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BINDING AGENTS

FIELD OF THE INVENTION
The invention relates to antibody molecules binding specifically to CD47 (Cluster
5  of Differentiation 47, also known as integrin associated protein [IAP]) and medical uses

thereof.

BACKGROUND OF THE INVENTION
CD47 (also known as integrin associaied protein [IAP]) is a transmembrane protein that
10 belongs to the immunoglebulin superfamily and binds to several known partners, including:
membrane integrins, thrombospondin-1 (TSP-1) and signal-regulatory protein alpha
(SiIRPq). CD47 is associated with a range of cellular processes, including apoptosis,
proliferation, adhesion, and migration of cells and, importantly, it plays a key role in immune
and angiogenic responses. CD47-SIRP« signalling is a critical molecular interaction that
15  inhibits the activation of phagocytosis by macrophages and other myeloid cells. This
promotes the survival of tumour cells and therefore acts as a myeloid lineage-specific

immune checkpoint.

Preclinical evidence suggesis that blocking CD47-SIRPa signalling can enhance the
20  phagocytic activity of macrophages and inhibit the growth of xenografis in numerous
experimental models of both haesmatological and solid malignancies. As macrophage activity
is also a recognised factor in the biclogy of inflammation-associated tissue remodelling such
as tissue fibrosis and the formation of atherosclerotic plagues, the CD47-SIRPo signalling
axis is also of considerable therapeutic potential in non-cancerous diseases. Hence, anti-
25  CD47 mAbs have the potential fo act as immunotherapeutic agents in cancer and other

settings, and to amplify the effectiveness of currenily established therapies.

The majority of currently approved antibody therapeutics are derived from immunized
rodents. Many of those antibodies have undergone a process known as “humanization”, via

30 the “grafting” of muring CDRs into human v-gene framework sequences (see Nelson ef a/.,
2010, Nat Rev Drug Discov 9: 767-774). This process is often inaccurate and leads o a
reduction in target binding affinity of the resulting antibody. To return the binding affinity of
the original antibody, murine residues are usually introduced at key positions in the variable
domain frameworks of the grafted v-domains (also known as “back-mutations”).
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While antibodies humanized via CDR grafling and back mutations have been shown to
induce lower immune response rates in the clinic in comparison {o those with fully murineg v-
domains, antibodies humanized using this basic grafting method still carry significant clinical
development risks due to the potential physical instabiiity and immunogenicity motifs still
housed in the grafted CDR loops. Antibodies such as CD47 inhibitors that target receptors
on immune cells, and whose pharmacological function is to stimulate immune responses via
antigen presentation, are at heightened risk of provoking anti-drug antibody responses.
These anti-drug antibody responses in the patient can reduce drug half-life, potency and
safety during clinical use. As animal testing of protein immunogenicity is often non-predictive
of immune responses in man, antibody engineering for therapeuiic use focuses on
minimizing predicted human T-cell epitope content, non-human germiine amino acid content

and aggregation potential in the purified protein.

The ideal humanized antagonistic anti-CD47 antibody would therefore have as many
identical residues as possible in the v-domains to those found in both the frameworks and
CDRs of well-characterized human germline sequences. Townsend ef a/. (2015; PNAS 112:
15354-15359) describe a method for generating antibodies in which CDRs derived from rat,
rabbit and mouse antibodies were grafied into preferred human frameworks and then subject
to a human germ-lining approach termed "Augmenied Binary Substifution”. Although the
approach demonstrated a fundamental plasticity in the original antibody paratopes, in the
absence of highly accurate antibody-antigen co-crysial structural data, it is still not possible
o reliably predict which individual residues in the CDR loops of any given antibody can be

converied {o human germiine, and in what combination.

CDR germ-lining is thus a complex, multifactorial problem, as multiple functional properties
of the molecule should preferably be maintained, including in this instance: farget binding
specificity, affinity to CD47 from both human and animal test species (e.g. cynomolgus
monkey, also known as the crab-eating macaque, i.e. Macaca fascicularis), v-domain
biophysical stability and/or igG expression yield. Antibody engineering studies have shown
that mutation of even single residus positions in key CDRs can have dramatic effects on all

of these desired molecular properties.

WQO2014/093678A2 describes an antagonistic murine anti-CD47 1gG molecule termed
“WxPO37”, and also the preparation of humanized forms of ¥xP037. Those humanized
forms of VxPO37 were produced using classical humanization techniques, i.e. by grafiing of

Kabat-defined murine CDRs into human heavy and light chain framework ssquences, with

2
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some of the human framework residues being potentially back-mutated to the
correspondingly positioned VxP037 murine residues. For reasons noted above, such
humanized forms of VxP037 described in WO2014/093678A2 are not ideal.

The present invention provides a number of optimized anti-CD47 antibodies and medical
uses thereof.

SUMMARY OF THE INVENTION

According to one aspect of the invention, there is provided an aniibody molecule which
specifically binds to human CD47, and optionally also to cynomolgus monkey CD47 andfor
to mouse CD47, or an antigen-binding portion thereof, wherein the antibody molecule or
antigen-binding portion comprises a heavy chain variable region with:

an HCDR1 having amino acids in seguence in the following order: G-Y-T or any amino acid
(for example, S, N or R)-F-T or a conservative substitution of T-N or a conservative
substitution of N-Y-Y-I or a conservative substitution of I-F or any amino acid (for example,
Voor G} (SEQ D NG: 1};

an HCDR2 having amino acids in sequence in the following order: M or a conservative
substitution of M-G-1 or any amino acid {for example, N, V or D)-I-N or any amino acid (for
example, Y)-P-V or any amino acid (for example, G or F)-D or a conservative substitution of
D-G or a conservative substitution of G-D-T-N or a conservalive substitution of N (for
example, R)-Y or a conservative substitution of Y-N or a conservative substitution of N (for
example, S)-P-5-F-Q-G (SEQ ID NO: 2); and

an HCDRS3 having amino acids in sequence in the following order: G-G-Y or any amino acid
(for example, H, |, Q or F}-T or any amino acid (for example, V or I}-M or any amino acid (for
example, T, R, P, A or L)-D or any amino acid (for example, G)-R or any amino acid (for
example, Q, N, Y, S, W, K A E F H, I L, M, T orV) (SEQ ID NO: 3).

In aspects of the invention, the HCDR1 of the antibody molecule or antigen-binding portion
may exclude the sequence GYTFTNYYVF (SEQ ID NO: 4) (VxP037 murine/humanized
antibody HCDR1 disclosed in W02014/093678A2) and/or the HCDR3 of the antibody
molecule or antigen-binding portion may exclude the sequence GGYTMDY (SEQ ID NO: §)
(VxPO37 murine/humanized antibody HCDRS disclosed in W02014/093678A2).

The antibody molecule or antigen-binding portion may further comprise a light chain variable

region with:
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an LCDR1 having amino acids in sequence in the following order: R-3-5-Q or a conservative
substitution of Q-S-L or a conservative substitution of L-L or a conservative substitution of L-
H-S-N or any amino acid (for example, Q, S, T, A or G) or a conservative substitution of N
(for example, Q, S, T or G)-G or a conservative substitution of G (for example, A)-Y or any
amino acid (for example, N or S)-T or a conservative substitution of T (for example, N)-Y-L-
H or any amino acid (for example, D) (SEQ 1D NO: 8);

an LCDR2 having amino acids in sequence in the following order: K or any amino acid (for
example, L or M)-V or any amino acid (for example, G)-S-N or any amino acid (for example,
Y)-R-L or any amino acid (for example, F, Aor 8)-S8 (SEQ ID NO. 7); and

an LCDR3 having amino acids in sequence in the following order: F or any amino acid (for
example, L, M, S, T or V)-Q-Q or any amino acid (for example, N, A, T or §)-T or any amino
acid (for example, L, M or [)-H or a conservative substitution of H-T or any amino acid {for
example, V, |, A or F)-P or any amino acid (for example, L)-R ar any amino acid (for example,
W)-T (SEQ ID NO: 8).

in aspects of the invention, the LCDR1 of the antibody molecule or antigen-binding portion
may exclude the sequence RSSQSLVHSNGNTYLH (SEQ D NO: 8) (VxP037
murine/humanized antibody LCDR 1 disclosed in W0O2014/083678A2), and/or the LCDR2 of
the antibody molecule or antigen-binding portion may exclude the seguence KVSYRFS
(SEQ ID NOG: 10) (WxP037 murine/humanized antibody LCDR2 disclosed in
WQ2014/093678A2) andfor the LCDR3 of the antibody molecule or antigen-binding portion
may exclude the sequence SQNTHVPRT (SEQ ID NO: 11) (VxP037 murine/humanized
antibody LCDR3 disclosed in WO2014/093678A2).

The CDR sequences above are defined using the “Unified” definition, as set out in Table 1
and described below. As an alternative, the CDR sequences in the present invention may be
defined using the shorter “AHo” definition (see Table 1), which is based on structural biology

and aims to unify nomenclature for ali immunoglobulin v-domains.

Using the shorter “AHo” CDR definition, the invention in one aspect provides an antibody
molecule which specifically binds {o human CD47, and opticnally also {6 cynomolgus
monkey CD47 and/or to mouse CD47, or an antigen-binding portion thereof, wherein the
antibody molecule or antigen-binding portion comprises a heavy chain variable region with:
an HCDR1 having amino acids in sequence in the following order: G-8-G-Y-T or any amino
acid (for example, 8, N or R)-F-T or a conservative substitution of T-N or a conservative
substitution of N-Y-Y (SEQ ID NO: 12},
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an HCDRZ2 having amino acids in sequence in the following order: I-N or any amino acid {for
example, Y)-P-V or any amino acid {for example, G or F)-D or a conservative substitution of
D-G or a conservative substitution of G-D-T-N or a conssrvative substitution of N (for
example, R)-Y or a conservative substitution of Y-N or a conservative substitution of N (for
example, S)-P-8-F-Q-G (SEQ ID NO: 13); and

an HCDRS3 having amino acids in sequence in the following order: G-G-Y or any amino acid
(forexample, H, |, Q or F)-T or any amino acid (for example, V or [}-M or any amino acid (for
example, T, R, P, Aor L)}-D or any amino acid {for example, G) (SEQ iD NO: 14).

Using the AHo definition, the HCDR1 of the antibody molecule or antigen-binding portion
may exclude the sequence GSGYTFTNYY (SEQ ID NO: 15) (VxP037 murine/humanized
antibody HCDR1 disclosed in WO0O2014/093678A2) and/or the HCDR3 of the antibody
molecule or antigen-binding poriion may exclude the sequence GGYTMD (SEQ ID NO: 16)
(VxP0O37 murine/humanized antibody HCDR3 disclosed in WO2014/083678A2).

The antibody molecule or antigen-binding portion may further comprise a light chain variable
region with CDRs defined using the AHo definition as follows:

an LCDR1 having amino acids in sequence in the following order: S-S-Q or a conservative
substitution of Q-S-L or a conservative substitution of L-L or a conservative substitution of L-
H-S-N or any amino acid (for example, Q, S, T, A or G) or a conservative substitution of N
(for example, Q, S, T or G)-G or a conservative substitution of G (for example, A)-Y or any
amino acid (for example, N or 8)-T or a conservative subsiitution of T (for example, N)-Y
(SEQ ID NO: 17);

an LCDR2 having amino acids in sequence in the following order: K or any amino acid (for
example, L or M)-V or any amino acid (for example, G)-S-N or any amino acid (for example,
Y)-R-L or any amino acid (for example, F, Aor §)-S (SEQ D NO: 7); and

an LCDR3 having amino acids in sequence in the following order: Q or any amino acid (for
example, N, A, T or S)-T or any amino acid (for example, L, M or [)-H or a conservative
substitution of H-T or any amino acid (for example, V, |, A or F)-P or any amino acid {for
example, L}-R or any amino acid (for example, W) (SEQ 1D NO: 18).

Using the AHo definition, in aspects of the invention the LCDR1 of the antibody molecule or
antigen-binding portion may exclude the sequence SSQSLVHSNGNTY (SEQ iD NC: 19)
{(VxPO37 murine/humanized antibody LCDR1 disciosed in W0O2014/093678A2), and/or the
LCDR2 of the antibody molecule or antigen-binding portion may exclude the sequence
KVEYRFS (SEQ ID NO: 10) (WxP037 mwurine/humanized antibody LCDR2 disclosed in

>
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WO2014/093678A2) andior the LCDR3 of the antibody molecule or antigen-binding portion
may exclude the sequence NTHVPR (SEQ ID NO: 20} (VxP037 murine/humanized antibody
LCDR3 disclosed in W02014/093678A2).

Alsc provided according to the invention is an immunoconjugate comprising the antibody

molecule or antigen-binding portion thereof as defined herein linked a therapeutic agent.

in another aspect the invention provides nucleic acid molecule encoding the antibody

maolecule or antigen-binding poriion thereof as defined herein.

Further provided is a vector comprising the nucleic acid molecule of the invention.

Also provided is a host cell comprising the nucleic acid molecule or the vector of the invention

as defined hersin.

in a further aspect there is provided a method of producing an anti-CD47 antibody and/or an
antigen-binding portion thereof, comprising culturing the host cell of the invention under
conditions that result in expression and/or production of the antibody and/or the antigen-
binding portion thereof, and isolating the antibody and/or the antigen-binding portion thereof

from the host cell or culture.

in another aspect of the invention there is provided a pharmaceutical composition comprising
the aniibody molecule or antigen-binding portion thereof of the invention as defined herein,
or the immunoconjugate of the invention as defined herein, or the nucleic acid moiecuie of

the invention as defined herein, or the vector of the invention as defined herein.

Further provided is a method for enhancing an immune response in a subject, comprising
administering an effective amount of the antibody molecule or aniigen-binding portion thereof
ofthe invention as defined herein, or the immunoconjugate of the invention as defined herein,
or the nucleic acid molecuie of the invention as defined herein, or the vector of the invention

as defined herein, or the pharmaceutical composition of the invention as defined herein.

in a further aspect there is provided a method for freating or preventing cancer in a subject,
comprising administering an effective amount of the aniibody molecule or antigen-binding
portion thereof of the invention as defined herein, or the immunoconjugate of the invention

as defined herein, or the nucleic acid molecule of the invention as defined herein, or the

6
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vector of the invention as defined hersin, or the pharmaceutical composition of the invention
as defined herein.

The invention also provides an antibody molecule or antigen-binding portion thereof of the
invention as defined herein, or the immunoconjugate of the invention as defined herein, or
the nucleic acid molecule of the invention as defined herein, or the vecior of the invention as
defined herein, or the pharmaceutical composition of the invention as defined herein, for use

in the treatment of cancer.

in another aspect the invention provides the antibody molecule, or antigen-binding portion
thereof, or the immunoconjugate, or the nucleic acid molecule, or the vector for use, or the
method of treatment of the invention as defined herein, for separate, sequential or
simultaneous use in a combination combined with a second therapeutic agent, for example

an anti-cancer agent.

in a further aspect there is provided the use of an antibody molecule or antigen-binding
portion thereof of the invention as defined herein, or an immunoconjugate of the invention
as defined herein, or a nucleic acid molecule of the invention as defined herein, or a vector
of the invention as defined herein, or a pharmaceutical composition of the invention as

defined herein, in the manufacture of a medicament for the treatment of cancer.

The invention also provides a method for {reating or preventing an ischemia-reperfusion
injury, an aulcimmune disease or an inflammatory disease in a subject, comprising
administering an effective amount of the antibody molecule or antigen-binding portion thereof
as defined herein, or the immunoconjugate as defined here, or the nucleic acid molecule as
defined herein, or the vector as defined herein, or the pharmaceutical composition as defined

herein.

The autoimmune disease or inflammatory disease may be selected in all aspects from the
group consisting of. arthritis, multiple sclerosis, psoriasis, Crohn's disease, inflammatory
bowel disease, lupus, Grave's disease and Hashimoto’s thyroiditis, and ankylosing

spondylitis.

The ischemia-reperfusion injury in all aspect may occur in organ transplantation, acute

kidney injury, cardiopulmonary bypass surgery, pulmonary hyperiension, sickle cell disease,
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myocardial infarction, siroke, surgical resections and reconstructive surgery, reattachment
of an appendage or other body part, skin grafting or trauma.

Alsc provided is an antibody molecule or antigen-binding portion thereof as defined herein,
or the immunocconjugate as defined herein, or the nucleic acid molecule as defined herein,
or the vector as defined herein, or the pharmaceutical composition as defined herein, for use
in the treatment of an ischemia-reperfusion injury, an aufoimmune disease or an

inflammatory disease.

Further provided is the use of an antibody molecule or antigen-binding portion thereof as
defined herein, or an immunoconjugate as defined herein, or a nucleic acid molecule as
defined herein, or a vector as defined herein, or a pharmaceutical composition as defined
herein, in the manufaciure of a medicament for the treatment of an ischemia-reperfusion

injury, an autoimmune disease or an inflammatory disease.

The invention also provides a method for {reating or preventing a cardiovascular disease or
a fibrotic disease in a subject, comprising administering an effective amount of the antibody
molecule or antigen-binding portion thereof as defined herein, or the immunoconjugaie as
defined here, or the nucleic acid molecule as defined herein, or the vector as defined herein,

or the pharmaceutical composition as defined herein.

Also provided is an antibody molecule or antigen-binding portion thereof as defined herein,
or the immunoconjugate as defined herein, or the nucleic acid molecule as defined herein,
or the vector as defined herein, or the pharmaceutical composition as defined herein, for use

in the treatment of a cardiovascular disease or a fibrotic disease.

Further provided is the use of an antibody molecule or antigen-binding portion thereof as
defined herein, or an immunoconjugate as defined herein, or a nucleic acid molecule as
defined herein, or a vector as defined herein, or a pharmaceutical composition as defined
herein, in the manufacture of a medicament for the {reatment of an ischemia-reperfusion

injury, an autoimmune disease, an inflammatory disease or a fibrotic diseass.

The cardiovascular disease in any aspect of the invention may for example be coronary heart

disease or atherosclerosis.
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The fibrotic disease in any aspect of the invention may be selected from the group consisting
of myocardial infarction, angina, osteocarthritis, pulmonary fibrosis, cystic fibrosis, bronchitis
and asthma.

The invention also provides a method of producing an antibody molecule which specifically
binds to human CD47 and optionally also to cynomolgus monkey CD47 and/or {o mouse
CD47, or an antigen-binding portion thereof, comprising the steps of:

(1) grafiing anti-CD47 CDRs from a non-human source into a8 human v-domain framework
to produce a humanized anti-CD47 antibody molecule or antigen-binding portion thereof;
{2} generating a phage library of clones of the humanized anti-CD47 antibody molecule or
antigen-binding portion thereof comprising one or more mutations in the CDRs;

(3) screening the phage library for binding to human CD47 and optionally also to cynomolgus
mankey CD47 and/or to mouse CD47,;

(4) seleciing clones from the screening step (3) having binding specificity o human CD47
and optionally also fo cynomoigus monkey CD47 and/or o mouse CD47; and

(5) producing an antibody molecule which specifically binds to human CD47 and optionally
also to cynomolgus monkey CD47 and/or to mouse CD47, or an antigen-binding portion

thereof from clones selected from step (4).

The method may comprise a further step of producing additional clones based on the clones
selected in step (4), for example based on further exploratory mutagenesis at specific
positions in the CDRs of the clones selecied in step (4), to enhance humanization and/or
minimise human T cell epitope content and/or improve manufacturing properties in the

antibody molecule or antigen-binding portion thereof produced in step (5).

The method may comprise a further step of assessing immunaogenicity of one or more v-
domains in the clones selected in step (4) or the antibody molecule produced in step (5), and
optionally generating one or more further mutations, for exampie in a CDR and framework
region, o reduce immunogenicity. Immunogenicity may be assessed by identifying the
focation of T cell epitopes, for example using in sifico technologies as described herein.

BRIEF DESCRIPTION OF THE FIGURES
Figure 1. Direct binding ELISA of library-derived anti-CD47 scFvs against human and
mouse CD47-Fc proteins. Clones were derived from 3 separaie phage selection branches

{A shows Branch A periprep ELISA; B shows Branch B periprep ELISA; and C shows Branch

9
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C periprep ELISA) where phage populations were selected on biotinylated human, mouse
and/or cynomolgus monkey CD47-Fc proteins in each round. After each round of selection,
library-derived clones (black circles) were screened against both human and mouse CD47-
Fc. Mean + SD values in each round are represented in grey bars. In each graph, the X-axis

5  shows selection round ("R”), with “H” denoting human and “M” denoting mouse, and the Y-
axis shows binding signal (OD 450nm).

Figure 2. Analysis of CDR residue tolerance for mutation to germline. A plot of murine
amino acid retention frequencies in the CDRs of the ELISA-positive population of 854 unigue
scFv clones is shown for Vi (A) and V. (B) domains, respectively. Only those residues

10 targeted for human/murine residue mutageneasis are plotied, other than in the HCDRS. In
each plot, CDR residuss are shown in the X-axis and the Y-axis shows percentage retention
of each murine residue. CDR residuss noted in parentheses on the X-axes were identical to
those found in the human germlines used for grafting (IGKV2-28 and IGHV5-51). Those
residues in the HCDR2 that are not in parentheses, buf whose values are set at 0, were

15 mutated fo human germline during the grafting process. In both plots the dashed line in grey
at 75% represents the cutoff for tolerance of murine residue replacement by human germiine.
Figure 3. Direct titration ELISA for IgG binding to human, mouse and cyno CD47-Fc
proteins. Chimeric anti-CD47 (mVH/mVL), library-derived clones in human IgG 1null format
were tifrated (in ug/mi) in a direct binding ELISA against human, mouse and cyno CD47-Fc

20 proteins (A-H). The mVH/mVL, library-derived clones and designer clone MH demonstrated
binding activity against all 3 orthologs of CD47. Clone VH-A1/VL-B1 binds human and cyno
CD47 but does not bind to mouse. Clone TTP lost almost all binding function. In each graph,
the X-axis shows igG concentration in ug/mi and the Y-axis shows binding signal (OD 450
nm;.

25  Figure 4. ELISA-based CD47-Fc-SiIRPa competition assay. ELISA binding signal for
human (A}, cyno (B) and mouse (C) CD47-Fc proteins {o plate-bound human SIRP«a was
examined in the presence of titrated competitor library-derived leads: A-D5, G-B6, D-H3 and
VH-ATNVL-B1 in IgG1null format, 1sotype IgG1 as a negative confrol, pius mVH/mvVL in
igG1null format as a positive control. All library-derived IgGs and mVH/mVL demonstrated

30  concentration-dependent reduction in binding of the human, muringe and cyno CD47-Fc
proteins, suggesting maintenance of a shared epitope. Notably, clone A-D5 exhibited
significantly increased potency in neutralisation of mouse CD47 in comparison to the
mVH/mVL and VH-A1/NV/L-B1 did not show the capacity to neuiralise the activity of murine
CD47. Neither designer clone MH nor TTP exhibited any neutralisation signal and are not

35  pilotied here, for clarity. In each graph, the X-axis shows antibody concentration in nM and

the Y-axis shows binding signal (OD 450 nm). In the figure legends, “IC” refers to isolype

10
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conirol.

Figure 5. Binding specificity analyses for pricoritized lead ciones. Off-target homologue
binding risk for mVH/mVL in igG1 (A) and IgG1null (B) format and library-derived leads A-
D5 (C), VH-A1NVL-B1 (D), F-E7 (E), D-H3 (F), and G-B6 (G) in IgG 1null format was examinad
by direct ELISA on CD47-Fc orthologs and a panel of 14 human immunoglobuiin superfamily
proteins as labelled on each X-axis (“B” refers {o blank). Binding to human, cyno and murine
CD47-Fes (hWe/mCD47-Fc) was performed at an IgG concentration of 1 pg/mi. Binding fo all
other proteins was performed at an IgG conceniration of 10 pg/mi. In each plot, the Y-axis
shows binding signal {OD 450 nm). For alimost all IgGs, binding was observed to hCD47-Fc,
mCD37-Fc and cCD47-Fc alone. No binding above background was observed for any other
human protein. Notably, clone VH-A1/VL-B1 again did not show reactivity o murine CD47.
Figure 8. Flow cytometric binding fo human and cyno CD47+ CHO-K1 celis.
Commercial anti-CD47 antibody MS1991, human IgG1 (1 1gG1”) and 1gG4 ("1 IgG47) Isotype
controls, lead library-derived igGs in both lgG1null (1gG1N”) and 1gG4{S8228P) formats were
examined for specific binding on cyno-fransfected CHO-K1 cells (&), human-transfected
CHO-K1 celis (B}, and wild type {(wt, i.e. untransfected) CHO-K1 cells (C). 1gGs were tested
at concentrations ranging from 24-100,000 ng/mi. Concentration-dependent binding was
observed against both human and cyno cell lines for all CD47-specific antibodies but not
Isotype controls. Low-level binding signais above background were observed against wild
type CHO-K1 celis for most antibodies, with significantly stronger signal for the mvH/mvL-
derived 1gGs and particularly low signal for VH-A1/VL-B1 IgGs. In each graph, the X-axis
shows each IgG iested and its concenfration in ng/mi, and the Y-axis shows mean
fluorescence intensity (MF1).

Figure 7. Flow cytomeiric testing of binding to human HL80 cells. Commercial anti-
CD47 antibody MS1991, human IgG1 and igG4 Isotype confrols (I 1gG1” and * igG4”,
respectively), lead library-derived IgGs in both IgGinull (“IgG1N) and 1gG4(8228P) formats
were examined for specific binding on HL60 cells. IgGs were tested at concenirations
ranging from 24-100000 ng/ml. Concentration-dependent binding was observed for all clones
other than the Isotype controls. In each graph, the X-axis shows each IgG tested and its
concentration in ng/ml, and the Y-axis shows mean fluorescence intensity (MFI}).

Figure 8. Development risk ELISAs. This assay showed that the A-D5, G-B6, D-H3, VH-
ATNVL-B1 and mVH/mVL antibodies in IgG1null form exhibit litle or no binding to the
negatively charged biomolecules Insulin (A), double-stranded DNA (dsDNA) (B) and single-
stranded DNA (ssDNA) (C). In each graph, the X-axis shows IgG concentration in ug/mi and

the Y-axis shows binding signal (OD 450 nm). Strong off-target binding o these molecules,
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as observed for Bococizumab and Briakinumab analogues has been shown to be a high-risk
indicator of poor clinical parformance of therapeutic antibodies.
Figure 9. Direct titration ELISA for designer IgGs binding to human, mouse and cyno
CD47-F¢ proteins. Chimeric anti-CD47 (mvH/mVL), designer A-D5-derived clones in
human lgG1null format were titrated (in pg/ml) in a direct binding ELISA against human (4),
cyno (B) and mouse (C) CD47-Fc proteins. In each graph, the X-axis shows IgG
conceniration in pg/mi and the Y-axis shows binding signal (OD 450 nm). Most clones
demonstrated binding activity against all 3 orthologs of CD47, although clone A-D5.7 only
shows weak binding to cyno CD47 and clone A-D5.10 lost almost all binding function to
mouse CD47. in the figure legend, “IgG1NP refers to 1gG1 null isotype.
Figure 10. ELISA-based CD47-Fc-SIRPa competition assay for designer igGs. ELISA
binding signal for human (A}, cyno (B) and mouse (C) CD47-Fc proteins {o plate-bound
human SIRPo was examined in the presence of titrated competitor designer IgGs in IgG1null
format, plus Isotype lgG1 as a negative control (represented by “IgGINI"} and mVH/mVL in
igG1nuli format as a positive control. In each graph, the X-axis shows 1gG concentration in
nM and the Y-axis shows binding signai (CD 450 nm). Notably, several A-D5-derived clones
again exhibited significantly increased potency in neutralisation of mouse CD47 in
comparison fo the mVH/mVL. Neither designer clone A-D5.7 nor A-D5.10 exhibited any
neufralisation signal on the orthologs for which they showed weak ELISA binding signal and
are not plotted here, for clarity.
Figure 11. Direct titration ELISA for A-D5.4-derived dasigner IgGs binding to human,
mouse and cyno CD47-Fc¢ proteins. Chimeric anti-CD47 (mVH/mVL), designer A-D5.4-
derived clones in human IgG1null format were titrated (in ng/mi) in a direct binding ELISA
against human (A), cyno (B) and mouse (C) CD47-Fc proteins. In each graph, the X-axis
shows IgG concentration in pug/ml and the Y-axis shows binding signal (OD 450 nm). All
clones demonstrated binding aclivity against all 3 orthologs of CD47. In the figure legends,
“IQGTNP refers to IgG1 null isotype.
Figure 12. ELISA-based CD47-Fc-8IRPa competition assay for designer igGs. ELISA
binding signal for human (A), cyno (B) and mouse (C) CD47-Fc proteins to plate-bound
human SIRPo was examined in the presence of tifrated competitor designer IgGs in IgGTnull
format, plus Isotype IgG1 as a negative control (represented by “IgGINI"y and mVH/mMVL in
IgG1null format as a positive control. In each graph, the X-axis shown 1gG concentration in
nM and the Y-axis shows binding signal (OD 450 nm). Noiably, several A-D5.4-derived
clones again exhibited significantly increased potency in neutralisation of mouse CD47 in
comparison o the mVH/mVL.
Figure 13. Binding specificity analyses for designer clones A-D5.4 and A-D5.16. Off-
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target homologue binding risk for A-D5.4 (A) and A-D5.16 (B) in 1gG1null format was
examined by direct ELISA on CD47-Fc orthologs and a panel of 14 human immunoglobulin
superfamily proteins (as labelled on each X-axis; “B” refers to blank). Binding to ali proteins
was performed at an 1gG concentration of 10 yg/mi. In each plot, the Y-axis shows binding
signal (0D 450 nm). For both IgGs, binding was observed to hCD47-F¢c, mCD37-F¢c and
cCD47-Fc alone. No binding above background was observed for any other human protein.
Figure 14. Development risk ELISAs for designer clones A-D5.4 and A-D5.16. This
assay showed that the A-D5.4 and A-D5.16 antibodies in IgG1null form exhibit low (below
negative control, Ustekinumab) binding to the negatively charged biomolecules Insulin (A&},
double-stranded DNA (dsDNA) (B) and single-stranded DNA (ssDNA) (C). in each graph,
the X-axis shows igG conceniration in ug/mi and the Y-axis shows binding signal (OD 450
nm). Strong off-target binding to these molecules, as cobserved for Bococizumab and
Briakinumab analogues has been shown fo be a high-risk indicator of poor clinical
performance of therapeutic antibodies.

Figure 15. Flow cytometric binding of library-derived and designer lgGs to CHO-K1
cells. Commercial anti-CD47 antibody MS1891, human IgG1 and IgG4 Isotype controls
(represented by “l IgG1” and “l IgG4” respsctively), and lead IgGs A-D5, A-D5.4 and A-D5.16
in both IgGinull and IgG4 formats were examined for specific binding on wild type (i.e.
untransfected) CHO-K1 cells. IgGs were tested at concentrations ranging from 24-25,000
ng/mi. Concentration-dependent binding was observed for the parental mVH/mvVL antibody
in both IgG1null and IgG4 formats, but only weak or no binding was observed for Isotype
conirols, MS1991 and IgGs A-D5, A-D5.4 and A-D5.16 in both 1gG formats. In each graph,
the X-axis shows conceniration of IgG in ng/mi, and the Y-axis shows MFI.

Figure 16. Flow cytometric testing of binding to human HL80C cells. Commercial anti-
CD47 antibody MS1891, human IgG1 and IgG4 Isotype controls (represented by “| igG1”
and “| IgG4”, respectively), lead IgGs in both IgGinull and [gG4(S228P) formats were
examined for specific binding on HL60 cells. igGs were fested at concentrations ranging from
24-100000 ng/mi. Concentration-dependent binding was observed for all clones other than
the Isotype controls. In each graph, the X-axis shows concentration of igG in ng/mi, and the
Y-axis shows MFL

Figure 17. T cell epitope peptide content in lead antibody v-domains. The v-domains of
mVH/mVL, A-D5, A-D5.4 A-D5.16 and A-D5.18-Di antibodies were examined for the
presence of Germline (GE), High Affinity Foreign (HAF), Low Affinity Foreign (LAF) and
TCED+ T cell receptor epitopes. Both the VH and VL domains of mVH/mVL were found to

contain multiple high risk human T cell epitopes and few germiine epitopes. In all lead clones,
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the high risk epitope content was significantly reduced and germline epitope content
significantly improved.

Figure 18. Direct titration ELISA for A-D5.16 and A-D5.16-DI designer igGs binding fo
human, mouse and cyno CD47-Fe proteins. Chimeric anti-CD47 (mVH/mVL), designer A-
D5.16 and A-D5.16-DI clones in human 1gG1null format were titrated (in pg/ml) in a direct
binding ELISA against human (A), cyno (B) and mouse (C) CD47-Fc proteins. All clones
demonstraied binding activity against all 3 orthologs of CD47. In each graph, the X-axis
shows concentration of IgG in ug/mi, and the Y-axis shows binding signal (OD 450 nm).
Figure 19. ELISA-based CD47-Fc-8IRPa competition assay for designer igGs. ELISA
binding signal for human (A), cyno (B) and mouse (C) CD47-Fc proteins to plate-bound
human SIRPo was examined in the presence of tifrated competitor designer IgGs in IgGTnull
format, plus Isolype IgG1 as a negative conirol and mVH/mVL in IgG1inull format as a
positive control. In each graph, the X-axis shows antibody concentration in nM, and the Y-
axis shows binding signal (OD 450 nm).

Figure 20. Flow cytomeiry phagocytosis analyses. (A) Flow cylometric analysis of the
phagocylosis of CSFE-labslied HLB0 cells by human CD14+ macrophages was performed
at multiple concentrations (as shown on the X-axis) for clones A-D35, A-D5.4. A-D5.16 and
mVH/MVL in IgG4 (§228P) format and additionally A-D5 in 1gG1null format (represented by
“lgG1 A-D5N”). The X-axis shows antibody concentration (ug/mi), and the Y-axis shows %
cells that are CFSE™* and CD14*. (B) The analysis was then repeated across multiple human
macrophage donors for A-D5 and mVH/mVL in IgG4 format, at a standard concentration of
10 ug/mi. The X-axis shows donor number, and the Y-axis shows % cells that are CFSE”
and CD14*. V" denotes vehicle.

DETAILED DESCRIPTION OF THE INVENTION

According to a first aspect of the invention, there is provided an antibody molecule which
specifically binds to human CD47 and optionally also to cynomolgus monkey CD47 and/or
to mouse CD47, or an antigen-binding portion thereof, wherein the antibody molecule or
antigen-binding portion comprises a heavy chain variable region with:

an HCDR1 having amino acids in sequence in the following order: G-Y-T or any amino acid
(for example, S, N or R)}-F-T or a conservative substitution of T-N or a conservative
substitution of N-Y-Y-| or a conservaiive substitution of i-F or any amino acid {for example,
Vor G) (SEQID NO: 1);

an HCDR2 having amino acids in sequence in the following order: M or a conservative
substitution of M-G-1 or any amino acid (for example, N, V or D}-I-N or any amino acid (for

example, Y)-P-V or any amino acid (for example, G or F}-D or a conservative substitution of
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D-G or a conservative substitution of G-D-T-N or a conservaiive substitution of N {for
example, R)-Y or a conservative substitution of Y-N or a conservative substitution of N (for
example, S)-P-S-F-Q-G (SEQ ID NO: 2}; and

an HCDRS3 having amino acids in sequence in the foliowing order: G-G-Y or any aminc acid
(for example, H, |, Q or F}-T or any amino acid (for example, V or }-M or any amino acid (for
example, T, R, P, A or L)-D or any amino acid (for example, G)-R or any amino acid (for
example, Q, N, Y, S W, K, A E, F H ILL M TorV) (SEQID NO: 3).

In aspects of the invention, the HCDR1 of the antibody molscule or antigen-binding portion
may exclude the sequence GYTFTNYYVF (SEQ ID NO: 4) (WxP037 murine/humanized
antibody HCDR1 disclosed in W02014/093678A2) and/or the HCDR3 of the antibody
molecule or antigen-binding portion may exclude the sequence GGYTMDY (SEQ ID NO: §)
(VxP0O37 murine/humanized antibody HCDRS disclosed in W02014/093678A2).

The antibody molecule or antigen-binding portion thereof according to the invention may
further comprise a light chain variable region with:

an LCDR1 having amino acids in sequence in the following order: R-5-8-Q or a conservative
substitution of Q-S-L or a conservative substitution of L-L or a conservative substitution of L-
H-S-N or any amino acid (for example, Q, S, T, A or G} or a conservative substifution of N
(for example, Q, S, T or G}-G or a conservative substitution of G (for example, A)-Y or any
amino acid (for example, N or S)-T or a conservative substitution of T (for example, N)-Y-L-
H or any amino acid (for example, D) (SEQ 1D NO: 6);

an LCDR2 having amino acids in sequence in the following order: K or any amino acid (for
example, L or M)-V or any amino acid (for exampile, G)-S-N or any amino acid (for example,
Y)-R-L or any aminc acid (for example, F, Aor S)-8 (SEQ ID NO: 7); and

an LCDRS3 having amino acids in sequence in the following order: F or any amino acid (for
example, L, M, S, T or V)-Q-Q or any amino acid (for example, N, A, T or S)-T or any amino
acid (for example, L, M or I)-H or a conservative substifution of H-T or any amino acid (for
example, V, I, A or F)-P or any amino acid (for example, L)-R or any amino acid (for example,
W)-T (SEQ ID NO: 8).

In aspects of the invention, the LCDR1 of the antibody molecule or antigen-binding portion
may exclude the sequence RSSQSLVHSNGNTYLH (SEQ D NO: 9) (WxP037
murine/humanized antibody LCDR1 disclosed in WO2014/093678A2), and/or the LCDR2 of
the antibody molecule or antigen-binding portion may exclude the seguence KVSYRFS
(SEQ ID NO: 10) (VxP037 wmurine/humanized antibody LCDR2 disclosed in
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WO2014/093678A2) and/or the LCDR3 of the anfibody molecule or antigen-binding portion
may exclude the sequence SQNTHVPRT (SEQ ID NO: 11) (VxP037 murine/humanized
antibody LCDRS3 disclosed in W02014/093678A2).

The CDR sequences above are defined using the “Unified” definition, as set outin Table 1.
As an alternative, the CDR sequences in the present invention may be defined using the
shorter “AHo” definition {(see Table 1), which is based on structural biclogy and aims {o unify

nomenclature for all immunoglobulin v-domains.

Using the shorter “AHo” definition, the invention in one aspect provides an antibody molecule
which specifically binds to human CD47, and optionally also to cynomoigus monkey CD47
and/or to mouse CD47, or an antigen-binding portion thereof, wherein the antibody molecule
or antigen-binding portion comprises a heavy chain variable region with:

an HCDR1 having amino acids in sequence in the following order: G-S-G-Y-T or any amino
acid (for example, S, N or R}-F-T or a conservative substitution of T-N or a conservative
substitution of N-Y-Y (SEQ ID NO: 12);

an HCDR2 having amino acids in sequencs in the following order: I-N or any amino acid {(for
example, Y)-P-V or any amino acid {for example, G or F)-D or a conservative substitution of
D-G or a conservative substitution of G-D-T-N or a conservative substitution of N (for
example, R)-Y or a conservative substitution of Y-N or a conservative substitution of N (for
example, 8)-P-S-F-Q-G (SEQ ID NO: 13); and

an HCDRS3 having amino acids in sequence in the following order: G-G-Y or any amino acid
(for example, H, |, Q or F)-T or any amino acid (for example, V or [}-M or any amino acid (for
example, T, R, P, Aor L}-D or any amino acid {for example, G) (SEQ iD NO: 14).

Using the AHo definition, the HCDR1 of the antibody molecule or antigen-binding porticn
may exclude the sequence GSGYTFTNYY (SEQ ID NO: 15) (VxP037 murine/humanized
antibody HCDR1 disclosed in WO02014/093878A2) and/or the HCDR3 of the antibody
molecule or antigen-binding portion may exclude the sequence GGYTMD (SEQ ID NO: 16)
(VxP037 murine/humanized antibody HCDR3 disclosed in WO2014/083678A2}.

The antibody molecule or antigen-binding portion may further comprise a light chain variable
region with:

an LCDR1 having amino acids in sequence in the following order: S-8-Q or a conservative
substitution of Q-S-L or a conservative substitution of L-L or a conservative substitution of L-

H-S-N or any amino acid (for example, Q, S, T, A or G) or a conservative substitution of N
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(for example, Q, S, T or G)-G or a conservative substitution of G (for example, A)-Y or any
amino acid (for example, N or S)-T or a conservative substitution of T (for example, N}-Y
(SEQ D NO: 17);

an LCDR2 having amino acids in sequence in the following order: K or any amino acid (for
example, L or M)-V or any amino acid (for example, G)-S-N or any amino acid {for example,
Y)-R-L or any amino acid (for example, F, A or 8)-S (SEQ ID NO: 7); and

an LCDRS having amino acids in sequence in the following order: Q or any amino acid (for
example, N, A, T or 8)-T or any aminc acid (for example, L, M or I)-H or a conservative
substitution of H-T or any amino acid (for example, V, 1, A or F}-P or any amino acid {for

example, L)-R or any amino acid (for example, W) (SEQ ID NOG: 18).

Using the AHo definition, in aspects of the invention the LCDR1 of the antibody molecule or
antigen-binding portion may exclude the sequence SSQSLVHSNGNTY (SEQ 1D NO: 19)
(VxP0O37 murine/humanized antibody LCDR1 disclosed in WO2014/083678A2), and/or the
LCDR2 of the aniibody molecule or antigen-binding portion may exclude the sequence
KVSYRFS (SEQ ID NO: 10) (WxP037 murine/humanized antibody LCDR2 disclosed in
WQ02014/093678A2) and/or the LCDR3 of the antibody molecule or antigen-binding portion
may exclude the sequence NTHVPR (SEQ ID NO: 20) (VxP037 murine/humanized antibody
LCDR3 disclosed in WO2014/093678A2).

As elaborated herein, the present inveniors have succeeded for the first time in generating
a number of oplimized anti-CD47 antibody molecules using CDR sequences derived from
the murine anti-CD47 antibody VxP037 disclosed in W02014/093678A2. In embodiments of
the present invention, these antibody molecules have been selected to have binding
specificity to both human CD47 as well as cynomolgus monkey CD47 and, for some clones,
also to mouse CD47 (to facilitate studies in an animal test species). Further refining of the
optimized antibody molecules as described herein has provided improved binding to the
mouse orthologue of CD47, improved potency in neutralisation of mouse CD47-SIRPx
signalling, improved variable domain stability, high expression yields, and/or reduced
immunogenicity. For example, we demonsirate herein that the progenitor molecule for the
muring anti-CD47 aniibody VxP037 carries two major immunogenicily risks in the LCDR1
and LCDR2 that will be carried through with classical humanization techniques (as used in
W0O2014/093678A2) but are ameliorated in optimized antibody molecules as described

herein.
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The antibody molecule or antigen-binding portion of the present invention may have
improved in sifico immunogenicity compared with an antibody molecule comprising the CDR
sequences of SEQ ID NOs: 4 (HCDR1), 123 (HCDR2), 5 (HCDR3), 9 (LCDR1), 10 (LCDR2)
and 11 (LCDR3).

The antibody molecule or antigen-binding portion of the present invention may exhibit no
binding to hamster CD47, or exhibit reduced binding to hamster CD47 compared with an
antibody molecule comprising the CDR sequences of SEQ D NOs: 4 (HCDR1), 123
(HCDR2), 5 (HCDR3), 9 (LCDR1), 10 (LCDR2) and 11 (LCDRS3). For example, the antibody
molecule or antigen-binding portion of the present invention may exhibit no binding to CHO
cells as measured by flow cytometry, or reduced binding to CHO cells as measured by flow
cytometry, compared with an antibody comprising the CDR sequences of SEQ 1D NOs: 4
(HCDR1), 123 (HCDR2), 5 (HCDR3), 8 (LCDR1), 10 (LCDR2) and 11 (LCDR3). As shown
in Fig. 15, representative antibody molecules of the present invention have liltle or no cross-
reactivity with CHO ceils, whereas the original murine v-domains of clone mVH/mVL in either
igGtnull or IgG4 format drive strong, concentration-dependent binding to CHO cells.

Preferred oplimized anti-CD47 antibody molecules of the present invention do not
necessarily have the maximum number of human germiline substitutions at corresponding
murine CDR or other (such as framework) amino acid positions. As elaborated in the
experimental section below, we have found that “maximally humanized” antibody molecules
are not necessary “maximally oplimized” in terms of anti-CD47 binding characterisiics and/or

other desirable featurss.

The present invention encompasses madifications to the amino acid sequence of the
antibody molecule or antigen-binding portion thereof as defined herein. For example, the
invention includes antibody molecules and corresponding antigen-binding portions thereof
comprising funciionally equivalent variable regions and CDRs which do not significantly
affect their properties as well as variants which have enhanced or decreased activity and/or
affinity. For example, the amino acid sequence may be mutated to obtain an antibody with
the desired binding affinity to CD47. Insertions which include amino- and/or carboxyl-terminal
fusions ranging in length from one residue o polypeptides contfaining a hundred or more
residues, as well as intrasequence insertions of single or multiple amino acid residues, are
envisaged. Examples of terminal insertions include an antibody molecule with an N-terminal

methionyl residue or the antibody molecule fused to an epitope tag. Otherinsertional varianis
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of the antibody molecule include the fusion {o the N- or C-terminus of the antibody of an
enzyme or a polypeptide which increases the half-life of the antibody in the blood circulation.

The antibody molecule or antigen-binding portion of the invention may include glycosylated
and nonglycosylated polypeptides, as well as polypeptides with other post-fransiational
madifications, such as, for example, glycosylation with different sugars, acetylation, and
phosphorylation. The antibody molecule or antigen-binding portion of the invention may be
mutated fo aiter such posi-translational modifications, for example by adding, removing or

replacing one or more amino acid residues to form or remove a glycosylation site.

The antibody molecule or antigen-binding portion of the invention may be modified for

example by amino acid substitution to remove potential proteciytic sites in the antibody.

in the antibody molecule or antigen-binding portion thereof, the HCDR1 may have the amino
acid sequence: G-Y-T/S/N/R-F-T/N-N/S-Y-Y-IN-FN/G (SEQ ID NO: 21); the HCDR2 may
have the aminc acid sequence: M/-G-V/N//D-LN/Y-P-V/IG/F-N/D-G/S-D-T-N/R/K-F/Y-N/S-
P-S-F-Q-G (SEQ ID NG: 22); and the HCDR3 may have the amino acid sequence: G-G-
FIHMQIY-TNA-MITIRIPIANL-DIG-YIQINIRISIWAKIAEIFHAILIMIT  (SBEQ 1D NO: 23).
Alternatively, using the AHo definition, in the antibody molecule or antigen-binding portion
thereof, the HCDR1 may have the amino acid sequence: G-S5-G-Y-T/S/N/R-F-T/N-N/S-Y-Y
(SEQ ID NO: 24); the HCDRZ2 may have the amino acid sequence: -N/Y-P-V/G/F-N/D-G/S-
D-T-N/R/K-F/Y-N/S-P-8-F-G-G (SEQ ID NO: 25); and the HCDR3 may have the amino acid
sequence: G-G-F/H/I/Q/Y-TNA-M/IT/RIP/A/L-DIG (SEQ ID NO: 28).

For exampile, the HCDR1 may have the amino acid sequence: G-Y-T/S-F-T-N-Y-Y-I-F (SEQ
1D NO: 27); the HCDR2 may have the amino acid sequence: M/I-G-I/D-I-N-P-V-N/D-G-D-T-
N/R-F/Y-N/S-P-S-F-Q-G (SEQ ID NO: 28); and the HCDR3 may have the amino acid
sequence: G-G-F/Y-T-M/P-D-Y/R/K/ (SEQ ID NO: 29). Alternatively, using the AHo
definition, the HCDR1 may have the amino acid sequence: G-S-G-Y-T/S-F-T-N-Y-Y (SEQ
iD NO: 30); the HCDR2 may have the amino acid sequence: {-N-P-V-N/D-G-D-T-N/R-F/Y-
N/S-P-5-F-Q-G (SEQ ID NO: 31); and the HCDR3 may have the amino acid sequence: G-
G-FIY-T-M/P-D (SEQ 1D NO: 32).

in the antibody molecule or antigen-binding portion thereof, the LCDR1 may have the amino
acid sequence: R-8-8-Q/H-S-F/L-L/V-H-S-N/Q/A-G/A-YIN/S-N/T-Y-L-H/D (SEQ ID NO: 33),
the LCDR2 may have the amino acid sequence: L/KIM-V/G-S-N/Y-R-A/F/L/S-S (SEQ ID NG
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34); and the LCDR3 may have the amino acid sequence: FIL/M/S/TNV-Q-Q/N/ATIS-T/ILIMA-
Q/H-TANVIAIF-P/L-RW-T (SEQ ID NO: 35). Alternatively, using the AHo definition, in the
antibody molecule or antigen-binding portion thereof, the LCDR1 may have the amino acid
sequence. S-S-Q/H-S-F/L-LV-H-S-N/Q/A-GIA-YIN/S-N/T-Y (SEQ ID NC: 36); the LCDR2
may have the amino acid sequence: L/IKIM-V/G-S-N/Y-R-A/F/L/S-S (SEQ ID NO: 34); and
the LCDR3 may have the amino acid sequence: Q/N/AT/S-T/L/MN-Q/H-TNIVAIF-PIL-RIVW
(SEQ D NO: 37).

For example, the LCDR1 may have the amino acid ssquence: R-S-5-Q-S-L-L/V-H-3-N/Q/A-
G-Y/N-N/T-Y-L-H/D (SEQ ID NO: 38); the LCDR2 may have the amino acid sequence: L/K-
VIG-S-NIY-R-A/F/L-S (SEQ [D NO: 39); and the LCDRS3 may have the amino acid sequence:
FIS-Q-Q/N/A-TIL-Q/H-TV-P-R-T (SEQ ID NO: 40). Alternatively, using the AHo definition,
the LCDR1 may have the amino acid sequence: S-5-Q-S-L-LIV-H-S-N/Q/A-G-Y/N-N/T-Y
(SEQ ID NO: 41); the LCDR2 may have the amino acid sequence: L/K-V/G-S-N/Y-R-A/F/L-
S (SEQ ID NO: 39); and the LCDR3 may have the amino acid sequence: Q/N/A-T/L-Q/H-
TN-P-R (SEQ ID NO: 42).

In specific embodiments of the invention as defined using the Unified CDR definition, the
antibody molecule or antigen-binding portion may comprise:

(&) the amino acid sequences GYSFTNYYIF (SEQ ID NO: 43) (HCDR1),
MGDINPVNGDTNYSPSFQG (SEQ ID NO: 44) (HCDRZ2), GGYTPDY (SEQ ID NO: 45)
(HCDR3), RSSQSLLHSNGYNYLH (SEQ ID NO: 48) (LCDR1), KGSNRFS (SEQ ID NO: 47)
(LCDR2) and SQNLHVPRT (SEQ ID NO: 48) (LCDR3) [Clone D-H3J; or

(by the amino acid sequences GYTFTNYYIF (SEQ 1D NG: 49) (HCDR1),
MGIINPVYDGDTNYNPSFQG (SEQ ID NO: 50) (HCDR2), GGYTMDR (SEQ ID NO: 51)
(HCDR3), RSSQSLLHSNGYTYLH (SEQ ID NO: 52) (LCDR1), KVSNRLS (SEQ 1D NO: 53)
(LCDR2) and FQNTHTPRT (SEQ ID NO: 54) (LCDR3) [Clone A-D5}; or

(c) the amino acid sequences GYSFTNYYIF (SEQ ID NO: 43) (HCDRtY),
IGDINPVNGDTNFSPSFQG (SEQ ID NO: 55) (HCDR2), GGYTMDK (SEQ ID NO: 58)
(HCDR3), RSSQSLVHSNGYTYLH (SEQ ID NO: 57) (LCDR 1), KGSYRAS (SEQ ID NO: 58)
(LCDR2) and SQNTQTPRT (SEQ ID NO: 58) (LCDR3) [Clone G-B6]; or

{(d) the amino acid sequences GYSFTNYYIF (SEQ ID NO: 43) (HCDRT),
MGIINPVNGDTNYNPSFQG (SEQ ID NO: 60) (HCDR2), GGYTMGK (SEQ ID NO: 61)
(HCDR3), RSSQSLVHSNGNTYLD (SEQ ID NO: 82) (LCDR1), KGSYRFS (SEQ ID NO: 63)
(LCDR2} and SQATHTPRT (SEQ ID NO: 684) (LCDR3) [Clone F-E7]; or
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(e) the amino acid sequences GYSFTNYYIF (SEQ 1D NO: 48) (HCDRY),
MGINPVDGDTRYSPSFQG (SEQ ID NO: 65) (HCDR2), GGFTMDY (SEQ ID NO: 686)
(HCDR3), RSSQSLLHSNGYNYLH (SEQ ID NO: 46) (LCDR1), KGSNRAS (SEQ ID NO: 67)
(LCDR2) and SQNTHTPRT (SEQ ID NO: 88) (LCDR3) [Clone VH-A1/VL-B1]; or

(i the amino acid sesquences GYSFTNYYIF (SEQ D NO: 43) (HCDR1,
IGIINPVDGDTRYSPSFQG (SEQ ID NO: 69) (HCDR2), GGYTMDI (SEQ ID NO: 70)
(HCDR3), RSSQSLLHSNGYNYLH {SEQ ID NO: 46) (LCDR1), LGSNRFS (SEQ ID NO: 71)
(LCDR2) and SQNTQTPRT (SEQ ID NO: 59) (LCDR3) [Clone MH]; or

(g the amino acid sequences GYSFTNYYIF (SEQ ID NO: 43) (HCDRY),
MGINPVYDGDTRYSPSFQG (SEQ ID NO: 85) (HCDR2), GGYTMDI (SEQ ID NO: 70)
(HCDR3), RSSQSLLHSNGYNYLH (SEQ ID NO: 48) (LCDR1), LGSNRAS (SEQ ID NO: 72)
(LCDR2) and SQATQTPRT (SEQ ID NO: 73) (LCDRS3) [Clone TTP]; or

(h) the amino acid seguences GYSFTNYYIF (SEQ D NO: 43) (HCDRH1),
MGINPVDGDTNYNPSFQG (SEQ ID NO: 50) (HCDR2), GGYTMDR (SEQ ID NOG: 51)
(HCDR3), RSSQSLLHSNGYTYLH (SEQ ID NO: 52) (LCDR1), KVSNRLS (SEQ ID NO: 53)
(LCDR2) and FQONTHTPRT (SEQ ID NO: 54) (LCDR3) [Clone A-D5.1]; or

(i) the amino acid sequences GYSFTNYYIF (SEQ ID NO: 43) (HCDRY),
MGINPVDGDTRYNPSFQG (SEQ ID NO: 74) (HCDR2), GGYTMDR (SEQ ID NO: 51)
(HCDR3), RSSQSLLHSNGYTYLH (SEQ ID NO: 52) (LCDR1), KVSNRLS (SEQ ID NO: 53)
(LCDR2) and FQNTHTPRT (SEQ ID NO: 54) (LCDRS3) [Clone A-D5.2]; or

(i) the amino acid sequences GYSFTNYYIF (SEQ ID NO: 43) (HCDR1),
MGIINPVDGDTRYSPSFQG (SEQ ID NO: 85) (HCDR2), GGYTMDR (SEQ ID NOC: 51)
(HCDR3), RSSQSLLHSNGYTYLH (SEQ ID NO: 52) (LCDR1), KVSNRLS (SEQ ID NQO: 53)
(LCDR2) and FOQNTHTPRT (SEQ ID NO: 54) (LCDR3) [Clone A-D5.3]; or

(k) the amino acid sequences GYTFTNYYIF (SEQ D NG 49) (HCDR1),
MGIINPVYDGDTNYNPSFQG (SEQ ID NO: 50) (HCDR2), GGYTMDR (SEQ ID NO: 51)
(HCDR3), RSSQSLLHSNGYNYLH (SEQ D NO: 48) (LCDR1), KVSNRLS (SEQ ID NO: 53)
(LCDR2) and FQNTHTPRT (SEQ ID NO: 54) (LCDR3) [Clone A-D5.4); or

() the amino acid seguences GYTFTNYYIF (SEQ D NO: 49) (HCDRY),
MGINPVDGDTNYNPSFQG (SEQ ID NO: 50) (HCDR2), GGYTMDR (SEQ ID NO: 51)
(HCDR3), RSSQSLLHSNGYNYLH (SEQ ID NO: 46} (LCDR1), KGSNRLS (SEQ ID NO: 75)
(LCDR2) and FQNTHTPRT (SEQ ID NO: 54) (LCDR3) [Clone A-D5.5]; or

(m)y the amino acid sequences GYTFTNYYIF (SEQ I[D NO: 49) (HCDR1),
MGIINPVDGDTNYNPSFQG (SEQ ID NO: 50) (HCDR2), GGYTMDR (SEQ ID NGC: 51)
(HCDR3), RSSQSLLHSNGYNYLH {(SEQ ID NO: 46) (LCDR1), KGSNRLS (SEQ ID NO: 75)
(LCDR2) and FQNTQTPRT (SEQ ID NO: 76) (LCDR3) [Clone A-D5.6]; or
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(ny the amino acid sequences GYTFTNYYIF (SEQ ID NO: 49) (HCDRM1),
MGINPVDGDTNYNPSFQG (SEQ ID NO: 50) (HCDR2), GGYTMDR (SEQ ID NO: 51)
(HCDR3), RSSQSLLHSNGYNYLH (SEQ ID NO: 48) (LCDR1), LGSNRLS (SEQ ID NO: 77)
(LCDR2) and FQNTQTPRT (SEQ ID NO: 78) (LCDR3) [Clone A-D5.7]; or

(o) the amino acid seguences GYTFTNYYIF (SEQ 1D NO: 49) (HCDRf1),
MGHINPVDGDTNYNPSFQG (SEQ ID NO: 50) (HCDR2), GGYTMDR (SEQ ID NOG: 51)
(HCDR3), RSSQSLLHSQGYTYLH (SEQ ID NO: 78) (LCDR1), KVSNRLS (SEQ ID NO: 53)
(LCDR2) and FQNTHTPRT (SEQ ID NO: 54) (LCDRS3) [Clone A-D5.8]; or

(o) the amino acid sequences GYTFTNYYIF (SEQ ID NO: 49) (HCDRH1),
MGIHNPYDGDTNYNPSFQG (SEQ ID NO: 50) (HCDR2), GGYTMDR (SEQ ID NO: 51)
(HCDR3), RSSQSLLHSNGYTYLH (SEQ 1D NO: 52) (LCDR1), KVSNRLS (SEQ 1D NO: 53)
(LCDR2) and FQQTHTPRT (SEQ 1D NO: 79) (LCDRS3) [Clone A-D5.9]; or

(q) the amino acid seguences GYTFTNYYIF (SEQ D NO: 49) (HCDR1),
MGINPVDGDTNYNPSFQG (SEQ ID NO: 50) (HCDR2), GGYTMDR (SEQ ID NOG: 51)
(HCDR3), RSSQSLLHSQGYTYLH (SEQ ID NO: 78) (LCDR1), KVSNRLS (SEQ ID NO: 53)
(LCDR2) and FQQTHTPRT (SEQ ID NO: 79) (LCDR3) [Clone A-D5.10}; or

(7 the amino acid seguences GYSFTNYYIF (SEQ ID NO: 43) (HCDR1),
MGINPVDGDTNYNPSFQG (SEQ ID NO: 50) (HCDR2), GGYTMDR (SEQ ID NO: 51)
(HCDR3), RSSQSLLHSNGYNYLH (SEQ ID NO: 48) (LCDR1), KVSNRLS (SEQ ID NO: 53)
(LCDR2) and FQNTHTPRT (SEQ ID NO: 54) (LCDRS3) [Clone A-D5.11]; or

(s) the aminc acid sequences GYSFTNYYIF (SEQ ID NOC: 43) (HCDRf1),
MGIHINPVDGDTRYNPSFQG (SEQ ID NO: 74) (HCDR2), GGYTMDR (SEQ ID NOC: 51)
(HCDR3), RSSQSLLHSNGYNYLH (SEQ ID NO: 46) (LCDR1), KVSNRLS (SEQ ID NO: 53)
(LCDR2) and FQNTHTPRT (SEQ ID NO: 54) (LCDR3) [Clone A-D5.12]; or

# the amino acid sequences GYSFTNYYIF (SEQ 1D NO: 43) (HCDRY,
MGIINPVYDGDTRYSPSFQG (SEQ ID NO: 85) (HCDR2), GGYTMDR (SEQ ID NO: 51)
(HCDR3), RSSQSLLHSNGYNYLH (SEQ D NO: 48) (LCDR1), KVSNRLS (SEQ ID NO: 53)
(LCDR2) and FQNTHTPRT (SEQ ID NO: 54) (LCDR3) [Clone A-D5.13]; or

(u) the amino acid sequences GYSFTNYYIF (SEQ ID NO: 43) (HCDRY),
MGINPVDGDTRYSPSFQG (SEQ ID NO: 65) (HCDR2), GGYTMDR (SEQ ID NO: 51)
(HCDR3), RSSQSLLHSSGYNYLH (SEQ ID NO: 80} (LCDR1), KYSNRLS (SEQ ID NO: 53)
(LCDR2) and FQNTHTPRT (SEQ ID NO: 54) (LCDR3) [Clone A-D5.14]; or

(v} the amino acid sequences GYSFTNYYIF (SEQ ID NO: 43) (HCDRf1),
MGIINPVDGDTRYSPSFQG {SEQ ID NO: 85) (HCDR2), GGYTMDR (SEQ ID NOC: 51)
(HCDR3), RSSQSLLHSGGYNYLH (SEQID NO: 81) (LCDR1), KVSNRLS (SEQ ID NO: 53)
(LCDR2) and FQNTHTPRT (SEQ ID NO: 54) (LCDR3) [Clone A-D5.15]; or
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(w) the amino acid sequences GYSFTNYYIF (8EQ [D NO: 43) (HCDRY),
MGINPVDGDTRYSPSFQG (SEQ ID NO: 65) (HCDR2), GGYTMDR (SEQ ID NO: 51)
(HCDR3), RSSQSLLHSAGYNYLH (SEQ ID NO: 82} (LCDR1), KYSNRLS (SEQ ID NO: 53)
(LCDR2) and FQNTHTPRT (SEQ ID NO: 54) (LCDR3) [Clone A-D5.16]; or

(x) the amino acid sequences GYSFTNYYIF (SEQ 1D NO: 43) (HCDRf1),
MGHINPVDGDTRYSPSFQG (SEQ ID NO: 65) (HCDR2), GGYTMDR (SEQ ID NO: 51)
(HCDR3), RSSQSLLHSTGYNYLH (SEQ 1D NO: 83) (LCDR1), KVSNRLS (SEQ ID NO: 53)
(LCDR2) and FQNTHTPRT (SEQ ID NO: 54) (LCDRS3) [Clone A-D5.17]; or

(v} the amino acid seguences GYSFTNYYIF (SEQ ID NO: 43) (HCDRH1),
MGINPVYDGDTRYSPSFQG (SEQ ID NO: 85) (HCDR2), GGYTMDR (SEQ ID NO: 51)
(HCDR3), RSSQSLLHSNAYNYLH (SEQ 1D NO: 84) (LCDR1), KVSNRLS (SEQ ID NO: 53)
(LCDR2) and FQNTHTPRT (SEQ ID NO: 54) (LCDR3) [Clone A-D5.18]; or

(z) the amino acid sequences GYSFTNYYIF (SEQ D NO: 43) (HCDR1),
MGINPVDGDTRYSPSFQG (SEQ ID NO: 85) (HCDR2), GGYTMDR (SEQ ID NG: 51)
(HCDR3), RSSQSLLHSAGYNYLH (SEQ ID NO: 82) (LCDR1), KVSNRFS (SEQ ID NO: 85)
(LCDR2) and FQNTHTPRT (SEQ ID NO: 54) (LCDR3) [Clone A-D5.16-Di}; or

(z.1) the amino acid sequences GYTFTNYYIF (SEQ ID NO: 49 (HCDR1),
MGINPVDGDTNYNPSFQG (SEQ ID NO: 50) (HCDR2), GGYTMDR (SEQ ID NO: 51)
(HCDR3), RSSQSLLHSNGYTYLH (SEQ ID NO: 52) (LCDR1), KVSNRFS (SEQ ID NO: 85)
(LCDR2) and FQNTHTPRT (SEQ ID NO: 54) (LCDR3) [Clone A-D5-Di}.

in the above specific embodiments of the invention, the CDRs may alternatively be defined
using the AHo CDR definition such that the antibody molecule or antigen-binding portion
comprises:

(8) the amino acid sequences GSGYSFTINYY (SEQ D NO: 86) (HCDRH1),
INPVNGDTNYSPSFQG (SEQ 1D NO: 87) (HCDR2), GGYTPD (SEQ ID NO: 88) (HCDR3),
SSQSLLHSNGYNY (SEQ ID NO: 89) (LCDR1), KGSNRFS (SEQ ID NO: 47) (LCDR2) and
NLHVPR (SEQ ID NO: 90) (LCDR3) [Clone D-H3]; or

(b) the amino acid sequences GSGYTFTNYY (SEQ ID NO: 18) (HCDRY),
INPVDGDTNYNPSFQG (SEQ ID NO: 91) (HCDR2), GGYTMD {SEQ ID NO: 16} (HCDR3)},
SSQSLLHSNGYTY (SEQ ID NO: 92) (LCDR1), KVSNRLS (SEQ ID NO: 53) (LCDR2) and
NTHTPR (SEQ ID NO: 93) (LCDR3) [Clone A-DS]; or

{¢) the amino acid seguences GSGYSFTNYY (SEQ D NO: 88) (HCDR1),
INPYNGDTNFSPSFQG (SEQ ID NO: 94) (HCDR2), GGYTMD (SEQ ID NO: 18) (HCDR3),
SSQSLVHSNGYTY (SEQ ID NO: 85) (LCDR1), KGSYRAS (SEQ ID NO: 58) (LCDR2) and
NTQTPR (SEQ ID NO: 98) (LCDR3) [Clone G-B6}]; or
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(dy the amino acid sequences GSGYSFTNYY (SEQ ID NO: 88) (HCDRY),
INPVNGDTNYNPSFQG (SEQ 1D NO: 97) (HCDR2), GGYTMG (SEQ ID NO: 98) (HCDR3),
SSQSLVHSNGNTY (SEQ ID NO: 19) (LCDR1), KGSYRFS (SEQ ID NO: 63) (LCDR2) and
ATHTPR (SEQ ID NO: 99) (LCDR3) [Clone F-ET7}; or

(&) the amino acid sequences GSGYSFTNYY (SEQ ID NO: 86) (HCDRT,
INPVDGDTRYSPSFQG (SEQ ID NO: 100) (HCDR2), GGFTMD (SEQ ID NO: 101)
(HCDR3), SSQSLLHSNGYNY (SEQ ID NO: 89) (LCDR1), KGSNRAS (SEQ ID NO: 87)
(LCDR2) and NTHTPR (SEQ ID NO: 93) {LCDR3) [Clone VH-ATNL-B1}; or

(i the amino acid sequences GSGYSFTNYY (SEQ D NO: 86) (HCDR1),
INPVDGDTRYSPSFQG (SEQ ID NO: 100) (HCDR2), GGYTMD (SEQ ID NO: 16) (HCDR3),
SSQSLLHSNGYNY (SEQ ID NO: 89) (LCDR1), LGSNRFS (SEQ 1D NO: 71) (LCDR2) and
NTQTPR (SEQ ID NO: 96) (LCDRS3) [Clone MH]; or

(g) the amino acid sequences GSGYSFTNYY (SEQ D NO: 86) (HCDRH1),
INPVDGDTRYSPSFQG (SEQID NO: 100) (HCDR2), GGYTMD (SEQ D NO: 18) (HCDRS),
SSQSLLHSNGYNY (SEQ ID NO: 89) (LCDR1), LGSNRAS (SEQ ID NO: 72) (LCDR2) and
ATQTPR (SEQ ID NO: 102) (LCDR3) [Clone TTP]; or

(hy the amino acid sequences GSGYSFTNYY (SEQ ID NO: 88) (HCDRY),
INPVDGDTNYNPSFQG (SEQ ID NO: 91) (HCDR2), GGYTMD (SEQ ID NO: 16) (HCDR3),
SSQSLLHSNGYTY (SEQ ID NO: 92) (LCDR1), KVSNRLS (SEQ ID NO: 53) (LCDR2) and
NTHTPR (SEQ ID NO: 83) (LCDRS3) [Clone A-D5.1]; or

(i) the amino acid seguences GSGYSFTNYY (SEQ I[D NO: 886) (HCDR1),
INPVDGDTRYNPSFQG (SEQ ID NO: 103) (HCDR2), GGYTMD (SEQ ID NO: 186) (HCDR3),
SSQSLLHSNGYTY (SEQ ID NO: 92) (LCDR1), KVSNRLS (SEQ ID NO: 53) (LCDR2) and
NTHTPR (SEQ 1D NO: 93) (LCDR3) [Clone A-D5.2]; or

(i the amino acid ssguences GSGYSFTNYY (SEQ D NO: 86) (HCDRY,
INPVDGDTRYSPSFQG (SEQID NO: 100) (HCDR2), GGYTMD (SEQ D NO: 16) (HCDR3),
SSQSLLHSNGYTY (SEQ ID NO: 92) (LCDR1), KVSNRLS (SEQ ID NO: 53) (LCDR2) and
NTHTPR (SEQ ID NO: 83) (LCDR3) [Clone A-D5.3]; or

(k) the amino acid sequences GSGYTFTNYY (SEQ ID NOG: 185) (HCDRY),
INPVDGDTNYNPSFQG (SEQ ID NO: 91) (HCDR2), GGYTMD {SEQ ID NO: 16} (HCDR3)},
SSQSLLHSNGYNY (SEQ ID NO: 89) (LCDR1), KVSNRLS (SEQ ID NO: 53) (LCDR2) and
NTHTPR (SEQ ID NO: 93) (LCDR3) [Clone A-D5.4]; or

{H the amino acid sequences GSGYTFTNYY (SEQ D NO: 15) (HCDR1),
INPVDGDTNYNPSFQG (SEQ ID NO: 91) (HCDR2), GGYTMD (SEQ ID NO: 16) (HCDR3),
SSQSLLHSNGYNY (SEQ ID NO: 89) (LCDR1), KGSNRLS (SEQ ID NO: 75) (LCDR2) and
NTHTPR (SEQ ID NO: 83) (LCDR3) [Clone A-D5.5]; or

24



10

15

25

30

[9V]
]

WO 2019/034895 PCT/GB2018/052347

(m) the amino acid sequences GSGYTFTNYY (SEQ D NO: 15) (HCDRY),
INPVDGDTNYNPSFQG (SEQ 1D NO: 91) (HCDR2), GGYTMD {(SEQ ID NO: 16} (HCDR3)},
SSQSLLHSNGYNY (SEQ ID NO: 89) (LCDR1), KGSNRLS (SEQ ID NO: 75) (LCDR2) and
NTQTPR (SEQ ID NO: 96) (LCDR3) [Clone A-D5.6]; or

(ny the amino acid sequences GSGYTFTNYY (SEQ [ID NO: 15 (HCDR1),
INPVDGDTNYNPSFQG (SEQ 1D NO: 91) (HCDR2), GGYTMD (SEQ ID NO: 16) (HCDR3),
SSQSLLHSNGYNY (SEQ ID NO: 89) (LCDR1), LGSNRLS (SEQ ID NO: 77) (LCDR2) and
NTQTPR (SEQ ID NO: 98) (LCDR3) [Clone A-D5.7}; or

(o) the amino acid sequences GSGYTFTNYY (SEQ D NO: 15) (HCDR1),
INPVDGDTNYNPSFQG (SEQ ID NO: 91) (HCDR2), GGYTMD (SEQ ID NO: 18) (HCDR3),
SSQSLLHSQGYTY (SEQ ID NO: 104) (LCDR1), KVSNRLS (SEQ 1D NO: 53) (LCDR2) and
NTHTPR (SEQ ID NO: 83) (LCDR3) [Clone A-D5.8]; or

(p) the amino acid sequences GSGYTFTNYY (SEQ ID NO: 15) (HCDRH),
INPVDGDTNYNPSFQG (SEQ 1D NO: 81) (HCDR2), GGYTMD (SEQ ID NO: 18) (HCDRS),
SSQSLLHSNGYTY (SEQ ID NO: 92) (LCDR1), KVSNRLS (SEQ 1D NO: 53) (LCDR2) and
QTHTPR (SEQ ID NO: 105) (LCDR3) [Clone A-D5.9]; or

{(q) the amino acid sequences GSGYTFTNYY (SEQ D NO: 15 (HCDRM),
INPVDGDTNYNPSFQG (SEQ ID NO: 91) (HCDR2), GGYTMD (SEQ ID NO: 16) (HCDR3),
SSQSLLHSQGYTY (SEQ ID NO: 104) (LCDR1), KVSNRLS (SEQ ID NO: 53) (LCDR2) and
QTHTPR (SEQ ID NO: 105) (LCDR3) [Clone A-D5.10]; or

(ry the amino acid sequences GSGYSFTNYY (SEQ ID NO: 86) (HCDRf1),
INPVDGDTNYNPSFQG (SEQ ID NO: 91) (HCDR2), GGYTMD (SEQ ID NO: 18) (HCDR3),
SSQSLLHSNGYNY (SEQ ID NO: 89) (LCDR1), KVSNRLS (SEQ ID NO: 53) (LCDR2) and
NTHTPR (SEQ 1D NO: 93) (LCDR3) [Clone A-D5.11}; or

(s) the amino acid sequences GSGYSFTNYY (SEQ D NO: 86) (HCDRY),
INPVDGDTRYNPSFQG (SEQ 1D NO: 103) (HCDR2), GGYTMD (SEQ 1D NO: 18) (HCDRS3),
SSQSLLHSNGYNY (SEQ ID NO: 89) (LCDR1), KVSNRLS (SEQ ID NO: 53) (LCDR2) and
NTHTPR (SEQ ID NO: 83) (LCDR3) [Clone A-D5.12}; or

() the amino acid sequences GSGYSFTNYY (SEQ ID NO: 86) (HCDRY),
INPVDGDTRYSPSFQG (SEQID NO: 100) (HCDR2), GGYTMD (SEQ ID NO: 18) (HCDR3),
SSQSLLHSNGYNY (SEQ ID NO: 89) (LCDR1), KVSNRLS (SEQ ID NO: 53) (LCDR2) and
NTHTPR (SEQ ID NO: 93) (LCDR3) [Clone A-D5.13]; or

(u) the amino acid sequences GSGYSFTNYY (SEQ ID NO: 88) (HCDRT),
INPVDGDTRYSPSFQG (SEQ D NC: 100) (HCDR2), GGYTMD (SEQ ID NO: 16) (HCDR3),
SSQSLLHSSGYNY (SEQ ID NO: 1068) (LCDR1), KVSNRLS (SEQ ID NO: 53) (LCDR2) and
NTHTPR (SEQ ID NO: 83) (LCDR3) [Clone A-D5.14}; or
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(v} the amino acid sequences GSGYSFTNYY (SEQ D NO: 88) (HCDRY),
INPVDGDTRYSPSFQG (SEQID NO: 100) (HCDR2), GEGYTMD (SEQ ID NO: 18) (HCDR3),
SSQSLLHSGGYNY (SEQ ID NO: 107) (LCDR1), KVSNRLS (SEQ ID NO: 53) (LCDR2) and
NTHTPR (SEQ ID NO: 93) (LCDR3) [Clone A-D5.15]; or

(w) the amino acid sequences GSGYSFTNYY (SEQ D NO: 88) (HCDR1,
INPVDGDTRYSPSFQG (SEQ D NO: 100) (HCDR2), GGYTMD (SEQ ID NO: 16) (HCDR3),
SSQSLLHSAGYNY (SEQ D NO: 108) (LCDR1), KVSNRLS (SEQ ID NO: 53) (LCDR2) and
NTHTPR (SEQ ID NO: 93) (LCDR3) [Clone A-D5.16}; or

(x) the amino acid segusnces GSGYSFTNYY (SEQ D NO: 86) (HCDRY),
INPVDGDTRYSPSFQG (SEQ ID NO: 100) (HCDR2), GGYTMD (SEQ ID NO: 16) (HCDR3),
SSQSLLHSTGYNY (SEQ ID NO: 109) (LCDR1), KVSNRLS (SEQ ID NO: 53) (LCDR2) and
NTHTPR (SEQ ID NO: 83) (LCDR3) [Clone A-D5.17}; or

(yy the amino acid sequences GSGYSFTNYY (SEQ 1D NO: 88) (HCDRH1),
INPVDGDTRYSPSFQG (SEQID NO: 100) (HCDR2), GGYTMD (SEQ D NO: 18) (HCDRS),
SSQSLLHSNAYNY (SEQ ID NO: 110) (LCDR1), KVSNRLS (SEQ ID NO: 53) (LCDR2) and
NTHTPR (SEQ ID NO: 83) {LCDR3) [Clone A-D5.18}; or

(zy the amino acid sequences GSGYSFTNYY (SEQ D NO: 88) (HCDR1)Y,
INPVDGDTRYSPSFQG (SEQID NO: 100) (HCDR2), GGYTMD (SEQ ID NO: 168) (HCDR3),
SSQSLLHSAGYNY (SEQ ID NO: 108) (LCDR1), KVSNRFS (SEQ ID NO: 85) (LCDR2) and
NTHTPR (SEQ ID NO: 83) (LCDR3) [Clone A-D5.16-Di}; or

(z.1) the amino acid sequences GSGYTFTNYY (SEQ ID NO: 15y (HCDR*1),
INPVDGDTNYNPSFQG (SEQ ID NO: 91) (HCDR2), GGYTMD (SEQ ID NO: 18) (HCDR3),
SSQSLLHSNGYTY (SEQ ID NO: 92) (LCDR1), KVSNRFS (SEQ ID NO: 85) (LCDR2) and
NTHTPR (SEQ 1D NO: 93) LCDRS3) [Clone A-D5-DI].

The antibody molecule or antigen-binding portion of the invention {defined using the AHo
definition) may comprise: an HCDR1 having the amino acid sequence GSGYTFTNYY (SEQ
D NO: 15) or GSGYSFTNYY (SEQ ID NO: 86);

an HCDR2 having the amino acid sequence INPVDGDTNYNPSFQG (SEQ ID NO: 91) or
INPVDGDTRYSPSFQG (SEQ 1D NG: 100); and

an HCDRS3 having the amino acid sequence GGYTMD (SEQ ID NO: 16), and optionally
further comprising:

an LCDR1 having the amino acid sequence SSQSLLHSNGYNY (SEQ D NO: 89) or
SSQSLLHSNGYTY (SEQ ID NO: 92) or SSQSLLHSAGYNY (SEQ ID NOC: 108);

an LCDR2 having the amino acid sequence KVSNRLS (SEQ ID NO: 53) or KVSNRFS (SEQ
D NO: 85); and
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an LCDR3 having the amino acid sequence NTHTPR (SEQ ID NO: 93).

The above antibody molecule or antigen-binding portion may alternatively defined using the

equivalent Unified CDR definitions as disclosed herein.

in particular embodiments of the invention, the antibody molecule or antigen-binding portion
may comprise the six CDR sequences of Clone A-D5, Clone A-D5.4 or Clone A-D5.16 or
Clone A-D5.16-Di or Clone A-D5-Di as defined above, or a suitable combination of the CDR

sequences from each of these clones.

For example, in the antibody molecule or antigen-binding portion as defined using the Unified
CDR definition, the HCDR1 may have the amino acid sequence: G-Y-T/S-F-T-N-Y-Y-|-F
(SEQ D NO: 27); the HCDR2 may have the amino acid sequence: M-G---N-P-¥-D-G-D-T-
N/R-Y-N/S-P-8-F-Q-G (SEQ ID NO: 111); the HCDR3 may have the amino acid sequence:
G-G-Y-T-M-D-R (SEQ ID NO: 51), the LCDR1 may have the amine acid sequence: R-8-5-
Q-S-L-L-H-S-N/A-G-Y-N/T-Y-L-H (SEQ ID NG: 112); the LCDR2 may have the amino acid
sequence: K-V-5-N-R-L/F-S (SEQ ID NO: 113); and the LCDR3 may have the amino acid
sequence: F-Q-N-T-H-T-P-R-T (SEQ ID NO: 54).

Alternatively, in the antibody molecule or antigen-binding portion as defined using the AHo
definition, the HCDR1 may have the amino acid sequence: G-S-G-Y-T/S-F-T-N-Y-Y (SEQ
ID NO: 30); the HCDR2 may have the amino acid sequence: [-N-P-V-D-G-D-T-N/R-Y-N/S-
P-S-F-Q-G (SEQ ID NO: 114); the HCDRS3 may have the amino acid sequence: G-G-Y-T-M-
D (SEQ ID NC: 18); the LCDR1 may have the amino acid sequence: S5-S-Q-S-L-L-H-S-N/A-
G-Y-N/T-Y (SEQ ID NO: 115); the LCDRZ may have the amino acid sequence: K-V-5-N-R-
L/F-S (SEQ ID NO: 113); and the LCDR3 may have the aminc acid sequence: N-T-H-T-P-R
(SEQ ID NO: 83).

The antibody molecule or antigen-binding portion as defined herein may comprise one or
more substifutions, deletions andfor insertions which remove a post-transiational
modification (PTM) site, for example a glycosylation site (N-linked or O-linked), a

deamination site, a phosphorylation site or an isomerisation/fragmentation site.

More than 350 types of PTM are known. Key forms of PTM include phosphorylation,
glycosylation (N- and O-linked), sumoylation, paimitoylation, acetylation, sulfation,

myristoylation, prenylation and methylation (of K and R residues). Statistical methods fo
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identify pufative amino acid sites responsible for specific PTMs are well known in the art (see
Zhou ef al., 2016, Nature Protocols 1: 1318-1321). Removal of such a site for example by
substitution, delstion and/or insertion and then optionally testing (expsrimentally and/or

theoretically) for (a) binding activity and/or (b) loss of the PTM is contemplated.

For example, the VxP037 murine LCDR1 {as defined herein, i.e. the amino acid sequence
RSSQSLVHSNGNTYLH (SEQ D NO: 9)) has been identified io have a putative deamidation
site at residue 10 (N) and/or 12 (N). Removal of either of both of these sites at equivalent
positions in an LCDR1 of the invention, for example by conservative substitution (such as to
S, A, Qor D), is envisaged {(as for example in clone A-D5.8, clone A-D5 and other clones in
Tables 3 and 4, or clones A-D5.11 to A-D5.18 in Table 5).

Similarly, the VxP037 murine LCDR3 (as defined herein, i.e. the amino acid sequence
SQNTHVPRT (SEQ ID NO: 11)) has been ideniified to have a putative deamidation site at
residue 3 (N). Removal of this site at an equivalent position in an LCDR3 of the invention,
for example by conservative or non-conservative substitution (suchasto A, S, H, D, T, K, G,

E, Q or R}, is envisaged {as for example in clone F-E7 and other clones in Tables 3 and 4).

Similarly, the VxP037 murine HCDRS3 (as defined herein, i.e. the amino acid sequence
GGYTMDY (SEQ 1D NO: 5)) has been identified to have a putative oxidation site at residue
5 (M). Removal of this site at an equivalent position in an HCDR3 of the invention, for
example by conservative or non-conservative substitution (suchasto P, A T, 8, L, F, W, V,

I, Y or R}, is envisaged (as for example in clone D-H3 and other clones in Tables 3 and 4).

The antibody molecuie or antigen-binding portion thereof may be human, humanized or

chimeric.

The antibody molecule or antigen-binding portion thereof may comprise one or more human

variable domain framework scaffolds into which the CDRs have been inserted.

The antibody molecule or antigen-binding portion thereof may comprise an IGHV5-51 human

germiine scaffold into which the corresponding HCDR sequences have been inserted.

The antibody molecule or antigen-binding portion thereof may comprise an IGKV2-28 human

germiine scaffold into which the corresponding LCDR sequences have been inserted.

28



10

15

25

30

[9V]
]

WO 2019/034895 PCT/GB2018/052347

The antibody molecule or antigen-binding portion thereof may comprise an immunologically
inert constant region.

The antibody molecule or antigen-binding portion thereof may be a Fab fragment, a F{(ab):
fragment, an Fv fragment, a teframeric antibody, a tetravalent antibody, a multispecific
antibody (for example, a bivalent antibody), a single domain antibody (for example, a shark
antibody [Vnar antibody], or a fragment thereof, or a camelid antibody [VuH antibody], or a
fragment thereof), a monocional antibody or a fusion profein. Antibody molecules and
methods for their consiruction and use are described, in for example Holliger & Hudson
(2008, Nature Biotechnol. 23(9): 1126-1136).

in ancther aspect of the invention, there is provided an immunoconjugate comprising the
antibody molecule or antigen-binding portion thereof of the invention as defined herein linked

a therapeutic agent.

Examples of suitable therapeutic agents include cytotoxins, radioisotopes, chemaotherapeutic
agents, immunomodulatory agents, anti-angiogenic agents, antiproliferative agents, pro-
apoptotic agents, and cytostatic and cyfolytic enzymes (for example RNAses). Further
therapeutic agents include a therapeutic nucleic acid, such as a gene encoding an
immunomodulatory agent, an anti-angiogenic agent, an anti-proliferative agent, or a pro-
apoptotic agent. These drug descriptors are not mutually exclusive, and thus a therapeutic

agent may be described using one or more of the above ferms.

Examples of suitable therapeulic agents for use in immunoconjugates include the taxanes,
maytansines, CC-1065 and the duocarmycins, the calicheamicins and other enediynes, and
the auristatins. Other examples include the anti-folates, vinca alkaloids, and the
anthracyclines. Plant foxins, other bioactive proteins, enzymes (i.e., ADEPT), radicisoiopes,
photosensitizers may also be used in immunoconjugates. In addition, conjugates can be
made using secondary carriers as the cytotoxic agent, such as liposomes or polymers,
Suitable cylotoxins include an agent that inhibits or prevents the function of cells and/or
resulis in destruction of cells. Representative cytotoxins include antibiotics, inhibitors of
tubulin polymerization, alkylating agents that bind to and disrupt DNA, and agents that disrupt
protein synthesis or the function of essential cellular proteins such as protein kinases,

phosphatases, topoisomerases, enzymes, and cyclins.
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Representative cyiotoxins include, but are not limited fo, doxorubicin, daunorubicin,
idarubicin, aclarubicin, zorubicin, mitoxanirone, epirubicin, carubicin, nogalamycin,
menogaril, pitarubicin, valrubicin, cytarabine, gemgcitabine, {rifluridine, ancitabine,
enocitabine, azacitidine, doxifluhdine, pentostatin, broxuhdine, capecitabine, ciadhbine,
decitabine, floxuhdine, fludarabine, gougerotin, puromycin, tegafur, tiazofuhn, adhamycin,
cisplatin, carboplatin, cyclophosphamide, dacarbazine, vinblastine, vincristine, mitoxantrone,
bleomycin, mechlorethamine, prednisone, procarbazine, methotrexate, flurouracils,
etoposide, taxol, taxol analogs, platins such as cis-platin and carbo-platin, mitomycin,
thiotepa, {axanes, vincristine, daunorubicin, epirubicin, actinomycin, authramycin,
azaserines, Dbleomycins, {amoxifen, idarubicin, dolastatins/auristatins, hemiasterlins,

esperamicins and maytansinoids.

Suitable immunomodulatory agents include anti-hormones that block hormone action on
tumors and immunosuppressive agents that suppress cylokine production, down-regulate
self-antigen expression, or mask MHC antigens.

Also provided is a nucleic acid molecule encoding the antibody molecule or antigen-binding

portion thereof of the invention as defined herein.

Further provided is a vector comprising the nucleic acid molecule of the invention as defined
herein.

Also provided is a host cell comprising the nucleic acid molecule or the vector of the invention
as defined herein.

In a further aspect there is provided a method of producing an anti-CD47 antibody and/or an
antigen-binding portion thereof, comprising culiuring the host cell of the invention under
conditions that result in expression and/or production of the antibody and/or the antigen-
binding portion thereof, and isolating the antibody and/or the antigen-binding portion thereof
from the host cell or culture.

In ancther aspect of the invention there is provided a pharmaceutical composition comprising
the antibody molecule or antigen-binding portion thereof of the invention as defined herein,
or the nucleic acid molecule of the invention as defined herein, or the vector of the invention

as defined herein.
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Further provided is a method for enhancing an immune response in a subject, comprising
administering an effective amount of the antibody molecule or antigen-binding portion thereof
of the invention as defined herein, or the immunoconjugate of the invention as defined herein,
or the nucleic acid molecule of the invention as defined herein, or the vecior of the invention

as defined herein, or the pharmaceutical composition of the invention as defined herein.

in a further aspect there is provided a method for treating or preventing cancer in a subject,
comprising administering an effective amount of the aniibody molecule or antigen-binding
portion thereof of the invention as defined hersin, or the immunoconjugate of the invention
as defined herein, or the nucleic acid molecule of the invention as defined herein, or the
vector of the invention as defined herein, or the pharmaceutical composition of the invention

as defined herein.

The cancer may for example be selected from the group consisting of: pancreatic cancer,
melanoma, breast cancer, lung cancer, bronchial cancer, colorectal cancer, prostate cancer,
stomach cancer, ovarian cancer, urinary bladder cancer, brain or central nervous system
cancer, peripheral nervous system cancer, esophageal cancer, cervical cancer, uterine or
endometrial cancer, cancer of the oral cavity or pharynx, liver cancer, kidney cancer,
testicular cancer, biliary tract cancer, small bowel or appendix cancer, salivary gland cancer,
thyroid gland cancer, adrenal gland cancer, osteosarcoma, chondrosarcoma, and cancer of

hematological tissues.

The invention also provides an antibody molecule or antigen-binding portion thereof of the
invention as defined herein, or the immunoconjugate of the invention as defined herein, or
the nucleic acid molecule of the invention as defined hersin, or the veclor of the invention as
defined herein, or the pharmaceutical composition of the invention as defined herein, for use

in the freatment of cancer.

in another aspect the invention provides the antibody molecule, or antigen-binding portion
thereof, or the immunoconjugate, or the nucleic acid molecule, or the vector for use, or the
method of treatment of the invention as defined herein, for separate, seguential or
simuitaneous use in a combination combined with a second therapeutic agent, for example

an anti-cancer agent.

In a further aspect there is provided the use of an antibody molecule or antigen-binding

portion thareof of the invention as defined herein, or an immunoconjugate of the invention
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as defined herein, or a nucleic acid molecule of the invention as defined herein, or a vacior
of the invention as dsfined herein, or a pharmaceutical composition of the invention as

defined herein, in the manufacture of 2 medicament for the treatment of cancer.

The invention aiso provides a method for treating or preventing an ischemia-reperfusion
injury, an autoimmune disease or an inflammatory disease in a subject, comprising
administering an effective amount of the antibody molecule or antigen-binding portion thereof
as defined herein, or the immunoconjugate as defined here, or the nucleic acid molecule as
defined herein, or the vector as defined herein, or the pharmaceutical compuosition as defined

herein.

The ischemia-reperfusion injury in all aspect may occur in organ fransplantation, acute
kidney injury, cardiopulmonary bypass surgery, pulmonary hypertension, sickle cell disease,
myocardial infarction, stroke, surgical resections and reconstructive surgery, reattachment

of an appendage or other body part, skin grafting or tfrauma.

The autoimmune disease orinflammatory disease may be selected from the group consisting
of. arthritis, multiple sclerosis, psoriasis, Crohn's disease, inflammatory bowel ‘disease,

iupus, Grave's disease and Hashimoto's thyroiditis, and ankylosing spondylitis.

Also provided is an aniibody molecule or antigen-binding portion thereof as defined herein,
or the immunoconjugate as defined herein, or the nucleic acid molecule as defined herein,
or the vecior as defined hersin, or the pharmaceutical composition as defined herein, foruse
in the treatment of an ischemia-reperfusion injury, an auloimmune disease or an

inflammatory disease.

Further provided is the use of an antibody molecule or antigen-binding portion thereof as
defined herein, or an immunoconjugate as defined herein, or a nucleic acid molecule as
defined herein, or a vector as defined herein, or a pharmaceutical composition as defined
herein, in the manufacture of a medicament for the {reatment of an ischemia-reperfusion

injury, an autoimmune disease or an inflammatory disease.
The invention also provides a method for treating or preventing a cardiovascular disease or

a fibrotic diseass in a subject, comprising administering an effective amount of the antibody

molecule or antigen-binding portion thereof as defined herein, or the immunoconjugaie as
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defined here, or the nucleic acid molecule as defined herein, or the vector as defined harein,
or the pharmaceutical composition as defined herein.

Alsc provided is an antibody molecule or antigen-binding portion thereof as defined herein,
or the immunocconjugate as defined herein, or the nucleic acid molecule as defined herein,
or the vector as defined herein, or the pharmaceutical composition as defined herein, foruse

in the treatment of a cardiovascular dissase or a fibrotic disease.

Further provided is the use of an antibody molecule or antigen-binding portion thereof as
defined herein, or an immunoconjugale as defined herein, or a nucleic acid molecule as
defined herein, or a veclor as defined herein, or a pharmaceutical composition as defined
herein, in the manufacture of a medicament for the treatment of a cardiovascular disease or

a fibrotic disease.

The cardiovascular disease in any aspect of the invention may for example be coronary heart
disease or atherosclerosis.

The fibrotic disease in any aspect of the invention may be selected from the group consisting
of myocardial infarction, angina, osteoarthritis, pulmonary fibrosis, asthma, cystic fibrosis and

bronchitis.

The pharmaceutical composition of the invention may comprise a pharmaceutically
acceptable excipient. A pharmaceutically acceptable excipient may be a compound or a
combination of compounds entering info a pharmaceutical composition which does not
provoke secondary reactions and which allows, for example, faciiitation of the administration
of the anti-CD47 antibody molecule, an increase in ils lifespan and/or in iis efficacy in the
body or an increase in its solubility in solution. These pharmaceutically acceptable vehicles
are well known and will be adapted by the person skilled in the art as a function of the mode

of adminisiration of the anti-CD47 antibody molecule.

in some embodiments, the anti-CD47 antibody molecule may be provided in a lyophilised
form for reconstitution prior to administration. For exampis, lyophilised antibody molecuies
may be re-constituted in sterile water and mixed with saline prior to administration to an

individual.
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The anti-CD47 antibody molecules will usually be administered in the form of a
pharmaceutical composition, which may comprise at least one component in addition to the
antibody molecule. Thus pharmaceutical compositions may comprise, in addition to the anti-
CD47 antibody molecule, a pharmaceutically acceptabie excipient, carrier, bufier, stabiiizer
or other materials well known {o those skilled in the art. Such materials should be non-taxic
and should not interfere with the efficacy of the anti-CD47 antibody molecule. The precise
nature of the carrier or other material will depend on the route of administration, which may

be by bolus, infusion, injection or any other suitable route, as discussed below.

For parenteral, for example sub-cutansous or intra-venous administration, e.g. by injection,
the pharmaceutical composition comprising the anti-CD47 antibody molecule may be in the
form of a parenterally acceptable agueous solution which is pyrogen-free and has suitable
pH, isotonicity and siability. Those of relevant skill in the art are well able to prepare suitable
solutions using, for example, isotonic vehicles, such as Sodium Chioride Injection, Ringe’s
Injection, Lactated Ringer's Injection. Preservatives, stabilizers, buffers, antioxidants and/or
other additives may be employed as required including buffers such as phosphate, citrate
and other organic acids; antioxidants, such as ascorbic acid and methionine; preservatives
(such as octadecyldimethylbenzyl ammonium chicride; hexamsthonium chioride;
benzalkonium chioride; benzethonium chloride; phenol, butyl or benzyl alcohol, alkyl
parabens, such as methyl or propyl paraben; catechol; resorcinol; cyclohexanol; 3’-pentanol;
and m-cresol); low molecular weight polypeptides; proteins, such as serum albumin, gelatin
or immunoglobulins; hydrophilic polymers, such as polyvinylpyrrolidone; amino acids, such
as glycine, glutamine, asparagines, histidine, arginine, or lysine; monosaccharides,
disaccharides and other carbohydrates including glucose, mannose or dexirins,; chelating
agents, such as EDTA; sugars, such as sucrose, mannitol, trehalose or sorbitol; salt-forming
counter-ions, such as sodium; metal complexes (e.g. Zn-protein complexes); and/or non-
ionic surfactants, such as TWEEN™, PLURONICS™ or polyethylene glycol (PEG).

A pharmaceuiical composition comprising an anti-CD47 antibody molecule may be
administered alone or in combination with other treatments, either simultaneously or

sequentially dependent upon the condition to be treated.

An anti-CD47 antibody molecule as described herein may be used in a method of treatment
of the human or animal body, including prophylactic or preventative treatment (e.g. treatment
before the onset of a condition in an individual to reduce the risk of the condition occurring

in the individual, delay its onset; or reduce its seventy after onset). The method of treaiment
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may comprise administering the anti-CD47 antibody molecule to an individual in need
thereof.

Administration is normaily in a “therapeuticaily effective amount’, this being sufficient to show
benefit to a patient. Such benefit may be at least amelioration of at least one symptom. The
actual amount administered, and rate and time-course of administration, will depend on the
nature and severity of what is being treated, the particular mammal being treated, the clinical
condition of the individual patient, the cause of the disorder, the site of delivery of the
compaosition, the method of administration, the scheduling of administration and other faciors
known to medical practitioners. Prescription of treaiment, e.g. decisions on dosage etc,, is
within the responsibility of general practitioners and other medical doctors and may depend
on the severity of the symptoms and/or progression of a disease being treated. Appropriate
doses of antibody molecules are well known in the art (Ledermann J.A. ef al,, 1991, Int. J.
Cancer 47. 6859-664; Bagshawe K.D. ef al, 1991, Antibody, Immunoconjugates and
Radiopharmaceuticals 4: 915-922). Specific dosages may be indicated herein or in the
Physician's Desk Reference (2003) as appropriate for the type of medicament being
administered may be used. A therapeutically effective amount or suitable dose of an
antibody molecule may be determined by comparing its /n vifro activity and in vivo activily in
an animal model. Methods for exirapolation of effective dosages in mice and other test
animals to humans are known. The precise dose will depend upon a number of factors,
including whether the antibody is for prevention or for treatment, the size and location of the
area to be treaied, the precise nature of the antibody {(e.g. whole antibody, fragment) and the

nature of any deiectable label or other molecule atiached {o the antibody.

A typical antibody dose will be in the range 100 ug to 1 g for systemic applications, and 1 ug
to 1 mg for topical applications. An initial higher loading dose, followed by one or more lower
doses, may be administered. Typically, the antibody will be a whole antibody, e.g. the IgG1
or igG4 isotype. This is a dose for a single treatment of an adult patient, which may be
proportionally adjusted for children and infants, and aiso adjusted for other antibody formats
in proportion to molecular weight. Treatments may be repeated at daily, twice-weskly,
weekly or monthly intervals, at the discretion of the physician. The freatment schedule for an
individual may be dependent on the pharmacokinetic and pharmacodynamic properties of
the antibody composition, the route of administration and the nature of the condition being
freated.
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Treatment may be periodic, and the period batween administrations may be about two wesks
or more, e.g. about three weeks or more, about four weeks or more, about once a month or
more, about five weeks or more, or about six weeks or more. For example, treatment may
be every two {o four weeks or every four to sight weeks. Treatment may be given before,
and/or after surgery, and/or may be administered or applied directly at the anatomical site of
surgical treatment or invasive procedure. Suitable formulations and routes of administration

are described above.

In some embodiments, anii-CD47 antibody molecules as described herein may be
adminisiered as sub-cutansous injections. Sub-cutansous injections may be administered

using an auto-injector, for example for long term prophylaxis/ireatment.

In some preferred embodimenis, the therapeutic effect of the anti-CD47 antibody molecule
may persist for several haif-lives, depending on the dose. For example, the therapeutic effect
of a single dose of the anfi-CD47 antibody molecule may persist in an individual for 1 month
or more, 2 months or more, 3 months or more, 4 months or more, 5 months or more, or 6

months or more.

The invention also provides a method of producing an antibody molecule which specifically
binds to human CD47 and optionally also to cynomolgus monkey CD47 and/or to mouse
CD47, or an antigen-binding portion thereof, comprising the steps of:

(1) grafiing anti-CD47 CDRs from a non-human source into a8 human v-domain framework
to produce a humanized anti-CD47 antibody molecule or antigen-binding portion thereof;
{2} generating a phage library of clones of the humanized anti-CD47 antibody molecule or
antigen-binding portion thereof comprising one or more mutations in the CDRs;

(3) screening the phage library for binding to human CD47 and optionally also to cynomoligus
mankey CD47 and/or to mouse CD47;

(4) seleciing clones from the screening step (3) having binding specificity to human CD47
and optionally also fo cynomolgus monkey CD47 and/or to mouse CD47; and

(5) producing an antibody molecule which specifically binds to human CD47 and optionally
also to cynomolgus monkey CD47 and/or to mouse CD47, or an antigen-binding portion

thereof from clones selected from step (4).

The method may comprise a further step of producing additional clones based on the clones
selected in step (4), for example based on further exploratory mutagenesis at specific

positions in the CDRs of the clones selected in step (4}, {0 enhance humanization, minimise
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human T cell epitope content and/or improve manufacturing properties in the antibody
molecule or antigen-binding poriion thereof produced in step (5).

The method may comprise a further step of assessing immunogenicity of one or more v-
domains in the clones selected in step (4) or the antibody molecule produced in step (5}, and
optionally generating one or more further mutations, for example in a CDR and framework
region, io reduce immunogenicity. Immunogenicity may be assessed by identifying the

focation of T cell epitopes, for example using in sifico technologies as described herein.

Refinements applicable to the above method are as described in Example 1 below.

As used herein, the term “CD47” refers to Integrin Associated Protein (IAP) and varianis
thereof that retain at least part of the biological activity of CD47. As used herein, CD47
includes all mammalian species of native sequence CD47, including human, raf, mouse and
chicken. The ferm “CD47” is used {o include variants, isoforms and species homologs of
human CD47. Antibodies of the invention may cross-react with CD47 from species other
than human, in particular CD47 from cynomolgus monkey (Macaca fascicularis). In cartain
embodiments, the antibodies may be compietely specific for human CD47 and may not

exhibit non-human cross-reactivity.

As used herein, an "antagonist” as used in the context of the antibody of the invention or an
“‘anti-CD47 antagonist antibody” (inferchangeably termed “anti-CD47 antibody”) refers to an
antibody which is able {o bind to CD47 and inhibit CD47 biological activity and/or downstream
pathway(s) mediated by CD47 signalling. An anti-CD47 antagonist antibody encompasses
antibodies that can block, antagonize, suppress or reduce (including significantly) CD47
biological activily, including downstream pathways mediated by CD47 signalling, such as
receptor binding and/or elicitation of a cellular response to CD47. For the purposes of the
present invention, it will be explicifly understood that the ferm "anti-CD47 antagonist
antibody” encompass all the terms, titles, and functional staies and characteristics whereby
CD47 itself, and CD47 biological activity (including but not limited to its ability to enhance the
activation of phagocytosis by cells of the myeloid lineage), or the consequences of the activity
or biological activity, are substantially nullified, decreased, or neutralized in any meaningful

degree.
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CIS

CD47 “specifically binds” “specifically interacts”, “preferentially binds”, *binds” or “interacts”
with CD47 if it binds with greater affinity, avidity, more readily and/or with greater duration

than it binds o other receptors.

An “antibody molecule” is an immunogiobulin molecule capabie of specific binding o a target,
such as a carbohydrate, polynucieotide, lipid, polypeptide, etc., through at least one antigen
recognition site, located in the variable region of the immunoglobulin molecule. As used
herein, the term “antibody molecule” encompasses not only intact polyclonal or monocional
antibodies, but also any antigen binding fragment (for example, an “antigen-binding portion”™)
or single chain thereof, fusion proteins comprising an antibody, and any other modified
configuration of the immunoglobulin molecule that comprises an antigen recognition site
including, for example without limitation, scFv, single domain antibodies (for example, shark
antibodies [Vnar antibodies], or a fragment thereof, and camelid antibodies [ViH antibodies],
or a fragments thereof), maxibodies, minibodies, inirabodies, diabodies, iriabodies,

tetrabodiss, and bis-scFv.

An “antibody molecule” encompasses an antibody of any class, such as 1gG, IgA, or igM (or
sub-class thereof), and the antibody need not be of any particular class. Depending on the
antibody amino acid sequence of the constant region of its heavy chains, immunoglobulins
can be assigned to different classes. There are five major classes of immunoglobulins: IgA,
gD, IgE, IgG, and IgM, and several of these may be further divided info subclasses
(isotypes), for example IgG1 , 1gG2, IgG3, IgG4, IgA1 and IgA2. The heavy-chain constant
regions that correspond o the different classes of immunoglobulins are called alpha, delia,
epsiion, gamma, and mu, respectively. The subunit siructures and three-dimensional

configurations of different classes of immunoglobuilins are well known.

The term “antigen binding portion” of an antibody molecule, as used herein, refers to one or
more fragments of an infact antibody that retain the ability fo specifically bind to CD47.
Antigen binding functions of an antibody molecule can be performed by fragments of an
intact antibody. Examples of binding fragments encompassed within the term “antigen
binding portion” of an antibody molecule include Fab; Fab'; F{ab)2, an Fd fragment
consisting of the VH and CH1 domains; an Fv fragment consisting of the VL and VH domains
of a single arm of an antibody; a single domain antibody (dAb) fragment, and an isolated

complementarity determining region (CDR).
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The term “Feregion” is used to define a C-terminal region of an immunoglobulin heavy chain.
The “Fc region” may be a native sequence Fc region or a variant Fc¢ region. Although the
boundaries of the Fc region of an immunoglobulin heavy chain might vary, the human IgG
heavy chain Fc region is usually defined to stretch from an amino acid residue at position
Cys226, or from Pro230, {o the carboxyl-terminus thereof. The numbering of the residues in
the Fc region is that of the EU index as in Kabat. The Fc region of an immunoglobulin
generally comprises two consiant domains, CHZ and CH3. As is known in the art, an Fc

region can be present in dimer or monomeric form.

A *variable region” of an antibody refers to the variable region of the antibody light chain or
the variable region of the antibody heavy chain, either aione or in combination. As known in
the art, the variable regions of the heavy and light chain each consist of four framework
regions (FRs) connected by three complementarity determining regions (CDRs) also known
as hypervariable regions, contribuie o the formation of the antigen binding site of antibodies.
When choosing FR io flank CDRs, for example when humanizing or optimizing an antibody,
FRs from antibodies which contain CDR seguences in the same canonical class are

preferred.

The CDR definitions used in the present application combine the domains used in the many
disparate, often conflicting schemes that have been created in the field, which are based on
the combination of immunogiobulin repertoire analyses and structural analyses of antibodies
in isolation and in their co-crystals with antigens (see review by Swindells ef al,, 20186, abYsis:
Integrated Antibody Sequence and Structure-Management, Analysis, and Prediction. J Mol
Biol. [PMID: 27561707, Epub 22 August 2016]). The CDR definition used herein (a “Unified”
definition} incorporates the lessons of all such prior insights and includes all appropriate loop
positions required to sample the full residue landscape that potentially mediates target-

binding complementarity.

Table 1 shows the amino acid sequences of the VxP0O37 murine anti-CD47 antibody CDRs
as defined herein (a “Unified” scheme), in comparison to well-known alternative systems for
defining the same CDRs.

As used herein the term “conservative substitution” refers to replacement of an amino acid
with another amino acid which does not significantly deleteriously change the functional

activity. A preferred example of a “conservative substitution” is the replacement of one amino
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acid with another amino acid which has a value 2 § in the following BLOSUM 62 substitution
maitrix (see Henikoff & Henikoff, 1992, PNAS 89: 10815-10919):

A R N D C ¢ BE & H I L K M F P 8 T W ¥ V¥V
A 4-1-2-2 0-1-1 0-2-1-1-1-1-2-1 1 0-3-2 0
rR-1 5 ¢6-2-3 1 ¢0-2 0O-3-2 2-1-3-2-1-1-3-2 -3
¥-2 ¢ 6 ¢1-3 O C 0 1 -3-3 0-2-3-2 1 0 -4 -2 -3
pD~-2-2 1 6-3 0 2+-% -1 -3 -4 -1 -3 -3 -1 0 -1 -4 -3 -3
¢ 0 -3-3-3 $-3-4-3-3-1-1-3-1-2-3-1-1-2-2-1
-1 1 6 0-3 5 2-2 0-3-2 1 0-3-1 0-1-2 -1 -2
-1 ¢ ¢ 2-4 2 5-2 0¢0-3-3 1-2-3-1 0-1-3-2-2
¢ 0-2 0-1 -3 -2 -2 6 -2 -4 -4 -2 -3 -3 -2 0 -2 -2 -3 -3
#-2 ¢ 1-1-3 ¢ 060~-2 8 -3 -3 -1 -2 -1 -2 -1 -2 -2 2 -3
i1i-1-3-3-3-1-3-3-4-3 4 2-3 1 ¢-3-2-1-3-1 3
L-1-2-3-4-1-2-3-4-32 2 4-2 2 0-3-2-1-2-11
X-1 2 0-1-3 1 1-2-1-3-2 5-1-3-1 0-1-3-2-2
¥-1-1-2-3-1 06-2-3-2 1 2-1 5 0-2-1-1-1 -1 1
¥-2-3-3-3-2-3-3-3-1 ¢ 0-3 0 6-4-2-2 1 3 -1
P-1-2-2-1-3-1-1-2-2-3-3-1-2-4 7-1-1-4-3-2
s 1-1 1 0-1 ¢ 0O O0-1-2-2 0-1-2-1 4 1-3-2-2
r ¢-1 ¢6-1-1-1-%1-2-2-1-1-1-1-2-1 1 5-2-2 0
w-3 -3 -4 -4 -2 -2 -3 -2 -2 -3 -2-3 -1 1 -4 -3 -2 11 2 -3
¥r-2-2-2-3-2-1-2-3 2-1-1-2-1 3-3-2-2 2 7-+-1
v 0 -3-3-3-1-2-2-3-3 3 1-2 1-1-2-2 0-3-1 4.

The term "monoclonal antibody” (Mab) refers to an antibody, or antigen-binding portion
thereof, that is derived from a single copy or clone, including for example any eukaryotic,
prokaryotic, or phage clone, and not the method by which it is produced. Preferably, a
monoclonal antibody of the invention exists in a homogenesous or substantially homogeneous

population.

A *humanized” antibody molecule refers io a form of non-human {for exampie, murine)
antibody molecules, or antigen-binding portion thereof, that are chimeric immunoglobulins,
immunoglobulin chains, or fragments thereof {such as Fv, Fab, Fab', F(ab')2 or other antigen-
binding subsequences of antibodies) that confain minimal sequence derived from non-
human immunoglobulin, Humanized antibodies may be human immunoglobulins (recipient
antibody) in which residues from a CDR of the recipient are replaced by residues froma CDR
of a non-human species (donor antibody) such as mouse, rat, or rabbit having the desired
specificity, affinity, and capacity.

“Human antibody or fully human antibody” refers to an antibody molecule, or antigen-binding

portion thereof, derived from transgenic mice carrying human antibody genes or from human

celis.

40



10

15

25

30

[9V]
]

WO 2019/034895 PCT/GB2018/052347

The term “chimeric antibody” is intended to refer to an antibody molecule, or antigen-binding
portion thereof, in which the variable region sequences are derived from one species and
the constant region sequences are derived from another species, such as an aniibody
maolecule in which the variable region sequences are derived from a mouse antibody and the

constant region sequences are derived from a human antibody.

“Antibody-drug conjugate” and “immunoconjugate” refer to an antibody molecule, or antigen-
binding portion thereof, including antibody derivaiives that binds to CD47 and is conjugated

to cylotoxic, cytostatic and/or therapeutic agents.

Antibody molecuies of the invention, or antigen-binding portion thereof, can be produced
using technigues well known in the art, for example recombinant technologies, phage display
technologies, synthetic technologies or combinations of such technologies or other

technologies readily known in the art.

The term “epitope” refers to that portion of a molecule capable of being recognized by and
bound by an antibody molecule, or antigen-binding portion thereof, at one or more of the
antibody molecule's antigen-binding regions. Epitopes can consist of defined regions of
primary secondary or tertiary protein structure and includes combinations of secondary
structural units or structural domains of the target recognised by the antigen binding regions
of the antibody, or aniigen-binding portion thereof. Epitopes can likewise consist of a defined
chemically active surface grouping of molecules such as amino acids or sugar side chains
and have specific three-dimensional struciural characteristics as well as specific charge
characteristics. The term “antigenic epitope” as used herein, is defined as a portion of a
poiypeptide io which an antibody molecule can specifically bind as determined by any
method well known in the ari, for example, by conventional immunoassays, antibody
competitive binding assays or by x-ray crystallography or related structural determination
methods (for example NMR).

The term “binding affinity” or “KD” refers to the dissociation rate of a particular antigen-
antibody interaction. The KD is the ratio of the rate of dissociation, also called the “off-rate
(ko) to the association rate, or “on-rate (Kon)”. Thus, Kp equals koir/ Kon and is expressed as
a molar concentration (M). it follows that the smaller the Kp, the sironger the affinity of
binding. Therefore, a Kp of 1 uM indicates weak binding affinity compared to a Kp of 1 nM.

KD vaiues for antibodies can be determined using methods well established in the art. One
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method for determining the KD of an antibody is by using surface plasmon resonance (SPR),
typically using a biosensor system such as a Biacore® system.

The term "potency’ is a measurement of biological activity and may be designated as 1Cso,
or effective conceniration of an antibody or antibody drug conjugate to the antigen CD47 fo

inhibit 50% of activity measured in a CD47 activity assay as described herein.

The phrase “sffective amount” or “therapeutically effective amount” as used herein refers to
an amount necessary (a8t dosages and for periods of time and for the means of
adminisiration) to achieve the desired therapeutic result. An effective amount is at least the
minimal amount, but less than a {oxic amount, of an active ageni which is necessary {o impart

therapeutic benefit to a subject.

The term “inhibit” or “neutralize” as used herein with respect fo bioactivity of an antibody
molecule of the invention means the ability of the antibody to substantially antagonize,
prohibit, prevent, restrain, slow, disrupt, eliminate, stop, reduce or reverse for example
progression or severity of that which is being inhibited including, but not limited to, a biological

activity or binding interaction of the antibody molecule to CD47.

A “host cell” includes an individual cell or cell culture that can be or has been a recipient for
vector(s) for incorporation of polynucleotide inserts. Host cells include progeny of a single
host cell, and the progeny may not necessarily be completely identical (in morphology or in
genomic DNA complement) to the original parent cell due to natural, accidental, or deliberate
mutation. A host cell includes cells transfected in vive with a polynucleotide(s) of this

invention.

As used herein, “vector” means a construct, which is capable of delivering, and, preferably,
expressing, one or more gene(s) or sequence(s) of interest in a host cell. Examples of
vectors inciude, but are not limited fo, viral vectors, naked DNA or RNA expression vectors,
plasmid, cosmid or phage vectors, DNA or RNA expression vectors associated with cationic
condensing agents, DNA or RNA exprassion vectors encapsulated in liposomes, and certain

eukaryotic cells, such as producer cells.

The term “treating”, as used herein, unless otherwise indicated, means reversing, alleviating,
inhibiting the progress of, delaying the progression of, delaying the onset of, or preventing

the disorder or condition to which such term applies, or one or more sympioms of such
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disgrder or condition. The term “treaiment”, as used herein, unless otherwise indicated,
refers to the act of freating as defined above. The term “reating” also includes adjuvant and
necadjuvant freatment of a subject. For the avoidance of doubt, reference herein fo
“reatment” includes reference {o curative, palliative and prophylactic treatment. For the
avoidance of doubt, references herein to “treatment” also include references o curative,

pailiative and prophylactic treatment.

it is understood that wherever embodiments are described herein with the language
“‘comprising,” otherwise analogous embodiments described in terms of “consisting of” and/or

“consisting essentially of’ are aiso provided.

Where aspects or embodiments of the invention are described in terms of a Markush group
or other grouping of alternatives, the present invention encompasses not only the entire
group listed as a whole, bui each member of the group individually and all possible
subgroups of the main group, but also the main group absent one or more of the group
members. The present invention also envisages the explicit exclusion of one or more of any

of the group members in the claimed invention.

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
beiongs. In case of conflict, the present specification, including definitions, will conirol.
Throughout this specification and claims, the word “comprise,” or variations such as
“‘comprises” or “comprising” will be understood to imply the inclusion of a stated integer or
group of integers but not the exclusion of any other integer or group of integers. Unless
otherwise required by context, singular terms shall include pluralities and plural terms shal
include the singular. Any example(s) following the term “e.g.” or “for example” is not meant

o be exhaustive or limiting.
The practice of the present invention will employ, uniess otherwise indicated, conventional
techniques of molecular biology (including recombinant techniques), microbiology, cell

biology, biochemistry and immunology, which are within the skill of the art.

Particular non-limiting embodiments of the present invention will now be described with

reference fo accompanying drawings.
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EXAMPLE 1. Generation and characterisation of optimized anti-CD47 therapeutic
antibodies

infroduction

In this example, we successfuily generate a pane!l of antagonistic, optimized anti-CD47
antibodies. These anti-CD47 antibodies are well expressed, biophysically stabie, highly

soluble and of maximized identity to preferred human germiines.

Materials and methods

igG cloning, transient expression, purification

Antibody v-domain encoding DNA sequences were cloned via restriction-ligation cloning into
separate 1gG heavy and light-chain expression cassettes in separate plasmid vectors.
Antibodies were expressed in two forms of engineered human igG. 1gG4 with the S228P
muiation to stabilise the 1gG4 hinge, and 1gG1null ~ 1gG1 with the lower hinge mutations
L234AM 235A/G237A, which minimise Foy receptor-driven effector functions. IgGs were
expressed in HEK-293expi cells after transient transfection with endoioxin-free IgG
expression plasmid preparations, per manufacturer’s protocols. IgGs were purified using a
single-step protocol: Conditioned media were loaded (neat) onto a 1 mi ProA sepharose
column, pre-equilibrated in PBS pH7.4. The column was washead with 5 column volumes of
PBS pH7.4, before the protein was eluted with 100mM glycine, pH 2.7 and subijected to
dialysis in PBS pH 7.4 using 30 kDa cutoff dialysis membrane.

lgG titration binding ELISAs

To coat Greiner Bio-One High bind ELISA plates, target proieins were diluted to 1 pg/mi in
carbonate buffer and added at 100 yl per well, at 4°C, o/n. Coated plates were washed 3x
with PBS pH7.4, blocked with 1% BSA in PBS (380 ul/ well) for 1 hr at RT, then washed 3x
with PBS-Tween 20 (PBST). CD47 antibodies (100 pliwell; diluted in PBST) were then added
and then incubated thr at RT. Plates were then washed 3x with PBST and goat anti-human
kappa chain-HRP added (100 piiwell) at RT, for 1 hr. Plates were then washed 3x with PBST
and twice with PBS before the addition of 100 4l TMB per well. Reactions were stopped by
adding 100 i Z2M H.S04/well and OD was read on a plate reader at 450nm.

Anti-CD47 antibodies were tested for polyreactivity by ELISA. Purified, recombinant, target
and non-target antigens were coated in 96-well Nunc maxisorp plates at 100 ng per well in
carbonate buffer, at 4°C overnight. Plates were then washed 3x with PBS, blocked with 1%
BSA in PBS, then washed 3x with PBS-Tween20. A dilution series of primary antibodies was

then applied, plates were washed 3x with PBS-Tween20 followed by application of goat anti-
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human kappa chain-HRP 1:4,000 secondary antibody. Wells were then washed 3x with PBS-
Tween20 and 2x with PBS, 100 ul TMB peroxidase subsirate was added per well, the
reaction was stopped by adding 100 yl 2M H,S04 and absorbances were read at 450 nm.
IgG binding analysis via ELISA on negatively charged biomoiecuiar surfaces wers performed

as previously described {see Mouquet ef &/, 2010, Nature 467: 591-585)..

CD47 library generation and selection

The CD47 scFv repertoire was assembled by mass oligo synthesis and PCR. The amplified
scFv repertoire was then cloned via restriction-ligation into a phagemid vector, iransformed
into £.coli TG-1 cells, and the phage reperioire rescued essentially as previously described
in detail (Finlay ef a/., 2011, Methods Mol Biol 881: 383-401).

Phage selections were performed by coating streptavidin magnetic microbeads with CD47-
Fc protein (either human or cyna), washing the beads thrice with PBS and resuspending in
PBS pH7.4 plus 5% skim milk protein (MPBS). These beads were coated at 200 nM target
protein in round 1 of selection, followed by 100, 50 and 10 nM in subsequent rounds.

CD47-8SIRPa binding competition assay

A competition ELISA assay was esiablished to examine the capacity of optimized leads fo
block the binding interaction of CD47 with SIRPa. To coat Greiner Bio-One High bind ELISA
plates, 10 pg/ml human SIRPo-Fc in carbonate coating buffer was added at 100 ul per well,
at 4°C, o/n. Coated plates were washed 3x with PBS pH7.4, biccked with 1% BSA in PBS
(380 ul/ well) for 1 hrat RT, then washed 3x with PBS-Tween 20 (PBST). Biotinylated human,
mouse or cyno CD47-Fc was then added at 0.2 ug/mi in PBS, 100 yl per well, at room
temnperature for 60 minutes with or without the addition of competing 1gGs. Plates were then
washed 3x with PBST and Streptavidin-HRP added (100 ul/well) at room temperature, for 1
hr. Plates were then washed 3x with PBST and twice with PBS before the addition of 100 ui
TMB per well. Reactions were stopped by adding 100 ul 2M HSO0s/well and OD was read

on a plate reader at 450nm.

Antibody v-domain T cell epitope content: in silico analyses

in silico technologies (Abzena, Lid.), which are based on identifying the location of T cell
epitopes in therapeutic antibodies and proteins, were used for assessing potential
immunogenicity in antibody v-domains. iTope™ was used to analyse the V0L and VH
sequences of key leads for peptides with promiscuous high affinity binding o human MHC
class . Promiscuous high affinity MHC class ll binding peplides are thought to correlate with

the presence of T cell epitopes that are high risk indicators for clinical immunogenicity of
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drug proteins. The iTope™ software predicts favourable interactions between amino acid
side chains of a peptide and specific binding pockets (in particular pocket positions; p1, p4,
p6, p7 and p9) within the open-ended binding grooves of 34 human MHC class Hl allsles.
These alleles represent the most comimon HLA-DR alleles found world-wide with no
weighting atiributed to those found most prevalently in any particular ethnic population.
Twenty of the alleles contain the ‘opern’ pi1 configuration and 14 contain the ‘closed’
configuration where glycine at position 83 is replaced by a valine. The location of key binding
residues is achieved by the in silico generation of 9mer peptides that overlap by eight amino
acids spanning the test protein sequence. This process successiully discriminates with high

accuracy between peptides that either bind or do not bind MHC class Il molecules.

In addition, the sequences were analysed using TCED™ (T Celi Epitope Database™) search
for matches to T cell epitopes previously identified by in vifro human T cell epitope mapping
analyses of other protein sequences. The TCED™ s used to search any test seguence
against a large (>10,000 peptides) database of peptides derived from unrelated protein and
antibody sequences.

Cancer cell phagocytosis analysis

Human peripheral blood mononuclear cells (PBMCs) were isolated from whole blood by
density gradient centrifugation. CD14+ PBMCs were subsequently isclated via magnetic cell
isolation using CD14 microbeads. in parallel, HL-60 cells were labelled using a green CFSE
{carboxy-fluorescein diacetate, succinimidyi ester) cell tracer dye. A total of 1.25 x 108
labelied HL-60 cells were pre-incubated in the presence of anti-CD47 antibodies in 24 well
piates for 1 hour at 37°C in a humidified atmosphere confaining 5% CQO.. Following
incubation, 5 x 10° CD14 positive cells were added to each well and incubated for a further
hour under the same culture conditions. Celis were harvested by vigorous pipetting, fixed
using ice-cold 4% paraformaldehyde for 10 minutes and then blocked with an Fc receptor
binding inhibitor monoclonal antibody for 10 minutes. Following the blocking step celis were
incubated with an Alexa Fluor 647 (AF647) conjugated anti-human CD14 antibody at room

temperature for 30 minutes and fixed a further time in 4% paraformaldehyde for 5 minutes.

Cells were analysed on the BD Fortessa flow cylomeater recording side scatter and forward
scatlter properties along with CFSE and AF647 fluorescence intensity data. Data was
captured until at ieast 1 x 10* AF647 positive events were recorded. Data were analysed
post-acquisition using FlowJo software (version 10.4.2). Briefly, cell debris was gated out by
scatter properties (SSC-Area by FSC-Area). Single celis were also gated for by SSC-Area
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by SSC-Height and then by FSC-Area by FSC-Height. From the remaining single cell
population, CFSE and CD14 double positives celis were gated using a quadrant gate placed
based on the population of CD14 positive cells in the vehicle treated test. The psrcentage
of CFSE positive cells from the CD14 positive population was calculated and plotied using

GraphPad Prism software {(version 7.0a).

Resulis and Discussion

CDR grafting onto preferred human germiine v-genes

The CDRs of an antagonistic murine anti-CD47 I1gG VPO37 (mVH/mVL, see
W0O2014/093678 and Table 2) were initially introduced to human germiline immunoglobulin
v-domain framework sequence scaffolds using CDR grafting. To bias our engineering efforts
towards final lead therapeutic 1gG compounds with optimal drug-tike properties, we chose to
graft the CDRs of the parental antibody onto “preferred” germiine scaffoids 1IGHV5-51 and
IGKV2-28, which are known {o have good solubility and are used at high frequency in the
expressed human antibody repertoire.

Those scaffolds and grafied CDR definitions are outlined in Table 2. The heavy and light
chain sequences for murine anti-CD47 antibody are also shown in Table 2. While this
process of COR grafting is well known, it is still problematic to predict whether a given setof
human v-domain sequences will act as suitable acceptor frameworks for non-human CDR
grafting. The use of unsuitable frameworks can lead to the loss of target binding function,
protein stability issues or even impaired expression of the final 1gG. The IGHV5-51/IGKV2-
28 graft was therefore taken forward as the template for CDR mutagenesis and selaction of

improved clones.

Library generation and screening

The CDR-grafted IGHV5-51/IGKV2-28 v-domain sequences were combined into a VL-VH
scFv format and a mutagenesis library cassette was generated by mass oligo synthesis and
assembly. The final scFv library was ligated into a phage display vector and fransformed into
E. coli via electroporation to generate 1.3 x 10° independent ciones. Library build quality was
verified by sequencing 96 clones. This sequsencing data showed that the positions encoding
either the murine or human germiine residus at each position of variance had been effectively
sampled at a frequency of approximately 50%. Libraries were rescued using heipsr phage
M13 and selections performed on biotinylated human, mouse and cynomolgus monkey

CD47-Fc proteins in three separate branches A, B and C.
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Post-selection screening (Fig. 1) and DNA sequencing revealed the presence of 854 unigue,
human and mouse CD47-binding scFv clones with significantly increased human content
within the CDRs, while the framework sequences remained fully germline. Amongst these
854 clones, germ-lining mutations were observed in all CDRs (Tabie 3). Lead clones were
ranked based on level of CDR germ-lining versus ELISA signal for binding to both human
and mouse CD47-Fg¢ (Fig. 1). The v-domains of the 4 top clones from this ranking, plus a 51
clone (VH-A1TNVL-BYT) that combined the fwo most humanized observed heavy and light
chain v-domains were then sub-cloned into IgG expression veciors for further festing as
below (Table 4).

While germ-lining mutations were observed in all CDRs for the lead clones derived directly
from library selections, it remained possible that sequence analyses might allow further
clones to be designed o have maximal humanization. The 854 sequence-unique hits with
binding signals against human and mouse protein were therefore used to analyse the
retention frequency for murine amino acids in the CDRs of this functionally characterized
population. Positional amino acid retention frequency was expressed as a percentage found
in the Vi3 and V. domains (Fig. 2A&B). Murine residues with RF < 75% were regarded as
positions that are possibly not essential to the target-binding paratope and are likely o be

open fo germ-lining, in a series of combinatorial designs.

A design containing only those murine residues with RF > 75% was designated “MH” (MH =
Maximally Humanized). Another designer clone (TTP’ = Total Theoretically Possible} was
aiso created that combined the 5 most humanized CDRs observed in the population. The
MH and TTP clones were generated by gene synthesis and (along with the 4 library-derived
clones outlined above and positive control mvVH/mVL and negative conirol isolype-maiched
non-CD47-reactive v-domains), cloned into human expression vectors for production as
IgGinull and IgG4(S228P). All IgGs were readily expressed and purified from transient
fransfections of HEK-293 celis.

Lead igG specificity and potency characteristics

The purified igGs described above were then tested for binding o human, mouse and cyno
CD47-Fc in direct titration ELISA format (Fig. 3). Surprisingly, this analysis demonstrated
that while clones MH, A-D35, and D-H3 retained binding affinity for all 3 orthologues of CD47,
two clones showed reduced binding to mouse CD47 (G-B6 and F-E7), one clone (VHA-1/V/L-
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B1) maintained comparable binding to both human and mouse CD47, but had lost cross-
reactivity to mouse CD47, and one clone (TTP) had lost almost all binding function.

in a CD47-SIRPa blockade assay (Fig. 4), A-D5, G-B6, F-E7 and D-H3 all exhibited
concentration-dependent blockade of human, mouse and cyno CD47 interaction with SIRPa-
Fc in similar conceniration ranges as the mVH/mVL IgG1 antibody. Notably, the VH-ATNVL-
B1 IgG1 exhibited potent biockade of human and cyno CD47, but no blockade of mouse
CD47. Interestingly, clone MH, despite having demonstrated binding fo all 3 orthologues of
CD47 in ELISA, showed no blockade signal in any assay. Clone TTP was also negative in

all blockade assays.

To ensure that that lead clones had not suffered from loss of target specificity during the
mutation and reselection process; lead and control IgG1 clones were tested for binding io a
pansl of 14 purified human proteins from the immunogiobulin superfamily (Fig. 5). Ali five
IgGs exhibited binding signals at 1 pg/ml to CD47-Fc (human OD450 nm > 2.0, cyno > 2.0,
mouse > 1.25), and no detectable binding (OD450 nm <0.1) against any other protein. Ons
notable exception was the VH-A1/VI-B1 clone, which again showed sirong binding to human

and cyno CD47, but no signal against mouse CD47.

Flow cytometric analyses of lead IgG binding specificity at the cell membrane
Antibodies to CD47 were analysed for concentration-dependent binding at the cell surface
via flow cytometry. CHO-K1 cells were stably transfected with sither human, mouse or
cyno CDA47 full-length cDNAs. Anti-CD47 1gGs mVH/mVL, VH-A1NL-B1, A-D5, G-B6, F-E7
and D-H3, and an isotype conirol IgG1 were then all tested in IgG1null and 1gG4(S228P)
formats, alongside a commercial mouse anti-human CD47 monoclonal MS1891, over a
concentration range of 100,000-24 ng/mi for binding to human, cyno or wild type control
(‘wi, i.e. untransfected) CHO-K1. All IgGs cther than the isotype control showed
concentration-dependent binding to human and cyno CD47+ cells, with a maximum MFlin
each case being >10-fold higher than observed signals for binding 1o untransfected CHO-
K1 {Fig. 8). Measurable binding to CHO-K1 wi cells was observed for all clones other than
VH-A1/V/L-B1, but only at high antibody concentirations. The mVH/mVL IgGs, however,
showed the strongest reactivity with > 10-fold higher signal than the 'no antibody’ negative
control at concentrations as low as 24 ng/mi. This background binding may be indicative of
the original mouse antibody VxP037 having not just cross-reactivity to mouse CD47, but
also hamster. The minimisation of this cross-reactivity to hamster CD47 is preferable for a

therapeutic protein, as antibodies will typically be produced in CHO ceil culture for clinicai
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use. High 1gG binding affinity for hamster CD47 protein may potentially lead to a significant
increase in the content of unwanted co-purified CD47 host cell protein in production runs,

which must be removed from the drug product {o avoid immunogenicity in patients.

To examine the binding of the lead IgGs to CD47+ human cancer ceils, HLE0 celis (derived
from human acute myeloid leukaemia) were also used in flow cylometry analyses, as
above. All antibodies other than the Isolype control IgGs showed sirong, concentration-
dependent binding to the HLB0 cells (Fig. 7).

Lead igG analyses in ‘Developability’ ELISA assays

itis known in the art that the binding of IgGs intended for therapeutic use to several indicative
biological substrates is an indicator of high risk for poor performance in patients due to poor
bicavailability and short in vivo half-life. Three such biclogical substrates are Insulin, dsDNA
and ssDNA. These three substrates were therefore used {fo coat ELISA plates and examine
the binding of the lgG1null versions of the opiimised lead antibodies. Binding signals for
these human IgG-based antibedies was compared to ‘positive control’ human IgG antibodies
that have been found to have polyreactivity and poor performance, which siopped their
progress in clinical irials (Bococizumab and Briakinumab human igG1 analoguss). For a
negative control human lgG1 antibody, an 1gG1 Ustekinumab analogue was used as it reacts
with the same therapeutic target as Briakinumab, but has longer pK and was successfully
approved as a therapeutic product. In the ELISA analyses shown in Fig. 8, the positive
conirol antibodies exhibited the expecied strong reactivily to all 3 substrates, while the
negative control showed low reactivity. Importantly, all of the IgG1null lead proteins tested
showed binding < the negative conirol against ali 3 substraies. This finding underlined the
maintenance of highly specific, target-driven binding in the optimised clones A-D5, G-B§, D-
H3 and VH-A1/VL-B1.

Analyses of designer IgGs based on the lead clone A-D5

As described above, clone A-D5 had proven to have highly specific binding fo human, cyno
and mouse CD47, low off-{arget binding polential, improved neutralisation of mouse CD47,
reduced background binding to CHO cells and multiple human germlining mutations in the
CDRs. As a library-derived cloneg, however, the A-D5 sequence still retained a number of
non-germiine (mouse-derived) residues that were suggested to be potentially superfluous by
the data found in Fig. 2A and 2B. The A-D5 sequence and all other library-derived clones
also retained an ‘NG’ motif in the CDR-L1 that posed high risk for deamidation, as it was
found fo exhibit high solvent exposure at the apex of the long, flexible, IGKV2-28 germiine-
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template CDR-L1 loop. In an attempt to simultaneously maximise human germiine sequence
in the variable domains of A-D5 and to minimise high-risk deamidation motif content in the
protein, a series of designer clones were created. This effort was carried out in two phases,
with the A-D5.1 to A-D5.10 clones from the first phase containing the CDR sequences
outlined in Table 4. These ciones were expressed and purified in IgGinull format and
examined for target binding by ELISA on all CD47 orthologs (Fig. 8A, B, C) and neutralisation
of CD47-SIRP«o interaction for all orthologs (Fig. 10A, B, C). in this phase, it was found that
the human germline and these improvements could be combined with a moderate loss of
potency. In addition, the initial mutations attempting to remove the ‘NG’ motif in the CDR-L1
(via conservative substitution of N to Q) were successful, albeit with associated reductions
in potency in both target-binding ELISAs and neutralisation of CD47-SIRP« interaction (Fig.
104, B, C).

in the second phase, a series of further mutanits were designed on the highest-performing
mutant from phase 1. A-D5.4 (Table §). These 9 mutanis sampled further humanization of
the CDR-H2 of A-D 4, with or without also replacing the ‘N’ in the ‘NG’ deamidation risk motif
with conservative and non-conservative mutations such as 8, G, A and T, or replacing the
‘G’ residue with A. These clones were again expressed and purified in IgG1null format and
examined for target binding by ELISA on all CD47 orthologs (Fig. 11A, B, C} and
neutratisation of CD47-SIRPw interaction for all orthologs (Fig. 124, B, C). In this phase, i
was found that the human germiline content of the CDR-H2 could be raised by 2 further
residues, without loss of potency in comparison {o clone A-D5. In addition, the mutations
attempting to remove the ‘NG” motif in the CDR-L1 via substitution of N were successiul,
leading to identification of the clone A-D5.16 which contained the non-conservative N to A
mutation, plus the maximally humanized CDR-H2, with only minor {(approximately 3-fold)
reductions in potency in either farget-binding ELISAs or neutralisation of CD47-SIRPq,
versus  both  A-D5 and mVL/mVH., The CDR-L1  sequence of A-D.16
‘RSSQSLLHSAGYNYLH (SEQ ID NO: 82) (and clones A-D5.14, A-D5.15, A-D5.17 and A-
D5.28) contained non-germiine residues at only two positions (underlined) and achieved an
optimized balance betwesn maximum human germiline content and maximum stability

characteristics.

The A-DS derivatives A-D5 .4 and A-D5.16 were subsequently also tested in IgG1null format
for maintenance of binding specificity o ensure that there had been no loss of target
specificity during the mutation and reselection process; both clones were tesied for binding

to a panel of 14 purified human proteins from the immunoglobulin superfamily {(Fig. 13). Both
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IgGs exhibited binding signals at 10 pg/mi to CD47-Fc (human, cyno and mouse all > 2.0
OD450 nm), and no detectable binding (OD450 nm <0.1) against any other protein. In the
‘Developability’ ELISA analyses shown in Fig. 14, the positive control antibodies exhibited
the expected strong reactivily to all 3 substrates, while the negative control showed low
5 reactivity. Imporiantly, both A-D5 .4 and A-D5.16 igG1null iead profeins showed binding < the
negative control against all 3 subsirates. This finding underlined the maintenance of highly

specific, target-driven binding in the optimised ciones A-D5, A-D5.4 and A-D5.16.

Finally, the A-D5 derivative mutant A-D5.4 and A-D5.16 were examined for their binding fo
10 wild type CHO (Fig. 15) and HL60 (Fig. 16) cells by flow cytometry. These analyses
confirmed that the original murine v-domains of clone mVH/mVL in either IgGinull or IgG4
format drive strong, concentration-dependent binding to CHO cells, whereas clones A-D5,
A-D5.4 and A-D5.16 mediate little or no binding signal in either 1gG format (Fig. 15). in
contrast, clones mvVH/mVL, A-D5, A-D5.4 and A-D5.16 all demonstrated strong binding o
15  human CD47+ HL6O cells (Fig. 16), demonstrating that human CD47 binding at the cell
membrane had indeed been retained in our optimized clones, but hamster CD47 reactivily

had been ameliorated.

Antibody v-domain T cell epitope analyses

20 In sifico technologies (Abzena, Lid.), which are based on identifying the location of T cell
epitopes in therapeutic antibodies and proteins, were used for assessing the
immunogenicity of both the mVH/mVL and lead antibody v-domains. Analysis of the v-
domain sequences was performed with overlapping 9mer peplides (with each overlapping

the last peptide by 8 residues) which were tested against each of the 34 MHC class 1

[\0)
L]

allotypes. Each 9mer was scored based on the potential fit’ and interactions with the MHC
class il molecules. The peptide scores calculated by the softwars lie between 0 and 1.
Peptides that produced a high mean binding score (>0.55 in the iTope™ scoring function)
were highlighted and, if >50% of the MHC class li binding peptides (i.e. 17 out of 34 alieles)
had a high binding affinity (score >0.6), such peptides were defined as ‘high affinity’ MHC
30  class li binding peptides which are considered a high risk for containing CD4+ T cell
epitopes. Low affinity MHC class |l binding peptides bind a high number of aligles (>50%)
with a binding score >0.55 (but without a majority >0.6). Further analysis of the sequences
was performed using the TCED™. The sequences were used to interrogate the TCED™ by

BLAST search in order {o identify any high sequence homology between peptides (T celi

98]
Wy

epitopes) from unrelated proteins/antibodies that stimulated T cell responses in previous in

vitro T cell epitope mapping studies performed at Abzena Lid.
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Peptides were grouped into four classes: High Affinity Foreign (HAF - high
immunogenicity risk), Low Affinity Foreign (‘(LAF — lower immunogenicity risk), TCED+
(previously identified epitope in TCED™ database), and Germline Epitope (‘GE’ - human
germiine peptide sequence with high MHC Ciass H binding affinity). Germline Epitope 9mer
peptides are unlikely to have immunogenic polential due to T cell tolerance (i.e. these
peptides are recognised as ‘self in the host), as validated by previous studies with a wide
range of germiine peptides. Importantly, such germiine v-domain epitopes (aided further by
similar sequences in the human aniibody constant regions) alsc compete for MHC Class Il
occupancy at the membrane of antigen presenting cells, reducing the risk of foreign
peptide presentation being sufficient to achieve the ‘aclivation threshoid’ required for T cell
stimulation. High GE content is therefore a beneficial qualily in clinical development of an

antibody therapeutic.

As shown in Figure 17, key iead v-domains exhibited significant beneficial changes in
peptide epitope content in comparison to mVH/mVL. As the v-domain engineering process
underiaken here had successfully selected for antibodies that maintained anti-CD47
potency without the need for any murine residues being included in the frameworks (Table
2), multiple HAF and LAF epitopes found in the frameworks of both the heavy and light
chain v-domains of mVH/mVL were absent in all library-derived and designer leads (Fig.
17). GE epitope content was also found to be significantly increased {from 3 o > 14 in all
leads), particularly in the VH regions of lead clones where GE conient increased from 0 to
9 in all leads, and TCED+ epiiopes were reduced from in all leads from 3 to 2 (Table 8).
importantly, however, multiple foreign epitopes were also eliminated by germiining
mutations found in the CDRs of lead clones. For example, a TCED+ peptide
LVHSNGNTY’ (SEQ 1D NO: 1186) found in the LCDR-1 of mVH/mVL (and, therefore, in any
forms of VxPO37 previously humanized by CDR grafting) was eliminated in the majority of
lead clones by the mutation V>L at position 2 and N>Y at position 7 (Tables 4 and 5).
Similarly, the LCDR2 from the mVH/mVL sequence encoded for three foreign epitope
peptides spanning the VL Framework 2-LCDR2-Framework 3. These included two HAF
peptides (LLIYKVSYR’ (SEQ ID NO: 117} and 'YRFSGVPDR’ (SEQ ID NO: 118)) and one
LAF peptide (‘LIYKVSYRF' (SEQ 1D NO: 119)). Insertion of the LCDRZ into the human
germiine framework iIGKV2-28 did not fuily remove this issue, as the total sequence
LLIYKVSYRFSGVPDR' (SEQ ID NO: 120) from mVH/mVL maintains 100% identity in the
IGKV2-28 grafted sequence (Table 2). One HAF and two LAF pepflides were siill found in
this region for clones A-D35, A-D5.4 and A-D5.18, while the HAF sequence YRFSGVPDR’
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(SEQ ID NO: 118) was deleted by the mutation Y>N at position 1. Surprisingly however,
the LCDR2 sequence KVSNRFS (SEQ ID NO: 85) that had been identified in the functional
binding population during library screening (Table 3), and contained the single human
germiining mutation Y>N at position 4, was found {o fully ameliorate all predicted foreign
epitopes in this region (no HAF, LAF or TCED+ peptides predicted), while also generating
two further GE sequences (Fig. 18). It was also observed that the lead clones A-D5 and all
of its designer derivatives {Tables 4 and 5) refained an HAF peptide VGVYYCFQN’ (SEQ
ID NO: 121) that was also TCED+, spanning the VL Framework 3 and LCDR3 regions. The
mutation of V at position 1 of this peptide to A, T or F were all found to disrupt predicied

epitope structure and remove the immunogenicity risk of this peptids.

The findings above allowed the design of a maximally deimmunised light chain seguence
which was paired with the A-D5.16 VH sequence (Table 4) to form the clone ‘A-D5.16-DV.
A-D5.16-Di contained the LCDR sequence 'RSSQSLLHSAGYNYLH (SEQ ID NO: 82), the
LCDR2 sequence ‘KVSNRFS (SEQ ID NO: 85) and the Framework 2-LCDR3 sequence
AGVYYCFQNTHTPRT (SEQ ID NO: 122) (Framework 2 residues underlined). This clone
was readily expressed in IgG1null format and was found {o refain target binding affinity
against human, cyno and mouse CD47 (Fig 18. A-C) comparable o the mVH/mVL igG
(reduced on mouse Fig. 18C). A-D5.16-Dl was also found io exhibit improved CD47-SIRPa
blockade in comparison to A-D5.16 and comparable blockade to mVH/mVL against human
and cyno CD47, slightly reduced on mouse (Fig. 19). These findings thereby led o a
deimmunized clone A-D5.4-Di with a light chain design containing the LCDR sequence
‘RSSQSLLHSNGYTYLH” (SEQ ID NO: 52) (or SSQSLLHSNGYTY [SEQ ID NO: 92}) using
the AHo definition), the LCDR2 sequence “KVSNRFS” (SEQ ID NO: 85) and the
Framework 2-LCDR3 sequence "AGVYYCFQNTHTPRT’ (BEQ ID NO: 12s2) (Framework

2 residues underlined).

Phagocytosis of cancer cells

Studies were performed to examine the relative potency of CD47 blockade in driving the
phagocytosis of HLB0 human cancer cells by human primary macrophages. As shown in Fig.
20A, in IgG4 (S228P) format - mVH/mVL, A-D5, A-D5.4 and A-D5.16 all drove significant
phagocytosis at all concenirations tested. A-DS in IgGinull format did not show any
significant potency at 20 ug/mi, demonstrating the necessity of Fc gamma receptor 1 binding
affinity {¢ provoke phagocytosis. Unexpectedly, 1gG4 A-D5, A-D5 .4 and A-D5.16 all drove
significantly more potent phagocytosis at both 1 and 10 ug/ml, when compared to mVH/mVL.

This phenomenon was then examined for IgG4 A-D5 and mVVH/mVL across 4 separate
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donors of human macrophage (Fig. 20B). This analysis showed that the higher potency
shown in Fig. 20A was correct, with A-D5 being significantly more potent in all donors (Fig.
20B).

Although the present invention has been described with reference to preferred or exemplary
embaodiments, those skilled in the art will recognize that various modifications and variations
to the same can be accomplished without departing from the spirit and scope of the present
invention and that such modifications are clearly contempiated herein. No limitation with
respect to the specific embodiments disclosed herein and set forth in the appended claims

is intended nor should any be inferred.

All documents cited herein are incorporated by reference in their entirety.



PCT/GB2018/052347

WO 2019/034895

(6£T} (LET (veT)
JIAHLINOS JIXSAMATITT ITALNDNSH AWLADDEL NIIDNAANITDT AALLNL Fo'IUOD
(TT? (071} () (F)
LIJAHINOS SAIASAY HIXINONSHATSOSSY AAWLADD NIJONAINIA AAAANLILAD WY
(0T} (zet) {ST)
HdAHIN SAIASAY ALNONSHATSOSS ANLADD NANINANLTONAANT AANLILADED OHY R
(1T) {0€T1)
IMAAHINOS SAY XINONSHATSO AAWLAODEL LAONAINI XANLILED LOWI
(1) (01} (g)
LHdAHINDS SIMASAN HIZLNONSHATSOSSY ATWLADD AONAIN ANLILZD BIIOUD
(TT) (0T} (g) (221) (yzT)
LAdAHINDS SAMASAY HTALNDNSHATSOSSY AAWLADD NAAVENANLIDNAINIU AARAN Jeqey
(TT? (071} () (g21) (F)
LYIAHLNDS SAILSAN HIALMONSHATSDS 8 AAWLADD MMAMANANLIDNAINIADT AAZANLILAD pOTITUN
€4ADT TaaAD1 THADT £HAOH Z900H TMIOH WY

BB SON QI DIS

"S}OYIRIG Ul UAOYS

SUORIULSP BAljRUISlR 0} UoSLBAWIOD Ut (BLUSYDS peliun,} aley pauyap S8 SN0 LpOD-IUE auUnul saousnbas poe oullY "L 2jgel



PCT/GB2018/052347

"UORIUYSD JBC R [BDISSRID Sy} O} uosuedilion Ul UoRIUYep pepuedxe Uk aie JdUDSNURLU SIL} Ul PBSN suoiiugep
HAaD peliun, aUl ‘9A0GE PBIOU SY "PBUILSPUN PUE PICY Ul BlB Senpisal MDD, WaISAS [ O} uo peseq ‘Buniesb Joj pesn suoliuyep suluueb uBwingy,

™~
[Ty

(evT) 877N TTIA-LYPAD

M ITEANIODOIIMIARINOS D AAADATEYEAES TN TLIGIOEDSDSId0dADSAMASAYA TTTO SOOINDTANETIALNONSHATSOSSENS TSYATNd TAd TS TASOIWATA

(Zv1) e/u TAW- L FAD
MIEANLOD9ITEdAHINOS DI AAD TOEVIAYS THTLICIOS9828INIIADSIERASARA TT NI SO0 OTAMETALNSNSEATSOS 505 ISYOIDTSASTS Td LOINAAT

(T%T) TS-GAHST THA-LPTD

SSAIATIODOMAMULADOEIIAXWVLC SIS SMOTAY LS TSNAVE TIAOHDOIS ENINLUADNAAN LIS TMATOND INOIANMMARANLALED SOMD S TITSADAMIAATOSONTOAT

(OvT) e/u HAW-£FAD

SEAINTIODOMATALADDE LDAXATSCHS LTS STOTALLLS SY AL TV NI ENMANLIONAANIAD IMITH 05 AMOMANIAZENLILAD SVAD S TIHSVOANATITEA00TOAA

N@Qﬂnmgwm PTo®” OUTULNY ﬁwﬂﬁdﬁhnwm vemnyg NIVROO~-A

WO 2019/034895

‘SIeYIRIG W UMOUS
ase SON Q1 IS (L TVLHA) syeib ¥aD suuueb uewny pue (TAW/HAW) SWBWOP-A /p(JO-IUE SULNW JE0UXA J0 90usnbas pioe ouluy °Z sigey



PCT/GB2018/052347

WO 2019/034895

(€0z) (202) (TL) {z9)
50 SANINIIDAAINITON IMALOLNOW | SIYNSDT | TALNSNSHATSOSSY
(002) (667) (86T) (L) {102)
D04 SANAMIADAAINIAON | AAAXASIALAD | IMJAHINOW | SWANSOT | HTANNONSHATSOSSY
{(L6T) (9671) (G61) (F6T) (€e1) {z6T)
HOWIADD | DOASINANLASNDINIUOW | ATAASIALAD | IMALHINOW | STIASAM | ATANNDONSHATSOSSY
(TeT) (067) (6%) (68T) (88T) 2s)
AAWLADD | DOASANINIASNOINITON | ATAANIALAD | IMTIHINOW | STUASAM | HIALAONSHTISOSSY
(L8T) (9871) (FgT) (€9) (€8T)
AAWLADD | DOISISAMIADNDINITON D | TMdIHINOW | STANSAM | TTALADNSHTISOSSY
{(z8T) (181) (6LT) (58) {(9%)
YAWNLADD | DOISINAYIIONDINIION A9 | IMdLOTNOW | SAMNSAM | HIANADNSHTISOSS?
{8LT) (LLT) (GLT) (PLT) (€LT)
AQTLADD | DOISISIILADNDINITON D | IMdADLYOR | STINSAM | HIANSONSHTISOSSY
(zLt) (T.1) (69T) (891} (LoT)
AQYIADD | DOASANIILADNDINIION A9 | IMAAHIVOW | STYASDY | HIALNDNSHTISOSSY
{997) (g91) (F91) (€9) {€971)
AQWIXDD | DOJSISANLUDNDINIION ,.L\ﬁ 7:u SAD | IMAADTYOW | SAMASOM | ATALNONSHTISOSSY
(zaT) (197) (6GT) (89) (egT)
OUWIDOD | HOASANANLIDNDINIUONW IMAAHTYOR | SYIASOM | HTANNONSHTISOSSY
(LGT) (951) (PGT) (€5T) {(ceT)
AQWIIOD | DOISANINIIDNDINIION IMAIHTYOR | SSYNSSM | CTANNDONSHTISOSSY
{157T) Emi (87T) (L%) (LPT)
AAWIHOD | DOJSANINLADADINITON IMdLHINOT | SIINSOM | HTANNONSHTISOSSY
{(99) (9% 1) {ps) (29) (rPT)
AJWLA DO0ASANANLIONAINTITON IMALIHINO | SYNSDY | HIALNONSHATSHSSY
€YAOH ZAADH TAADH €300 zaa01 13007

58

"S1OMOBIG Ul UMOLS e SON (1] DIS "SUIBIOP-A /p(10-Iue anbiun pog woiy (Uoiugep peyiun Buisn) sy enbiun jo saouanbas pioe oURLY "¢ ajgel



PCT/GB2018/052347

2GT) (052)
AQLIA9S | D0ASANAIIONAANIAOR LddADLNOS

(6v2) (gv2) (Ly2)
MAILLADD | DOASdSAY Ec AAINTITOR IMALOLNDS

{(9%2) Gve) (6g)
SALLADD wOMm&zmepmm>mzH@wz IMdLOLNOS

(#v2) (€v2) (2v2) (192}
AQIIADS | DOISINIYIASAAINITON IMIVOLNOS | SIdNSA

{(5%) (ov2) (6€£2) (8e2)
AJALADD | DOISISANIASAAINIION IMAAHINOS | STYASD

(19) (Lez) (9€2) (€2}

MOWLADD | DO SANANLASTAINTIION LAdAHINOS | SIINSOW

{(ve2) (cez) (z€2) (1€2)
MIWLADD | DOASINANLASAAINIION IMALHRNOS | STMASAT

{0€2) (6z2) (8z2) (L2Z)
AQWLADD | DOISANAMLIASTAANIION IMdLOTINOS | STENSAT

(9z2) (g22) (v22) (€2z)
IAWLADD | D0dSsd L>mEQwusmzHu‘: IMdIHINOS | STINSAT

(19) (22 (122) (022}
MAWLADD | ©0JS &zxmmugg>\zH@uz IMALOINOS | SYMNS

{(672) (812) (eL) (LTZ)

OAWIADD | DOJSANIYLADAAINIION IMdI0LVOS | STIASDT

{912) (g12) (p12) (€12Z) (LS)
NIWLADD | HOASdSANIIDAAINIION IMAIHIVOS | SAYASDT | HIALADNSHATSOSSY
(112) (012) (602) (802) (¢12)
WARLADD | DO0ASANANLIDTAINITON IMdIOLLIOW | SWY ATALADNSHATSOSSY
{902) 502) (F02) (L0Z)
TARLADD | D0ISISANLADAAINITON LMdLHLIOW HTANADNSHATSOSSY

WO 2019/034895

59




PCT/GB2018/052347

WO 2019/034895

(ZL2Z)
H0ASISAILASNAINT IO

{1T.2)
HOASANIILASNAINTAOW

(GLZ)
O0ASISAILASNAINTIDN

(692)
D04 SANIILASNAINTTON

\

(g92)

S0ASASANLASNAANTIIONW

(LoZ)
904 SANINIASNAS

NTTOW

{092)
DO0ASANIALASNAANTION

(G97Z)

IO

HOASASAILADNAINTIDN

{(v92)
HOASANAILADNAINTIDON

(€92}
IIdADINOA

(192)
IMdLHINOL

(652)
Idd10LLI0S

(852)
I¥AAHLLIOS

S04 SANANLIDONAINTIOR

(vG2)
H0ASdSANLADNAINTIDON

)
LIdAHLSOS

&0



PCT/GB2018/052347

WO 2019/034895

(782)
O0ASAINAMLADONAINT TOR

(€82)
wm”“mvwmmw,MBQm\.N>wm7HHw.r.

5}
=

(28z)
O0ASANAILASAAINT IO

(182)

D04 SANIILASAAINT IOW

(082)
50ASANANIISAAINT IDN

(59)
D0ASASAYLADTAINT IO

(vL)
D0ASANZALADAAINT TOW

(61.2)
H0ASASAILADAAINT IO

(8L2)
SOISANIILADIAINT IOR

(LL2)
S0ASASANLADAAINT IO

(9L2)
D04 SANAMLADAAINT IDW

g
(g2}

SOASANZILADNDANT IOW

(pLZ)
SOASANAILADNAAATAON

(€L2)
DOASANAALASNDOIATADON

61



PCT/GB2018/052347

WO 2019/034895

(L67)

5045d mah.cz\/ﬁz_wwz
(962

50458 .»eram.w AINTIOW
(G62)

O0ASANANLASNAINT IO
(ve)

2045 mZ>vHE SNAINIIORW

oy
_u@. Q
o

S0ASdS AT L

( Nm <
DOASANAYLADNAINT IO
(162)
20484534100 Z AINITIONW
(062)
S0ASANIILADNAINT IOK
(682)
H0ASdSANIADNAINI IOK
(09)
90ASANANIAONAANI IO
\ o~ @ — v
n048d th@QGZ\/.mZH 19K
(182)
SH0ASINANIADONAINT IO
(982)
S0ASASAMLADNAINT IO
G82)

DOASANZALADNAINT TOW

62



PCT/GB2018/052347

WO 2019/034895

(10€)
D04 SANANLASNAINIADKH

{cog)
S0ASANZIILADAAINTNOW

(662)
ODASASAYLASNAANT IO
(g62)
HOASANATLIASNASNT T OK




PCT/GB2018/052347

(15) (09) (P5) (qL) SS
MAWLADD | D0ISANANLADAAdNI ION IMAIHINOS | STUNSOM | HTANADNSHTISOSSY S 60-¥
(19) (0g) (7S) (£9) Si
MAWLADD | D04 SANANLADUAINI IO L¥dLIHL zum STUNSAM | HTANADNSHTISOSSY b oa-v
(15) (59) £9) (2g)
MOWLADD | D0ASdSAMLADCAINIION ISAM | HTALADNSHTISOSSY £°50-¥
(19) (bL) %m. (€s) (29)
AAWIADD | D0 SINAMIADIAINI IDW LMdIHINOA | STANSAM | HTALADNSHTTISOSSY 2 6a-¢
(19) (09) (7S) (£9) (2g)
NAWLADD | D0ISINANIIDCAINI ION IMdIHINOA | STUNSAM | HIALADNSHTISOSSE 1°50-¥
(oL) (59) (€L) (zi) ii
TQRLADD | D02SASANIADUAINI ION | ATRANIASAD | INAIOLWDS | SWHNSOT | HIANAONSHTISOSSY dlLl
(oL) (69) (ep) (65) (TL) ?i
TAWLADD | D0ASISAMIIDCAINIIOT | ATAANLISAD | IMALOLINOS | S2UNSODT | HIANADNSHTISOSSH HR
(99) (59) (ev) (89) :S 53
AQMLADD | D045dSAMLUDCAINITION | ATAANLASAD | LMdLHINOS | STUNSOM | HIANADNSHTTISOSSY | TE~TA/TY~HA
(19) (09) (ep) (79) Am_S (29)
MOWIADD | O0ISINANIAONAANIION | ITAANIASAD | IMAIHIVOS | SAUASOY | ATALNONSHATSOSEY LH-d
(95) (59) €p) (65) {(89) (LS)
MOWLADD | D0ISISANLODNAINIADT | ATAANLASAD | IAdLOINOS | SWHASON | HIALADNSHATSOSSY 9g-2
(19) (09) {6%) (bS) (eg) (25)
AAWIADD | DOOJISANANLADAAINITION | ATAANLALAD | INJIHINOL | STANSAM | HTALADNSHTISOSSY Ga-v
(6%) (P¥) (cp) (87) (Lp) (o%)
AQALADD | DOASASANLADONAINIUOW | ATAANLISAD | LMAAHTINOS | S2UNSOM | HTANADNSHTTISO €H-O
£JADH SaaDH ﬁmQum £490a07T Zaant Hmaog sweu BUOTD

64

WO 2019/034895

"S1aYoRIG Ul UMOYS 218 SON (] DIS sob)

JPao-nue Buppog-ucioRIsill BAMIS-/ P10 Jeubisap pue peauep-Aielg) ‘enbiun jo (Uoniugep payiun Buisn) sHOD J0 seausnbaes pioe oullly "y jgel



PCT/GB2018/052347

(19) (0g) (6%) (6L) (€9) (8L)
MAWLADD | O0ISINANLADIAANIION | ATAANLIILAD | IMAIHLIOOA | STUNSAM | HIALADOSHTISOSEN 01 60-¥
(19) (09) {ep) ai (£9)

WO 2019/034895

NAWLADD | O0ISINANLADCAANIION | ATXAANLIALAD | IMAIHLIO0A | STUNSAM 6°60-¥
(15) (09) 32 ::3 (€g)

MAWLADD | DO0ISANANLODAAANIION | JTXANIALAD | LEAIHINDA | STUNSAM 8°50-¥
(19) (0g) {ep)

MAWLADD | D04 SANANLADUAINIION | AT AANLALLD L Ga-¥
(15) (09) {(6%)

MARLADD | DCASANANLODCAINITOW | ATXANLALAD 9°G0~-¥Y




PCT/GB2018/052347

WO 2019/034895

(1G) (59 {(¢v) (7G) (£9)

MAWLADO | O0ASASAAIAOTAINIION | ATAANLIASAD | IAAIHINDA | STINSAY 8T G0~Y
(1G] (g9) (€] :Nm,, (£G)

HAWLASO | DOASASAILADAAINIION | AT AANLIASAD HINOA | S .E?.,m\, | LT 6a~-¥
(1G) (59) {(¢p) (%G)

MAWLADD | O0ASISIULADTAINT IOW | ATAANLISAD | LIAIHINOA 91" GQ-Y
(15) (59) {€%) (75) e

MAWLASY | O0ASASAILAOCAINITON | ATAANIASAD | TAJIHINDA | STUNSAM 51°60-Y
(16) (G9) (ew) (7G) (€G)

MAWLADD | 90ASASXAILAOTAINIION | ATAANIASAD | TMALIHINGA | STINSAM S 7160~y
(1S) (59 {(cv) (7S) (£G) A

MAWLASY | O0ASASAIIAOAAINIION | ATAANIASAD | TAAIHINDA | STUNSAM NS €T Ga-Y
(1G] (wL) (€] (pG) (£G) A

HAWLASO | O0ASANAILAOAAINIION | ATAANLIASAD | TEAIHINGA | STUANSAM | HIANAONSHIISOSSY ZT G6a-v
(1G) (0G) {(¢p) (%G) (£s) (oy)

MAWLADD | O0ASANINLIADTAINT IOW | ATAANLISAD | LIAIHINDA | STUNSAM | HTANAONSHTISOSSH 11°60-¢

£XADH SAAOH TEADH CHUUDT 24ant TAQDT | BwRu JUOTD

"S}OYORIG Ul UMOUS a8 SON Q] DI

'$9B} Ly O-iue Joubisep ‘BuBD0|q-UOROBIBIUI Ve MIS-/ D ‘PRAUSP-G-Y ‘anbiun jo (Uopiuysp payiun Buisn) sYQO J0 S8ousNnbas pIoe oUWy °G Bjge)

66



10

15

25

30

[9V]
]

WO 2019/034895 PCT/GB2018/052347

CLAIMS

1. An antibody molecule which specifically binds o human CD47 and cynomolgus
monkey CD47, and optionally aiso binds {o mouse CD47, or an antigen-binding portion
thereof, wherein the antibody molecule or antigen-binding portion comprises a heavy chain
variable region with:

an HCDR1 having amino acids in sequence in the following order: G-S-G-Y-T/S-F-T-N-Y-Y
(SEQ D NO: 30);

an HCDR2 having amino acids in sequence in the following order: -N-P-V-N/D-G-D-T-N/R-
FIY-N/S-P-S-F-Q-G (SEQ ID NOC: 31); and

an HCDR3 having amino acids in sequence in the following order: G-G-F/Y-T-M/P-D (SEQ
iD NO: 32).

2. The antibody molecule or antigen-binding portion according fo claim 1, comprising a
fight chain variable region with:

an LCDR1 having amino acids in sequence in the following order. S-3-Q-S-L-L/V-H-S-
N/QUVA-G-YIN-N/T-Y {(SEQ ID NO: 41};

an LCDRZ having aminc acids in sequence in the following order: L/K-V/G-S-N/Y-R-A/F/L-8
(SEQ ID NO: 39); and

an LCDR3 has amino acids in sequence in the following order: QYN/A-T/L-Q/H-TV-P-R (SEQ
ID NC: 42).

3. The antibody molecule or antigen-binding portion according to claim 2, comprising:
(@) the amino acid sequences GSGYSFTNYY (SEQ ID NO: 86) (HCDRH1),
INPVYNGDTNYSPSFQG (SEQ 1D NO: 87) (HCDR2), GGYTPD (SEQ ID NO: 88) (HCDRS),
SSQSLLHSNGYNY (SEQ ID NO: 89) (LCDR1), KGSNRFS (SEQ ID NO: 47) (LCDR2) and
NLHVFR (SEQ ID NO: 90) (LCDR3) [Clone D-H3]; or

(b) the amino acid sequences GSGYTFTNYY (SEQ D NO: 15) (HCDRY),
INPVDGDTNYNPSFQG (SEQ ID NO: 81) (HCDR2), GGYTMD (SEQ ID NO: 16) (HCDR3),
SSQSLLHSNGYTY (SEQ ID NO: 92) (LCDR1), KVSNRLS (SEQ ID NO: 53) (LCDR2) and
NTHTPR (SEQ ID NO: 83} (LCDR3) [Clone A-D5}; or

(c) the amino acid sequences GSGYSFTNYY (SEQ D NO: 86) (HCDRY,
INPVYNGDTNFSPSFQG (SEQ ID NO: 94) (HCDR2), GGYTMD (SEQ ID NO: 18) (HCDRS3),
SSQSLVHSNGYTY (SEQ ID NO: 895) (LCDR1), KGSYRAS (SEQ ID NO: 58) (LCDR2) and
NTQTPR (SEQ D NO: 96) (LCDR3) [Clone G-B&}; or
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(dy the amino acid sequences GSGYSFTNYY (SEQ ID NO: 88) (HCDRY),
INPVNGDTNYNPSFQG (SEQ 1D NO: 97) (HCDR2), GGYTMG (SEQ ID NO: 98) (HCDR3),
SSQSLVHSNGNTY (SEQ ID NO: 19) (LCDR1), KGSYRFS (SEQ ID NO: 63) (LCDR2) and
ATHTPR (SEQ ID NO: 99) (LCDR3) [Clone F-ET7}; or

(&) the amino acid sequences GSGYSFTNYY (SEQ ID NO: 86) (HCDRT,
INPVDGDTRYSPSFQG (SEQ ID NO: 100) (HCDR2), GGFTMD (SEQ ID NO: 101)
(HCDR3), SSQSLLHSNGYNY (SEQ ID NO: 89) (LCDR1), KGSNRAS (SEQ ID NO: 87)
(LCDR2) and NTHTPR (SEQ ID NO: 93) {LCDR3) [Clone VH-A1NL-B1}; or

(i the amino acid sequences GSGYSFTNYY (SEQ D NO: 86) (HCDR1),
INPVDGDTRYSPSFQG (SEQ ID NO: 100) (HCDR2), GGYTMD (SEQ ID NO: 16) (HCDR3),
SSQSLLHSNGYNY (SEQ ID NO: 89) (LCDR1), LGSNRFS (SEQ 1D NO: 71) (LCDR2) and
NTQTPR (SEQ ID NO: 96) (LCDRS3) [Clone MH]; or

(g) the amino acid sequences GSGYSFTNYY (SEQ D NO: 88) (HCDRH),
INPVDGDTRYSPSFQG (SEQID NO: 100) (HCDR2), GGYTMD (SEQ D NO: 18) (HCDRS),
SSQSLLHSNGYNY (SEQ ID NO: 89) (LCDR1), LGSNRAS (SEQ ID NO: 72) (LCDR2) and
ATQTPR (SEQ ID NO: 102) (LCDR3) [Clone TTP]; or

(hy the amino acid sequences GSGYSFTNYY (SEQ ID NO: 88) (HCDRY),
INPVDGDTNYNPSFQG (SEQ ID NO: 91) (HCDR2), GGYTMD (SEQ ID NO: 16) (HCDR3),
SSQSLLHSNGYTY (SEQ ID NO: 92) (LCDR1), KVSNRLS (SEQ ID NO: 53) (LCDR2) and
NTHTPR (SEQ ID NO: 83) (LCDRS3) [Clone A-D5.1]; or

(i) the amino acid seguences GSGYSFTNYY (SEQ I[D NO: 886) (HCDR1),
INPVDGDTRYNPSFQG (SEQ ID NO: 103) (HCDR2), GGYTMD (SEQ ID NO: 186) (HCDR3),
SSQSLLHSNGYTY (SEQ ID NO: 92) (LCDR1), KVSNRLS (SEQ ID NO: 53) (LCDR2) and
NTHTPR (SEQ 1D NO: 93) (LCDR3) [Clone A-D5.2]; or

(i the amino acid ssguences GSGYSFTNYY (SEQ D NO: 86) (HCDRY,
INPVDGDTRYSPSFQG (SEQID NO: 100) (HCDR2), GGYTMD (SEQ D NO: 16) (HCDR3),
SSQSLLHSNGYTY (SEQ ID NO: 92) (LCDR1), KVSNRLS (SEQ ID NO: 53) (LCDR2) and
NTHTPR (SEQ ID NO: 83) (LCDR3) [Clone A-D5.3]; or

(k) the amino acid sequences GSGYTFTNYY (SEQ ID NOG: 185) (HCDRY),
INPVDGDTNYNPSFQG (SEQ 1D NO: 91) (HCDR2), GGYTMD {SEQ ID NO: 16} (HCDR3)},
SSQSLLHSNGYNY (SEQ ID NO: 89) (LCDR1), KVSNRLS (SEQ ID NO: 53) (LCDR2) and
NTHTPR (SEQ ID NO: 93) (LCDR3) [Clone A-D5.4}; or

{H the amino acid sequences GSGYTFTNYY (SEQ D NO: 15) (HCDR1),
INPVDGDTNYNPSFQG (SEQ ID NO: 91) (HCDR2), GGYTMD (SEQ ID NO: 16) (HCDR3),
SSQSLLHSNGYNY (SEQ ID NO: 89) (LCDR1), KGSNRLS (SEQ ID NO: 75) (LCDR2) and
NTHTPR (SEQ ID NO: 83) (LCDR3) [Clone A-D5.5]; or
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(m) the amino acid sequences GSGYTFTNYY (SEQ D NO: 15) (HCDRY),
INPVDGDTNYNPSFQG (SEQ 1D NO: 91) (HCDR2), GGYTMD {SEQ ID NO: 16} (HCDR3)},
SSQSLLHSNGYNY (SEQ ID NO: 89) (LCDR1), KGSNRLS (SEQ ID NO: 75) (LCDR2) and
NTQTPR (SEQ ID NO: 96) (LCDR3) [Clone A-D5.6]; or

(ny the amino acid sequences GSGYTFTNYY (SEQ [ID NO: 15 (HCDR1),
INPVDGDTNYNPSFQG (SEQ 1D NO: 91) (HCDR2), GGYTMD (SEQ ID NO: 16) (HCDR3),
SSQSLLHSNGYNY (SEQ ID NO: 89) (LCDR1), LGSNRLS (SEQ ID NO: 77) (LCDR2) and
NTQTPR (SEQ ID NO: 98) (LCDR3) [Clone A-D5.7}; or

(o) the amino acid sequences GSGYTFTNYY (SEQ D NO: 15) (HCDR1),
INPVDGDTNYNPSFQG (SEQ ID NO: 91) (HCDR2), GGYTMD (SEQ ID NO: 18) (HCDR3),
SSQSLLHSQGYTY (SEQ ID NO: 104) (LCDR1), KVSNRLS (SEQ 1D NO: 53) (LCDR2) and
NTHTPR (SEQ ID NO: 83) (LCDR3) [Clone A-D5.8]; or

(p) the amino acid sequences GSGYTFTNYY (SEQ ID NO: 15) (HCDRH),
INPVDGDTNYNPSFQG (SEQ 1D NO: 81) (HCDR2), GGYTMD (SEQ ID NO: 18) (HCDRS),
SSQSLLHSNGYTY (SEQ ID NO: 92) (LCDR1), KVSNRLS (SEQ 1D NO: 53) (LCDR2) and
QTHTPR (SEQ ID NO: 105) (LCDR3) [Clone A-D5.9]; or

{(q) the amino acid sequences GSGYTFTNYY (SEQ D NO: 15 (HCDRM),
INPVDGDTNYNPSFQG (SEQ ID NO: 91) (HCDR2), GGYTMD (SEQ ID NO: 16) (HCDR3),
SSQSLLHSQGYTY (SEQ ID NO: 104) (LCDR1), KVSNRLS (SEQ ID NO: 53) (LCDR2) and
QTHTPR (SEQ ID NO: 105) (LCDR3) [Clone A-D5.10]; or

(ry the amino acid sequences GSGYSFTNYY (SEQ ID NO: 86) (HCDRf1),
INPVDGDTNYNPSFQG (SEQ ID NO: 91) (HCDR2), GGYTMD (SEQ ID NO: 18) (HCDR3),
SSQSLLHSNGYNY (SEQ ID NO: 89) (LCDR1), KVSNRLS (SEQ ID NO: 53) (LCDR2) and
NTHTPR (SEQ 1D NO: 93) (LCDR3) [Clone A-D5.11}; or

(s) the amino acid sequences GSGYSFTNYY (SEQ D NO: 86) (HCDRY),
INPVDGDTRYNPSFQG (SEQ 1D NO: 103) (HCDR2), GGYTMD (SEQ 1D NO: 18) (HCDRS3),
SSQSLLHSNGYNY (SEQ ID NO: 89) (LCDR1), KVSNRLS (SEQ 1D NO: 53) (LCDR2) and
NTHTPR (SEQ ID NO: 83) (LCDR3) [Clone A-D5.12}; or

() the amino acid sequences GSGYSFTNYY (SEQ ID NO: 86) (HCDRY),
INPVDGDTRYSPSFQG (SEQID NO: 100) (HCDR2), GGYTMD (SEQ ID NO: 18) (HCDR3),
SSQSLLHSNGYNY (SEQ ID NO: 89) (LCDR1), KVSNRLS (SEQ ID NO: 53) (LCDR2) and
NTHTPR (SEQ ID NO: 93) (LCDR3) [Clone A-D5.13]; or

(u) the amino acid sequences GSGYSFTNYY (SEQ D NO: 86) (HCDRT),
INPVDGDTRYSPSFQG (SEQ D NC: 100) (HCDR2), GGYTMD (SEQ ID NO: 16) (HCDR3),
SSQSLLHSSGYNY (SEQ ID NO: 1068) (LCDR1), KVSNRLS (SEQ ID NO: 53) (LCDR2) and
NTHTPR (SEQ ID NO: 83) (LCDR3) [Clone A-D5.14}; or
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(v} the amino acid sequences GSGYSFTNYY (SEQ D NO: 88) (HCDRY),
INPVDGDTRYSPSFQG (SEQID NO: 100) (HCDR2), GEGYTMD (SEQ ID NO: 18) (HCDR3),
SSQSLLHSGGYNY (SEQ ID NO: 107) (LCDR1), KVSNRLS (SEQ ID NO: 53) (LCDR2) and
NTHTPR (SEQ ID NO: 93) (LCDR3) [Clone A-D5.15]; or

(w) the amino acid sequences GSGYSFTNYY (SEQ D NO: 88) (HCDR1,
INPVDGDTRYSPSFQG (SEQ D NO: 100) (HCDR2), GGYTMD (SEQ ID NO: 16) (HCDR3),
SSQSLLHSAGYNY (SEQ D NO: 108) (LCDR1), KVSNRLS (SEQ ID NO: 53) (LCDR2) and
NTHTPR (SEQ ID NO: 93) (LCDR3) [Clone A-D5.16}; or

(x) the amino acid segusnces GSGYSFTNYY (SEQ D NO: 86) (HCDRY),
INPVDGDTRYSPSFQG (SEQ ID NO: 100) (HCDR2), GGYTMD (SEQ ID NO: 16) (HCDR3),
SSQSLLHSTGYNY (SEQ ID NO: 109) (LCDR1), KVSNRLS (SEQ ID NO: 53) (LCDR2) and
NTHTPR (SEQ ID NO: 83) (LCDR3) [Clone A-D5.17}; or

(yy the amino acid sequences GSGYSFTNYY (SEQ 1D NO: 88) (HCDRH1),
INPVDGDTRYSPSFQG (SEQID NO: 100) (HCDR2), GGYTMD (SEQ D NO: 18) (HCDRS),
SSQSLLHSNAYNY (SEQ ID NO: 110) (LCDR1), KVSNRLS (SEQ ID NO: 53) (LCDR2) and
NTHTPR (SEQ ID NO: 83) {LCDR3) [Clone A-D5.18}; or

(zy the amino acid sequences GSGYSFTNYY (SEQ D NO: 88) (HCDR1)Y,
INPVDGDTRYSPSFQG (SEQID NO: 100) (HCDR2), GGYTMD (SEQ ID NO: 168) (HCDR3),
SSQSLLHSAGYNY (SEQ ID NO: 108) (LCDR1), KVSNRFS (SEQ ID NO: 85) (LCDR2) and
NTHTPR (SEQ ID NO: 83) (LCDR3) [Clone A-D5.16-Di}; or

(z.1) the amino acid sequences GSGYTFTNYY (SEQ iD NO: 15 (HCDR1),
INPVDGDTNYNPSFQG (SEQ ID NO: 91) (HCDR2), GGYTMD (SEQ ID NO: 18) (HCDR3),
SSQSLLHSNGYTY (SEQ ID NO: 92) (LCDR1), KVSNRFS (SEQ ID NO: 85) (LCDR2) and
NTHTPR (SEQ 1D NO: 93) LCDRS3) [Clone A-D5-DI].

4. The antibody molecule or antigen-binding portion accerding to claim 1, comprising:
an HCDR1 having the amino acid sequence GSGYTFTNYY (SEQ 1D NO: 15) or
GSGYSFTNYY (SEQ ID NO: 86),

an HCDR2 having the amino acid sequence INPVDGDTNYNPSFQG (SEQ iD NO: 91) or
INPVDGDTRYSPSFQG (SEQ D NO: 100); and

an HCDRS having the amino acid sequence GGYTMD (SEQ 1D NO: 16), and optionally
further comprising:

an LCDR1 having the amino acid sequence SSQSLLHSNGYNY (SEQ ID NO: 89) or
SSQSLLHSNGYTY (SEQ ID NO: 92) or SSQSLLHSAGYNY (SEQ ID NOC: 108);

an LCDR2 having the amino acid sequence KVSNRLS (SEQ ID NOG: 53) or KVSNRFS (SEQ
D NO: 85); and
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an LCDR3 having the amino acid sequence NTHTPR (SEQ ID NO: ¢3).

5. The antibody molecule or antigen-binding portion according to either of claim 3 or
claim 4, comprising:

(@) the amino acid sequences GSGYTFTNYY (SEQ ID NO: 15 (HCDR1),
INPVYDGDTNYNPSFQG (SEGQ ID NO: 81) (HCDR2), GGYTMD (SEQ ID NO: 16) (HCDRS),
SSQSLLHSNGYTY (SEQ ID NO: 92) (LCDR1), KVSNRLS (SEQ ID NO: 53) (LCDR2) and
NTHTPR (SEQ ID NO: 83) (LCDRS3) [Clone A-D5}; or

(b} the amino acid sequences GSGYTFTNYY (SEQ D NO: 15) (HCDR1),
INPVYDGDTNYNPSFQG (SEQ ID NO: 81) (HCDR2), GGYTMD (SEQ ID NC: 18) (HCDR3),
SSQSLLHSNGYNY (SEQ D NO: 89) (LCDR1), KVSNRLS (SEQ ID NO: 53) (LCDR2) and
NTHTPR (SEQ ID NO: 93) (LCDR3) [Clone A-D5.4]; or

(cy the amino acid sequences GSGYSFTNYY (SEQ 1D NO: 88) (HCDRHY),
INPVDGDTRYSPSFQG (SEQ ID NO: 100) (HCDR2), GGYTMD (SEQ ID NO: 186) (HCDRS),
SSQSLLHSAGYNY (SEQ ID NO: 108) (LCDR1), KVSNRLS (SEQ 1D NO: 53) (LCDR2) and
NTHTPR (SEQ ID NO: 93) (LCDR3) [Clone A-D5.16}; or

(dy the amino acid sequences GSGYSFTNYY (SEQ ID NO: 88) (HCDRM),
INPVDGDTRYSPSFQG (SEQ ID NO: 100) (HCDR2}, GGYTMD (SEQ ID NC: 16) (HCDR3),
SSQSLLHSAGYNY (SEQ ID NO: 108) (LCDR1), KVSNRFS (SEQ ID NO: 85) (LCDR2) and
NTHTPR (SEQ ID NO: 93) (LCDR3) [Clone A-D5.16-Dij; or

(e) the amino acid sequences GSGYTFTNYY (SEQ ID NO: 15) (HCDR1),
INPVYDGDTNYNPSFQG (SEQ ID NO: 81) (HCDR2), GGYTMD (SEQ 1D NO: 18) (HCDR3),
SSQSLLHSNGYTY (SEQ ID NO: 92) (LCDR1), KVSNRFS (8EQ ID NO: 85) (LCDR2) and
NTHTPR (SEQ ID NO: 83) LCDR3) [Clone A-D5-Di].

6. The antibody molecule or antigen-binding portion according {o any preceding claim,
comprising one or more substitutions, deletions or inserlions which remove a post-
translational modification site, for example a glycosylation site, a deamination site, a

phosphorylation site or an isomerisation/fragmentation site.

7. The antibody molecule or antigen-binding portion according to any preceding claim,

which is human, humanized or chimeric.

8. The antibody molecule or antigen-binding portion according to any preceding claim,
comprising one or more human variable domain framework scaffolds into which the CDRs
have been inseried.
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g. The antibody molecule or antigen-binding portion according o any preceding claim,
comprising an IGHV5-51 human germiine scaffold into which the comrssponding HCDR

sequences have been inserted.

10. The antibody molecule or antigen-binding portion according to any of claims 2 {0 9,
comprising an IGKV2-28 human germline scaffold into which the corresponding LCDR

sequences have been inserted.

1. The antibody molecule or aniigen-binding portion according to any preceding claim,

comprising an immunologically inert consiant region.

12, The antibody molecule or antigen-binding portion according to any preceding claim,
which is a Fab fragmeni, a F(ab), fragment, an Fv fragment, a teframeric antibody, a
tetravalent antibody, a multispecific antibody (for example, a bivalent antibody), a single
domain antibody (for example, VaH or Vear, or a fragment of either), a monocional antibody

or a fusion proiein.

13. An immunoconjugate comprising the antibody molecule or antigen-binding portion

thereof as defined in any of claims 1 to 12 linked a therapeutic agent.

14. A nucleic acid molecule encoding the antibody molecule or aniigen-binding portion

thereof as defined in any of claims 1 to 12.

15. A vector comprising the nucleic acid molecule of claim 14.

16. A host cell comprising the nucleic acid molecule as defined claim 14 or the vector as

defined in claim 15.

17. A method of producing an anti-CD47 antibody and/or an antigen-binding portion
thereof, comprising culturing the host cell as defined in claim 16 under conditions that result
in expression and/or production of the antibody and/or the antigen-binding portion thereof,
and isolating the antibody and/or the antigen-binding portion thereof from the host cell or

culture.
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18. A pharmaceutical composition comprising the antibody molecule or antigen-binding
portion thereof as defined in any of claims 1 to 12, or the immunoconjugate as defined in
claim 13, or the nucieic acid molscule as defined in claim 14, or the vector as defined in claim
15.

19. A method for enhancing an immune response in a subject, comprising administering
an effective amount of the antibody molecule or antigen-binding portion thereof as defined
in any of claims 1 to 12, or the immunoconjugate as defined in claim 13, or the nucleic acid
molecule as defined in claim 14, or the vector as defined in claim 15, or the pharmaceutical

composition as defined in claim 18.

20. A method for freating or preventing cancer in a subject, comprising administering an
effective amount of the antibody molecule or antigen-binding portion thereof as defined in
any of claims 1 to 12, or the immunoconjugate as defined in claim 13, or the nucieic acid
molecule as defined in claim 14, or the vector as dsfined in claim 15, or the pharmaceutical
composition as defined in claim 18.

21. The method of claim 20, wherein the cancer is selected from the group consisting of:
pancreatic cancer, melanoma, breast cancer, lung cancer, bronchial cancer, colorectal
cancer, prostate cancer, stomach cancer, ovarian cancer, urinary bladder cancer, brain or
central nervous system cancer, peripheral nervous system cancer, esophageal cancer,
cervical cancer, uterine or endometrial cancer, cancer of the oral cavily or pharynx, liver
cancer, kidney cancer, testicular cancer, biliary tract cancer, small bowel or appendix cancer,
salivary gland cancer, thyroid giand cancer, adrenal gland cancer, osteosarcoma,

chondrosarcoma, and cancer of hematoiogical tissues.

22. An antibody molecule or antigen-binding portion thereof as defined in any of claims
1 1o 12, or the immunoconjugate as defined in claim 13, or the nucleic acid molecule as
defined in claim 14, or the vecior as defined in claim 15, or the pharmaceutical composition
as defined in claim 18, for use in the treatment of cancer.

23. The antibody molecule, or antigen-binding portion thereof, or the immunocenjugate,
or the nucleic acid molecule, or the vector for use according to claim 22, or the method of
freatment according to claims 20 or 21, wherein the antibody, antigen-binding portion thereof,

immunoconjugate, nucleic acid, vector or pharmaceutical composition is for separate,
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sequential or simuitaneous use in a combination combined with a second therapeutic agent,
for example an anti-cancer agent.

24. Use of an antibody molecule or antigen-binding portion thereof as defined in any of
claims 1 t0 12, or an immunoconjugate as defined in claim 13, or a nucleic acid molecule as
defined in claim 14, or a vector as defined in claim 15, or a pharmaceutical composition as

defined in claim 18, in the manufaciure of a medicament for the treatment of cancer,

25. A method for freating or preveniing an ischemia-reperfusion injury, an autoimmung
disease or an inflammaiory disease in a subject, comprising administering an sffective
amount of the antibody molecule or antigen-binding portion thereof as defined in any of
claims 1 to 12, or the immunoconjugate as defined in claim 13, or the nucleic acid molecule
as defined in claim 14, or the vector as defined in claim 15, or the pharmaceutical

composition as defined in claim 18.

26. The method of claim 25, whergin the autoimmune disease or inflammatory disease
is selected from the group consisting of: arthritis, muiltiple sclerosis, psoriasis, Crohn's
disease, inflammatory bowel disease, lupus, Grave's disease and Hashimoto’s thyroiditis,

and ankylosing spondylitis.

27. An antibody molecule or antigen-binding portion thereof as defined in any of claims
1 to 12, or the immunoconjugate as defined in claim 13, or the nucleic acid molecule as
defined in claim 14, or the vector as defined in claim 15, or the pharmaceutical composition
as defined in claim 18, for use in the freatment of an ischemia-reperfusion injury, an

autoimmune disease or an inflammatory disease.

28. Use of an antibody molecule or antigen-binding portion thereof as defined in any of
claims 1 {0 12, or an immunoconjugate as defined in claim 13, or a nucleic acid molecule as
defined in claim 14, or a vector as defined in claim 15, or a pharmaceutical composition as
defined in claim 18, in the manufacture of a medicament for the treatment of an ischemia-

reperfusion injury, an autoimmune disease or an inflammatory disease.

29 A method for treating or preventing a cardiovascular disease (such as coronary heart
disease or atherosclerosis) or a fibrotic disease in a subject, comprising administering an
effective amount of the antibody molecule or antigen-binding portion thereof as defined in

any of claims 1 to 12, or the immunoconjugate as defined in claim 13, or the nucleic acid

74



10

15

25

30

[9V]
]

WO 2019/034895 PCT/GB2018/052347

molecule as defined in claim 14, or the vector as dsfined in claim 15, or the pharmaceutical
composition as defined in claim 18.

30. The method of claim 29, wherein the fibrotic disease is selscted from the group
consisting of myocardial infarction, angina, ostecarthritis, puimonary fibrosis, cystic fibrosis,

bronchitis and asthma.

31 An antibody molecule or antigen-binding portion thereof as defined in any of claims
1 to 12, or the immunoconjugate as defined in claim 13, or the nucleic acid molecule as
defined in claim 14, or the vecior as defined in claim 15, or the pharmaceutical composition
as defined in claim 18, for use in the treatment of a cardiovascular disease (such as coronary

heart disease or atherosclerosis) or a fibrotic disease.

32. Use of an antibody molecule or antigen-binding portion thereof as defined in any of
claims 1 10 12, or an immunoconjugate as defined in claim 13, or a nucleic acid molecule as
defined in claim 14, or a vector as defined in claim 15, or a pharmaceautical composition as
defined in claim 18, in the manufacture of 3 medicament for the treatment of a cardiovascular

disease (such as coronary heart disease or atherosclerosis) or a fibrotic disease.

33. A method of producing an antibody molecule which specifically binds to human CD47
and cynomolgus monkey CD47, and optionally also fo mouse CD47, or an antigen-binding
poriion thereof, comprising the steps of:

(1) grafting anti-CD47 CDRs from a non-human source intc a human v-domain framework
o produce a humanized anti-CD47 antibody moiecuie or antigen-binding portion thereof;
(2) generaling a phage library of clones of the humanized anti-CD47 antibody molecule or
antigen-binding portion thereof comprising one or more mutations in the CDRs;

(3) screening the phage library for binding to human CD47 and cynomolgus monkey CD47,
and optionally also to mouse CD47,;

(4) selecting clones from the screening step (3) having binding specificity to human CD47
and cynomolgus monkey CD47, and optionally alsc to mouse CD47; and

(5} producing an antibody molecule which specifically binds to human CD47 and cynomolgus
monkey CD47, and optionally alsc to mouse CD47, or an antigen-binding portion thereof

from clones selected from step (4).

34. The method according to claim 33, comprising a further step of producing additional

clonas based on the clones selected in step (4), for example based on further exploratory
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mutagenesis at specific positions in the CDRs of the cliones selected in siep (4), o enhance
humanization and/or minimise human T cell epitope content and/or improve manufacturing
properties in the antibody molecule or antigen-binding portion thersof produced in step (5).
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