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ANTI-IL-1beta ANTIBODIES AND METHODS OF USE
FIELD OF THE INVENTION

The present invention relates to anti-IL.-1beta antibodies and methods of using the
same.

BACKGROUND

Lymphokines like IL-1 are of multicellular origin, and through their multifaceted
regulatory actions they affect a variety of different target cells during host response
to infections. IL-1 at the site of inflammation activates lymphocytes, granulocytes,
and fibroblasts. Moreover, IL-1 also may act as mediator of the acute-phase
response, promote catabolism of structural protein and matrix and regulate the

febrile response.

Two proteins that share human Interleukin-1 (IL-1) activity but are structurally
distinct molecules have been identified. These proteins, termed IL-1alpha and IL-
1beta, compete with one another for binding to IL-1 receptors and mediate similar
biological activities. Both molecules are synthesized as large precursors (MW
about 30,000 Da) that are processed to smaller biologically active forms (MW
about 17,500 Da). However, they are encoded by two distinct complementary
DNAs, show only a 26 % amino acid homology, and have pI's (isoelectric pH's) of
5 and 7, respectively.

In US 4,935,343 monoclonal antibodies which bind to IL-1beta and do not bind to
IL-1lalpha (see also Kenney et al., J. Immunol. 138 (1987) 4236-4242). The

antibodies bind to IL-1beta and block receptor binding to, and biological activity
of, IL-1beta.

WO 2004/067568 reports human IL-1beta antagonists.
SUMMARY

The disclosure provides anti-IL-1beta antibodies and methods of using the same. In
specific embodiments the antibody is a humanized antibody. In some of the
humanized antibodies degradation hotspots have been removed to ensure
improvements in developability of the antibody for large-scale production.
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As reported hereln is an isolated antibody that binds to human and cynomolgus IL-
Ibeta, wherein the antibody is a humanized variant of a murine antibody whereby
the murine antibody comprises a heavy chain variable domain of SEQ ID NO: 01
and a light chain variable domain of SEQ ID NO: 02.

As reported herein is a humanized antibody that specifically binds to human and
cynomolgus IL-1beta, wherein the humanized antibody comprises (a) a HVR-H1
comprising the amino acid sequence of SEQ ID NO: 18, (b) a HVR-H2 comprising
the amino acid sequence of SEQ ID NO: 20, and (¢) a HVR-H3 comprising the
amino acid sequence of SEQ ID NO: 21,

As reported herein is a humanized antibody that specifically binds to human and
cynomolgus IL-1beta, wherein the humanized antibody comprises (a) a HVR-H1
comprising the amino acid sequence of SEQ ID NO: 25, (b) a HVR-H2 comprising
the amino acid sequence of SEQ ID NO: 27, and (c) a HVR-H3 comprising the
amino acid sequence of SEQ ID NO: 28.

As reported herein is a humanized antibody that specifically binds to human and
cynomolgus IL-1beta, wherein the humanized antibody comprises (a) a HVR-HI
comprising the amino acid sequence of SEQ ID NO: 32, (b) a HVR-H2 comprising
the amino acid sequence of SEQ ID NO: 34, and (¢) a HVR-H3 comprising the
amino acid sequence of SEQ ID NO: 35.

In one embodiment the humanized antibody further comprises (a) a HVR-L1
comprising the amino acid sequence of SEQ ID NO: 15; (b) a HVR-L2 comprising
the amino acid sequence of SEQ ID NO: 16; and (¢) HVR-L3 comprising the
amino acid sequence of SEQ ID NO: 17.

In one embodiment the humanized antibody further comprises in the heavy chain
variable domain at position 48 an isoleucine amino acid residue, at position 67 an
alanine amino acid residue, at position 69 a phenylalanine amino acid residue and
at position 93 a valine amino acid residue and comprising in the light chain
variable domain at position 36 the amino acid residue serine (numbering according
to Kabat).

In one embodiment the humanized antibody comprises (a) a VH sequence having at
least 95 % sequence identity to the amino acid sequence of SEQ ID NO: 04, (b) a

VL sequence having at least 95 % sequence
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identity to the amino acid sequence of SEQ ID NO: 06, or (¢) a VH sequence as in
(a) and a VL sequence as in (b).

In one preferred embodiment the humanized antibody comprises a VH sequence of

SEQ ID NO: 04 and a VL sequence of SEQ ID NO: 06.

One aspect as reported herein is a humanized antibody that specifically binds to

human and cynomolgus IL-1beta, wherein the humanized antibody comprises (a) a

HVR-HI1 comprising the amino acid sequence of SEQ ID NO: 25, (b) a HVR-H2
comprising the amino acid sequence of SEQ ID NO: 26, (¢) a HVR-H3 comprising
the amino acid sequence of SEQ ID NO: 28, (d) a HVR-L1 comprising the amino
acid sequence of SEQ ID NO: 15, (¢) a HVR-L2 comprising the amino acid
sequence of SEQ ID NO: 16, and (f) HVR-L3 comprising the amino acid sequence
of SEQ IDNO: 17,

wherein in the heavy chain variable domain at position 48 is an isoleucine amino
acid residue, at position 52a is a serine amino acid residue, at position 67 is an
alanine amino acid residue, at position 69 is a phenylalanine amino acid residue, at
position 71 is a valine amino acid residue and at position 93 is a valine amino acid

residue, and

wherein in the light chain variable domain at position 36 is a serine the amino acid

residue, wherein all numbering are according to the Kabat numbering system,

and wherein the antibody comprises a VH amino acid sequence having at least 95

% amino acid sequence identity to the amino acid sequence of SEQ ID NO: 04; and

a VL amino acid sequence having at least 95 % sequence identity to the amino acid

sequence of SEQ ID NO: 06.

In one embodiment ‘the humanized antibody is of the human subclass [gG1 or the

human subclass IgG4.

In one embodiment the humanized antibody is of the human subclass IgG1 with a

kappa light chain.
In one embodiment the humanized antibody is a monoclonal antibody.

As reported herein is an antibody comprising a VH sequence of SEQ ID NO: 04

and a VL sequence of SEQ ID NO: 06.
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In one embodiment the antibody is a bispecific antibody.

In one embodiment the humanized antibody specifically binds to human IL-1beta
but does not bind to human IL-1alpha.

In one embodiment the humanized antibody blocks the biclogical activity of human
IL-1beta by inhibiting the binding of human IL-1beta to human [L-1 receptors.

In one embodiment the humanized antibody as reported herein specifically binds to
two determinant sites on or close to the receptor binding site of IL-1beta.

In one preferred embodiment the humanized antibody as reported herein blocks the
interaction of IL-1R1 and IL-1RAcP with IL-1beta.

In one preferred embodiment the humanized antibody as reported herein blocks the
formation of the IL-1 beta signaling complex at the first step of its assembly (i.e. it
blocks the association of TL-1 beta and the IL-1R1).

As reported herein is an (isolated) nucleic acid encoding the antibody as reported

herein.
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As reported herein is a host cell comprising the nucleic acid as reported herein.

As reported herein is a method of producing an antibody as reported herein
comprising culturing the host cell as reported herein to produce the antibody and
recovering the antibody from the host cell or the cultivation medium.

One aspect as reported herein is a pharmaceutical formulation comprising an
antibody as reported herein and optionally a pharmaceutically acceptable carrier.

In one embodiment the pharmaceutical formulation further comprises an additional
therapeutic agent. In one embodiment the additional therapeutic agent is an anti-
ANG2 antibody or an anti-VEGF antibody.

As reported herein is the antibody as reported herein for use as a medicament. One
aspect as reported herein is the humanized antibody as reported herein for use as a

medicament.

As reported herein is the antibody as reported herein for use in treating on ocular

vascular disease, preferably for use in treating macular degeneration.

The antibody as reported herein for use in inhibiting the interaction. between
IL-~1beta and the TL-1 receptors [ and II.

As reported herein is the use of the antibody as reported herein in the manufacture
of a medicament. One aspect as reported herein is the use of the humanized
antibody as reported herein in the: manufacture of a medicament.

In one embodiment the medicamient 1§ for the treatment of an ocular vascular

disease, preferably for the treatment of macular degeneration.

In one embodiment the medicament is for inhibiting the interaction between

IL-~1beta and the IL-1 receptors [ and II.

As reported herein is a method of treating an individual having on ocular vascular
discase, preferably macular degeneration, comprising administering to the

individual an effective amount of the antibody as reported herein.

As reported herein is a method of inhibiting the interaction between IL-1beta and
the IL-1 receptors I and Il in an individual comprising administering to the
individual an effective amount of the antibody as reported herein to inhibiting the
interaction between IL-1beta and the IL-1 receptors I and II.
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Patent Claims

1. A humanized antibody that specifically binds to human and cynomolgus
IL-1beta, wherein the humanized antibody comprises {(a) a HVR-HI
comprising the amino acid sequence of SEQ ID NO: 25, (b} a HVR-H2
comprising the amino acid sequence of SEQ ID NO: 26, (¢) a HVR-H3
comprising the amino acid sequence of SEQ ID NO: 28, (d) a HVR-L1
comprising the amino acid sequence of SEQ ID NO: 15, (e) a HVR-L2
comprising the amino acid sequence of SEQ ID NO: 16, and (f) HVR-L.3
comprising the amino acid sequence of SEQ ID NO: 17,

wherein in the heavy chain variable domain at position 48 is an isoleucine
amino acid residue, at position 52a is a serine amino acid residue, at
position 67 is an alanine amino acid residue, at position 69 is a
phenylalanine amino acid residue, at position 71 is a valine amino acid

residue and at position 93 is a valine amino acid residue, and

wherein in the light chain variable domain at position 36 is a serine the
amino acid residue, wherein all numbering are according to the Kabat

numbering system,

and wherein the antibody comprises a VH amino acid sequence having at least
95 % amino acid sequence identity to the amino acid sequence of SEQ ID
NO: 04; and a VL amino acid sequence having at least 95 % sequence
identity to the amino acid sequence of SEQ ID NO: 06.

2. The humanized antibody according to claim 1 comprising a VH amino
acid sequence of SEQ ID NO: 04 and a VL amino acid sequence of SEQ
ID NO: 06.

3. The humanized antibody according to claim 1 or 2 wherein the humanized

antibody is of the human subclass IgG1 or the human subclass IgG4.

4. The humanized antibody according to any one of claims 1 to 3, wherein

the antibody is a bispecific antibody.
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The antibody according to claim 4, wherein the bispecific antibody

comprises

a)  a first light chain and a first heavy chain of an antibody specifically
binding to a first antigen, and

b) a second light chain and a second heavy chain of an antibody

specifically binding to a second antigen, wherein the constant domains CL
and CH1 of the second light chain and the second heavy chain are
replaced by each other,

wherein either the first antigen or the second antigen is human IL-1beta.

The antibody according to claim 5, wherein the antibody is a bivalent
antibody.

The antibody according to claim 5 or 6 comprising CH3 domains that are
altered to increase the heterodimerization of both heavy chains containing
these two CH3 domains, wherein one CH3 domain comprises a T366W
mutation and the other CH3 domain comprises T366S, L368A, Y407V

mutations, wherein all numberings are according to the Kabat EU index.

The antibody according to claim 5 or 6 comprising CH3 domains that are
altered to increase the heterodimerization of both heavy chains containing
these two CH3 domains, wherein one CH3 domain comprises Y349C and
T366W mutations and the other CH3 domain comprises E356C, 13668,
L368A and Y407V mutations, wherein all numberings are according to
the Kabat EU index

The humanized antibody according to any one of claims 1 to 8, wherein
the humanized antibody blocks the biological activity of human IL-1beta
by inhibiting the binding of human IL-1beta to the human IL-1 receptors.

A pharmaceutical formulation comprising an antibody according to any
one of claims 1 to 9 and optionally a pharmaceutically acceptable carrier.

The pharmaceutical formulation according to claim 10, further comprising
an additional therapeutic agent selected from an anti-ANG2 antibody and
an anti-VEGF antibody.
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The humanized antibody according to any one of claims 1 to 9 for use as a
medicament.

Use of the humanized antibody according to any one of claims 1 to 9 in

the manufacture of a medicament.

The use according to claim 13, wherein the medicament is for the
treatment of an ocular vascular disease, preferably for the treatment of
macular degeneration.

The use according to claim 13 or 14, wherein the medicament is for
inhibiting the interaction between IL-1beta and the IL-1 receptors I and IL.



