8] or an amino acid sequence containing up to 3
amino acid mutations compared to SEQ ID NO: 8, for example 1, 2 or 3

mutations.

Thus, the antibody polypeptide may comprise a light chain variable region comprising the
CDRs of SEQ ID NOs 6, 7 and 8.

For example, the antibody or antigen-binding fragment thereof may comprise a light chain
variable region having the amino acid sequence of the corresponding region of the
1630/1631 reference antibody, i.e. SEQ ID NO: 2.

In an alternative embodiment, the antibody or antigen-binding fragment thereof may
comprise a light chain variable region comprising the CDRs as defined above, wherein the
L1 and L2 CDRs are mutated versions of SEQ ID NO: 6 and 7, respectively, and wherein
the L3 CDR is SEQ ID NO:8.

In a further preferred embodiment, the antibody or antigen-binding fragment thereof
according to the first or second aspect of the invention comprises a light chain variable

region comprising the following CDRs:

a) QSIGST [SEQ ID NO: 24] or an amino acid sequence containing up to 3 amino
acid mutations compared to SEQ ID NO: 24, for example 1, 2 or 3 mutations;

b) GAS [SEQ ID NO: 25] or an amino acid sequence containing up to 2 amino
acid mutations compared to SEQ ID NO: 25; for example 1 or 2 mutations and

c) QQYYTWVPFT [SEQ ID NO: 26] or an amino acid sequence containing up to
3 amino acid mutations compared to SEQ ID NO: 26, for example 1, 2 or 3

mutations.

Thus, the antibody polypeptide may comprise a light chain variable region comprising the
CDRs of SEQ ID NOs 24, 25 and 26.
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For example, the antibody or antigen-binding fragment thereof may comprise a light chain
variable region having the amino acid sequence of the corresponding region of the
1630/1631 reference antibody, i.e. SEQ ID NO: 20.

In an alternative embodiment, the antibody or antigen-binding fragment thereof may
comprise a light chain variable region comprising the CDRs as defined above, wherein the
L1 and L2 CDRs are mutated versions of SEQ ID NO: 24 and 25, respectively, and wherein
the L3 CDR is SEQ ID NO: 26.

It will be appreciated by persons skilled in the art that for human therapy, human or
humanised antibodies are preferably used. Humanised forms of non-human (e.g. murine)
antibodies are genetically engineered chimaeric antibodies or antibody fragments having
preferably minimal-portions derived from non-human antibodies. Humanised antibodies
include antibodies in which complementary determining regions of a human antibody
(recipient antibody) are replaced by residues from a complementary determining region of
a non-human species (donor antibody) such as mouse, rat of rabbit having the desired
functionality. In some instances, Fv framework residues of the human antibody are
replaced by corresponding non-human residues. Humanised antibodies may also
comprise residues which are found neither in the recipient antibody nor in the imported
complementarity determining region or framework sequences. In general, the humanised
antibody will comprise substantially all of at least one, and typically two, variable domains,
in which all or substantially all of the complementarity determining regions correspond to
those of a non-human antibody and all, or substantially all, of the framework regions
correspond to those of a relevant human consensus sequence. Humanised antibodies
optimally also include at least a portion of an antibody constant region, such as an Fc
region, typically derived from a human antibody (see, for example, Jones et al., 1986.
Nature 321:522-525; Riechmann et al., 1988, Nature 332:323-329; Presta, 1992, Curr. Op.

Struct. Biol. 2:593-596, the disclosures of which are incorporated herein by reference).

Methods for humanising non-human antibodies are well known in the art. Generally, the
humanised antibody has one or more amino acid residues introduced into it from a source
which is non-human. These non-human amino acid residues, often referred to as imported
residues, are typically taken from an imported variable domain. Humanisation can be
essentially performed as described (see, for example, Jones et al., 1986, Nature 321:522-
525; Reichmann et al., 1988. Nature 332:323-327; Verhoeyen et al., 1988, Science
239:1534-1536l; US 4,816,567, the disclosures of which are incorporated herein by

reference) by substituting human complementarity determining regions with corresponding
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rodent complementarity determining regions. Accordingly, such humanised antibodies are
chimeric antibodies, wherein substantially less than an intact human variable domain has
been substituted by the corresponding sequence from a non-human species. In practice,
humanised antibodies may be typically human antibodies in which some complementarity
determining region residues and possibly some framework residues are substituted by
residues from analogous sites in rodent antibodies. Chimeric antibodies are discussed by

Neuberger et al (1998, 8" International Biotechnology Symposium Part 2, 792-799).

Human antibodies can also be identified using various techniques known in the art,
including phage display libraries (see, for example, Hoogenboom & Winter, 1991, J. Mol.
Biol. 227:381; Marks et al., 1991, J. Mol. Biol. 222:581; Cole et al., 1985, In: Monoclonal
antibodies and Cancer Therapy, Alan R. Liss, pp. 77; Boerner et al., 1991. J. Immunol.

147:86-95, the disclosures of which are incorporated herein by reference).

It will be appreciated by persons skilled in the art that humanised antibodies or antigen-
binding fragments of the invention may further comprise a heavy chain constant region, or

part thereof (see below).

In one embodiment, the antibody polypeptide comprises a CH1, CH2 and/or CH3 region
of an IgG heavy chain (such as an IgG1, IgG2, IgG3 or IgG4 heavy chain). Thus, the
antibody polypeptide may comprise part or all of the constant regions from an 1gG4 heavy
chain. For example, the antibody polypeptide may be a Fab fragment comprising CH1
and CL constant regions, combined with any of the above-defined heavy and light variable

regions respectively.

Likewise, the above-defined antibodies or antigen-binding fragments of the invention may
further comprise a light chain constant region, or part thereof (see below). For example,

the antibody polypeptide may comprise a CL region from a kappa or lambda light chain.

In one embodiment, the antibodies or antigen-binding fragments of the invention comprise
an antibody Fc-region. It will be appreciated by a skilled person that the Fc portion may
be from an IgG antibody, or from a different class of antibody (such as IgM, IgA, IgD or
IgE). In one embodiment, the Fc region is from an IgG1, 1gG2, 1gG3 or 1gG4 antibody.

Advantageously, however, the Fc region is from an 1gG4 antibody.
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The Fc region may be naturally-occurring (e.g. part of an endogenously produced
antibody) or may be artificial (e.g. comprising one or more point mutations relative to a
naturally-occurring Fc region). A variant of an Fc region typically binds to Fc receptors,
such as FcyR and/or neonatal Fc receptor (FcRn) with altered affinity providing for
improved function and/or half-life of the polypeptide. The biological function and/ or the
half-life may be either increased or a decreased relative to the half-life of a polypeptide
comprising a native Fc region. Examples of such biological functions which may be
modulated by the presence of a variant Fc region include antibody dependent cell
cytotoxicity (ADCC), antibody-dependent cellular phagocytosis (ADCP), complement-
dependent cytotoxicity (CDC), and/or apoptosis.

Thus, the Fc region may be naturally-occurring (e.g. part of an endogenously produced
human antibody) or may be artificial (e.g. comprising one or more point mutations relative

to a naturally-occurring human Fc region).

As is well documented in the art, the Fc region of an antibody mediates its serum half-life
and effector functions, such as complement-dependent cytotoxicity (CDC), antibody-
dependent cellular cytotoxicity (ADCC) and antibody-dependent cell phagocytosis
(ADCP).

Engineering the Fc region of a therapeutic monoclonal antibody or Fc fusion protein allows
the generation of molecules that are better suited to the pharmacology activity required of
them (Strohl, 2009, Curr Opin Biotechnol 20(6):685-91, the disclosures of which are

incorporated herein by reference).

(a) Engineered Fc regions for increased half-life

One approach to improve the efficacy of a therapeutic antibody is to increase its serum
persistence, thereby allowing higher circulating levels, less frequent administration and

reduced doses.

The half-life of an IgG depends on its pH-dependent binding to the neonatal receptor FcRn.
FcRn, which is expressed on the surface of endothelial cells, binds the 1gG in a pH-

dependent manner and protects it from degradation.

Some antibodies that selectively bind the FcRn at pH 6.0, but not pH 7.4, exhibit a higher

half-life in a variety of animal models.
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Several mutations located at the interface between the CH2 and CH3 domains, such as
T250Q/M428L (Hinton et al., 2004, J Biol Chem. 279(8):6213-6, the disclosures of which
are incorporated herein by reference) and M252Y/S254T/T256E + H433K/N434F
(Vaccaro et al., 2005, Nat. Biotechnol. 23(10):1283-8, the disclosures of which are
incorporated herein by reference), have been shown to increase the binding affinity to

FcRn and the half-life of IgG1 in vivo.

(b) Engineered Fc regions for altered effector function

Depending on the therapeutic antibody or Fc fusion protein application, it may be desired

to either reduce or increase the effector function (such as ADCC).

For antibodies that target cell-surface molecules, especially those on immune cells,

abrogating effector functions may be required for certain clinical indications.

The four human IgG isotypes bind the activating Fcy receptors (FcyRI, FcyRlla, FcyRllla),
the inhibitory FcyRIIb receptor, and the first component of complement (C1q) with different
affinities, yielding very different effector functions (Bruhns et al., 2009, Blood.

113(16):3716-25, the disclosures of which are incorporated herein by reference).

FcyRI binding affinity of 1IgG4 vs IgG2

Bruhns et al performed a series of experiments that evaluated the specificity and affinity
of the known human FcyRs, and their polymorphic variants, for the different human IgG
subclasses (Bruhns et al., 2009, Blood. 113(16):3716-25, the disclosures of which are
incorporated herein by reference). In this study, it was clearly demonstrated that while
IgG2 had no detectable affinity for FcyRlI, 1gG1, 1IgG3 and 1gG4 all displayed a binding
affinity for FcyRI in the nanomolar range (Bruhns et al., 2009, Blood. 113(16):3716-25, Lu
et al.,, 2015, Proc Natl Acad Sci U S A. 112(3):833-8, the disclosures of which are
incorporated herein by reference). A summary of the relative binding affinities between
the major human FcyRs and their variants and IgG isotypes is summarized in Table A.
(Stewart et al. 2014, J Immunother. 2(29), the disclosures of which are incorporated herein

by reference)

Table A. Binding affinity between human FcyRs and 1gG isotypes.
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FcyR IgG1 1gG2 IgG4

FcyRI ++++ = ++++
FcyRIIA H131 +++ ++ ++
FcyRIIA R131 +++ + ++
FcyRIIB ++ - ++
FcyRIIIA V158 +++ + ++
FcyRIIIA F158 ++ - ++

However, cellular activation influences the affinity of FcyRI for IgG immune complexes and
the data generated by surface plasmon resonance in the Bruhns paper may not correctly
reproduce what occurs at an inflammatory site. A review paper by Hogarth et al (Hogarth
et al. 2012, Nat Rev Drug Discov 11(4):311-31, the disclosures of which are incorporated
herein by reference) summarizes this as well as other studies focusing on FcyR binding
for IgG.

FcyRI expression on myeloid cell subsets

Human FcyRs are primarily expressed by cells of the myeloid lineage, which has been
demonstrated in numerous studies for circulating myeloid cell subsets. Classical
monocytes, generally identified as CD14* CD16" display high levels of FcyRIl (CD32),
intermediate levels of FcyRI and low levels of FcyRIll (CD16) (Almeida et al. 2001,
100(3):325-38, Cheeseman et al. 2016, PLoS One 11(5):e0154656, the disclosures of
which are incorporated herein by reference). CD14" CD16* non-classical monocytes,
however, display high levels of FcyRIll, intermediate levels of FcyRIl and low levels of
FcyRI (Almeida et al. 2001). A summary and compilation of several published microarray
data sets showing the expression of human FcyR genes on different myeloid cell subsets
confirms these observations (Guilliams et al. 2014, Nat Rev Immunol. 14(2):94-108, the

disclosures of which are incorporated herein by reference).

Once within tissues, monocytes differentiate towards macrophages and, depending on
environmental cues, these macrophages obtain specific phenotypes. In a study by Roussel
et al (Roussel et al. 2017, J Leukoc Biol. 102(2):437-447, the disclosures of which are
incorporated herein by reference), peripheral blood monocytes were polarized towards
different macrophage lineages by using various inflammatory stimuli and the expression
profile of these cells evaluated. Here, IFN-y stimulated monocytes resulted in a highly
elevated expression specifically of CD64. A similar observation was made in SLE patients

where increased CD64 expression was detected on circulating CD14* monocytes, which
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correlated with expression of interferon-stimulated genes (Li et al. 2010, Arthritis Res Ther

12(3): R90, the disclosures of which are incorporated herein by reference).

Myeloid cell infiltration within various human tumors

Various myeloid cell subsets such as inflammatory monocytes, monocytic myeloid-derived
suppressor cells (MDSC) and macrophages have, in numerous studies, been shown to
accumulate in cancer patients (Solito et al. 2014, Ann N 'Y Acad Sci 1319:47-65., Hu et al.
2016, Clin Transl Oncol.18(3):251-8, the disclosures of which are incorporated herein by
reference). Although recent attempts have aimed at proposing strategies to standardize
the characterization of these cells (Bronte et al. 2016, Nat Commun. 7:12150, the
disclosures of which are incorporated herein by reference), many phenotypic definitions of
these cell populations can still be found throughout the literature (Elliott et al. 2017, Front
Immunol. 8:86, the disclosures of which are incorporated herein by reference). Most
commonly, these cells are defined by the expression of the markers CD11b, CD14, CD33
and the low expression of HLA-DR (monocytic MDSC) (Bronte et al. 2016). Additionally,
tumor-associated macrophages (TAM) are commonly identified by the expression of CD64
and CD68 (M1-polarized, anti-tumorigenic), or CD163 and CD206 (M2-polarized, pro-
tumorigenic) (Elliott et al. 2017).

A recent review by Elliott et al (referenced above) summarizes the numerous phenotypes
used to identify myeloid cell subsets in cancer patients. Most of these studies have focused
their analyses on circulating cells and increased frequencies of myeloid CD11b" cells have
been observed in the blood of patients with e.g. bladder, breast, colorectal, hepatocellular,
pancreatic, prostate and renal cell carcinoma (Solito et al. 2014, Elliott et al. 2017). Other
studies have also attempted to characterize the level of infiltration of these cells into tumor
tissue. In colorectal tumors, a high frequency of CD14* CD169" cells was observed. These
cells also expressed CD163 and CD206 and were thus suggested to be M2-polarized TAM
(Li et al. 2015, PLoS One 10(10):e0141817, the disclosures of which are incorporated
herein by reference). Another study in colorectal cancer patients also detected increased
numbers of CD11b* CD33* HLA-DR- cells, compared to healthy individuals (Zhang et al.
2013, PLoS One 8(2):e57114, the disclosures of which are incorporated herein by

reference).

Similarly, CD11b* myeloid cells were also identified in bladder tumors, where they
accounted for 10-20% of all nucleated cells (Eruslanov et al. 2012, Int J Cancer

130(5):1109-19, the disclosures of which are incorporated herein by reference). An even
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higher frequency of CD11b* cells was observed in pancreatic cancer where over 60% of
the CD45" cells were CD11b* CD15" CD33" (Porembka et al. 2012, Cancer Immunol
Immunother 61(9):1373-85, the disclosures of which are incorporated herein by
reference). Also, one study concluded that the major myeloid cell population within non-
small cell lung carcinoma is a CD11b" CD15" CD66b* neutrophil-like population.
Interestingly, once these cells migrate from blood to the tumor tissue, these cells display
an altered expression profile, including upregulated FcyRI (Eruslanov et al. 2014, J Clin

Invest. 124(12):5466-80, the disclosures of which are incorporated herein by reference).

FcyRI expression on tumor-infiltrating cells

Although numerous studies have identified a high infiltration of myeloid cells within human
tumors, no study has thoroughly explored the expression of FcyRs on these cells in detail.
Several publications have, however, demonstrated the presence of FcyRI-expressing cells

within tumor tissue.

A study by Morimura et al (Morimura et al. 1990, Acta Neuropathol. 80(3):287-94, the
disclosures of which are incorporated herein by reference) evaluated gliomas from 12
human samples by immunocytochemistry and compared these to peritumoral control
tissue. This study demonstrated a high presence of macrophages (using the marker
CD163, RM3/1) in gliomas, compared to peritumoral tissue, as well as an increase in FcyRI
and FcyRIlI (CD32). A more recent study by Griesinger et al (Griesinger et al. 2013, J
Immunol. 191(9):4880-8, the disclosures of which are incorporated herein by reference)
confirmed these observations by performing flow cytometric analyses of various pediatric
brain tumor types. Here, a high frequency of CD45" CD11b* myeloid cells was observed
for tissues from pilocytic astrocytoma and ependymoma patients. These cells also

expressed high levels of FcyRI.

In addition to brain tumors, FcyRI expression has also been shown for other types of
tumors. Grugan et al (Grugan et al. 2012, J Immunol. 189(11):5457-66, the disclosures of
which are incorporated herein by reference) demonstrated the presence of CD11b* CD14*
cells within human breast tumor tissue. These cells were shown to express high levels of
FcyRI and FcyRlla, as well as FcyRIllb and FcyRIIl. Also, CD45" CD11b* CD14* CD68*
TAM were identified in gastrointestinal stromal tumors displaying expression of FcyRI
(Cavnar et al. 2013, J Exp Med. 210(13):2873-86, the disclosures of which are
incorporated herein by reference). CD45* CD11b* FcyRI* cells were also identified in

colorectal cancer patients and these cells displayed a higher expression of FcyRI in tumor
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tissue, compared to healthy control tissue (Nortonet al 2016, Clin Transl
Immunology. 5(4):e76, the disclosures of which are incorporated herein by reference).
FcyRI expression has also been demonstrated for melanoma metastases (Hansen et al.
2006, Acta Oncol 45(4):400-5, the disclosures of which are incorporated herein by

reference).

Binding of IgG to the FcyRs or C1g depends on residues located in the hinge region and
the CH2 domain. Two regions of the CH2 domain are critical for FcyRs and C1q binding,
and have unique sequences in IgG2 and IgG4. Substitutions into human IgG1 of 1gG2
residues at positions 233-236 and IgG4 residues at positions 327, 330 and 331 were
shown to greatly reduce ADCC and CDC (Armour et al., 1999, Eur J Immunol. 29(8):2613-
24; Shields et al.,, 2001, J Biol Chem. 276(9):6591-604, the disclosures of which are
incorporated herein by reference). Furthermore, Idusogie et al. demonstrated that alanine
substitution at different positions, including K322, significantly reduced complement
activation (Idusogie et al., 2000, J Immunol. 164(8):4178-84, the disclosures of which are
incorporated herein by reference). Similarly, mutations in the CH2 domain of murine IgG2A
were shown to reduce the binding to FcyRI, and C1q (Steurer. et al., 1995. J Immunol.

155(3):1165- 74, the disclosures of which are incorporated herein by reference).

Numerous mutations have been made in the CH2 domain of human IgG1 and their effect
on ADCC and CDC tested in vitro (see references cited above). Notably, alanine
substitution at position 333 was reported to increase both ADCC and CDC (Shields et al.,
2001, supra; Steurer et al., 1995, supra). Lazar et al. described a ftriple mutant
(S239D/I332E/A330L) with a higher affinity for FcyRllla and a lower affinity for FcyRllb
resulting in enhanced ADCC (Lazar et al, 2006, PNAS 103(11):4005-4010, the
disclosures of which are incorporated herein by reference). The same mutations were
used to generate an antibody with increased ADCC (Ryan et al., 2007, Mol. Cancer Ther.
6:3009-3018, the disclosures of which are incorporated herein by reference). Richards et
al. studied a slightly different triple mutant ($239D/I332E/G236A) with improved FcyRllla
affinity and FcyRIla/FcyRlIIb ratio that mediates enhanced phagocytosis of target cells by
macrophages (Richards et al., 2008. Mol Cancer Ther. 7(8):2517-27, the disclosures of

which are incorporated herein by reference).

Due to their lack of effector functions, IgG4 antibodies represent a preferred IgG subclass
for receptor modulation without cell depletion. 1gG4 molecules can exchange half-
molecules in a dynamic process termed Fab-arm exchange. This phenomenon can also

occur in vivo between therapeutic antibodies and endogenous 1gG4.
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The S228P mutation has been shown to prevent this recombination process allowing the
design of less unpredictable therapeutic IgG4 antibodies (Labrijn et al., 2009, Nat

Biotechnol. 27(8):767-71, the disclosures of which are incorporated herein by reference).

In a further embodiment, the effector function of the Fc region may be altered through
modification of the carbohydrate moieties within the CH2 domain therein, for example by
modifying the relative levels of fucose, galactose, bisecting N-acetylglucosamine and/or
sialic acid during production (see Jefferis, 2009, Nat Rev Drug Discov. 8(3):226-34 and
Raju, 2008, Curr Opin Immunol., 20(4):471-8; the disclosures of which are incorporated

herein by reference)

Thus, it is known that therapeutic antibodies lacking or low in fucose residues in the Fc
region may exhibit enhanced ADCC activity in humans (for example, see Peipp et al.,
2008, Blood 112(6):2390-9, Yamane-Ohnuki & Satoh, 2009, MAbs 1(3):230-26, lida et al.,
2009, BMC Cancer 9;58 (the disclosures of which are incorporated herein by reference).
Low fucose antibody polypeptides may be produced by expression in cells cultured in a
medium containing an inhibitor of mannosidase, such as kinfunensine (see Example |

below).

Other methods to modify glycosylation of an antibody into a low fucose format include the
use of the bacterial enzyme GDP-6-deoxy-D-lyxo-4-hexulose reductase in cells not able
to metabolise rhamnose (e.g. using the GlymaxX® technology of ProBioGen AG, Berlin,

Germany).

Another method to create low fucose antibodies is by inhibition or depletion of alpha-(1,6)-
fucosyltransferase in the antibody-producing cells (e.g. using the Potelligent® CHOK1SV

technology of Lonza Ltd, Basel, Switzerland).

An exemplary heavy chain constant region amino acid sequence which may be combined
with any VH region sequence disclosed herein (to form a complete heavy chain) is the

IgG1 heavy chain constant region sequence reproduced here:

ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPA
VLOSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCP
PCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKEFNWYVDGV

31



2017360094 26 Nov 2024

EVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTIS
KAKGOQPREPQVYTLPPSRDELTKNQVSLTCLVKGEFYPSDIAVEWESNGQPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWQOGNVEFSCSVMHEALHNHYTQKSLSLSPGK

[SEQ ID NO: 12]

Other heavy chain constant region sequences are known in the art and could also be
combined with any VH region disclosed herein. For example, as indicated above, a

preferred constant region is a modified IgGG4 constant region such as that reproduced here:

ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPA
VLQOSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCP
APEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQENWYVDGVEVH
NAKTKPREEQENSTYRVVSVLTVLHOQDWLNGKEYKCKVSNKGLPSSIEKTISKAK
GOQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTP
PVLDSDGSFFLYSRLTVDKSRWQEGNVEFSCSVMHEALHNHYTQKSLSLSLGK
[SEQ ID NO: 13]

This modified 1gG4 sequence results in stabilization of the core hinge of IgG4 making the

IgG4 more stable, preventing Fab arm exchange.

Another preferred constant region is a modified 1gG4 constant region such as that

reproduced here:

ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPA
VLQOSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCP
APEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQENWYVDGVEVH
NAKTKPREEQENSTYRVVSVLTVLHOQDWLNGKEYKCKVSNKGLPSSIEKTISKAK
GOQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTP
PVLDSDGSFFLYSRLTVDKSRWQEGNVEFSCSVMHEALHNRYTQKSLSLSLGK
[SEQ ID NO: 14]

This modified 1gG4 sequence exhibits reduced FcRn binding and hence results in a

reduced serum half-life relative to wild type IgG4. In addition, it exhibits stabilization of the

core hinge of IlgG4 making the IgG4 more stable, preventing Fab arm exchange.
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Also suitable for use in the polypeptides of the invention is a wild type IgG4 constant region

such as that reproduced here:

ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPA
VLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPSCP
APEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQENWYVDGVEVH
NAKTKPREEQENSTYRVVSVLTVLHOQDWLNGKEYKCKVSNKGLPSSIEKTISKAK
GOQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTP
PVLDSDGSFFLYSRLTVDKSRWQEGNVEFSCSVMHEALHNHYTQKSLSLSLGK
[SEQ ID NO: 15]

An exemplary light chain constant region amino acid sequence which may be combined
with any VL region sequence disclosed herein (to form a complete light chain) is the kappa

chain constant region sequence reproduced here:

RTVAAPSVEFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQES
VITEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSEFNRGEC
[SEQ ID NO: 16]

Other light chain constant region sequences are known in the art and could also be

combined with any VL region disclosed herein.

In an exemplary embodiment of the invention, the antibody polypeptide may comprise the

IgG4 constant regions of SEQ ID NOs: 13 and 16, respectively.

Thus, exemplary antibody polypeptides of the invention comprise:

(a) a heavy chain comprising a variable region of SEQ ID NO: 1 together with a
constant region of SEQ ID NO: 13; and

(b) a light chain comprising a variable region of SEQ ID NO: 2 together with a constant
region of SEQ ID NO:16.

For example, the antibody polypeptides may be an intact IgG4 molecule comprising or
consisting of two heavy chains having an amino acid sequence of SEQ ID NO: 17 and two

light chains having an amino acid sequence of SEQ ID NO: 18.
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Alternative exemplary polypeptides of the invention comprise:

(a) a heavy chain comprising a variable region of SEQ ID NO: 19 together with a
constant region of SEQ ID NO: 13; and

(b) alight chain comprising a variable region of SEQ ID NO: 20 together with a constant
region of SEQ ID NO:16.

For example, the antibody polypeptides may be an intact 1gG4 molecule comprising or
consisting of two heavy chains having an amino acid sequence of SEQ ID NO: 29 and two

light chains having an amino acid sequence of SEQ ID NO: 30.

In one embodiment of the first or second aspect of the invention, the antibody polypeptide

of the invention is or comprises a “fusion” polypeptide.

In addition to being fused to a moiety in order to improve pharmacokinetic properties, it will
be appreciated that the polypeptide of the invention may also be fused to a polypeptide
such as glutathione-S-transferase (GST) or protein A in order to facilitate purification of
said polypeptide. Examples of such fusions are well known to those skilled in the art.
Similarly, the said polypeptide may be fused to an oligo-histidine tag, such as His6, or to
an epitope recognised by an antibody such as the well-known Myc tag epitope. Fusions
to any variant or derivative of said polypeptide are also included in the scope of the
invention. It will be appreciated that fusions (or variants, derivatives or fusions thereof)
which retain or improve desirable properties, such as IL-1R binding properties or in vivo

half-life are preferred.

Thus, the fusion may comprise an amino acid sequence as detailed above together with a
further portion which confers a desirable feature on the said polypeptide of the invention;
for example, the portion may useful in detecting or isolating the polypeptide, or promoting
cellular uptake of the polypeptide. The portion may be, for example, a biotin moiety, a
radioactive moiety, a fluorescent moiety, for example a small fluorophore or a green
fluorescent protein (GFP) fluorophore, as well known to those skilled in the art. The moiety
may be an immunogenic tag, for example a Myc tag, as known to those skilled in the art
or may be a lipophilic molecule or polypeptide domain that is capable of promoting cellular

uptake of the polypeptide, as known to those skilled in the art.
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It will be appreciated by persons skilled in the art that the antibody polypeptides of the
invention may comprise or consist of one or more amino acids which have been modified

or derivatised.

Chemical derivatives of one or more amino acids may be achieved by reaction with a
functional side group. Such derivatised molecules include, for example, those molecules
in which free amino groups have been derivatised to form amine hydrochlorides, p-toluene
sulphonyl groups, carboxybenzoxy groups, t-butyloxycarbonyl groups, chloroacetyl groups
or formyl groups. Free carboxyl groups may be derivatised to form salts, methyl and ethyl
esters or other types of esters and hydrazides. Free hydroxyl groups may be derivatised
to form O-acyl or O-alkyl derivatives. Also included as chemical derivatives are those
peptides which contain naturally occurring amino acid derivatives of the twenty standard
amino acids. For example: 4-hydroxyproline may be substituted for proline; 5-
hydroxylysine may be substituted for lysine; 3-methylhistidine may be substituted for
histidine; homoserine may be substituted for serine and ornithine for lysine. Derivatives
also include peptides containing one or more additions or deletions as long as the requisite
activity is maintained. Other included modifications are amidation, amino terminal acylation
(e.g. acetylation or thioglycolic acid amidation), terminal carboxylamidation (e.g. with

ammonia or methylamine), and the like terminal modifications.

It will be further appreciated by persons skilled in the art that peptidomimetic compounds
may also be useful. The term ‘peptidomimetic’ refers to a compound that mimics the

conformation and desirable features of a particular peptide as a therapeutic agent.

For example, the said polypeptide includes not only molecules in which amino acid
residues are joined by peptide (-CO-NH-) linkages but also molecules in which the peptide
bond is reversed. Such retro-inverso peptidomimetics may be made using methods known
in the art, for example such as those described in Meziere et al. (1997) J. Immunol. 159,
3230-3237, which is incorporated herein by reference. This approach involves making
pseudo-peptides containing changes involving the backbone, and not the orientation of
side chains. Retro-inverse peptides, which contain NH-CO bonds instead of CO-NH
peptide bonds, are much more resistant to proteolysis. Alternatively, the said polypeptide
may be a peptidomimetic compound wherein one or more of the amino acid residues are

linked by a -y(CH2NH)- bond in place of the conventional amide linkage.

In a further alternative, the peptide bond may be dispensed with altogether provided that

an appropriate linker moiety which retains the spacing between the carbon atoms of the
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amino acid residues is used; it may be advantageous for the linker moiety to have
substantially the same charge distribution and substantially the same planarity as a peptide
bond.

It will also be appreciated that the said polypeptide may conveniently be blocked at its N-

or C-terminus so as to help reduce susceptibility to exo-proteolytic digestion.

A variety of un-coded or modified amino acids such as D-amino acids and N-methyl amino
acids have also been used to modify mammalian peptides. In addition, a presumed
bioactive conformation may be stabilised by a covalent modification, such as cyclisation
or by incorporation of lactam or other types of bridges, for example see Veber et al., 1978,
Proc. Natl. Acad. Sci. USA 75:2636 and Thursell et al., 1983, Biochem. Biophys. Res.

Comm. 111:166, which are incorporated herein by reference.

Typically, the antibody polypeptide of the invention will be a ‘naked’ antibody polypeptide,
i.e. without any additional functional moieties such as cytotoxic or detectable moieties. For
example, where the therapeutic effect is mediated by a direct effect of the antibody of the
invention on immune cells, e.g. to reduce inflammation, it may be advantageous for the

antibody to lack any cytotoxic activity.

However, in alternative embodiment, the antibody polypeptides of the invention may be
augmented with a functional moiety to facilitate their intended use, for example as a
diagnostic (e.g. in vivo imaging) agent or therapeutic agent. Thus, in one embodiment,
the antibody polypeptide is linked, directly or indirectly, to a therapeutic moiety. A suitable
therapeutic moiety is one that is capable of reducing or inhibiting the growth, or in particular
killing, a cancer cell (or associated stem cells or progenitor cells). For example, the
therapeutic agent may be a cytotoxic moiety, such as a radioisotope (e.g. °Y, ""Lu, *Tc™,

efc) or cytotoxic drug (e.g. antimetabolites, toxins, cytostatic drugs, efc).

Alternatively, the cytotoxic moiety may comprise or consist of one or more moieties
suitable for use in activation therapy, such as photon activation therapy, neutron activation
therapy, neutron-induced Auger electron therapy, synchrotron irradiation therapy or low

energy X-ray photon activation therapy.

Optionally, the antibody polypeptide of the invention may further comprise a detectable
moiety. For example, a detectable moiety may comprise or consist of a radioisotope, such

as a radioisotope selected from the group consisting of *™Tc, "In, 7Ga, %Ga, "?As,%Zr,
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23] and 2°TI Optionally, the agent may comprise a pair of detectable and cytotoxic
radionuclides, such as 8Y/9Y or '24/211At.  Alternatively, the antibody polypeptide may
comprise a radioisotope that is capable of simultaneously acting in a multi-modal manner
as a detectable moiety and also as a cytotoxic moiety to provide so-called “Multimodality
theragnostics”. The binding moieties may thus be coupled to nanoparticles that have the
capability of multi-imaging (for example, SPECT, PET, MRI, Optical, or Ultrasound)
together with therapeutic capability using cytotoxic drugs, such as radionuclides or

chemotherapy agents.

Therapeutic and/or detectable moieties (such as a radioisotope, cytotoxic moiety or the
like) may be linked directly, or indirectly, to the antibody or fragment thereof. Suitable
linkers are known in the art and include, for example, prosthetic groups, non-phenolic
linkers (derivatives of N-succimidyl- benzoates; dodecaborate), chelating moieties of both
macrocyclics and acyclic chelators, such as derivatives of 1,4,7,10-
tetraazacyclododecane-1,4,7,10,tetraacetic acid (DOTA), deferoxamine (DFO),
derivatives of diethylenetriaminepentaacetic avid (DTPA), derivatives of S-2-(4-
Isothiocyanatobenzyl)-1,4,7-triazacyclononane-1,4,7-triacetic acid (NOTA) and
derivatives of 1,4,8,11-tetraazacyclodocedan-1,4,8,11-tetraacetic acid (TETA), derivatives
of 3,6,9,15-Tetraazabicyclo[9.3.1]-pentadeca-1(15),11,13-triene-4-(S)-(4-isothiocyanato-
benzyl)-3,6,9-triacetic acid (PCTA), derivatives of 5-S-(4-Aminobenzyl)-1-oxa-4,7,10-

triazacyclododecane-4,7,10-tris(acetic acid) (DO3A) and other chelating moieties.

One preferred linker is DTPA, for example as used in '"’Lu-DTPA-[antibody polypeptide of
the invention]. A further preferred linker is deferoxamine, DFO, for example as used in

89Zr-DFO-[antibody polypeptide of the invention].

However, it will be appreciated by persons skilled in the art that many medical uses of the
antibody polypeptides of the invention will not require the presence of a cytotoxic or

diagnostic moiety.

As discussed above, methods for the production of antibody polypeptides of the invention

are well known in the art.

Conveniently, the antibody polypeptide is or comprises a recombinant polypeptide.
Suitable methods for the production of such recombinant polypeptides are well known in
the art, such as expression in prokaryotic or eukaryotic hosts cells (for example, see Green
& Sambrook, 2012, Molecular Cloning, A Laboratory Manual, Fourth Edition, Cold Spring
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Harbor, New York, the relevant disclosures in which document are hereby incorporated by

reference).

Although the antibody may be a polyclonal antibody, it is preferred if it is a monoclonal
antibody, or that the antigen-binding fragment, variant, fusion or derivative thereof, is

derived from a monoclonal antibody.

Suitable monoclonal antibodies may be prepared by known techniques, for example those
disclosed in “Monoclonal Antibodies; A manual of techniques”, H Zola (CRC Press, 1988)
and in “Monoclonal Hybridoma Antibodies: Techniques and Application”, SGR Hurrell
(CRC Press, 1982). Polyclonal antibodies may be produced which are poly-specific or

mono-specific. It is preferred that they are mono-specific.

Antibody polypeptides of the invention can also be produced using a commercially
available in vitro translation system, such as rabbit reticulocyte lysate or wheatgerm lysate
(available from Promega). Preferably, the translation system is rabbit reticulocyte lysate.
Conveniently, the translation system may be coupled to a transcription system, such as
the TNT transcription-translation system (Promega). This system has the advantage of
producing suitable mRNA transcript from an encoding DNA polynucleotide in the same

reaction as the translation.

It will be appreciated by persons skilled in the art that antibody polypeptides of the invention
may alternatively be synthesised artificially, for example using well known liquid-phase or

solid phase synthesis techniques (such as -Boc or Fmoc solid-phase peptide synthesis).

A third aspect of the invention provides an isolated nucleic acid molecule encoding an
antibody or antigen-binding fragment of the first or second aspect of the invention, or a
component polypeptide chain thereof. By “nucleic acid molecule” we include DNA (e.g.
genomic DNA or complementary DNA) and mRNA molecules, which may be single- or
double-stranded. By “isolated” we mean that the nucleic acid molecule is not located or

otherwise provided within a cell.

In one embodiment, the nucleic acid molecule is a cDNA molecule.

Preferably, the nucleic acid molecule comprises one or more nucleotide sequence
selected from either SEQ ID NO: 9 and SEQ ID NO: 10, reproduced below.
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Nucleotide sequence encoding VH region of “1630”

GAGGTGCAGCTGTTGGAGAGCGGGGGAGGCTTGGTACAGCCTGGGGEGGETCCCTGL
GCCTCTCCTGTGCAGCCAGCGGATTCACCTTTGGTTACTCTTACATGTCTTGGGT
CCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGGTCTCATCTATTGGTTCTGGTTCT
TCTTACACATACTATGCAGACTCCGTGAAGGGCCGGTTCACCATCTCCCGTGACA
ATTCCAAGAACACGCTGTATCTGCAAATGAACAGCCTGCGTGCCGAGGACALCGGC
TGTATATTATTGTGCGCGCGTTTACTCTTCTCCGGGTATTGACTATTGGGGCCAG
GGAACCCTGGTCACCGTCTCCTCA [SEQ ID NO:9]

Nucleotide sequence encoding VL region of “1631”

GACATCCAGATGACCCAGTCTCCATCCTCCCTGAGCGCATCTGTAGGAGACCGLCG
TCACCATCACTTGCCGGGCAAGTCAGAGCATTAGCAGCTATTTAAATTGGTATCA
GCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATGCTGCATCCAGTTTGCAA
AGTGGGGTCCCATCACGTTTCAGTGGCAGTGGAAGCGGGACAGATTTCACTCTCA
CCATCAGCAGTCTGCAACCTGAAGATTTTGCAACTTATTACTGTCAACAGTACTA
CACTTGGGTTCCGTTCACTTTTGGCCAGGGGACCAAGCTGGAGATCAAA

[SEQ ID NO:10]

In an alternative preferred embodiment, the nucleic acid molecule comprises one or more

nucleotide sequence selected from either SEQ ID NO: 27 and SEQ ID NO: 28, reproduced

below.
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Nucleotide sequence encoding VH region of “2674”

gaggtgcagttgttggaatctggeggaggattggtgeagectggeggatetetgagactgtettgt
gecegectetggettecaactteggetactectacatgtectgggtecgacaggetectggcaaagyga
ctggaatgggtgtectecateggetecacecagetetecacacctactacgeegattecegtgaaggge
agattcaccatcageegggacaactecaagaacaccectgtacetgeagatgaactecctgagagee
gaggacaccgcegtgtactactgtgecagagtgtactectetectggeategattattggggecag
ggcacactggtcaccgtgtectetgettetaccaagggacectetgtgttecctetggeteecttyge
tccagatccacctetgagtetacegetgetetgggetgectggtcaaggattacttteectgagecet
gtgaccgtgtettggaactecggtgetetgacatecggegtgeacacatttecagetgtgetygeag
tcectecggectgtactetetgtectetgtegtgacegtgecttetagetetetgggeaccaagace
tacacctgtaacgtggaccacaagecttcecaacaccaaggtggacaagegegtggaatetaagtac
ggcectceecatgtecaccatgtectgetecagaattecteggeggaccaagegtgttectgtttect
ccaaagcectaaggacacccotgatgatceteteggacecctgaagtgacctgegtggtggtggatgtyg
tctcaagaggacccagaagtgcagttcaattggtacgtggacggegtggaagtgeacaacgecaag
accaagcctagagaggaacagttceaactcecacctacagagtggtgtecgtgetgacegtgetgeac
caggattggctgaacggcaaagagtacaagtgcaaggtgtecaacaagggectgecttecageate
gaaaagaccatctecaaggctaagggccagectegggaacceteaggtttacacectgectecaage
caagaggaaatgaccaagaaccaggtgtceectgacetgectegtgaagggattcetaccetteegat
atcgecgtggaatgggagtetaacggecagecagagaacaactacaagacaaccectectgtgetyg
gactcecgacggetetttettectgtattetegectgacegtggacaagteteggtggeaagaggye
aacgtgttetectgetetgtgatgeacgaggecctgeacaaccactacacacagaagtecctgtet

ctgtecetgggeaag
[SEQ ID NO: 27]

Nucleotide sequence encoding VL region of “2675”

gacatccagatgacccagtetecatectetetgtetgectetgtgggegacagagtgacecateace
tgtcgggcettetecagtecateggecageacectgaactggtatcageagaagectggeaaggeeect
aagctgctgatcetatggegetagetetetgecagtetggegtgecetetagattttecggetetgyge
tctggcaccgactteaccetgacaatcagttecetgeagectgaggacttegecaccetactactyge
cagcagtactacacctgggtgccoctttacetttggecagggecaccaagetggaaatcaagagaace
gtggcegetecttecgtgtteatetteccaccatetgacgagecagetgaagteceggeacagettet
gtegtgtgectgetgaacaacttetacectegggaagecaaggtgecagtggaaggtggacaatgee
ctgcagtceggeaacteccaagagtetgtgaccgageaggactecaaggactetaccetacagectyg
tcectecacactgacectgtetaaggecgactacgagaageacaaggtgtacgectgegaagtgace

catcagggactgtctageccegtgaccaagtecttecaacagaggegagtgt
[SEQ ID NO: 28]
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It will be appreciated by persons skilled in the art that the nucleic acid molecule may be
codon-optimised for expression of the antibody polypeptide in a particular host cell, e.g. for
expression in human cells (for example, see Angov, 2011, Biotechnol. J. 6(6):650-659, the

disclosures of which are incorporated herein by reference).

Also included within the scope of the invention are the following:

(a) a fourth aspect of the invention provides a vector (such as an expression vector)

comprising a nucleic acid molecule according to the third aspect of the invention;

(b) a fifth aspect of the invention provides a host cell (such as a mammalian cell,
e.g. human cell, or Chinese hamster ovary cell, e.g. CHOK1SV cells) comprising a
nucleic acid molecule according to the third aspect of the invention or a vector

according to the fourth aspect of the invention; and

(c) a sixth aspect of the invention provides a method of making an antibody polypeptide
according to the first or second aspect of the invention comprising culturing a
population of host cells according to the fifth aspect of the invention under conditions

in which said polypeptide is expressed, and isolating the polypeptide therefrom.

A seventh aspect of the invention provides a pharmaceutical composition comprising a
pharmaceutically effective amount of an antibody or antigen-binding fragment according
to the first or second aspect of the invention and a pharmaceutically-acceptable diluent,

carrier, adjuvant or excipient.

It will be appreciated by persons skilled in the art that additional compounds may also be
included in the pharmaceutical compositions, including, chelating agents such as EDTA,

citrate, EGTA or glutathione.

The pharmaceutical compositions may be prepared in a manner known in the art that is
sufficiently storage stable and suitable for administration to humans and animals. For
example, the pharmaceutical compositions may be lyophilised, e.g. through freeze drying,
spray drying, spray cooling, or through use of particle formation from supercritical particle

formation.

By “pharmaceutically acceptable” we mean a non-toxic material that does not decrease

the effectiveness of the CD137-binding activity of the antibody polypeptide of the invention.
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Such pharmaceutically acceptable buffers, carriers or excipients are well-known in the art
(see Remington's Pharmaceutical Sciences, 18th edition, A.R Gennaro, Ed., Mack
Publishing Company (1990) and handbook of Pharmaceutical Excipients, 3rd edition, A.
Kibbe, Ed ., Pharmaceutical Press (2000), the disclosures of which are incorporated herein

by reference).

The term "buffer" is intended to mean an aqueous solution containing an acid-base mixture
with the purpose of stabilising pH. Examples of buffers are Trizma, Bicine, Tricine, MOPS,
MOPSO, MOBS, Tris, Hepes, HEPBS, MES, phosphate, carbonate, acetate, citrate,
glycolate, lactate, borate, ACES, ADA, tartrate, AMP, AMPD, AMPSO, BES, CABS,
cacodylate, CHES, DIPSO, EPPS, ethanolamine, glycine, HEPPSO, imidazole,
imidazolelactic acid, PIPES, SSC, SSPE, POPSO, TAPS, TABS, TAPSO and TES.

The term "diluent" is intended to mean an aqueous or non-aqueous solution with the
purpose of diluting the antibody polypeptide in the pharmaceutical preparation. The diluent
may be one or more of saline, water, polyethylene glycol, propylene glycol, ethanol or oils

(such as safflower oil, corn oil, peanut oil, cottonseed oil or sesame oil).

The term "adjuvant” is intended to mean any compound added to the formulation to
increase the biological effect of the antibody polypeptide of the invention. The adjuvant
may be one or more of zinc, copper or silver salts with different anions, for example, but
not limited to fluoride, chloride, bromide, iodide, tiocyanate, sulfite, hydroxide, phosphate,
carbonate, lactate, glycolate, citrate, borate, tartrate, and acetates of different acyl
composition. The adjuvant may also be cationic polymers such as cationic cellulose ethers,
cationic cellulose esters, deacetylated hyaluronic acid, chitosan, cationic dendrimers,
cationic synthetic polymers such as poly(vinyl imidazole), and cationic polypeptides such

as polyhistidine, polylysine, polyarginine, and peptides containing these amino acids.

The excipient may be one or more of carbohydrates, polymers, lipids and minerals.
Examples of carbohydrates include Ilactose, glucose, sucrose, mannitol, and
cyclodextrines, which are added to the composition, e.g. for facilitating lyophilisation.
Examples of polymers are starch, cellulose ethers, cellulose carboxymethylcellulose,
hydroxypropylmethyl cellulose, hydroxyethyl cellulose, ethylhydroxyethyl cellulose,
alginates, carageenans, hyaluronic acid and derivatives thereof, polyacrylic acid,
polysulphonate, polyethylenglycol/polyethylene oxide, polyethyleneoxide/polypropylene
oxide copolymers, polyvinylalcohol/polyvinylacetate of different degree of hydrolysis, and

polyvinylpyrrolidone, all of different molecular weight, which are added to the composition,
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e.g., for viscosity control, for achieving bioadhesion, or for protecting the lipid from
chemical and proteolytic degradation. Examples of lipids are fatty acids, phospholipids,
mono-, di-, and triglycerides, ceramides, sphingolipids and glycolipids, all of different acyl
chain length and saturation, egg lecithin, soy lecithin, hydrogenated egg and soy lecithin,
which are added to the composition for reasons similar to those for polymers. Examples
of minerals are talc, magnesium oxide, zinc oxide and titanium oxide, which are added to
the composition to obtain benefits such as reduction of liquid accumulation or

advantageous pigment properties.

The antibody polypeptides of the invention may be formulated into any type of

pharmaceutical composition known in the art to be suitable for the delivery thereof.

In one embodiment, the pharmaceutical compositions of the invention may be in the form
of a liposome, in which the antibody polypeptide is combined, in addition to other
pharmaceutically acceptable carriers, with amphipathic agents such as lipids, which exist
in aggregated forms as micelles, insoluble monolayers and liquid crystals. Suitable lipids
for liposomal formulation include, without limitation, monoglycerides, diglycerides,
sulfatides, lysolecithin, phospholipids, saponin, bile acids, and the like. Suitable lipids also
include the lipids above modified by poly(ethylene glycol) in the polar headgroup for
prolonging bloodstream circulation time. Preparation of such liposomal formulations is can
be found in for example US 4,235,871, the disclosures of which are incorporated herein

by reference.

The pharmaceutical compositions of the invention may also be in the form of
biodegradable microspheres. Aliphatic polyesters, such as poly(lactic acid) (PLA),
poly(glycolic acid) (PGA), copolymers of PLA and PGA (PLGA) or poly(caprolactone)
(PCL), and polyanhydrides have been widely used as biodegradable polymers in the
production of microspheres. Preparations of such microspheres can be found in
US 5,851,451 and in EP 0 213 303, the disclosures of which are incorporated herein by

reference.

In a further embodiment, the pharmaceutical compositions of the invention are provided
in the form of polymer gels, where polymers such as starch, cellulose ethers, cellulose
carboxymethylcellulose, hydroxypropylmethyl cellulose, hydroxyethyl cellulose,
ethylhydroxyethyl cellulose, alginates, carageenans, hyaluronic acid and derivatives
thereof, polyacrylic acid, polyvinyl imidazole, polysulphonate, polyethylene-

glycol/polyethylene  oxide, polyethyleneoxide/polypropylene oxide  copolymers,
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polyvinylalcohol/polyvinylacetate of different degree of hydrolysis, and polyvinylpyrrolidone
are used for thickening of the solution containing the agent. The polymers may also

comprise gelatin or collagen.

Alternatively, the antibody polypeptide may simply be dissolved in saline, water,
polyethylene glycol, propylene glycol, ethanol or oils (such as safflower oil, corn oil, peanut

oil, cottonseed oil or sesame oil), tragacanth gum, and/or various buffers.

It will be appreciated that the pharmaceutical compositions of the invention may include
ions and a defined pH for potentiation of action of the active antibody polypeptide.
Additionally, the compositions may be subjected to conventional pharmaceutical
operations such as sterilisation and/or may contain conventional adjuvants such as

preservatives, stabilisers, wetting agents, emulsifiers, buffers, fillers, efc.

The pharmaceutical compositions according to the invention may be administered via any
suitable route known to those skilled in the art. Thus, possible routes of administration
include parenteral (intravenous, subcutaneous, and intramuscular), topical, ocular, nasal,
pulmonar, buccal, oral, parenteral, vaginal and rectal. Also, administration from implants

is possible.

In one preferred embodiment, the pharmaceutical compositions are administered
parenterally, for example, intravenously, intracerebroventricularly, intraarticularly, intra-
arterially, intraperitoneally, intrathecally, intraventricularly, intrasternally, intracranially,
intramuscularly or subcutaneously, or they may be administered by infusion techniques.
They are conveniently used in the form of a sterile aqueous solution which may contain
other substances, for example, enough salts or glucose to make the solution isotonic with
blood. The aqueous solutions should be suitably buffered (preferably to a pH of from 3 to
9), if necessary. The preparation of suitable parenteral formulations under sterile
conditions is readily accomplished by standard pharmaceutical techniques well known to

those skilled in the art.

Formulations suitable for parenteral administration include aqueous and non-aqueous
sterile injection solutions which may contain anti-oxidants, buffers, bacteriostats and
solutes which render the formulation isotonic with the blood of the intended recipient; and
aqueous and non-aqueous sterile suspensions which may include suspending agents and
thickening agents. The formulations may be presented in unit-dose or multi-dose

containers, for example sealed ampoules and vials, and may be stored in a freeze-dried
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(lyophilised) condition requiring only the addition of the sterile liquid carrier, for example
water for injections, immediately prior to use. Extemporaneous injection solutions and
suspensions may be prepared from sterile powders, granules and tablets of the kind

previously described.

Thus, the pharmaceutical compositions of the invention are particularly suitable for

parenteral, e.g. intravenous, administration.

Alternatively, the pharmaceutical compositions may be administered intranasally or by
inhalation (for example, in the form of an aerosol spray presentation from a pressurised
container, pump, spray or nebuliser with the use of a suitable propellant, such as
dichlorodifluoromethane, trichlorofluoro-methane, dichlorotetrafluoro-ethane, a
hydrofluoroalkane such as 1,1,1,2-tetrafluoroethane (HFA 134A3 or 1,1,1,2,3,3,3-
heptafluoropropane (HFA 227EAS3), carbon dioxide or other suitable gas). In the case of
a pressurised aerosol, the dosage unit may be determined by providing a valve to deliver
a metered amount. The pressurised container, pump, spray or nebuliser may contain a
solution or suspension of the active polypeptide, e.g. using a mixture of ethanol and the
propellant as the solvent, which may additionally contain a lubricant, e.g. sorbitan trioleate.
Capsules and cartridges (made, for example, from gelatin} for use in an inhaler or
insufflator may be formulated to contain a powder mix of a compound of the invention and

a suitable powder base such as lactose or starch.

Aerosol or dry powder formulations are preferably arranged so that each metered dose or
‘puff contains at least 1 mg of a compound of the invention for delivery to the patient. It
will be appreciated that the overall daily dose with an aerosol will vary from patient to
patient, and may be administered in a single dose or, more usually, in divided doses

throughout the day.

Alternatively, the antibody polypeptides of the invention can be administered in the form of
a suppository or pessary, or they may be applied topically in the form of a lotion, solution,
cream, ointment or dusting powder. The compounds of the invention may also be
transdermally administered, for example, by the use of a skin patch. They may also be

administered by the ocular route.

For ophthalmic use, the antibody polypeptides of the invention can be formulated as
micronised suspensions in isotonic, pH adjusted, sterile saline, or, preferably, as solutions

in isotonic, pH adjusted, sterile saline, optionally in combination with a preservative such
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as a benzylalkonium chloride. Alternatively, they may be formulated in an ointment such

as petrolatum.

For application topically to the skin, the antibody polypeptide of the invention can be
formulated as a suitable ointment containing the active compound suspended or dissolved
in, for example, a mixture with one or more of the following: mineral oil, liquid petrolatum,
white petrolatum, propylene glycol, polyoxyethylene polyoxypropylene compound,
emulsifying wax and water. Alternatively, they can be formulated as a suitable lotion or
cream, suspended or dissolved in, for example, a mixture of one or more of the following:
mineral oil, sorbitan monostearate, a polyethylene glycol, liquid paraffin, polysorbate 60,

cetyl esters wax, cetearyl alcohol, 2-octyldodecanol, benzyl alcohol and water.

The pharmaceutical compositions will be administered to a patient in a pharmaceutically
effective dose. A ‘therapeutically effective amount’, or ‘effective amount’, or
‘therapeutically effective’, as used herein, refers to that amount which provides a
therapeutic effect for a given condition and administration regimen. This is a predetermined
quantity of active material calculated to produce a desired therapeutic effect in association
with the required additive and diluent, i.e. a carrier or administration vehicle. Further, it is
intended to mean an amount sufficient to reduce and most preferably prevent, a clinically
significant deficit in the activity, function and response of the host. Alternatively, a
therapeutically effective amount is sufficient to cause an improvement in a clinically
significant condition in a host. As is appreciated by those skilled in the art, the amount of
a compound may vary depending on its specific activity. Suitable dosage amounts may
contain a predetermined quantity of active composition calculated to produce the desired
therapeutic effect in association with the required diluent. In the methods and use for
manufacture of compositions of the invention, a therapeutically effective amount of the
active component is provided. A therapeutically effective amount can be determined by
the ordinary skilled medical or veterinary worker based on patient characteristics, such as
age, weight, sex, condition, complications, other diseases, efc., as is well known in the art.
The administration of the pharmaceutically effective dose can be carried out both by single
administration in the form of an individual dose unit or else several smaller dose units and
also by multiple administrations of subdivided doses at specific intervals. Alternatively, the

does may be provided as a continuous infusion over a prolonged period.

In the context of diagnostic use of the antibody polypeptides of the invention, a

‘pharmaceutically effective amount’, or ‘effective amount’, or ‘diagnostically effective’, as
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used herein, refers to that amount which provides a detectable signal for diagnosis, e.g. for

in vivo imaging purposes.

The antibody polypeptides can be formulated at various concentrations, depending on the
efficacy/toxicity of the polypeptide being used. For example, the formulation may comprise
the active antibody polypeptide at a concentration of between 0.1 yM and 1 mM, more
preferably between 1 yM and 500 uM, between 500 yM and 1 mM, between 300 yM and
700 pM, between 1 pM and 100 uM, between 100 pM and 200 uM, between 200 uM and
300 uM, between 300 uM and 400 uM, between 400 uM and 500 pM, between 500 uM
and 600 uM, between 600 uM and 700 pM, between 800 uM and 900 uM or between
900 pM and 1 mM. Typically, the formulation comprises the active antibody polypeptide
at a concentration of between 300 pM and 700 uM.

Typically, the therapeutic dose of the antibody polypeptide (with or without a therapeutic
moiety) in @ human patient will be in the range of 100 ug to 1 g per administration (based
on a body weight of 70kg, e.g. between 300 pg to 700 mg per administration). For
example, the maximum therapeutic dose may be in the range of 0.1 to 10 mg/kg per
administration, e.g. between 0.1 and 5 mg/kg or between 1 and 5 mg/kg or between 0.1
and 2 mg/kg. It will be appreciated that such a dose may be administered at different
intervals, as determined by the oncologist/physician; for example, a dose may be

administered daily, twice-weekly, weekly, bi-weekly or monthly.

It will be further appreciated by persons skilled in the art that the polypeptides and
pharmaceutical formulations of the present invention have utility in both the medical and
veterinary fields. Thus, the methods of the invention may be used in the treatment of both
human and non-human animals (such as horses, dogs and cats). Preferably, however,

the patient is human.

For veterinary use, the agents, medicaments and pharmaceutical compositions of the
invention are administered as a suitably acceptable formulation in accordance with normal
veterinary practice and the veterinary surgeon will determine the dosing regimen and route

of administration which will be most appropriate for a particular animal.

An eighth aspect of the invention provides an antibody or antigen-binding fragment thereof

according to the first or second aspect of the invention for use in medicine.
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In one embodiment, the antibody polypeptides and formulations of the invention may be

used to treat patients or subjects who suffer from or are at risk of suffering from a cancer.

By ‘treatment’ we include both therapeutic and prophylactic treatment of the patient. The
term ‘prophylactic’ is used to encompass the use of an agent, or formulation thereof, as
described herein which either prevents or reduces the likelihood of a cancer, or the spread,
dissemination, or metastasis of cancer cells in a patient or subject. The term ‘prophylactic’
also encompasses the use of an agent, or formulation thereof, as described herein to
prevent recurrence of a cancer in a patient who has previously been treated for the

neoplastic disorder.

The cancer may be associated with formation of solid tumours or may be a haematologic
cancer. Cancer types that may be treated include carcinomas, sarcomas, lymphomas,

leukemias, blastomas and germ cell tumours.

For example, the antibody or antigen-binding fragment thereof may be for use in the
treatment of a cancer selected from the group consisting of prostate cancer; breast cancer;
colorectal cancer; kidney cancer; pancreatic cancer; ovarian cancer; lung cancer; cervical
cancer; rhabdomyosarcoma; neuroblastoma; bone cancer; multiple myeloma; leukemia
(such as acute lymphoblastic leukemia [ALL] and acute myeloid leukemia [AML]), skin

cancer (e.g. melanoma), bladder cancer and glioblastoma.

In one embodiment, the cancer may be selected from the list of cancers in Table 16 or
Table 17.

Typically, the therapeutic agents of the invention will be administered in parenteral form,

for example by injection into the bloodstream or at/near the site of a tumour.
In one embodiment, the agent for treating a patient who has been pre-screened and

identified as having a tumour with cells expressing CD137 and FcyR, such as FcyRI,

FcyRIIA, FcyRIIB or combinations thereof.
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Related aspects of the invention provide the following:

(i) use of an antibody or antigen-binding fragment thereof according to the first or
second aspect of the invention in the preparation of a medicament for treating
cancer; and

(ii) a method for treating an individual with cancer, the method comprising the step
of administering to an individual in need thereof an effective amount of an
antibody or antigen-binding fragment thereof according to the first or second

aspect of the invention.

It will be further appreciated that the antibody-based agents of the invention may be used
as a sole treatment for cancer in a patient or as part of a combination treatment (which

further treatment may be a pharmaceutical agent, radiotherapy and/or surgery).

Thus, the patient may also receive one or more further treatments for cancer, for example

pharmaceutical agents (such as chemotherapeutic agents), radiotherapy and/or surgery.

For example, the pharmaceutical compositions of the invention may be administered in
combination with other therapeutic agents used in the treatment of cancers, such as
antimetabolites, alkylating agents, anthracyclines and other cytotoxic antibiotics, vinca
alkyloids, etoposide, platinum compounds, taxanes, topoisomerase | inhibitors,
antiproliferative immunosuppressants, corticosteroids, sex hormones and hormone

antagonists, and other therapeutic antibodies (such as trastuzumab).

In one embodiment, the one or more further treatments are selected from the group
consisting of conventional chemotherapeutic agents (such as alkylating agents, anti-
metabolites, plant alkaloids and terpenoids, topoisomerase inhibitors and antineoplastics),
radiotherapeutic agents, antibody-based therapeutic agents (such as gemtuzumab,
alemtuzumab, rituximab, trastuzumab, nimotuzumab, cetuximab, bevacizumab), and

steroids.

A ninth aspect of the invention provides a method of identifying a patient susceptible to
treatment with an antibody according to the first or second aspect of the invention,
comprising screening a patient to identify if they have a tumour with cells expressing
CD137 and FcyR.
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Optionally, the FcyR that is screened for is FcyRIIA. In one embodiment, the FcyRIIA is
the R131 allotype.

Suitable biomarker screening methods are well known in the art. For example, a tumour
biopsy sample may be taken from the patient and analysed to determine the level of
expression (at an RNA level and/or protein level) of CD137 and/or FcyRs therein; for

example using immunohistochemistry, flow cytometry or proteomic approaches.

Preferences and options for a given aspect, feature or parameter of the invention should,
unless the context indicates otherwise, be regarded as having been disclosed in
combination with any and all preferences and options for all other aspects, features and

parameters of the invention.

The listing or discussion of an apparently prior-published document in this specification
should not necessarily be taken as an acknowledgement that the document is part of the
state of the art or is common general knowledge.

The use of the word “a” or “an” when used in conjunction with the term “comprising” in the
claims and/or the specification may mean “one,” but it is also consistent with the meaning

of “one or more,” “at least one,” and “one or more than one.”

The term “comprising” as used in this specification and claims means “consisting at least
in part of”. When interpreting statements in this specification, and claims which include
the term “comprising”, it is to be understood that other features that are additional to the
features prefaced by this term in each statement or claim may also be present. Related

terms such as “comprise” and “comprised” are to be interpreted in similar manner.

These, and other, embodiments of the invention will be better appreciated and understood
when considered in conjunction with the above description and the accompanying
drawings. It should be understood, however, that the above description, while indicating
various embodiments of the invention and numerous specific details thereof, is given by
way of illustration and not of limitation. Many substitutions, modifications, additions and/or
rearrangements may be made within the scope of the invention without departing from the
spirit thereof, and the invention includes all such substitutions, modifications, additions

and/or rearrangements.
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The following drawings form part of the present specification and are included to further
demonstrate certain aspects of the present invention. The invention may be better
understood by reference to one or more of these drawings in combination with the detailed

description of specific embodiments presented herein.

Preferred, non-limiting examples which embody certain aspects of the invention will now

be described, with reference to the following figures:

Figure 1 shows binding to CD137 human and cynomolgus CD137. Data from separate

two experiments included.

Figure 2 shows the CD137 variants in Example 6.

Figure 3 shows a summary of two experiments of CD137 mAb competition with CD137L
binding to CHO-huCD137 cells when titrated (from left to right 25 ug/ml).

Figure 4 shows the stimulation index of clones normalized to reference REF1.

Figure 5 shows the induction of NF-kB mediated signaling by the antibodies with and

without cross-linking.

Figure 6 shows the effect of treatment with the 1630/1631 antibody on tumour volume in

a mouse tumour model.

Figure 7 shows determined patch size and Aggscore for 2674/2675 as well as the parental

clone 1630/1631 clone via Schrodinger analysis.

Figure 8 shows binding of 2674/2675 to human and cynomolgus CD137.

Figure 9 shows crosslinking of 2674/2675 and parental clone 1630/1631 with FcyRlI
transfected CHO cells in the CD137 reporter assay.

Figure 10 shows crosslinking of 2674/2675 and parental clone 1630/1631 with FcyRlla
R131 and FcyRIIb in the CD137 reporter assay.

Figure 11 shows CHO cells transfected with empty vector (pcDNA3.1), used to determine

crosslinking independent activation in the reporter cell line.
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Figure 12 shows IFN-y production of CD8" T cells after stimulation with CD137 mAbs when
crosslinked with FcyRI transfected CHO cells. Summary of IFN-y response normalized

against 2674/2675 agonist response in a CD8" T cell agonist assay (n=5).

Figure 13 shows Dot plots showing the correlation between the mean expression values
of Fcy receptor (X axes) and TNFRSF9 (CD137, Y axes) for various human cancers.
Cancers with an above average expression (mean expression level 210) of both Fcy

receptor and CD137 have been highlighted as clear symbols.
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EXAMPLES

Example 1 - Selection of CD137 antibodies from Alligator GOLD

Phage display selections were performed using a human antibody (scFv) library, Alligator
GOLD. Selections towards recombinant CD137 in soluble form, coated onto the surface of
beads or tubes, or expressed on the surface of CD137-transfected cells were performed.
CTLA4-Fc and an irrelevant His-tagged protein were used as non-targets included in
excess in the selections. Prior to each selection round, the phage stocks were pre-selected

towards non-target proteins, beads or CD137 negative cells to remove unspecific binders.

To identify specific binders from the phage selection, approximately 4500 individual clones
were screened in phage format using ELISA coated with either recombinant target
(CD137-Fc) or non-target protein, followed by confirmation as soluble scFv for some
clones. Clones exhibiting specific binding to CD137 were sequenced and unique clones

were produced as IgG for further characterization.

Example 2 - Binding to human CD137 measured by ELISA

Aim
The aim was to determine binding potency of the CD137 antibody.

Material and methods

Binding of CD137 antibodies to recombinant human CD137 was determined by sandwich
ELISA. Briefly, ELISA plates (Greiner # 655074 ) coated with recombinant human CD137-
Fc (R&D # 838-4B) were incubated with serial dilutions of the various CD137 antibodies
to be investigated. CD137 antibodies were detected using HRP-conjugated goat-anti-
human kappa light chain (AbD Serotec # STAR127P) and developed with SuperSignal
ELISA Pico Chemiluminescent substrate (Pierce # 37069). EC50 values of the various

antibodies were determined in 2-6 separate experiments.

Two different reference antibodies with specificity for CD137, synthesized from published
amino acid sequence information, were used in this study (designated “REF1” and
“‘REF2%).

The other reference antibodies used, namely REF3, REF4 and REF8, are human CD137-
specific monospecific IgG antibodies obtained from the Alligator GOLD library. They are
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agonistic and stimulate T cells upon binding to CD137. The binding epitopes of the

reference antibodies has been established as outlined in Examples 6-8 (see below).
The reference antibodies were selected because they have previously undergone at least
some clinical testing and so represent the benchmark against which new anti-CD137

antibodies can be judged for improved properties and/or function.

Results and conclusion

Exemplary antibody 1630/1631 exhibits EC50 values in a similar range as those of the

reference antibodies, i.e. sub nM. Data is summarized in Table 1.

Table 1 - EC50 values (nM) of CD137 antibodies determined by ELISA for human CD137.

Antibody Mean SD n
REF1 0.75 0.137 |8
REF2 0.33 0.069 |5
REF3 0.39 0.037 |3
REF4 0.41 0.050 |4
REF8 0.38 0.137 |2
1630/1631 0.27 0.078 |4

n = number of data points.

Example 3 - Binding to human and cynomolgus CD137 measured by flow cytometry
Aim
The aim of this study was to determine the binding to human and cynomolgus (Macaca

fascicularis) CD137.

Material and methods

Binding and EC50 was determined using flow cytometric of CHO cells transfected with
human CD137, cynomolgus CD137 or empty vector. The extracellular part of human or
cynomolgus CD137 was fused to the transmembrane and intracellular part of human CD40
and cloned into pcDNA3.1. The vector was subsequently stably transfected into CHO cells.
Expression of CD137 was confirmed by flow cytometry using CD137 antibody (human
CD137-PE, BD Biosciences # 555356) for 30 min at 4°C. CD137-transfected and empty

vector-transfected cells were incubated with CD137 antibodies for at least 1h at 4°C to
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saturate the binding. In order to minimize antibody internalization, 0.05% sodium azide
was used in the incubation buffer and all work was performed on ice. The CD137
antibodies were detected using PE-conjugated anti-hlgG antibody (109-115-098, Jackson
Immunoresearch laboratories), incubated for 30 min at 4°C. Directly after staining the cells
were fixed with a paraformaldehyde solution (10x concentrate BD CellFIX, BD biosciences
# 340181). Cells were analyzed by flow cytometry using FACSVerse (BD Biosciences).
The median fluorescence intensity (MFI) for each sample was determined and the dose

response data was analysed using Graph Pad Prism.

MFI data was normalized for each antibody, where 0% is defined as the lowest value and
100% is the highest value in the dose titration for each antibody. EC50 and 95% confidence
interval were calculated with Graph Pad Prism based on data from the two experiments

(non-linear regression (curve fit), constraints set to 0 and 100).

Results and conclusion

Binding to CHO-huCD137, CHO-cyCD137 and CHO-pcDNA was confirmed in two
separate experiments (Figure 1). 1630/1631 binds to human CD137 with EC50
comparable with the two reference antibodies REF1 and REF2. 1630/1631 binds well to
cynomolgus CD137. Reference antibody REF1 and REF8 (Figure 1) binds very weakly or

not at all to cynomolgus CD137. REF8 exhibits weak binding and does not reach a

complete saturation.

The EC50 determination is presented as 95% confidence intervals for each CD137

antibody tested in order to include the inter and intra assay variations (Table 2).

Table 2 - 95% confidence intervals for the EC50 of each CD137 antibody determined as

an average from two experiments of normalized data. Nd: Not detectable

Antibody Binding to human | Binding to cyno | Ratio,
CD137, EC50 (pg/mL) | CD137, EC50 | cyno:human
(ng/mL)

REF1 1.00-1.99 Nd Nd

REF2 0.21-0.31 0.13-0.24 0.69

REF3 0.20-0.36 Nd Nd

REF4 0.16 - 0.27 0.11-0.17 0.67

REF8 0.20-0.42 >3 >14
1630/1631 0.17-0.26 0.12-0.16 0.63
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Example 4 - Affinity measured by Biacore

Aim

The aim was to estimate the affinity, on rate and off rate of the different CD137 antibodies.

Material and methods

Human CD137 (R&D systems) was immobilized to the Biacore™ sensor chip, CM5, using
conventional amine coupling. The tested antibody and control (serially diluted 1/2 10-0.63
nM) were analyzed for binding in HBS-P (GE, #BR-1003-68) at a flow rate of 30 pl/ml. The
association was followed for 5 minutes and the dissociation for 15 minutes. Regeneration
was performed twice using 10 mM Glycine pH 1.7 for 30 seconds. The kinetic parameters

and the affinity constants were calculated using 1:1 Langmuir model.

Results and conclusion

The affinities of the antibodies were in the nanomolar to sub-nanomolar range (Table 3)

measured using bivalent antibodies flowed over CD137 coated on the chip surface.

Table 3 - Kinetic parameters measured by surface plasmon resonance

Antibody | ka (1/Ms) | kd (1/s) | KD (M)
REF4 6.76E+05 | 6.60E-04 | 9.76E-10
REF8 3.92E+05 | 5.19E-04 | 1.32E-09
1630/1631 | 1.85E+06 | 1.18E-03 | 6.41E-10
REF2 1.05E+06 | 4.45E-04 | 4.24E-10

Example 5 - Target specificity of the CD137 antibodies
Aim
The aim with this study was to evaluate the risk that any of the CD137 antibody binds

targets other than CD137.

Material and methods

Binding to TNFR superfamily members for which ELISA methods had already been
established (CD40 and OX40) was evaluated to detect potential propensity to cross react

to non-target proteins. In addition, a BLAST search was performed identifying TNFRSF21
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as the most similar sequence (34% sequence identity). Since this sequence similarity is
rather low, determination of non-target binding to OX40 and CD40 was considered

sufficient.

ELISA plates (Greiner # 655074) were coated with 50ul/well of recombinant human OX40
(R&D # 1493-CD), CD40-Fc (Ancell # 504-820) or CD137 (R&D # 838-4B) diluted to a final
concentration of 0.5ug/ml in PBS for 1h at 37°C or overnight at 4°C. Plates were washed
with PBS+0.05% TWEEN20 (PBST), followed by block with PBST+1% bovine serum
albumin (BSA). Antibody samples were prepared as serial 1/10 dilutions from 10 — 0.01
pg/mlin PBST+1% BSA and incubated for 1h in room temperature, followed by detection
using a horse radish peroxidase-conjugated anti-human kappa light chain antibody (AbD
Serotec # STAR127P) and developed using SuperSignal ELISA Pico Chemiluminescent
substrate (Pierce ThermoScientific #37069).

Results and conclusion

Table 4 - Summary of CD137 antibody unspecific binding to OX40 and CD40

Antibody Binding to OX40 and CD40 | EC50 CD137
REF3 No

REF4 Weak; EC50> 6 ug/ml (40 nM) | 0.4 nM

REF8 No

1630/1631 | No 0.4 nM
2674/2675 | No 0.3nM

The results from the two experiments were similar. One antibody (REF4) exhibited weak
binding to OX40 and CD40, whereas none of the remaining antibody showed any
detectable binding to either OX40 or CD40. An overview of antibodies analyzed, and

results from the two experiments is shown in Table 4.

Further, binding to primary PBL from multiple blood donors was tested. The binding of
1630/1631 and 2674/2675 to PBL was similar to Reference antibodies. No relevant
unspecific binding to non-target proteins was detected.

Example 6 - Domain mapping of antibodies binding to CD137

Aim
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The aim was to define distinct classes of epitope specificity, and compare to the properties

of reference antibody.

Material and methods

The ability of each antibody to bind to a panel of human/mouse CD137 chimeras

expressed on the surface of transfected cells was analyzed by flow cytometry.

The chimeras were desighed by exchanging domains or modules of the human CD137
with the corresponding mouse domain. Genes of CD137 human/mouse chimeras were
synthesized (GenScript) and constructs cloned into pcDNA3.1 vector (Invitrogen) and
transiently transfected into FreeStyle 233-F cells (Invitrogen). The transfected cells were
incubated with CD137 antibodies and control antibodies, followed by incubation with anti-
human IgG-PE (Jackson Immunoresearch) for detection and analyzed with FACS Verse
(BD Biosciences). Binding to the different chimeric constructs was calculated as relative
MFI compared to the binding of the isotype control, followed by normalization to the full-
length human CD137 construct to minimize the effect of affinity differences between

individual antibodies.

Results and conclusion

Three binding patterns was observed as described below Figure 2. Data is summarized in
Table 5.

Pattern A
Antibody REF1 depends on domain 1 for binding to human CD137.

Pattern B
Antibodies REF3, REF4, 2674/2675 and 1630/1631 are mainly dependent on domain 2
for binding to human CD137.

Pattern C

Antibodies REF2 (Reference antibody) and REF8 appear to be mainly dependent on
domains 3B-4A for binding to human CD137.
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Table 5. Median fluorescence intensity (MFI) for antibody sample/isotype control,

normalized to full-length human CD137.

Domain 1 3B-4A
Clone Description 1630/ | 2674/
REF1 | 1631 2675 | REF3 | REF4 | REF2 | REF8
Human CD137
with mouse
domains 1, 2A and
1550 2B (aa 24-86) 0.12 0.1 0.13 0.05 0.05 0.22 0.17
Human CD137
with mouse
domains 2A, 2B
1551 and 3A (aa 47-96) | 0.41 0.10 0.15 0.04 0.05 0.37 0.33
Human CD137
with mouse
domains 2B, 3A
and 3B (aa 64-
1552 118) 0.76 0.25 0.13 0.05 0.06 0.19 0.18
Human CD137
with mouse
domains 3A, 3B
and 4A (aa 87-
1553 133) 1.07 0.9 1.08 0.65 0.65 0.17 0.17
Human CD137
with mouse
domains 3B, 4A
and 4B (aa 97-
1554 159) 0.82 0.85 0.88 0.84 0.51 0.16 0.17
Human CD137
with mouse
domains 1 and 4B
and region of
unknown function
(aa 24-46 and aa
1555 139-186) 0.1 0.35 0.38 0.24 0.26 0.26 0.32
Human full length
1030* CD137 1 1 1 1 1 1 1
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Example 7 - CD137 ligand blocking

Aim and background
The aim was to determine if the CD137 antibodies block the CD137 ligand binding.

If the CD137 antibodies bind to epitopes close to the ligand binding region, binding to the
antigen can lead to partly or total block of ligand biding. Binding close to the CD137 ligand
binding epitope may also affect the ligand binding due to steric hindrance or conformational
changes of the CD137 ligand binding epitope. All CD137 antibodies were titrated against

a fixed concentration of CD137L for evaluation of ligand blocking properties.

Material and method

CHO-cells transfected with human CD137 were used for the ligand competition. The
extracellular part of human CD137 was fused to the transmembrane and intracellular part
of hCD40 and cloned into pcDNA3.1. The vector was subsequently stably transfected into
CHO cells. The expression of CD137 was confirmed by staining with commercial antibody
targeting CD137.

The CHO-huCD137 were pre-incubated with CD137 monoclonal antibodies, titrating down
from a predetermined saturating concentration (0.25 pg/ml), for 1h at +4C before the
addition of CD137 ligand at a concentration at EC50. After co-incubation for another 30
min at +4C, the cells were washed and bound CD137 ligand was detected with anti-FLAG-
APC (Cell signaling technology). Before analyzation the cells were fixed with
paraformaldehyde (10x concentrate BD CellFIX, BD biosciences). Analyzation was
performed with FACSverse and the MFI (Median Fluorescence Intensity) was calculated

with FlowdJo software.

Results and conclusion

It can be concluded that all CD137 mAbs tested were not blocking the CD137 ligand
binding (Table 6, Figure 3). CD137 mAbs belonging to group B and C, binding to domain
2B-4A, block the CD137L (including 2674/2675 and 1630/1631). REF1 belonging to group
A which bound to domain 1, did not block CD137 ligand. REF1 increased the binding of
the CD137L.
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Table 6 - Maximal CD137 ligand competition of the CD137 antibodies.

Group CD137 CD137L,
(domain | mAb max
mapping) inhib.

A REF1 -167%

B 1630 69%

B 2674/2675 | 66%

C REF2 -26%

Example 8 - Competition ELISA

Aim and background

By competing each CD137 antibody with each another, it is possible to determine
antibodies binding to similar epitopes based on their blocking pattern. The competition
ELISA is performed by co-incubating biotinylated CD137 antibodies with non-biotinylated
CD137 antibodies when binding to coated CD137-Fc. Competition is defined as loss of
signal from the biotinylated CD137 antibody. Low competition values could either be due
to no competition between the antibodies or binding kinetics of the antibodies. Binding of
one antibody could also lead to steric hindrance or conformational changes when binding
the antigen which affects the binding of the other CD137 antibody.

Material and method

CD137 antibodies were biotinylated (EZ-link NHS-LC-Biotin, ThermoFisher) and intact
binding properties to CD137-Fc was verified with ELISA by comparing EC50 between
biotinylated and non-biotinylated anti-CD137 mAbs. Non-biotinylated anti-CD137 (anti-
CD137-bio) was pre-incubated to CD137-Fc at concentrations 30 times higher than the
determined EC50 for 0.5 h. Without washing, anti-CD137-bio was added and co-incubated
for another 1h. The binding of anti-CD137-bio was detected with Streptavidin-HRP

(Pierce). Competition was calculated as the relative number by dividing the binding

measured to other antibodies relative to its maximum competition (competing with itself).
The relative values obtained were normalized against the maximum blocking capacity
(Table 7).
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Table 7 - Summary of CD137 antibody competition ELISA from two experiments.

REF1 | REF4 1630/1631 | REF2 | REF8
REF1 100 7 5 5 4
REF2 15 41 70 94 61
REF4 18 58 91 63 50
REF8 4 49 91 100 82
1630/1631 | 14 31 56 23 16

Result and conclusion

The competition ELISA was repeated two times. In both experiments, several of the CD137
mADbs did not fully compete with itself (Table 7). The antibody REF1 that belongs to domain
mapping group A, displayed a unique pattern in the competition ELISA. The other CD137
antibodies that were analyzed displayed similar blocking patterns. Differences in binding
kinetics between those antibodies may explain some of the minor variations in the binding
patterns among these antibodies, although it cannot be excluded that the small variations

within groups reflects actual differences in the binding epitope.

Example 9 - In vitro efficacy of CD137 antibodies

Aim

The aim was to identify CD137 antibodies with agonistic activity.

Material and methods

Agonistic activity of CD137 antibodies was evaluated in a T cell assay based on primary
human CD8" T cells. Briefly, CD8* T cells were separated from human peripheral blood
mononuclear cells by MACS separation (Miltenyi # 130-096-495) according to the
manufacturer’s protocol. Cells were incubated in 96-well microtiter plates (NuncThermo
Scientific #268200), pre-coated with anti-CD3 antibody (clone OKT3, Affymetrix
eBioscience # 16-0037) and titrated concentrations of the CD137 antibody to be tested.
Following 72 or 96-hour incubation, culture medium was harvested and IFN-y levels were
determined by ELISA (BD #555142).

Each clone was analyzed in at least 6 donors and compared to the reference CD137

antibody REF1 and the negative control antibody.
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Due to large intra-donor variations the stimulation index (SI, fold induction by antibody
compared to negative control) was determined for each sample and normalized to the

stimulation index for the reference antibody REF1.

Results and conclusion

Several clones with efficacy comparable to the reference REF1 were identified. Data is

summarized in Figure 4.
Table 8Table 8 indicates the absolute IFN-y levels induced by CD137 stimulation.
However, all antibodies were not analyzed head-to-head in all donors, and the normalized

Sl is more relevant for comparison of the efficacy.

Table 8 — IFN-y production levels induced by the various antibody.

Clone name | Mean IFN-y | Min IFN-y (pg/ml) | Max IFN-y (pg/ml) | n
(pg/ml)

Ctrl 1gG 2502 337 8526 13

REF1 42268 2256 136802 12

REF4 26749 11952 51832

REF8 52448 7727 123127

1630/1631 51236 3361 145055

Example 10 - In vitro NFKB reporter assay

293T cells (30 million) were transfected with plasmids which encode for human CD137,
firefly luciferase under NF-kB promoter and renilla. After 5 hours of transfection, the
antibodies were added at three different concentrations. 18 hours later, cells were
harvested and luciferase reporter assay (Promega) was performed. The cells were
cultured with soluble antibodies without crosslinking, as well as with cross-linking, at 5

pg/ml with crosslinking using anti-lgG antibody.

Results
1630/1631 stimulates CD137 inducing NF-kB mediated signaling when cross linked but
not in the absence of a cross linking agent. In contrast, REF1 induce CD137 signaling also

in the absence of a cross linking agent.
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Example 11- In vivo anti-tumour effect in HT-29 colon cancer model

Summary
The anti-tumour effect of 1630/1631 was investigated using hPBMC humanized

immunodeficient mice and subcutaneous tumour models of HT-29 colon carcinoma.

1630/1631 demonstrated statistically significant tumour volume inhibition.

Material and methods

Leukocyte concentrates were obtained from Lund University Hospital.

Female SCID-Beige mice (7-8w) from Taconic’s Denmark were used in the experiments.

All experiments were done by approval of Malmdé/Lund ethical committee.

HT-29 colon cancer were obtained from ATCC and cultivated according to ATCC
recommendations. The HT-29 cell line growing in log phase was injected subcutaneously
(4x108 cells in 200uL at day 0 (D0)). Human PBMC (7x10°% in 100uL) isolated from
leukocyte concentrates was injected intraperitoneally at the same day. Intraperitoneal

treatments (100ug) were done at days 6, 13, and 20.

Tumour was measured with a calliper in width, length and height of which the tumour
volume calculated (w/2x 1/2xh/2x pi x (4/3)). The animals were terminated before the

tumour volume reached 2cm?, at wounding, or affected health of the mice.

The data were analyzed by Mann-Whitney test using the GraphPad Prism program.

Results

Pooled data from mice engrafted with 4 different donors demonstrated statistically
significant anti-tumour efficacy at days 12-16 in the form of inhibition of tumour growth
when treated with the 1630/1631 antibody (p= 0.0675 to p=0.0132, Mann-Whitney non

parametric, 2-tail) in comparison to the vehicle group. The percentage of tumour volume
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inhibition ranged from 29-42% with 1630/1631 between days 10 and 21 (see Figure 6 and
Table 9).

In conclusion, the anti-tumour effect of 1630/1631 was investigated using hPBMC
humanized immunodeficient mice and subcutaneous tumour models of HT-29 colon

carcinoma. 1630/1631 demonstrated statistically significant tumour volume inhibition.

Table 9. Statistical analysis and percent tumour inhibition

Day after tumour | Tumour growth inhibition (tumour | p-value
inoculation volume) compared to vehicle (% ) (Mann-Whitney 2-tail)
D12 421 0.0132
D14 32.6 0.0675
D16 38.7 0.0304
D19 32.7 0.1918
D21 295 0.0911

Example 12 - Optimization of CD137 parental antibody clone 1630/1631

The aim of the optimization was to generate improved variants of the 1630/1631 antibody
with regard to affinity and biophysical properties. Phage selections towards recombinant
CD137 coated onto the surface of beads were performed and prior to each selection round,
the phage stocks were pre-selected towards non-target proteins as well as beads. Prior to
the fourth round of selection a thermal incubation step at 65°C were performed. Overall
the selection strategy was designed to promote the isolation of clones with a slow off-rate
as well as a fast on-rate by prolonging the washing steps and decreasing the incubation

time between the phage pool and CD137.

After phage selections, screening was performed in a soluble scFv format to identify target
binding clones as well as to evaluate the diversity. An extended primary screening was
performed to identify clones with improved temperature stability, cynomolgus reactivity as
well as affinity or off-rate. A total of 50 clones were re-cloned into the final IgG4 format
having the S228P stabilizing mutation. Further evaluation of optimized variants was
performed in the final format and was focused on binding in an ELISA set-up, cell-binding
as determined by FACS, affinity, temperature stability as determined by both an ELISA
set-up as well as DSF, SE-HPLC, Schrodinger modelling and specificity.
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Example 13 - Improved stability of clone 2674/2675

The aim with the DSF analysis was to determine the Tm of the clone 2674/2675 compared
to the parental clone 1630/1631 to evaluate the improvement in temperature stability after

optimization.

Material and Method

All antibodies were analyzed with differential scanning fluorometry (DSF) at SARomics

Biostructure. Samples were diluted to 0.1 mg/ml in sterile filtered PBS and a volume of

150 pl were delivered to SARomics.

The samples for the DSF measurements (0.1 mg/ml in PBS buffer) were made up of 63 pl
sample + 7 pl PBS buffer, 1:100 fold diluted SYPRO Orange). In total, the SYPRO Orange
was diluted 1:1000-fold. Duplicate measurements were made for each construct using a
Stratagene MX3000P, gPCR machine. Measurements were performed in the temperature

range 25 °C - 95 °C. The average melting temperature Tm was calculated for all samples.

Results and conclusions

Melting curves for all samples were obtained and the determined Tm1 as well as Tm2 for
2674/2675 and parental clone 1630/1631 can be seen in Table 10 below. 2674/2675 had
an improved Tm2 by 1-2 °C as compared to the parental clone 1630/1631.

Table 10 - Determined Tm1 as well as Tm2 values and the average Tm2 difference of
2674/2675 compared to 1630/1631 parental clone as measured by DSF

Tm1(°C) | Tm2(°C) | Improved Tm2 (°C)
2674 66.3 73.4 2
1630 66.3 71.4

Example 14 — Reduced aggregation propensity of clone 2674/2675 analyzed by
Antibody Aggregation Prediction at Schrédinger.

The aim with the Schrodinger analysis of the optimized variants was to evaluate the size

of the hydrophobic patch as well as the aggregation propensity of 2674/2675 in

comparison to the parental clone 1630.
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Material and methods

Sequences for the different variants were sent to Schrodinger and 3D structures were
generated. The 3D models were analyzed with Protein Surface Analyzer and ranked with
Aggscore. REF9-24 are clones obtained during optimization based on binding capacity for
human CD137.

Results and conclusions
The defined patch size and aggscore for the clones 2674/2675 and REF9-24 (clones

obtained during selection) as well as parental clone 1630/1631 can be seen in Figure 7. It

can be concluded that the introduced mutations clearly disrupted the hydrophobic patch

and reduced the aggregation propensity according to the modelling analysis.

Example 15 — Binding of 2674/2675 to Human and Cynomolgus CD137 measured by
ELISA

Aim and background

The aim of the evaluation was to determine binding of 2674/2675 compared with parental
clone 1630/1631 in ELISA to both human and cynomolgus CD137.

Material and Methods

Binding of CD137 antibodies to recombinant human CD137 was determined by sandwich
ELISA. Briefly, ELISA plates (Greiner # 655074 ) coated with recombinant human CD137-
Fc (R&D # 838-4B) were incubated with serial dilutions of the various CD137 antibodies
to be investigated. CD137 antibodies were detected using HRP-conjugated goat-anti-
human kappa light chain (AbD Serotec # STAR127P) and developed with SuperSignal
ELISA Pico Chemiluminescent substrate (Pierce # 37069). EC50 values of the various

antibodies were determined in 2-6 separate experiments.

Results and conclusions

2674/2675 exhibits EC50 values in a similar range as parental clone 1630/1631, i.e. sub

nM. Data is summarized in Table 11 below.
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Table 11. Determined EC50 values as measured by ELISA for 2674/2675 and parental
clone 1630/1631.

EC50 (nM) human EC50 (nM) cyno
CD137 CD137
2674/2675 0.34 0.57
1630/1631 0.41 0.85

Example 16 - Binding of 2674/2675 to human and cynomolgus CD137, Octet

Aim
The aim was to compare relative binding affinities for 2674/2675 and 1630/1631 to human
and cynomolgus CD137 using the Octet platform.

Materials and method

CD137 affinity was determined using the Octet Red 96 platform (ForteBio). 2674/2675,
1630/1631, REF1, REF 2 and 1188 isotype control were coupled at 10ug/ml to ARG2
biosensors (ForteBio #18-5092) by amine coupling with EDC and NHS. 7 2-fold serial
dilutions of CD137 (Acro Biosystems # 41B-H5227 and # 41B-C52H4) from 100nM was

prepared in 1x kinetic buffer (ForteBio #18-1092). Association was measured for 180 s

followed by dissociation for 180s in 1x kinetic buffer. 10mM Glycine pH 2.2 was used for

regeneration.

Data generated was referenced by reference well subtraction (1188), the baseline was
aligned with the y-axis, inter-step correlation by alignment against association was
performed and the data was smoothed by a Savitzky—Golay filtering in the data analysis
software (v.9.0.0.14). The processed data was fitted using a 1:1 Langmuir binding model

with X2 as a measurement of fitting accuracy.

Results and conclusion

The binding affinities of 2674/2675, 1630/1631 and REF antibodies to human and
cynomolgus CD137 are presented in Table 12. The affinity for 2674/2675 to human CD137
was improved by a factor 2 compared to 1630/1631. The affinity for 2674/2675 to
cynomolgus CD137 was in the same range as 1630/1631.
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Table 12 - Affinity for human and cynomolgus CD137 to immobilized 2674/2675,

1630/1631 and REF antibodies

liriahilizEa Humakr;r?D137 Cynomoll(gﬁs CD137
antibodies |\, my | (Ms) | koff(1/s) | KD (M) | (IMs) | koff (1/s)
2674/2675 | 6.9E-09 | 3.5E+05 | 2.4E-03 | 2.5E-08 | 1.6E+05 | 4.0E-03
1630/1631 | 1.4E-08 | 1.6E+05 | 2.3E-03 | 1.8E-08 | 1.4E+05  2.5E-03
REF1 3.0E-09 | 4.6E+05 | 1.4E-03 |no binding
REF 2 6.1E-09 | 6.8E+05 | 4.1E-03 | 1.0E-08 | 5.2E+05 | 5.3E-03

Example 17 — Binding affinity of 2674/2675 to human FcyRs

Aim
The aim was to determine relative binding affinities for 2674/2675 to human FcyRs using

the Octet platform.

Materials and methods

FcyR affinity was determined using the Octet RED96 platform equipped with Anti-Human
Fab-CH1 (FAB2G) sensor tips (ForteBio). Antibodies were diluted to 200nM in 1X Kinetics
Buffer (ForteBio) and loaded to a set of 8 parallel sensors for 300 seconds to reach an
immobilization response of >1.5nm. The immobilized antibodies were then assayed
against 7 2-fold dilutions of FcyRs, starting at 100nM. One immobilized sensor was
assayed against 1X Kinetics Buffer for referencing and the entire assay was repeated
without immobilization of antibodies to allow for double referencing. FcyRs included were
obtained from R&D Systems (human FcyRI, #1257-FC-050; human FcyRlla, #1330-CD-
050; human FcyRIIb, #1460-CD-050; human FcyRIlla (V158), #4325-FC-050; human
FcyRllla (F158), #8894-FC-050). Binding to FcyRs was carried out for 60 seconds,
followed by dissociation for 60 seconds in 1X Kinetics Buffer and regeneration of sensor
tips using 10 mM glycine, pH 1.7. Data generated was referenced by standard double
referencing, the baseline was aligned with the y-axis, inter-step correlation by alignment
against dissociation was performed and the data was smoothed by a Savitzky—Golay
filtering in the data analysis software (v.9.0.0.14). The processed data was fitted using a
1:1 Langmuir binding model with X2 as a measurement of fitting accuracy. To improve
curve fitting quality of dissociation curves generated against FcyRs with very fast
dissociation rates, only the initial 10 seconds of the dissociation curves were included in

the curve fitting.

Results and conclusions
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The binding affinities human FcyRs of 2674/2675 and REF antibodies are presented in
Table 13. 2674/2675 has a stronger binding to human FcyRI than all other assayed Fc
receptors, as expected of an IgG4 antibody binding to the high affinity receptor FcyRI.
2674/2675 has a comparable binding to human FcyRs as REF1 antibody.

Table 13 - Determined binding affinities, KD (M), for 2674/2675 and REF antibodies to

human FcyRs

KD (M) FcyRI FcyRlla FcyRllb FcyRllla 176V | FcyRllla 176F
2674/2675 | 2.11E-09 1.00E-06 7.79E-07 <det. limit <det. limit
REF1 1.88E-09 6.74E-07 6.23E-07 <det. limit <det. limit
REF2 <det. limit | 5.87E-07 2.70E-06 <det. limit <det. limit

Example 18 — Binding of 2674/2675 to Human and Cynomolgus CD137 measured by
FACS

The aim of this study was to determine the binding to human and cynomolgus CD137.

Material and methods

Binding and EC50 was determined using flow cytometric of CHO cells transfected with
human CD137, cynomolgus CD137 or empty vector. The extracellular part of human or
cynomolgus CD137 was fused to the transmembrane and intracellular part of human CD40
and cloned into pcDNA3.1. The vector was subsequently stably transfected into CHO cells.
Expression of CD137 was confirmed by flow cytometry using CD137 antibody (human
CD137-PE, BD Biosciences # 555956) for 30 min at 4°C. CD137-transfected and empty
vector-transfected cells were incubated with CD137 antibodies for at least 1h at 4°C to
saturate the binding. In order to minimize antibody internalization, 0.05% sodium azide
was used in the incubation buffer and all work was performed on ice. The CD137
antibodies were detected using PE-conjugated anti-hlgG antibody (109-115-098, Jackson
Immunoresearch laboratories), incubated for 30 min at 4°C. Directly after staining the cells
were fixed with a paraformaldehyde solution (10x concentrate BD CellFIX, BD biosciences
# 340181). Cells were analyzed by flow cytometry using FACSVerse (BD Biosciences).
The median fluorescence intensity (MFI) for each sample was determined and the dose

response data was analysed using Graph Pad Prism.

MFI| data was normalized for each antibody, where 0% is defined as the lowest value and

100% is the highest value in the dose titration for each antibody. EC50 and 95% confidence
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interval were calculated with Graph Pad Prism based on data from the two experiments

(non-linear regression (curve fit), constraints set to 0 and 100).

Results and conclusion

2674/2675 have a comparable binding to human CD137 as the parental clone 1630 and
the REF1 and REF2 CD137 mAbs Figure 8 and Table 14. 2674/2675 and 1630/1631 have
comparable binding to cynomolgus CD137 while REF1 does not bind to cynomolgus
CD137 at all.

Table 14 - 95% confidence intervals for the EC50 of each CD137 antibody determined
as an average from 3 experiments of normalized data. Nd: Not detectable

Hu CD137 Cy CD137
EC50 (nM) EC50 (nM)
95% conf interval 95% conf interval
2674/2675 0.26 - 0.37 0.46 - 0.77
1630/1631 0.23-0.34 0.55-0.87
REF1 0.33-0.73 n.d.
REF2 0.16 - 0.27 0.41-0.56

Example 19 — CD137 reporter assay with FcyR expressing cells for crosslink of
CD137 mAb

Aim and background
Functional evaluation of 2674/2675 with the parental clone 1630/1631 in the CD137
reporter assay when crosslinking CD137 mAbs with FcyR transfected CHO cells.

Materials and methods

CHO-cells transfected with human FcyRI, FcyRlla R131, FcyRIlb or empty vector
(pcDNA3.1) were used for crosslinking. FcyR genes were cloned into pcDNA3.1. The
vector was subsequently stably transfected into CHO cells. The expression of FcyRs was

confirmed by staining with commercial antibody targeting CD32 or CD64.

Agonistic function of the CD137 mAbs was evaluated using a CD137 reporter assay
(Promega, CD137 Bioassay Kit CS196005). The assay was performed according to the
manufacturer’s protocol. In brief, FcyR transfected CHO cells and titrating concentrations
of CD137 mAbs were diluted in RPMI containing 10% FCS and added to the assay plates
before the addition of CD137 (Jurkat/CD137 cells) reporter cells. The assay plate was
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incubated for 6 h at 37°C until addition of Bio-GloTM Luciferase Assay Detection and plate
read in the BMG reader.

Results and conclusions
Crosslinking of the CD137 mAbs in the CD137 reporter assay with FcyRlI transfected CHO

cells demonstrates that 2674/2675 as well as the parental clone 1630/1631 induces a

CD137 dependent activation of NF-kB in the reporter cell line (Figure 9). It can be
concluded that if the CD137 antibody is crosslinking dependent, binding affinities to FcyRl,
FcyRlla R131 and FcyRllb (shown in previous example) correlate well with the agonistic
activity induced in the CD137 reporter assay after FcyR crosslinking (Figure 10). FcyR
cross-linking independent activation of REF1 but not of 2674/2675, 1630/1631 or REF2

was determined using CHO cells transfected with empty vector (Figure 11).

Example 20 — CD8* T cell agonist assay with FcyRl expressing CHO cells for
crosslinking of CD137 antibodies

Aim and background
Functional evaluation of 2674/2675 with the parental clone 1630/1631 in a CD8* T cell

agonist assay when crosslinking the CD137 mAbs with FcyRI expressing cells.

Materials and methods

CHO-cells transfected with human FcyRI were used for crosslinking. The FcyRI gene were
cloned into pcDNA3.1. The vector was subsequently stably transfected into CHO cells.
The expression of FcyRI was confirmed by staining with commercial antibody targeting
CDo64.

Agonistic activity of CD137 antibodies was evaluated in a T cell assay based on primary
human CD8" T cells. Briefly, CD8* T cells were separated from human peripheral blood
mononuclear cells by MACS separation (Miltenyi # 130-096-495) according to the
manufacturer’s protocol. Cells were incubated in 96-well microtiter plates (NuncThermo
Scientific #268200) pre-incubated with CHO cells transfected with FcyRI and incubated
with tosyl beads coated with anti-CD3 antibody (clone OKT3, Affymetrix eBioscience # 16-
0037) and titrated concentrations of the CD137 antibody to be tested. Following 72-hour
incubation, culture medium was harvested and IFN-y levels were determined by ELISA
(BD #555142).
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Each clone was analyzed in at least 5 donors and compared to the reference CD137
antibody REF2. Due to large intra-donor variations, IFN-y levels were normalized with

2674/2675 within each donor for comparison.

Results and conclusions

Crosslinking with FcyRI expressing CHO cells in the CD8 T cell agonist assay of the
CD137 mAbs 2674/2675 and the parental clone 1630/1631, but not REF2, induces T cell
activation, measured as an increase in IFN-y production after 72 h (Figure 12). IgG binding
affinities to FcyRs of 2674/2675, 1630/1631 and REF2 have been determined and was
shown in a previous example. It can be concluded that IgG binding affinity to FcyR

correlate with the agonistic activity induced in the CD8* T cells.

Example 21 - In vivo anti-tumour effect in HT-29 colon cancer model

Aim

The anti-tumour effect of 2674/2675 was investigated using hPBMC humanized

immunodeficient mice and subcutaneous tumour models of HT-29 colon carcinoma.

Material and methods

Leukocyte concentrates were obtained from Lund University Hospital. Female SCID-Beige
mice (7-8w) from Taconic’s Denmark were used in the experiments. All experiments were

done by approval of Malmé/Lund ethical committee.

HT-29 colon cancer was obtained from ATCC and cultivated according to ATCC
recommendations. The HT-29 cell line growing in log phase was injected subcutaneously
(4x10° cells in 200uL at day 0 (DO)). Human PBMC (10x10° in100uL) isolated from
leukocyte concentrates was injected intraperitoneally at the same day. Intraperitoneal

treatments (100pg) were done twice weekly for three weeks starting at day 7.
Tumour was measured with a calliper in width, length and height of which the tumour

volume calculated (w/2x 1/2xh/2x pi x (4/3)). The animals were terminated before the

tumour volume reached 2cm?, at wounding, or affected health of the mice.
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Results and conclusion

2674/2675 demonstrated anti-tumor efficacy in humanized mouse models in comparison
to the vehicle group. The percentage of tumour volume inhibition ranged from 0-35% with
2674/2675 between days 19 and 28 (Table 15).

In conclusion, the anti-tumour effect of 2674/2675 was investigated using hPBMC
humanized immunodeficient mice and subcutaneous tumour models of HT-29 colon

carcinoma. 2674/2675 demonstrated tumour volume inhibition.

Table 15. Percent tumour inhibition

Day after tumour inoculation Tumour growth inhibition
(tumour volume) compared

to vehicle (%)

D19 94
D21 24.0
D24 274
D26 24.7
D28 35.1

Example 22 - Gene expression analyses of FcyR and CD137 co expression in human

tumor tissue

Aim
Assessing the gene expression of various Fcy receptors, as well as CD137, in a wide
range of human cancers using a curated and quality-controlled database of microarray

and RNA-seq datasets.

Methods

Mean expression values for FcyRI, FcyRlla, FcyRIIb, FcyRllc, FcyRllla, FcyRIllb and
CD137 were obtained by performing gene expression profiling using Genevestigator, a
curated and quality-controlled database of RNA microarray studies for human tissues
(Hruz et al. 2008, Adv Bioinformatics 2008:420747, the disclosures of which are
incorporated herein by reference). Correlation plots were obtained by plotting the mean
expression values of the various Fcy receptor genes versus CD137 (Figure 13). Cancers

displaying an above average expression (mean expression level 210) of both Fcy receptor
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and CD137 were identified and the top 10 solid tumor types and hematological

malignancies are presented in Table 16 and Table 17, respectively.

Results and conclusions

Several human tumors with a high expression of Fcy receptors and an above average
expression of CD137 were identified using this method. The tables below provide an
example of indications that could be highly sensitive to the antibody defined in this
invention. This approach could be used to identify patient cohorts or individual patients
that may benefit from treatment with agonistic CD137 antibodies. In fact, this type of
approach could be used to identify patients on an individual level that may benefit from the
treatment. One could also envisage other methods being used to molecularly characterize
the tumor, such as next generation sequencing or methods based on protein analysis such

as immunohistochemistry, flow cytometry or proteomic approaches.

Table 16: Mean expression values of solid human tumors with an above average
expression (mean expression level 210) of both Fcy receptor and CD137 (TNFRSF9), as

identified in Figure 13. The ten tumors with the highest expression of the six Fcy receptors

are shown.
Cancers with cells expressing FcyRIA FcyRIA (Mean TNFRSF9 (Mean
and TNFRSF9 expression level) | expression level)
fibrous histiocytoma, malignant, metastatic | 13.43 10.22
adenosquamous carcinoma 12.78 10.80
undifferentiated sarcoma 12.67 10.16
clear cell adenocarcinoma, NOS,
- 12.66 10.62
acinar cell carcinoma 12.47 10.82
dedifferentiated liposarcoma 12.45 10.67
renal cell carcinoma, unstated behavior 12.44 10.38
intraductal micropapillary carcinoma 12.36 10.68
fibrous histiocytoma, malignant 12.35 11.05
large cell neuroendocrine carcinoma 12.35 10.29
Cancers with cells expressing FcyRIIA | FcyRIIA (Mean TNFRSF9 (Mean
and TNFRSF9 expression level) | expression level)
Langerhans-cell histiocytosis, unifocal 14.58 13.85
acinar cell carcinoma 13.55 10.82
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fibrous histiocytoma, malignant, metastatic | 13.54 10.22
undifferentiated sarcoma 13.48 10.16
adenocarcinoma with mixed subtypes 13.43 10.77
dedifferentiated liposarcoma 13.32 10.67
undifferentiated sarcoma 13.22 10.52
fibrous histiocytoma, malignant 13.10 11.05
adenosgquamous carcinoma 13.01 10.80
dedifferentiated liposarcoma 12.95 10.36
Cancers with cells expressing FcyRIIB | FcyRIIB (Mean TNFRSF9 (Mean

and TNFRSF9

expression level)

expression level)

Langerhans-cell histiocytosis, unifocal

13.23

18.85

fibrous histiocytoma, malignant, metastatic | 12.64 10.22
adenocarcinoma with mixed subtypes 12.42 10.77
adenosquamous carcinoma 12.22 10.80
acinar cell carcinoma 12.19 10.82
Hodgkin's disease, NOS 12.01 10.88
renal cell carcinoma, unstated behavior 12.00 10.38
dedifferentiated liposarcoma 11.98 10.67
papillary adenocarcinoma, NOS 11.81 10.02
undifferentiated sarcoma 11.76 10.16
Cancers with cells expressing FcyRIIC | FcyRIIC (Mean TNFRSF9 (Mean

and TNFRSF9

expression level)

expression level)

Langerhans-cell histiocytosis, unifocal

12.72

13.85

Cancers with cells expressing FcyRIIIA
and TNFRSF9

FcyRINA

expression level)

(Mean

TNFRSF9 (Mean

expression level)

fibrous histiocytoma, malignant, metastatic

14.14

10.22

acinar cell carcinoma 13.14 10.82
large cell neuroendocrine carcinoma 12.97 10.29
adenocarcinoma with mixed subtypes 12.91 10.77
renal cell carcinoma, unstated behavior 12.85 10.38
intraductal micropapillary carcinoma 12.83 10.68
carcinoma, NOS 12.70 10.19
carcinoma, NOS 12.68 10.06
undifferentiated sarcoma 12.52 10.16
carcinoma, NOS 12.42 10.10
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Cancers with cells expressing FcyRIIIB | FcyRIIIB (Mean TNFRSF9 (Mean
and TNFRSF9 expression level) | expression level)
carcinoma, NOS 13.09 10.19
carcinoma, NOS 12.66 10.06
carcinoma, NOS 12.61 10.10

tubular adenocarcinoma 12.06 10.18

carcinoma, NOS, micro-dissected 12.00 10.92
adenocarcinoma, intestinal type 11.97 10.26

fibrous histiocytoma, malignant, metastatic | 11.89 10.22

neoplasm, malignant 11.81 10.05
adenocarcinoma, NOS 11.74 10.06

renal cell carcinoma, unstated behavior 11.61 10.38

Table 17: Mean expression values of hematological malignancies with an above average
expression (mean expression level 210) of both Fcy receptor and CD137, as identified in

Figure 13. The ten malignancies with the highest expression of the six Fcy receptors are

shown.
FcyRIA TNFRSF9
(Mean (Mean
Cancers with cells expressing FcyRIA and TNFRSF9 . .
expression | expression
level) level)
(extranodal) NK/T-cell ymphoma, nasal and nasal-type 13.97 11.56
Hodgkin’s disease, NOS 13.65 10.88
malignant lymphoma, large B-cell, diffuse 12.15 12.23
primary mediastinal B-cell ymphoma 12.13 12.43
anaplastic large cell lymphoma, T-cell and Null cell type
(ALCL), unsta?ed beh;vior . s
angioimmunoblastic T-cell lymphoma 11.93 13.85
mature T-cell lymphoma, NOS 11.86 12.53
mature T-cell ymphoma, NOS, unstated behavior 11.69 11.72
?:lef)stlc large cell lymphoma, T-cell and Null cell type T 143
angioimmunoblastic T-cell lymphoma, unstated behavior 11.83 12.98

T



2017360094 26 Nov 2024

FcyRIIA TNFRSF9
. . (Mean (Mean
Cancers with cells expressing FcyRIIA and TNFRSF9 . .
expression | expression
level) level)
mycosis fungoides 13.27 11.34
Hodgkin’s disease, NOS 12,33 10.88
(extranodal) NK/T-cell ymphoma, nasal and nasal-type 12.26 11.56
mature T-cell lymphoma, NOS 11.76 12.53
angioimmunoblastic T-cell lymphoma 11.69 13.85
malignant lymphoma, large B-cell, diffuse 11.37 12.23
angioimmunoblastic T-cell lymphoma, unstated behavior 11.34 12.98
mature T-cell ymphoma, NOS, unstated behavior 11.33 11.72
adult T-cell leukemia/lymphoma (HTLV-1 positive),
11.28 11:13
unstated behavior
anaplastic large cell lymphoma, T-cell and Null cell type
: g ST 2P 1123 11.36
(ALCL), unstated behavior
FcyRIIB TNFRSF9
(Mean (Mean
Cancers with cells expressing FcyRIIB and TNFRSF9 . .
expression | expression
level) level)
chronic lymphocytic B-cell leukemia, unstated behavior,
14.69 10.46
micro-dissected
mantle cell lymphoma 14.06 10.11
(extranodal) marginal zone B-cell ymphoma, NOS 12.73 11.85
malignant lymphoma, nodular, NOS, unstated behavior 12.69 12.97
malignant lymphoma, nodular, NOS 12.16 12.02
Hodgkin’s disease, NOS 12.01 10.88
malignant lymphoma, large B-cell, diffuse 11.97 12.23
angioimmunoblastic T-cell lymphoma 11.89 13.85
mycosis fungoides 11.76 11.34
Hodgkin's disease, NOS, micro-dissected 11.38 11.32
FcyRIIC TNFRSF9
. . (Mean (Mean
Cancers with cells expressing FcyRIIC and TNFRSF9 . .
expression | expression
level) level)
juvenile myelomonocytic leukemia 10.00 10.00
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FcyRIIIA TNFRSF9
. . (Mean (Mean
Cancers with cells expressing FcyRIIIA and TNFRSF9 . .
expression | expression
level) level)
juvenile myelomonocytic leukemia 13.19 10.00
(extranodal) NK/T-cell ymphoma, nasal and nasal-type 12.09 11.56
mycosis fungoides 11.71 11.34
mature T-cell lymphoma, NOS 1116 12.53
anaplastic large cell lymphoma, T-cell and Null cell type
- 2 B i 10.80 11.43
(ALCL)
angioimmunoblastic T-cell lymphoma 10.65 13.85
Hodgkin’s disease, NOS 10.51 10.88
anaplastic large cell lymphoma, T-cell and Null cell type
P 9 yip s 10.38 11.38
(ALCL), unstated behavior
malignant lymphoma, large B-cell, diffuse 10.31 12.23
primary mediastinal B-cell lymphoma 10.26 12.43
FcyRIIIB TNFRSF9
(Mean (Mean
Cancers with cells expressing FcyRIIIB and TNFRSF9 . .
expression | expression
level) level)
juvenile myelomonocytic leukemia 15.03 10.00
(extranodal) NK/T-cell ymphoma, nasal and nasal-type 11.95 11.56
anaplastic large cell lymphoma, T-cell and Null cell type
. 2 e e 11.85 11.36
(ALCL), unstated behavior
mature T-cell lymphoma, NOS 11.57 12.53
mature T-cell ymphoma, NOS, unstated behavior 11.56 11.72
angioimmunoblastic T-cell lymphoma, unstated behavior 11.54 12.98
primary mediastinal B-cell lymphoma 11.44 12.43
angioimmunoblastic T-cell lymphoma 11.30 13.85
adult T-cell leukemia/lymphoma (HTLV-1 positive),
11.08 1113
unstated behavior
(extranodal) marginal zone B-cell ymphoma, NOS 10.95 11.85
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CLAIMS

1. An antibody or an antigen-binding fragment thereof with binding specificity for
domain 2 of human CD137, wherein the antibody or antigen-binding fragment
thereof comprises:

(i) a heavy chain variable region comprising the following CDRs:
a) GFTFGYSY [SEQ ID NO: 3];
b) IGSGSSYT [SEQ ID NO: 4]; and
c) ARVYSSPGIDY [SEQ ID NO: 5], and
a light chain variable region comprising the following CDRs:
d) QSISSY [SEQ ID NO: 6];
e) AAS [SEQID NO: 7]; and
f) QQYYTWVPFT [SEQ ID NO: 8]; or
(i) a heavy chain variable region comprising the following CDRs:
a) GFNFGYSY [SEQ ID NO: 21];
b) IGSTSSHT [SEQ ID NO: 22]; and
c) ARVYSSPGIDY [SEQ ID NO: 23], and
a light chain variable region comprising the following CDRs:
d) QSIGST [SEQ ID NO: 24];
e) GAS [SEQ ID NO: 25]; and
f) QQYYTWVPFT [SEQ ID NO: 26].

2. An antibody or antigen-binding fragment thereof according to Claim 1 wherein the

antibody or antigen-binding fragment exhibits one or more of the following

properties:

a) the ability to stimulate CD137 and activate T cells and other immune cells via
a cross-linking dependent mechanism; and/or

b) cross-reactivity with cyno-CD137 antibodies; and/or

c) is capable of binding an FC receptor; and/or

d) is capable of inducing tumour immunity;

optionally wherein the ability of the antibody to activate T cells is dependent upon
binding to both CD137 and Fc receptors, and/or

wherein the antibody or antigen-binding fragment is substantially incapable of
inducing the following upon binding to cells expressing CD137:

a) antibody-dependent cellular cytotoxicity (ADCC);

b) antibody-dependent cellular phagocytosis (ADCPY); and/or
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c) complement-dependent cytotoxicity (CDC).

An antibody or antigen-binding fragment thereof according to any one of the
preceding claims wherein the antibody or antigen-binding fragment is capable of

binding to an epitope located at or within amino acids 66 to 107 of human CD137.

An antibody or antigen-binding fragment thereof according to any one of the
preceding claims,

wherein the antibody comprises or consists of an intact antibody, for example an
IgG1, 1gG2, IgG3 or IgG4 antibody; or

wherein the antigen-binding fragment comprises or consists of an antigen-binding
fragment selected from the group consisting of single chain Fv, disulphide-bonded

Fv, Fab fragments, Fab’ fragments, and F(ab). fragments.

An antibody or antigen-binding fragment according to Claim 4 wherein
a) the antigen-binding fragment comprises or consists of an scFv; and/or
b) is a recombinant polypeptide; and/or

c) is monoclonal; and/or

d) is human or humanised.

An antibody or antigen-binding fragment thereof according to any one of the
preceding claims comprising a heavy chain variable region having the amino acid
sequence of SEQ ID NO 1: or an amino acid sequence having at least 60%
sequence identity therewith, for example at least 70%, 80%, or 90% sequence
identity and/or a light chain variable region having the amino acid sequence of SEQ
ID NO: 2 or an amino acid sequence having at least 60% sequence identity

therewith, for example at least 70%, 80%, or 90% sequence identity.

An antibody or antigen-binding fragment thereof according to any one of claims 1
to 5 comprising a heavy chain variable region having the amino acid sequence of
SEQ ID NO 19: or an amino acid sequence having at least 60% sequence identity
therewith, for example at least 70%, 80%, or 90% sequence identity and/or a light
chain variable region having the amino acid sequence of SEQ ID NO: 20 or an
amino acid sequence having at least 60% sequence identity therewith, for example

at least 70%, 80%, or 90% sequence identity.
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10.

11.

An antibody or antigen-binding fragment thereof according to any one of the
preceding claims comprising a heavy chain constant region, or part thereof;
optionally wherein the heavy chain constant region is of an immunoglobulin
subtype selected from the group consisting of IgG1, 1gG2, IgG3 and IgG4;
optionally wherein the heavy chain constant region comprises or consists of an
amino acid sequence selected from the group consisting of SEQ ID NO: 12, 13, 14
and 15; and/or

wherein the antibody or antigen binding fragment thereof comprises a light chain
constant region, or part thereof; optionally wherein the light chain constant region
is of a kappa or lambda light chain; preferably wherein the light chain constant
region is of a kappa light chain which comprises or consists of an amino acid
sequence of SEQ ID NO: 16.

An antibody or antigen-binding fragment thereof according to any one of the
preceding claims comprising an Fc region; optionally wherein the Fc region
comprises mutations to shorten the half-life of the antibody or antigen binding

fragment.

An antibody or antigen-binding fragment thereof according to any one of the
preceding claims comprising:
(a) a heavy chain comprising a variable region of SEQ ID NO: 1 together with
a constant region of SEQ ID NO: 13; and
(b) a light chain comprising a variable region of SEQ ID NO: 2 together with a
constant region of SEQ ID NO: 16; or
(c) a heavy chain comprising a variable region of SEQ ID NO: 19 together with
a constant region of SEQ ID NO: 13; and
(d) a light chain comprising a variable region of SEQ ID NO: 20 together with
a constant region of SEQ ID NO: 16.

An antibody or antigen-binding fragment thereof according to any one of the
preceding claims wherein the antibody is an intact IgG4 molecule comprising or
consisting of two heavy chains having an amino acid sequence of SEQ ID NO: 17
and two light chains having an amino acid sequence of SEQ ID NO: 18; or

wherein the antibody is an intact IgG4 molecule comprising or consisting of two
heavy chains having an amino acid sequence of SEQ ID NO: 29 and two light

chains having an amino acid sequence of SEQ ID NO: 30.
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12.

13.

14.

15.

16.

17.

18.

An antibody or antigen-binding fragment thereof according to any one of the
preceding claims further comprising a cytotoxic moiety and/or a detectable moiety;
optionally wherein the cytotoxic moiety comprises or consists of a radioisotope or
the cytotoxic moiety comprises or consists of a cytotoxic drug and/or wherein the

detectable moiety comprises or consists of a radioisotope.

An isolated nucleic acid molecule encoding an antibody or antigen-binding
fragment thereof according to any one of the preceding claims; optionally

wherein the nucleic acid molecule is a cDNA molecule; and/or

encodes an antibody heavy chain or variable region thereof, such as a nucleic acid
molecule comprising or consisting of a nucleotide sequence of SEQ ID NO: 9 or a
nucleotide sequence of SEQ ID NO: 27; and/or

encodes an antibody light chain or variable region thereof, such as a nucleic acid
molecule comprising or consisting of a nucleotide sequence of SEQ ID NO: 10 or
a nucleotide sequence of SEQ ID NO: 28.

A vector comprising a nucleic acid molecule according to claim 13, such as an

expression vector.

A recombinant host cell comprising a nucleic acid molecule according to Claim 13
or a vector according to Claim 14, optionally wherein the host cell is a bacterial cell

or a mammalian cell or a human cell.

A method for producing an antibody or antigen-binding fragment according to any
one of the Claims 1 to 12, the method comprising culturing a host cell as defined
in Claim 15 under conditions which permit expression of the encoded antibody or

antigen-binding fragment thereof.

A pharmaceutical composition comprising an effective amount of an antibody or
antigen-binding fragment thereof according to any one of Claims 1 to 12 and a
pharmaceutically acceptable diluent, carrier or excipient; optionally wherein the
pharmaceutical composition is adapted for parenteral delivery, intravenous

delivery or topical delivery.

Use of an antibody or antigen-binding fragment according to any one of Claims 1
to 12 in the manufacture of a medicament for the treatment of cancer; optionally

wherein the cancer is selected from the group consisting of: prostate cancer; breast
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19.

20.

cancer; colorectal cancer; kidney cancer; pancreatic cancer; ovarian cancer; lung
cancer; cervical cancer; rhabdomyosarcoma; neuroblastoma; bone cancer;
multiple myeloma; leukemia (such as acute lymphoblastic leukemia [ALL] and
acute myeloid leukemia [AML]), skin cancer (e.g. melanoma), bladder cancer and
glioblastoma; further optionally wherein the medicament is for treating a patient
who has been pre-screened and identified as having a tumour with cells expressing
CD137 and FcyR.

A method for treating a cancer in an individual, the method comprising
administering to an individual in need thereof an effective amount of an antibody
or antigen-binding fragment thereof according to any of Claims 1 to 12, optionally
wherein the cancer is selected from the group consisting of: prostate cancer; breast
cancer; colorectal cancer; kidney cancer; pancreatic cancer; ovarian cancer; lung
cancer; cervical cancer; rhabdomyosarcoma; neuroblastoma; bone cancer;
multiple myeloma; leukemia (such as acute lymphoblastic leukemia [ALL] and
acute myeloid leukemia [AML]), skin cancer (e.g. melanoma), bladder cancer and
glioblastoma; further optionally wherein the patient has been pre-screened and

identified as having a tumour with cells expressing CD137 and FcyR.
A combination therapy comprising an antibody or antigen-binding fragment thereof

according to any one of Claims 1 to 12 and one or more further therapeutic agents;

optionally wherein the one or more further therapeutic agents are cancer therapies.
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