IL-1p Neutralizing Human Monoclonal Antibodies

Technical Field
The present invention relates to antigen binding proteins
and in particular to IL-1B antigen binding proteins. More
specifically, the present invention relates to sequences of the
binding proteins and the heavy and light chains. Compositions
comprising the antigen binding proteins, use of the antigen

binding proteins and methods for production are also provided.

Background

Interleukin-1 beta (IL-1f) is a member of the Interleukin-1
cytokine family and is an important mediator of the inflammatory
response. It is a pro-inflammatory cytokine and is involved in
the proliferation, differentiation and apoptesis of cells.

Overexpression of IL-13 has been implicated in a number of
inflammatory and autoimmune diseases such as cryopyrin-associated
pericdic syndromes and related disorders, diabetes, Crohn’s
disease, rheumatoid arthritis, renal cell carcinoma, gout and
inflammatory acne.

it is an aim of the present invention to provide antigen
binding proteins specific to IL-1p that are able to neutralize
the activity of IL-1f to prevent or treat diseases associated
with heightened IL-1p production.

To date, three biologicals targeting the IL-1p signalling
pathway have been approved for clinical use: anakinra (an IL-1
receptor antagonist), rilonacept (a fusion protein comprising the
IL-1 receptor 1) and canakinumab (a moncoclonal antibody).

In addition to the three approved IL-1 blockers mentioned
above, the humanized monoclonal antibody XOMA-052 (gevokizumab)
is currently in c¢linical development. Each molecule exhibits
unigque mechanisms of action and displays different cross-

reactivity and pharmacclogical profile.



Summary

According to a first aspect, there is provided isolated IL-1R
specific antigen binding protein comprises the following binding
units: (i) a binding unit Ll comprising Kabat residues 24-33 of SEQ
ID NO: 15 or 16; (ii) a binding unit L2 c¢omprising Kabat residues
49-55 of SEQ ID NO: 15 or 16; (iii} a binding unit L3 comprising
Kabat residues 88-96 of SEQ ID NO: 15 or 16; {(iv) a binding unit H1
comprising Kabat residues 31-35 of SEQ ID NO: 14;(v) a binding unit
H2 comprising Kabat residues 50-65 of SEQ ID NO: 14; and (vi) a
binding unit H3 comprising Kabat residues 98-108 cof SEQ ID NO: 14.

Also disclosed is an isolated IL-1p specific antigen binding
protein comprising one or more binding units selected from the group
consisting of the following binding units:

{i) & binding unit L1 comprising Kabat residues 23-35 of SEQ ID NO:
3 or Kabat residues 24-33 of SEQ ID NO: 4, 15 or 16, or a variant
thereof which contains at least one amino acid substitution,
insertion or deletion in the binding unit Li1;

{il) a binding unit L2 comprising Kabat residues 51-57 of SEQ ID NO:
3 or Kabat residues 49-55 of SEQ ID NO: 4, 15 or 16, or a variant
thereof which contains at least one amino acid substitution,
insertion or deletion in the binding unit L2;

{iii) a binding unit L3 comprising Kabat residues 92-102 of SEQ ID
NO: 3 or Kabat residues 88-96 of SEQ ID NO: 4, 15 or 16, or a
variant thereof which contains at least one amino acid substitution,
insertion or deletion in the binding unit L3;

{iv) a binding unit H1l comprising Kabat residues 31-35 of SEQ ID NO:
1 or Kabat residues 31-35 of SEQ ID NO: 2 or 14, or a variant
thereof which c¢ontaing at least one amino acid substitution,
insertion or deletion in the binding unit H1;

{v) a binding unit H2 comprising Xabat residues 50-66 of SEQ ID NO:
1 or Kabat residues 50-65 of SEQ ID NO: 2 or 14, or a variant
thereof which contains at least one amino acid sgubstitution,
insertion or deleticon in the binding unit H2; and

(vi) a binding unit H3 comprising Kabat residues 99-114 of SEQ ID
NO: 1 or Kabat residues 98-108 of SEQ ID NO: 2 or 14, or a variant
thereof which contains at least one amino acid substitution,
ingertion or deletion in the binding unit H3.

Also provided herein is an isolated, IL-1p specific antigen
binding protein that neutralizes IL-1f in a cell stimulation assay
at an IC50 wvalue of less than 20nM, less than 15nM, less than 10 nM,
less than 5nM, less than 3nM, less than 1nM, less than 0.5nM or less
than 0.2nM.



Also provided herein is an isolated IL-1f specific antigen
binding protein that inhibits IL-1p induced IL-6 production in a
cell inhibkition assay at an IC50 value of less than 20nM, less
than 15nM, less than 10 nM, less than 5nM, less than 4nM, less
than 3nM, less than 1nM, less than 0.5nM or less than 0.4nM.

Also provided herein is an isolated, IL-1B specific antigen
binding protein that binds IL-1f with a Kp value of less than
10nM, legs than 5nM, less than 2nM, less than 1nM, less than
0.5nM, or less than 0.1nM.

Also provided herein is an isolated, IL-1B specific antigen
binding protein that neutralizes human IL-1B at an IC50 value of
from 1pM to 100pM.

Also provided herein is an isolated, IL-1p specific antigen
binding protein that neutralizes murine IL-1B at an IC50 value of
from 100pM to 1000pM.

Also provided herein is an isolated, IL-1p specific antigen
binding protein wherein said binding protein has an affinity (KD)
to human IL-1$ of from 1pM to 100pM.

Also provided herein is an isolated, IL-1B specific antigen
binding protein wherein said binding protein has an affinity (XD)
to murine IL-18 of from 5pM to 200pM.

Also provided herein is an isolated antigen binding protein
of any one of the preceding claims, for use in treating cancer,
an inflammatory disease or an autoimmune disease selected from
the group consisting of arthritis, inflammateory bowel disease,
Crohn's disease, rheumatoid arthritis, gout, diabetes, uveitis,
cryopyrin-associated periodic syndromes and inflammatory acne.

According to a further aspect, there is provided a use of
the isolated antigen binding protein as defined above, in the
preparation of a medicament <for the treatment of cancer, an



inflammatory disease or an autoimmune disease selected from the
group consisting of arthritis, inflammatory bowel disease,
Crohn's disease, rheumatoid arthritis, gout, diabetes, uveitis,
cryopyrin-associated periodic syndromes and inflammatory acne.
According to an yet another aspect, there is provided a

composition comprising the antigen binding protein as defined
above and a pharmaceutically acceptable carrier.

According to a further aspect, there 1is provided an
isolated cell 1ine that is capable of producing the antigen
binding protein as defined above.

According to one aspect, there is provided an isolated
nucleic acid molecule comprising or consisting of sequences
selected from SEQ ID NO:1 or SEQ ID NO:2 or 14, or fra_gments
thereof.

According to a yet another aspect, there is provided an
igsolated nucleic acid mwmolecule comprising or consisting of
sequences selected from SEQ ID NO:3 or SEQ ID NO:4, 15 or 16, or
fragments thereof.

According to a further aspect, there is provided a vector
comprising the nucleic acid molecule as defined above.

According to one aspect; there 1s provided a host cell
comprising the nucleic acid molecule as defined above.

According to a another aspect, there is provided a host
cell comprising the vector as defined above.

According to an yet another aspect, there is provided =a
method of preoducing an antigen binding protein as defined above,
comprising culturing the host <c¢cell as defined above under
suitable conditions and recovering said protein therefrom.

According to one example, there is provided a method of
treating cancer, an inflammatory disease or an autoimmune disease
selected from the group consisting of arthritis, inflammatory
bowel disease, Crohn's disease, rheumatoid arthritis, gout,
diabetes, uveitis, c¢ryopyrin-associated periodic syndromes and
inflammatory acne, wherein the igolated antigen binding protein
as defined above is administered to a subject.
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) .,,D.efini'ti ons _
The following words and terms used herein shall have the
meaning indicated:. _ o

The term “antigen binding protein” as used herein ref_ers.: to
antibodies, antibody.fragments and other protein constructs, such
as domains, which are capable of binding to IL-.'lE;_

The term “antibody”- as used herein in the broadest sense to
refer to molecules :Wwith &an immonoglobulin~like domain and
includes 'monoclonal_v, recombinant, polyclonal, .chimeric,
humanised,  bispecific, ‘multispecific and ﬁeteroconjugate
antibodies; a single variable domain, a domain'antibbdsr, antigen
binding fragments; immunclogically effective fragments, single
chain Fv, diabodies, Tandabs™, etc (for a sumrdary of altéfnative
“antibody” formats see Holliger and Hudson, Nature Biotechnology,
2005, Vol 23, No. 9, 1126-1136). o

The phrase “single. ?far‘i'able" défn;iﬁ" refers\ to an -antiqe'n‘
"'Ibinciing‘ protein variable domain (for example, Vi, 'VHH;. Vi) -that
.spéc:ific'ally | binds an .antigeni or epitope independently of a
'difflerentr variable nregio'n or _domai.h,._k A ) - ‘

- A.“domain antibody” or “dib” may be considered the same as
a “single ,variabl,e domain” which is capable of binding to an
- antigen. A- sgingle variable domain may be a human antibody "
variable domain, but also inciudes_ single antibody variable
domains from other species such as rodent (for example, as
disclosed in WO 00/29004), nurse shark and Camelid Vi dAbs.
-Camelid Vyy are immunoglobulin single variable domain éolypeptides_
that are derived from species including camel, llama, alpaca,
dromedary, and guanaco, which produce heavy chain- antibodies
naturally devoid of light chains. Such Viz domains may be
humanised according to standard techniques available in the art,
and such domains are considered to be “domidin antibodies”. As

used herein Vy includes camelid Vg domains.
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AQ used herein the term “domain” refers to a folded protein
structure which has tertiary struct_uré independent of the rest of
the pfégé‘i}{.‘_"f “Generally, domains” are responsible for discrete
functional =properties .of proteins, and in many cases may be
added, removed or tfansfgrred to other proteins without loss of’
function of the remainder of the protein and/or of the domain. A
“single variable domain” is a folded ' polypeptide domain
comprising sequences characteristic of antibody variable domains.
It therefore includes complete antibody va'riable .dorhains‘ and
modified variable domains, for example, in which one or more
loopsl ~have  been replaced by sequencés which are not
charact.eristic'of antibody variable domains, or'a'ntibody variable
domains which have been .truncated oxr comprise N- or C-terminal
extensions, as well as folded.fragments of variable ‘domains which
retain at least the binding activity and specificity of the full-
.length’ domain. A  domain can bind an  antigen or e’i:itope_z‘
independently cof a different_ variable region or domain.

An antigen binding frvagment may be provided by means of
arrangement of one or more CDRs on non-antibody -protein scaffolds
such as a domain. The domain may be a domain antibody or may be a
domain which is a derivative of a '‘scaffold selected from the
group cc_msis;:.ing' of 'CTLA-4 (EViEocﬁy); lipocalin; ' Protein A
derived molecules such as Z-démain‘ of Protein A (Affii;é'c:iii, ‘SpA] ,
A-domain (Avimer/Maxibody); Heat shock ‘proteins such -as GroEl and
GroBES3; transferrin (trans-body); ankyrin repeat protein (DARPin} ;
peptide aptamer; C-type lectin domain ("j‘.‘etranectin); .human T
crystallin and human ubiguitin (affilins); PDZ domains; scorpion
toxinkunitz type domains of human protease inhibitors; and
fibronectin (adnectin); which has been subjected to protein
engineering in order to ;'::bt-ain binding to a ligand other than its
natural ligand. )

CTLA~4 (Cytotoxic T L.ymphocyte-associated Antigen 4} is a
Cp28-family receptor expressed on mainly CD4+ T-cells. Its

~extracellular domain has a variable domain-like’ Ig fold. Loops
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corresponding to CDRs of antibodies can be substituted with
h'eterolog'ous_ sequence to confer dif-ferent binding pfoperties.
CTLA-{ molecules 'en'gineered' to  have different binding
specificitieé are also ‘known as Evibodies. For further details
see Journal of Immunological Methods 248 (1-2), 31-45 (2001)
iipéézélihs ‘are 'a family of extracellular proteins which
transport small hydrophobic molecules .'such as steroids, bilins,
retinoids and lipids‘.' They have a ‘rigid p-sheet secondary
structure with a number of loops at the open end of the conical
structure which can be .engineered to bind to different target
antigéné Antlcal:x_ns are between 160 180 amlno acids in size, and
are derived from lipocalins. For further details see Biochim
Biophys Acta 1482: 337-350 (2000), US7250297B1 and US20070224633

An -affibody dis a scaffold derlved from Proteln A of.
Staphylococcus aureus Whlch can be englneered to bind to antigen.
The domaln consists of a three—hel:.cal bundle of -approximately 58
amino acids. Libraries have been generated by randomisation of -
surface residues. For further details see Protein Eng. Des. Sel.
© 17, 455-462 (2004) and EP1641818A1 . .

Avmmers are multidomain proteins derived from the A- domaln
s;caffold family. The native domains of approximately 35 amino
acids adopt a defined disulphide bonded structure. Diversity is
generated by shuffling of the natural variation exhibited by the
family of A-domains. For further details see Nature.Biothechnology
23(12), 1556 - 1561 {2005) and Expert Oplnlon on Investlgatlonal
Drugs 16(6), 909-917 (June 2007) _

A transferrin is a monomeric serum transport glycoprotein.
Tran—sferri}xs can be engineered to bind different target antigens
by insertion of peptide sequences in a permissive surface loop.
Examples ©of engineered transferrin scaffolds include the Trans-
body. For £urther details see J. Biol. Chem 274, 24066-24073
(19997 . -

Designed Ankyrin Repeat Proteins (DARPins) are derived from

Apkyrin which is a family of proteins that mediate attachment of
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integral membrané proteins to the cytoskeleton. A single ankyrin
repeat is a 33 residue motif copsisting of two a-helices and a §-
turn. Théy can be enqineeredlto bind different taiget antigens by
randomising r.es.{dues in the first o©-helix and a B-turn of each
repeat. Their binding interface can be .increased, by increasing
the number of modules (a method of affinity maturation) . E‘oi:
further details see J. Mol. Biol. 332, 489-503 (2003), PNAS
100(4), 1700-1705 (2003) and J. Mol. Biol. 369, 1015-1028 (2007)
"and US20040132028A1. ' o }_

Fibronectin is a scaffold which can be engineered to bind
to éntigen.- Adnectins consists of a backbone--of the na*a;ura_l amino
acid sequence of the 10th domain of the 15 repeating units of -
‘human fibronectin type III (FN3). Three loopé at one end of the
B-sandwich can "be engineered  to - enable : an . Adnectin to
spe&:ifically recognize a therapeutic target of interest. For
further details see Protein Eng. Des. Sel. 18, -435-444 (2005),
U520680139791, W02005056764 and US_éSlBAlBBl. '

Peptide’ épt_amers‘ are combinatorial .fecognition molecules
that consist of a constant scaffold p.z-:otein, tybical‘ly
thioredoxin. (TrxAa) which contains a constrained variable peptide
loop inserted at the active site. For further details .see Expert
Opin. Biol. Ther.5, 783~797 (2005).

Micrcbodies are - derived = from naturally occurring
microproteins of 25~5.0 amino acids in length which: contain 3-4
cystaine bridges - examples of microproteins include KalataBl and
conotoxin and knottins. The microproteins have a lcop which can
be ehgineered to include up to "25 amino acids wiﬁhout affecting
the overall fold of: the microprotein. For further details‘ of
engineered knottin domains, see WO2008098796..

Other binding domains include proteins which have been used
as @& scaffold to enginser different rtarget" antigen binding
properties in-clude human y-crystallin and human ubiquitin
(affilins), kunitz type domains 'of human protease inhibitors,

PDZ-domains of the Ras-binding protein AF-6, scorpion toxins



WO 2013/122544 PCT/SG2013/000057

(charybdotox:.n), C~-type lectin domain {tetranectins) are reviewed
in Chapter 7 -~ Non- Antibody Scaffolds from Handbock of
';I'he-rapeutic Anﬁibod‘ie’s (2007, edited by Stefan Dubel) and Protein -
Science. 15:;.1'4—-’2"7 {(2006) . Binding dgmains _olf the present invention
could Ee derived from any of these alternative protein domains._r
'~An antigen binding fragment or an inu'nunologically effective
" fragment may comprise partial heavy or 1light chain variable
seqﬁences. Fragments are .at least 5, 6, 8 or 10 amino acids in
“length. Alternatively the fragments are at’ least 15, at least 20,
at least 50, at least 75, or at least 100 amino acids in 1ength-

The {term “neut'rala.ses as used throughout the present
_ specification means that the bioclogical activity of IL-1f is
reduced in the "presencé of an antigen- binding protein as
described herein 1n companson to the activity of IL-1p in the
absence of the antigen binding prote:m,- in vitro or in v.1vo.
Neutrallsatlon ‘may be due to.one or more of blocking IL=1B
hinding to its receptor, preventlng IL-1f from activating its
V-rece'ptor, down. regulating IL-18 or lt$ receptor, or affecting"
effector functionality. ‘ ‘

~ The reduction or inphibition in i:iological activity may be
partial' or- total. Alneu'tralising antigen binding pfotein may
neutralise the hc’civiﬁy of IL-1p by at least 20%, 30% 40%, 50%,
‘55%, 60%, 65%, 70%; 75%, Sb%, 82%, B4%, B6%, 88%, 90%, 92%, 94%,..
95%, 96%, 97%, 98%, 99% or 100% relative to IL-1P activity in the
absence of the antigen binding protein.

‘Neﬁtra_ll.i'sation may be determined or measured using one or
moré asséys known to the ski‘lled person or as describe_d herein.
For example, antigen binding protein binding to IL~1B can bhe
assessed in a sandwich ELISA, by BIAcore™, F¥FMAT, FORTEbio, or
" similar in wvitro assays, but also in cell-based functional
assays. . |

“CDRs” are defined as +the complementarity defermininq
region amino acid sequénces of an ahtiéen binding protein. These
are the 'hyp_ervariable regions of immunoglobulin heavy and light

chains. There are three heavy chain_and three light chain CPRs—
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{or CDR regions) in the variable jpoftion cf an immunoglobulin.
'I‘hus, “CDRs" as used herein refers to all three heavy chain CDRs,
all three light chain CDRs, all heavy and light chain CDRs, or at
least two CDRs.

Threughout this specification, amino ac1d residues .in
varlable domain segquences and full length antibody sequences are
numbered according . to the Kabat numberlng conventlon. Similarly,
the terms “CDR”, “CDRL1”, “CDRL2”, “CDRL3”, “CDRH1”, “CDRH2",
“CDRH3” wused in the Examples follow the Xabat numberingl
convention; For further information, see Kabat et él;, Sequences
-of Prote1ns of Immunologlcal Interest, 4th Ed., U:S. Department
of Healtn and Human Services, National Institutes of Health
(1987) . | N

It W111 be apparent to those gskilled in the. artthat there
are.alternative num.berlng conventions for amino ‘acid res:.dues in-
variable domain sequences and full length antlbody' sequences.
There .are alsoc alternative numbering conventions for CDR
sequences, for éxamp;e those set out in Chothia et al. (1989)
Nature 34%: 877-883. The structure and protein ‘f'olding -of the
antlbody may mean that other residues are considered part of the
CDR' sequence and would be understood. to be so0 by a skilled
person. ' o A

" : Other ggmberiqg‘conventions for CDR sequences available. to
a skilled person include “AbM” (University of Bath) and_“contabt”
{University Collegé London) methods. The minimum overlapping
region using at least tﬁo of the Kabat, Chothia, AbM and contact
methods can be determined to provide the “minimum binding unit”.
The minimum binding unit may be-a sub-portion of a CDR.

The <able bélow' répresents one definition wusing each
numbering convention for each CDR of binding unit. The Kabat
numberlng scheme is used in Table 1.to number the variable domaln
amino -acid sequence. It should be noted that .some  of the CDR
definitions> may vary depending on <the individual - publlcatlon

used.

10
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Kzbat CDR TChothia AbM CDR Contact CDR | Minimum-
_CDR binding
unit
Bl |31~ 26— 26— T30- 31-32
¥ "V'3s/35n/35B | 32/33/34 |35/35A/35B | 35/35a/35B
H2 50-65 52-56 50-58 47-58 52-56
K3 895-102 95-102 1 85-102 93~101 l 85-101
L1 | 24-38 24-34 24-34 30-36 30-34
12 [50-56 50-56 50-56 16-55 50-55
L3 89-~97. 89-97 1 85-87 B9-96 89-96
For nucleotide and amino acid sequences, the term
“_identical"_ or ‘“seguence identity” indicates the degree of

identity between two nucleic acid or two amino acid sequences
when optimally aligned and compared with appropriate insertions
or deletions. - S

The percent identity betwesen ‘two seguences is a function of
the number of identical positions shared by the sequences (i.e.,
% idantity = "number of identical ﬁésitions/total number of
.positiohs times 100), takiﬁg into éécount the number of gaps, and
the length of each gap, which need to be i’nfrc;duced for optima‘ll"‘
alignment -of the two segquences. The coml:iérison of sequences. and
determination of percent identity between two sSequences can be
accomplished using a mathematical algorithm, as described below.

The percent identity between two nuclectide sequences can
be determined using the GAP program in the GCG software package,
using a NWSgapdna.CMP matrix and a-,gap weight of' 40, 50, ‘60, 70,
or 80 and a length weight of 1, 2, 3, 4, 5, or 6, The peréen’c
identity between two nucleotide or aminoe acid sequences can also
be determined using the algorithm of E. Me&ers and W. Miller
4:11-17  (1988)) which
incorporated into the ALIGN program (version 2.0), using a PAMI120

(Comput. Appl. _ Biosci.,

has been

weight residwe table, a gap length penalty of 12 and a gap

11
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penalty of 4. In addition, the percent identity between.two amino
acid seguences can be determined using’theﬁNEedleman and Wunsch
(J. Mol. Biol. 48 444~ -453 (1970)) -algorithm which has been
1ncorp0rated 1nto the GAP progranl 1n the GCG- software package,'
=usmg elther a Blossum 62 matrlx or a PAMZSO matrix, and a. gap
‘welght of 16, 14 12, ;0,-&; ﬁr-Or,4aand,azlengthmweight:ef.i,72,'
3, 4,5 0r6. -0 S , .
' 'J\By way o©of example, a - polynﬁcleotide' sequence may .be
iden:tz".cal to a reference polynucleotide sequence as described
herein (see for example SEQ ID WO: X), that'is be 100% identical,
or it may include up ﬁo.a certain 4dinteger number of nucleotide-
alterations as emmmred to the  reference sequence, such as at
least 50, 60, 70, 75, 80, 85, 90, 95, 98, or 99% identical. Such
alterations are selected frem at least one nucleotide deletion,
substitution, including transition and transversion, - 5:
iﬁsertion, and wherein eaid alterations may occur at the 5' or 3
terminal positions of the reference nucleotide sequence or
anywhere between those -terminal px351tlons, interspersed. either
1ndlv1dually among tha nucleotldes in the reference sequence ‘or
in one or more contlguous groups within the reference sequence.
The number of nucleotxde alterations is determined by multlplylng
the total number of nucleotides in a .reference polynucleotlde'
sequence, -by the nume;xcal percent of the respective percent.
identiey (divided by 100) and subtracting that product from said
total number of nucleotides in the ' reférence polynucleotide
sequence as follows:
Ny £ X~ (Xa ® ¥),

wherein n, is the number of nucleotide alteratiqns, X, is the
total number ,of nucleotides in the reference polynucleotide
sequence-and ¥ is 0.50 for 50%, 0.60 for 60%’;0'70 for 70%, 0.75
for 75%, 0.80 for 80%, 0.85 for B5%, 0.90 for 9%0%, 0.9%5 for B55%,
0.98 for 98%, 0.99 for 99% or 1.00 for 100%, e is the symbol for

the multiplication operator, and wherein any non-integér product

-12
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of X, and y 1is rounded dc{::wn’to the lhearest. integer prior to
éubtracting it from =x,. _ _

"Similarly, a polypeptide sequence may bé identical to ‘a
polypeptide reference ‘ée:&;uenée," that is be 100% identical, or it
'-may include ﬁp.'t'o a, certain 1nteger number of amino ac'id
alteratlons as compared to the reference sequence such that the. % :
.':Aldentlty is 1ess than '100%, -such as at’ least 50 60, 70, 75, 80,
i._85, 90, ~9A5, 98, or 99% :,den,t,lcal. Such alterata.ons are selected ‘-
from t.he group conéisting of at least oneé amino acid deletion, .
.substitution, including conservative _ and. non-conservative
substitution, or insertion, and wherein said. alterations may
cccur at the amino- or carboxy-terminal positions of the
reference polypeptide seguence or anywherevbetween those terzﬁina’l
positions, interspersed either individually agﬁong, the amino acids
in tﬁé reference sequence or in one or.more '_cont_iguous groups
within the reference seguence, The number of- amino acid
‘alterations feor a given % identity is 7d;etermi‘ned By multiplying
the total number of amino acids in the prblypeptide sequence
encoded by the polypeptide re{erence- sequence by the ‘numerical
percent of the respective percent identi{:y (divided by 100} and
thele subtracting that product from said total. numbe:.j' of amino
acids in the polypeptide reference sequénce as follows:

7 Ny € Xa =~ (X5 @ ¥),

w.herein.na is the numbe;: of amin.o acid alterationé, X2 1is the
total-number of amino acids in the reference polypeptide sedquence
and v is, 0.50 for 50%, 0.60 for 60%, 0.70 for 70%; 0.75 for 75%,
0.80 for 80%, 0.85 for 85%, 0.90 for 90%, 0.95 for 95%, 0.98 for
98%, 0.99 for 99%, or 1.00 for 200%, e is the symbol for the
multiplication operator, and wherein any non—inﬁeger product. of
Xa and -y 1s rounded down to the nearest integer prior to
subt'racting it from x,. The % identity may be determined across
the length of the sequence.

The term ‘“specifically binds” as ‘useld throughout "r.he

present specification in relation to antigen binding proteins

13
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means that the antigen binding protein binds to a target epitope
on IL-1B with a greater affinity than. that wh;ich results when
~bound teo a non-target epitope. In certain embodiments, specific
'bindi'ng refers to binding to a target with an affipity that is at
least. 10, 50, 100, 250, 500, ox 1000 times _greater than the
.afflnlty for a non~target epltope. For example, blndlng afflnlty
may be as measured by routine methods, e. g+ by competltlon ELISA
“or by measurement of Kd with BIACORE"" KINEXA™ or PROTEON™. )
The term- “IC50”"  as used hérein . means the m'olér
concentration of a substance (antagonist) that . reduces the
efficﬁacif of a reference ageonist or the constitutive activitgy of a
biological target by 50% of an antagonist curve (Top-Bottom) for
a partiéular test substance. ) -
The term -“Ecsd-"‘ as. used :herein means the molar
cor;centrati..p‘ryof a substance {agonist) that induces a ;esponse by
50% of the maximal effect of a dose-response curve. |
Throughout this- specification, amino acid residues in
variable domain seguences and full length antibody sequences are
numbered according to the Kabat numbering convention. For further
. information, see Kabat . et al., Sequences of Proteins of
Immunoldgical Interest, 4th Ed., U.S. Department -of. Health and
" Human Services, National Institutes of Health (1987). ,
It will be: apparent to those sk:_lled in the art that there
are alternatlve numbering convent:.ons for amino acid residues in
variable domain seguences and full length anta.body sequences.
There are also alternative number.jlng conventions for CDR
sequences, for example those set out in Chothia et al. (i989)
Nature 342: 877-883. The structure and protein folding of the’
antibody may mean that othexr residues’ are considered part of the'
CDR sequence and would be understood tc be so by a skilled
person. '
Other nunbering conventions for CDR sequences available to
a skilled. person include “AbM" (University of Bath) and “contact”
{University College London) methods. The minimum overlapping
region—using—at—ieast two of the K&bat, Chothia, AbM and contact
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methods can be determined to provide the “minimum binding unit”.
The minimum binding unit méy be a sub;p‘ortion ‘of a CDR.

. "T'he' 'term""phaz-:ma'ceuticall.y écceptab_le carrier" is intended
tdAinélude so}venﬁé{ dispersion rmadiaT coatings, -anti-bacterial
"~ and anti—fungai agents, isotonic'and'absorption delayiﬁg agenté,
“and - the like:_‘The use "of  such - medid ~ ard " agents for
:pharmaceuticaliy.”éctivé subsﬁancesa.is -we?l,.kﬁown ‘in the art.
_Except insofar as aﬁy conventional media ot agent is incompatible
with the compound, use thereof in the therapeutic compositions
ana methods of treatment and 'proﬁhylaxis is contémplated.
Sup;plemenfcary active compounds may also be incorporated into the -
compositions according to the present invention. It is'especially‘
édvantageous‘to formulate parepteral compositions in doéage unit
form for ease of-admiﬂistzatign.and uniformity of dosage.

Nucleic acid as used herein means any single or double-
stranded RNA or DNA molecule, such as mRNA, cDNA, and genomic
DNA. B o T

As used herein, the term “about", in the context of
_concentrations. of components of the formulations, typically means-
+{-‘5% of the stated value, more typically +/- 4% of the stated
value, . more typically +/~ 3% of the stated value, more typicélly,
+/; 2% ofv' "Iché_ stated wvaluwe, even more typically +/- 1% of the
stated value, and even more typically +/- 0.5%‘of the stated
value.

Throughout this disclosure, certain embodiments may be
disclosed in'a_rangg ‘format. It should be understood that - the
description in-rangé format is merely for convenience and brevity
and should not be construed as an inflexible limitation on the
scope of the disclosed ranges..Aécoraingly, the description of a
range should be considered to have specifically disclosed all the
possible sub-ranges as well as individual numerical values within
that range. For example, description of a range such as from 1 to
6 should be considered to have specifically disclosed sub-~ranges

such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from
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that range, for example, 1, 2, 3, 4, 5, and 6. This épplies
regardless of the breadth of the range.

' ﬁisclos__ure of Optional Embodiments .

Ex-emplé_ry,.non—l-imiting embo«_:i.i..ments‘ of an _isolatéd I-L—l.ﬂ
specific antigen binding protein _v‘w_il_l now be disclosed. o

- In one gmbddiment “the :‘Ls'oléteci II.;-IB specific .antigen
binding pi‘otein comprises one or more binding units selected from
the group consisting of the following binding units: ' ‘
(i} a Dbinding unit L1 comprising Kabat residues 23-35 of SEQ ID
NO: 3 or Kabat residues 24533 of SEQ ID NO: 4, 15 or 16, or a
&{a;:_iant the:;gof which - contains at least- one a-min‘o acid
‘s'ubs'titution,b insertion or deletion in the binding unit L1;
{(ii) a binding unvit L2 comprising Xabat residues 51~57 of SEQ ID _
NO: 3 or Kabat résidues -48-55 of SEQ ID NO: 4, 15 or 16, 6r a
variant . thereof which contains at least onée amino écq’.d
substitution; insertion or deletion in the binding unit L2;
(iiiy a binding unit L3 comprising Kabat residues -92~102 of SEQ "~
ID NO: 3 or Kabat residues 88-96 of SEQ ID NO: 4, 15 or 16, or a
variant thereof which contains at least one amino acid
substitution, insertion or deletion in the binding unit L3;
“(ivv) a .b;_‘;ﬁ—dring unit Bl compriéing' .Kabat residues '31—35‘ of. SEQ ID
' NO: 1 or Kabat residues 31-35 of SEQ ID NO: 2 or 14, or a variant -
thereof which contains at least one amino acid substitution,
insertion or deletion in the binding unit H1:
" (v} a binding unit HZ comprising Kabat‘ residues 50-66 of SEQ 1D
NO: 1 or Kabat residues 50-65 of SEQ ID NO: 2 or 14, or a variant
thereof which contains at least one amino acid substitution,
.inseftion or deletion in the kinding unit H2; and
(vi) a binding unit H3 comprising Kabat residues %9-114 of SEQ ID
NO: 1 or Kabat residues 98-10B of SEQ ID NO: 2 or 14, or. a
variant ' thereof which contains at least “one amino acid
substitutio.n, iﬁse'rtion or deletion in the binding unit H3. ”

In one embodiment the isolated IL-1f specific, antigéri

binding protein comprises a heavy chain and/or a light chain in
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“which the hedvy chain comprises. or consists of an amino acid
sequence encoded by the nucleotide sequence se-lec:i:ed from SEQ ID
NO:1 or SEQ ID NO 2 or 14 -and in which the light chain compr::.ses
or _consists of an' amlno ac:.d sequence encoded by the nucleotide
sequence selected from SEQ ID NO:3 or SEQ ID NO: 4, 15 or 16.

"~ The heavy chain may be selected from the group consisting
of o, & ¢, y and u heavy chains. Preferably the heavy chain is.
Y- " '

The light chain.is preferably selected from A or x light
.chalns. Preferably the light chain is A.

In one embodlment, the Kabat res:Ldues B8-96 of SEQ ID NO:
4, 15 or 16 méiy be selected from residues consisting of ‘the group
" selected from amino -acids 1~9 of SEQ ID NO: 9, SEQ ID NO: 10, SEQ
ID NOo: 11, SEQ ‘ID NO: 12 or SEQ ID NO: 13.

In one Aerrbodiment, the isolated IL-1p specific antigen.
" pinding protein neutralizes IL~-1(4 in a cell function
'neutrallzatlon assay at an IC50 value of less than about -20nM.

In another embodiment the isolated IL-1p spec1f1c antigen
pinding proteln neutralizes IL-lB in a cell stimulation assay at
an IC50 value of less than about 13nM, less than a.boﬁt i0nM, less
than about 5nM, less than about 3nM, less. than about 1nM, less
than aboﬁ_t 0.5nM, less than about 0.2nM, less than about 100pM,
less than 50pM, less than 10pM, less than 5pM or about ipM.

" "In some embodiments, the isclated IL-1p specific antigen’
pinding protein is selected from. human IL-1B and cross-reacts
with murine or simian IL-1B. ‘ ‘

In one embodiment, the isolated IL-1f specifiec antigen
binding protein_ as described herein inhibits IL~1f induced IL-6
production in a cell inhibition assay at an IC50 value seleéted
from less than about 20nM. In énother embodiment, the isoclated
IL-1Bp specific antigen binding protein described herein inhibits
IL-1p* induced IL-6 production in a cell inhibition assay at an
IC50 value selected from less than about 15nM, less than about
10nM, less than about 5nM, less than about 4nM, less than about
3nM, less than about 1nM, Lté.as_,.._t_h_an.faboutﬁar.é—nm——e—rﬁ_le-ss—“tha'n"—
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about 0.4nM; less than about 300pM, less than abouf 200pM, less
than about'loopM, less than about 50pM, less than about 105M or
less than.about 5pM. -

' In one embodiment the isolated IL-1f specific antigen
blndlng proteln binds TL-1p w1th & Kp wvalue of less than about
10nM. In another embodiment, the 1solatec_i IL-1B specific antigen
binding  protein binds IL-l{?;'w:L'th ‘a Kp valué\of less than less
than about 5nM, less than about 2nM, ‘less than about 1nM, less
than about _O.SnM, less than about 200pM, less than about 100pM,
less th$n~about S5pM or less than ab_éut 1pM. _

In one embodiment, the isolated, IL- 'iB spedifh’.c anfigen
b:.ndmg protein neutrallzes human IL 18 at an IC50 value of from
1pM to 5nM

In one embodiment, the isolated, IL-1f specific antigen
binding protein n‘.eut,ralizgs murine IL-31f at ah IC50 value of from
100pM teo 15nM, .

hIn one embodiment, the isolated antigen binding protein is
capable of specifically binding to IL-18.

In some embodiments, the isolated antigen binding protein .
comprlses or consists of: |

dy a heavy chaln encoded by the nucleotlde sequence of

SEQ ~ID NO:1 and a - light chain encoded by the
nucleotide segquence of SEQ ID NO:3; or

(i1}  a heavy chain entoded by the nucleotide sequence of

© SEQ ID WO:2 or 14 and a 1ight chain encoded by the
nucleotide sequence of SEQ ID NO:4, 15 or 16. o

In one embodiment the Kabat residues 88-96 of SEQ ID NO: 4,
" 15 or 16 may be 'selec‘r.e.d £rom residues consisting of the group
selected from amino acids 1-9 of SEQ ID 9, sEQ ID 10, SEQ ID 11,
SEQ ID 12 or SEQ ID NO: 13. _ )

In one embodiment, the isolated antigen binding protein or
fragment .thereof comprises or consists of a amino acid sequenée
having an identity selected from the group consisting of from at
least 50%, at least 60%, at least 70%, at least 80% and at least
90% to SEQ ID NO: 1, 2, 14, 3, 4, 15 or 16.
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In one embodimerit; the isclated antigen binding protein is
_an antibody. Preferably, the antibody is monoclonal, ‘polyclonal,
bispecific or heteroconjugate. ‘ _ '

In one embodlment, the ant:l.body may be fully human.

In one embodiment the. 1solated antigen ba_ndlng proteln is

an antlbody selected from the -subtype IgGl, IgG2, IgG4 or IgG3.
_ _In"one emédiment the isolated antigen binding protein is a
single varisble domain, a domain antibedy, an anti’genrbinding
fragment, an J.mmunologlcally effective . fragment, a single ‘chain’
Fv,‘a dz.abody or a tetravalent bispecific antibody (Taridabf . In
one. embodiment,. the antigen binding fragment may comprise an
arrangément of one or moie; CDRs on ‘>non—antibody protein scaffolds
such as a domain, o |

In one embodiment, the isolated antigen binding protein is
recombinant.

In one embodiment, the isolated antigen binding protein
compnses an agent selected from,‘ the gro_up consisting - of én-
immunoadhesion'_mo_lecule, an imaging agent, a therapeutic agent
and a cytotoxic agent. .

The immuncadhesion molecules may comprise- one or more of
the immﬁnoglobuiin (Ig) superfamily of -cell adhesion molecules
(CAMs), integrins, cadherins, and selectins.

In one embediment, the imaging agent may be selected from
the group " consisting of a r:ad:l‘.c:;ialbel,= an enzyme, a flﬁorescent
label, a luminescent label, a bioluminescent label, a.. magnetic
label and biotin. - _

Suitable examples of radiolabels include but .are not
limited to 32~ PhosPhorus or tritium in the form of tritiated
thymidine. ,

Examples of suitable fluorescent labels include t;":ya‘x_niner,
fluorescein, rhodamine, Alexa Fluors, Dylight fluers, ATTO Djres
and BODIPY Dyes. '

. Examples of suitable - Jluminescent labels include

chemiluminescent labels including' but not limited te luminol and
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Ruthenium probes and bioluminescent labels including but not
llmlted to luciferin.

In one embodiment, the agent is a therapeutlc or cytotox;c
agent. The therapeutic or cytotoxic agent may be selected from
the group:consisting of an antivmetabolite; an. alkylatlng agent,
an antibiotic, a growth factor, a- cytoklne, an antlfanglogenlc
agent,. an anti-mitotic agént, an anthracycline, toxin and an
apoptotlc agent. ' ' . .

In one embodlment the isolated antlgen blndlng protein is
used in treating cancer, an 1nflanunatory dlsease or an autoimmune
disease selected from the group consmstlng or arthritis,
inflammatory  bowel disease, Crohn' s _disease, rheumateid
.arﬁhritis, gout, diabetes, uveiﬁis, cryopyrin-associated periodic
syndromes and inflammatory acne. ) ’

| In one embodiment, the isolated antigen binding proteih is
used in the preparation of a medicament for the treatment of‘
cancer, an inflammatory disease or an éutoimmune disease selected
from the group consisting" of arthritis,.‘inflammatory bowel
disease, Crohn's disease, rheumatoid arthritis, gout, diabetes,
uveitis, .cryopyrin-associated periodic syndromes and inflammatory
acne. _ ) )

In one embodiment the cryopyrin—assoéiéfed periodic
syndromes ‘may be selected from familial cold autoinflammatory
syndrome (FCAS), Muckle-Wells syndrome (MWS), and neohatal-onset
multisystem inflammatory disease‘ (NOMID, also called chronic
infantile neurclogic cutanedus-and articular syndrome or CINCA).

' In .one embodiment, there is provided a 'comﬁOSLtlon
compr;s;ng the antigen binding protein as descrlbed herein and a
pharmaceutically acceptable carrier.

In one embodiment, the éntigen binding protein may be
administered by injection. In the case of injectable solutions,
the carrier can be a solvent or dispersion medium containing, for
example, water, ethanol, polyol (fo:-eXample, glycercl, propylene
glycol, and liquid polyetheyiene glycol, and the like), suitable

mixtures therecf, and %eqetable 0ils. The proper fluiditv can be
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maintained, for "example, by the use of a coating. Sﬁch -as
1ec'ithih, by the mai_ntenahce of tbe required particle size in the
case of dispersion and by the use of surfactants. Prevention of
the action of microorganisms can be achieved by including various
anti-bacterial and/or anti-fungal agents. Suitable agents are
well. known to those skilled in the art and include, for example,
pa}r_abehs, chlgrobutanol, phenol, benzyl alcohol, ascorbic acid,
thimé:ro;sél, .and-the like. In many- cases, it may be.preferable to
include isotonic agents, for '_.'exampie, sugars, polyalcchols such
vas mannitol, sorbitol and sodium chloride in thé'*t:omposition-.,
Prolonged labs’érptliag_,h of " the injgctéble composition’é ’ can be
brought abdut by including in the composition an anjgent 'which
delays absorption, for ' exampls, aluminium monc;stearateA and
gelatin. . ' '

Sterile j;rijectablé"' solutions can be _ prepared by
incorporatiﬁg the analogue in 't'he'“. r‘e‘qui:;ed amohnt in an
appropriate solvent with one or a combination of i‘nglred;i.‘ents
- enumerated  above, as . required, “followed by filtered.-
sterilisation.  Generally, disperéions are prepared by
incorporatinrg the anéloque into a sterile vehicle wﬁich éontains
a basic dispérsion medium and the required other ingredients .from
those enumérated_ ahove. ' _

Preferabl-y,' ' the .pharmaceutical composition may further.
inclvde a suitable buffer to minimisé acid hydrb'olysis. Sﬁitab‘le
buffer agent agents are well known to those skilled in the art
and include, but are not limited to, phosphates, citrates,
carbonates and mixtures thereof. '

Single or multiple -administrations .o._f‘the pharmaceutical
compositions,"éct':ord:ing to the invention may be carried out. One
_skilled in the art would be able, by routine experimentation, to
determine effective, non-toxic dosage levels of the compound
and/or composition of the invention and an administration‘ pattern
which would be suitable for treating the diseases and/or

infections . to which the compounds and compositions ‘are
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Further, it will be apparent to one of ordinary skill in

the art that the optimal course of treatment, such as the number
of dose§ of . the. compound "or composition of the invention given

- per -day for a defined number of days, can be ascertained using
convention- course ‘of treatment determination tests.

Generally, an effective dosagé per 24 hours may be in the i
rarige of .about 0.0001 mg to about 1000 mg per kg body weight;
suifably, about 0.00% mgﬂ to about 750 mg per kg body weight;
about 0.01 mg to about 500 mg per kg body weight; about 0.1 mg to
about 500 mg per kg body weight; about 0.1 mg to about 250 mg per
kg body. we_icjht; ‘or about 1.0 ‘mg to about 250 mg per kg body
weight. More suitably, an effgcti,ve dosage per 24 hours may be in
the range of about 1.0 :ﬁg to sbout 200 mg per kg'»bodj weight;
about 1.0 mg to about 100 myg per kg body weight; a_boutul.o mg to
about 50 mg per kg body weight; about 1.0 ng to about 25 mg per
kg'body weight; about 5.0 mg to about 50 mg éér kg body weight:;
about 5.0 mg- to about 20 mg per kg body weight: or about 5.0 mg
to about 15 mg per kg body we:.ght _

Alternatlvely, an effective dosage may be up to about
500mg/m2 For example, generally, an effectlve dosage is expected
to be in the -range of.. about 25 to about SOOmg/m about 25 to
about 350mg/m2, about 25 to about 300mg/m2, about 25 to about
- 250mg/m?2, about’ 50 to about 250mg/m2, ‘and about 75 to about
150mq/m2'.

In one embodiment, the composition further comprises one or
more therapeutic agents as-described herein. -

There is  also 'providepl an l1solated ¢ell 1line that is
capablé of - producing the antigen binding protein as described
hereln.

Examples of cell llnes capable of producing the antigen
binding protein include HEK293 and CHO.

There is also .provided ‘an isolated nucleic acid molecule
comprising or consisting of seguences selected from SEQ ID NO:1

or SEQ ID NO:2-or 14, or fragments thereof.
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There is also provided an isolated nucleic acid molecule
éomprisi}lg or consisting of. sequences selected from SEQ ID NO:3
or SEQ ID NO:4, 15 or 16, or fragments thereof.- o

In one embodiment, the isolated nucleic acid molecule or
‘ffagment thereof comprises or consists of a nucleotide sequence -
having an identity selected from the group consisting of from at
least 50%, at least 60%, at least 70%, at least 80% and at least
90% to SEQ ID No: 1, 2, 14, 3, 4, 15 or 16.

Tl'-n-ére is also provide-d a vector comprising the nucleic acid-
molecule ‘as defined herein.

In one érrxbodiment, the vector may be _'a.plasmid or a virus.
It will be ap‘preciated'by the persori. of skill in the art that
many suitable vectors exist and are included .in the scope of the
present 'disclos'ure. )

Preferably@' the vector g.:o:r}p'risés an expression ‘ control
sequence operably linked to said nucleic acid melecule. _

The :eipression control sequence may be a nucleic acid
fragment that promptes', enhances or represses expression of a
gene or proteiﬁ of interest. . '

There is also provided a host cell compris:_i‘.ng the nucleic
acid molecule as defined above.

The host cell may be & cultured cell line; an in vivo cell
or an ex vivo cell.

In one embodiment, .the host cell comprises the vector as
described herein. o '

There is also provided a.method of producing an antigen
binding protein as described herein compfising culturing the host
cell according as described herein under suitable conditions and
recovering said protein thef;efrom. A'

There is also provided a method of treating cancer, an
inf'lanunatory disease or an autoimmune disease selected from the
group consisting of arthritis, inflammatory bowel diseass,
Crohn's disease, rheumatoid arthritis, gout, diabetes, uveitis,

cryopyrin-associated periodic syndromes and inflammatory acne,
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wherein the isolated antigen binding protein as described herein

is administered to a subject.

Brief Descriptién of Drawings
. The accompanying drawings illustrate a disclosed embodiment
and serve to explain the principles of the disclosed embodiment.
" It is to be understood, howc_ave-r, that the drawings are designed
for -'purpos.es of ill’ustratiéﬁ ‘only, and not as a definition of the

limits of the invention.

Figure 1 shows the neutralization of IL-1f by Fab clones 1H and
2H. I1-1f neutralization - was measured baﬁsed on the  optical
density (OD) read at 655nm and  the concentration of Fab. The
results show that clones 1H and 2H block the activation of ILwlﬁ
with an IC50 of 1.31 and 0. 21 respectively.

Figure 2 shows the sequencing results of the heavy and light
chalns of the 1H and 2H Fab clones. .
F:Lgure 3 shows the neutrallzatlon of human IL-1B by IgGl 1H and
28, IL-1p neutralization was measured based on the optical
density 7(00) read at 655nm and ‘the concentration of IgG. The
results show that cl_ones 10 and 2H neutralize human IL-1p with a
' potency (EC50} of 2.6 nM and 0.17 nM respectively.

Figure 4 shows the neutralization of mouse IL-1p by IgGl 1H and
2H. IL-1Bp neutralization was measured based on the optical
density (OD} read at 655nm and the concentration of IgG. 'l’he
-results show that clones 1H and 2H neutralized mouse IL-158 with a
_.potency (EC50) of 1l1.5 nM and 1.5 nM respectively.

Figure 5 shows that IgG 1H and 2H inhibit human IL-1p-induced IL-
6 'production‘ in MRC5 cells. Human IL-1If neutrallzlng potency was
determined by measuring the level of IL-6 produced in the
presence of IgG 1K and 2H. MRC5 cells were stimulated by 4 pM of
IL-1p together with various concentrations of IgG 1B and 2H. The
results show th_a;t Igc 1H and 2H have an inhibition potency (ECS50)
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Figure 6 shows that IgG 2H inhibits the human IL-1R induced IL-6
production in vive in Balb/c mice. Neutralizing.poteney of IgG 2H
was assessed by .injecting mice intraperitoneally 'w,ith 4 or 20
mg/kg of 28 or 400 plL of PBS and human IL-1p or PBS the following
day. The blood was collected and IL-6 measured by ELISA. The
results show that IgG 2H was able to inhibit human IL-1PB :.nduced
.production of IL-6 in mice in a dose dependent manner.

Figure 7 shows that IgG 23, is specific flor IL-13 and does not
' recognize IL-lc. Binding specificity of IgG 2H was determined
based on the eptical density (OD) at 460 nm and the conc¢entration
of’ Igé 2H. The resulte show that while IgG 28 beund to both human
"and mouse IL-1B in a dose dependent manner, it failed to bind to
either human or mouse IL-lo. '

.F:.g-ures 8 and 9 show the neutrallzatlon potency of 5 IgG clones
obtalned from the aff;nlty maturation of IgG 2H. Neutralization
potency was determined based on the concentration of secreted IL-
6 against the concentration of ‘each of ‘the I-gG, elones. The
- results show that all matured Igt clones presented high
neutralization potency for both mouse and human> IL-1B. ___Tﬁe
results also show that matured clones were 2 to 8-fold more
effectlve in neutralizing. mouse IL—1{S (Figure 8) and 3 to 23-fold
more effective in neutrallzlng'huma‘n_ IL-1p (Figure 9) than the
non-matured 1gG ZH .

¥igure 10 shows the sequence of P2D7KK. P2ZD7KK was derived from
P2D7 by changing one arginine and one serine residue by lysine
residues (bold and-  underlined) at - positions 75 and 81 of the
heavy chain variable region. o

Figure il shows arthritic scores in DBA mice after induction of
arthritis with anti-collagen antibodies. Micé were injected
either with 5 mg/kg isotype, 5 mg/kg P2D7KK or 15 mg/kg P2D7EK,
The results show that mice treated with P2D7KK had much lower
arthritic scores than mice injected with the iSDtyﬁe c’ontrol.
Figu;e 12 shows a representative froﬁt (top) and hind (bottom)
paw swelliné' after arthritis induction and adrni~nistration of

isotype control (left), P2DIKK. Smg/kg (middle}—oxr-—P2DTKK—15mg/kg~
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{(right). The results  show that P2DTKK clearly contained
inflammation as mice treated with P2D7KK did not experience
swelling of the paws as compared to mice injected with the isotype
control. ' o 7 “ .
Figure .13 shows a represex{tative histological amalysis of front
(top) and hind (bottom) paws joints from mice injected with the
. isotype antibeody (left) .or treated wifh either Smg/kg (middle) or
15mg/kg (right) of P'2D7KI$. .’I‘he results show that in mice tréated
with - P2D7KK, ljoints rérﬁain virtually free of - immun'eA cell
infiltration while 3joints of isoty’pe—injercted mice were ,the site
of a highly -inflammatory _reaction.

Figure 14 shows‘ infiltration of dimmune cells in the peritoneal
cavity ‘after injection of - PBS (l)‘.or monosodium  urate crystals
followed by administration of PBS (2), “Anakinra 30mg/kg ‘(3).,
isotype human antibody 1Smg/kg (4) , P2D7KX 5mg/kg (5} or P2D7KK”
15mg/kg (6). Shown are meants.e.m. Unpaired t-test: * p<0.05; **
p<0.01; *:**p<0.001; n.s. not significant.

Figure 15 shows tumour growth Dbetween days 7 and 17 post
car’cinoma'cell inoculation in mice treated with P2D7KK or with

the isotype control. Shown are meansiSD, 2-way ANOVA test
(Turkey s ,mﬁltiple comparison). * = p<0.05. .

Figure 16 shows absolute numbers of cells in mice auricular
draining lymph nodes. Graph 1 represents mice not infected with P.
acnes; graph 4 represents mice infected with P. acnes aﬁd injected
with PBS; graph 3 represents mice infected with P. acnes and
injected with isotype control; graph-2 represents mice infected
with P. acnes and treated with P2D7KK. - l
Figure 17 shows the number of lymphocyt;as 1n epidermis of mice not
infected with P. acnes {(first bar from the left .of each group} ,
infected with P.. acnes and injected with' PBS (second bar from the
left. of each group), infected with P. acnes and injected with
isotype control (ﬁh’ird. bar from the left of each group), or
infected with P. acnes and treated with P2D7RK (fourth bar from

the left of each group). p-values refer to an unpaired t-test.
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Examples
| ‘Non—li_mit-in'g ‘examples of the invéntion, including the best
mode, and a éomparative -example will be further described in
greaterldetail by reference to specific Ekamples, ‘which should "
not bé construed as in any way limiting the '-*-'sc-oPé---of-'the

invention.

Example 1 - Isoiat'icn of the anti-human IL-1B antiﬁodies and
characterization of the IL-1§ neutralization capacity in cell-

based assays

Anti-IL-1p antibodies were isolated from a human antibody
phage display library (Humanyx HX~02 1library) via in wvitro
_selection. IL—lB_ specific. monoclenal antibodies in--the-Fab.-
format were initially identified by ELISA. These ELISA-positive
Fabs were added to HEK-Blue™ IL-1p-cells (InvivoGen, USA) which
is an engineered HEK293 cell line that overexpresses recombinant
human IL-1 receptor. '

Binding of IL—lB ﬁo its re';::eptor IL-1R on: the surface of
HEK-Blue™ IL-1f cells triggers 2 signaling cascade leading to the
“activatior} of NF-kB and the subsequent production of secreted
alkaline phosphatase (SEAP). Detection of SEAP in -the
~supernatant of HEK-Blue™ IL-1B cells can be readily asséessed
using QUANTI-Blue™, a colorimetric SEAP subsﬁrate. 'The BEK-Blie
cells are sensitive to both human and mouse IL~1B, Dbut are
insensitive to human IL-la or TRF-ct.

Of the 22 ELISA~positive Fabs, two clones,r 1H and 2H, were
found to block the activation of the HEX-Blue IL-1p cells by IL-
1 stimulation with ICsp (concentration inhibiting 50% of IL-1p
' a‘ctivitS{) of 1.31 ana 0.21 nb'&', respectively (Fig. 1). Segquencing
results revealed that both .clones possessed A light chain,
Sequences of the heavy and light chains of clones 1H and 2R arxe
shown in Fig. 2.
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Example 2 — Neutralization of IL-1B by IgGl 1¥ and 2H in the HEK-
Blue cell assay : ‘ . '

_ The two Fab clones. 18 and 2  were converted “into full
length IgG by ampllifying the heavy and light chains of each clone -
separately by PCR and clening intd “the mammalian c¢ell expression
vector. The resulting plasmids, - v:vith human 'Ig(';}. subtype, were
subsequehtiy” used for full . length:- antibody ‘expression by.
transient transfection into mammalian cells. Antibodies were

purified by Protein G column.

Human IL-1f o , .

The neutrallzlng potency of the IgE clone 1H and 2H on
human IL-1p- was then assayed using HEK-Blue cells as described
above. Cells were stimulated with 4 pM ‘h'uma’.n, IL-1p together with -
various- concentrations of the antibody. ' The:dose-response'curve
was fitted by fﬂe sigmoidal non—lineér_ regression (variable
slope) equation from which the ECs, (the half maximal effective
_concentration) is. calculated. In this assay clones 1H and 2H
neutralized human IL-1f with potency (ECsq) of 2.6 nM and 0.17 nM,
re_spectivelx (Fig. 3).

Mpuse ITL-1P

The neutralizing potency of the Ig6 clone 1H and- ZH-‘on
nouse IL-lB was examined'using HEK—Blue cells as described above.
However, cells were stlmulated with mouse IL-1p together with
varlous concentrat:.ons of the ant:.body. In thls assay: clones 1E -
and 2H neutrallzed mOuse IL- 113 with. potency (ECs) of 11.5 nM and
1.5 nM, respectively (Fig. 4).
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Example 3 - Inhibition of human IL~1p induced IL-6 production IgG
1H and 2B ‘ :

In vitro _

Inhibition of human IL-18 induced IL-6 'productiion by IQG i
and 2H was examined in vitro uéing the human fibroblast cell
line, MRCS. Stimulation of the human iung fibroblast c-ell, MRC5,
by IL-1p results in IL-6 production.

~ The human IL~1PB neutraiizing potency of IgG -lH,_ and Zl-i wavss“.
examined by measuring the level of IL-6 produced in the preéence'-“--'
of the antibodies._ Cells were stimulated with human IL-1p
together with various concentrations of the antiiaodiés, and the
IL-6 was quantified by ELISA. In this assay, IgG 1H and 2B
showed inhibition potency (ECs) of 3.92 and 0.35 nM, respectively.
(Fig. 5). ' ‘ '

In V.?EVO

IﬁhibitionAof human IL-1f indiced IL-6 production by IgG 1H
and 2H was examined in vivo .in Balb/C mice. Ad:ﬁihis;ration of
hurriar} IL-1p into Balb/c mice is followed by a rapid secretion of
mouse IL-6 that is d'etect-able.ﬂ in-the serum by ELISA.

To assess fhc_é neutralizirg potency of IgG 2H, mice were
injected'intraperitonea-lly with 4 or 20 ‘_mg/kg of 2H or with 400
pl. of PBS. -The following day, mice received human If..-lB or PBS
' (negative control). Two hours -after IL-1B injection, blood_was‘
coil’ected'and IL-6 was measured in the serim by ELISA.
© The results showed that 28 was able to inhibit the human
IL-1B-induced production of IL-6 in mice in-a dose-dependent

manner (Fig. 6).
Example 4 - Specificity of IgG 2B

The binding specificity of IgG 2H was examined against the
two subtypes of IL-1, o and B, by direct ELISA. The resulits show
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dependent manner, it failed to bind to e;'_ther" human oﬁ mouse IL-
lae at the concentration range tested {'Fig. 7y. Thus, IgG 2H
displaye'd strong selectivity for IL-1p over IL-lo. Acco-rd:ingly,.
IgG 2H is specific for IL-1B and does not recognizé IL-la.

Example 5 - Affinity maturation of IgG 2H

IgG 2K ‘was ‘affinity matﬁred using the phage-display method
and 5 matured clones with mutations in the CDR3 r'eg_iIOn'" of the
-lighf. chain were selected after iL—lB neutralization assay on
MRCS cells. _

All matured -IgG -clones p:ces‘enéed high neutralization
potency for both mouse and human IL~IB in this assay. Matured
clones were 2 to B-fold more effective in neutralizing mouse IL-
1p and 3 to 23-fold more effective in neutralizing. human IL-1B-
than the initial IgG 2H, with potency ranging from ECy of 158.4
to 623.2pM for the mouse cytokine (Fig. 8) and ECs, from 6.5 to
45 ,3pM for its human counterpart {Fig. 9)

Matured clones (except P1E8) wexre tested for affinity
towards mouse and human IL-1$ wusing. the ProteOn bioanalyzer
{BioRad,.'Herc_:‘ules,- USA) . - . - _
 The result¥ showed that affinities for mouse IL-1R were 3
te 13-fold high'elr for matured clones compared to-IgG 2H and 8 to
25-fold higher regarding human IL~1p (Table 1).
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6.73
10.1

’ E:a)il.e' 1. Affini-ties--‘of matufed clones towards mouse and human IL-
1B compared to IgG 2H. ' '
Séquences'of affinity matured clones

‘The matured clones were sequenced and the amino acid
sequences Of their light c‘pain CDR3 region ar_é fprés.ented in- the
Table 2. ' '

QAWDSNIEV

YAWDNAYEV S
EAWDRAREV
QAWADS FEV
YAWADTYEV
‘EAWADTYEV

Table 2: Amino acid sequences of the light chain CD3 region of

sach of the matured clones.

The corresponding nucleotide sequences of the light c¢hain

' CDR3 regions after reverse translation are presented below:

>2E _
CAGGCGTGGGACAGCAACATTGAAGTA (original 2H sequence)

AT TTCT T C G T (sequences encoding
A A ‘a ¢ the same amino-acids)
c G G
>P1D9 , )
TATGCT TGGGATARTGCTTATGARGTT
ccCc ¢ccccCc GG cC
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>P1EB ,
GAAGCTTGGGATGCTGCTGCTGARGTT

G C. € CCC G-C
A A A“fA_\ A
G G G G G
>PLHE .
CAAGCTTGQGCTGATTCT?TTGAAGTT
¢ c C CAGC C G C
A A A | A
& & € e
>P2D7 ° '
TATGCTTGGGCTGATACTTATGAAGTT
cc cccec a6 C
a A" A A
G G G h G
>p2D8

GAAGCTTGGGCTGATACTTATGARGTT

‘e ¢ ccccGC
A A A A
c 6 G - G

Example 6 - In vivo efficacy of F2D7KK

Derivation of P2D7KK

PCT/SG2013/000057

Oout of the 5 affinity matured clones, P2D7 was selected and

engineeréd to be a germline-like antibedy, named P2D7KK. P2D7Kf(

was ;ierived from P2D7 by changing one arginine ‘and one serine
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residues by lysine resi_dues in ‘positions 75 and 81 of the heavy
chain variable region (Fig. 10). e
‘ ' P2D7KK was then tested for prelimigary in“viyo effiéacy in
4 _di‘fferent_animal models of disease (1) CAIA: collagén ‘antibody-
induced arthritis, a. model of rheumatoid arthritis, (2) “MSU:’
monosodium urate crystéls-ﬁinduced" inflaxﬁmat:_ion, a model mimicking
gout, {3) RCC: renal cell carcvinoma growtﬁ,' to evaluate the use
of IL-1P ‘ahtibody in the tumour microenvironment- to inhibit’
t-usﬁour growthj‘ and (4) P. acnes: a model of inflammatory acne

using Propionibacterium acnes.

CAIA - collagen antibody-induced arthritis’

_Arthritis was induced in Balb/c mice by intraperitoneal
injection of 1.5 mg/mouse of anti-collagen 'antibody cocktail at”
day 0, followed by 1n3ectlon of 25 npg of llpopolysaccharlde (LPS)
at day 3, _

A group of B mice' rece_ix}ed 5 mg/kg of. P2D7KK
 intraperitoneally at days 2, 5 and 9. Another grou.p received 15
-mg/kg of - P2PIRK--ahd-iong control’ group received - 5 mg/kg -of the
" isotype control followa,ng ‘the same schedule. _
The ‘results showed that mice treated with P2D7KK have much
lower arthritic scores  than mice inje-c:ted‘ with the isétype
control | (fig. 11). Accordlngly, .'adminis't;:ation qf ~P2b7KK
.:.nhlblted the development of arthritis. '
Th‘e results alsoc showed that P2D?KK clearly contained
:Lnflammatlon as mice treated w:.th PZDTKK did not experie'n'ce‘
swelling of the paws as did the mice injected with an isotype
antibody (Fig. 12). ' o ' ,
-Histoiogical anaiyses of hind paws showed that in mice
treated with ?ED"IKK,' joints'remains virtually free of immune
cells infiltration while joints of isotype—injected mice were the

site of a highly inflammatory reaction (Fig. 13).
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MSU - monosodium urate crystals-triggered inflammation
Six groups of CS'?/B_LG'.mice were injected intraperitoneally
with 3mg .of monosodium urate in 2ODpL of PBS, or PBS alone for
the control group. Mice were then injected with: |
o P2D7KK 5mg/kg in 300pL of PBS (n=5)
» P2D7KK 15mg/kg in 300uL-of PBS ‘(n=4).
e  Isotype antibody 1.5mg/kg in'3ODpL of PBS (n=5)
K Anakinra 30mg/kg in 300pL of PBS 9n=5) 7
s 300ul of PBS (n=3, vehicle control group)- - " '+

‘e ""300nL of PBS (n=5, no MSU control group)

Six hours after antibody &administration, mice were culled
and peritoneum lavaged with S5mIL. of cold complete media.
Neutrophils ana monocytes were counted in lévage 'fiuid by flow
cytometry.

-The" results showed that injection of MSU in the peritoneum
induces recruitment of neutrophils and monocytes. Like Anakinra,
P2D7KK  was ablé "to signifi'cantly reduce. infiltration of °
neutrophils ' (at both 15 and 5mg/kg) and moﬁocytes {only at
15mg/l§g)' in -the peritonea_l‘cavit‘}" (F‘ig. 14). ‘

RCC - human renal cell carcinoma xenograft

Female .SCID - mice aged  6-8 h}eeks were injected
intramuscularly with 2x10°% RCC4“ cells. One-group of 6 mice then
received 100pg/mouse of}PZD'?KK injected in the ttimpu_r site, on
days 1, 3, 5, 7 and 9 pest-tumour inoculation. Another group of 6
mice recéived the isotype control antibody. .

Tumour growth was monitored every 2 days between days 7 and
17. ' ' ;

The results showed that PZD7KK significantly reduced tumour
growth in the treated mice (Fig. 15).
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P. acnes ‘-'in'fl_azrmratory acne .

C57/BL6 mice were injected intraperitoneally with 400ug of
‘eitHer PZD?KK or the Lsotype control at day -1 and at day 1. At
day 0s mlce were infectad with 10°% 'cclony forming wunits of
Propionlbacter.wm acnes in the right ear and received PBS in the
left ear. Some control mice weré not ir{fécited, some were infected
but did not recelve any antibody. _

o Immune parameters in the dermis and in the eplderms.s were'
' assessed on days 2, 5 and 9. ‘ ' _ _ .

) The Tresults showed that at day 9, P2D7KK reduced the
in;.lammation as observed by the cell number decrease in the lymph
nodes (Fig. 16). Without being bound by theory, it is likely that
P2D7KK reduces lymphocytes infiltration in the epidermis (Fig.
17y. 4 . . -

Accordingly,- P2D7KK showed in wvivo efficacy in 4 different
models. of human .disease, namely rheumat01d arthritis, gout, renal

cell- carc:.noma and inflammatory acne.

-Applications
It will be apparent that various other modifications and
adaptations of the ‘invention will be apparent te the person
skilled-in the af;t after reading the foregoeing disclosure without
departing from the spirit and scope of the invention and it is
intended that all such modifications and adaptations come within

the scope of the appended claims.
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Claims
1. Aan isolated IL-1p specific antigen Dbinding protein
comprises the following binding units:
{i) & binding unit L1 comprising Kabat residues 24-33 of
SEQ ID NO: 15 or 16; '

{ii) a binding unit .Lé comprising Kabat residues 49-55 of
SEQ ID NO: 15 or 16;
{(iii) a binding unit L3 comprising Kabat residues 88-96
of SEQ ID NO: 15 or 16;
{iv) a binding unit Hl comprising Kabat residues 31-35 of
SEQ ID NO: 14;
(v) a binding unit H2 comprising Kabat residues 50-65 of
SEQ ID NO: 14; and
(vi) a binding unit H3 cowprising Kabat residues 98-108
of SEQ ID NO: 14.

2. Thé isolated IL-18 specific antigen binding protein of
claim 1, comﬁrising a heavy chain and/or a light chain, in
which the heavy chain comprises or c¢onsists of an amino
acid sequence of SEQ ID NO: 14 and in which the light chain
comprises or consists of an amino acid sequence of SEQ ID

NO: 15 or 16.

3. The isolated IL-1f specifiec antigen binding protein of
claim 1, wherein said Kabat residues BB8-96 of SEQ ID NO: 15
or 16 are selected from residues consisting of the group
selected from amino acids 1-9 of SEQ ID No: 9, SEQ ID
NO: 10, SEQ ID NO: 11, SEQ ID NO: 12 oxr SEQ ID NO: 13.

4. The disolated, IL-1p specific antigen binding protein as
claimed in any one of the preceding claims, wherein the

IL-1f is human, murine or simian IL-18.

5. The isolated antigen binding protein of any one of the

preceding claims, comprising a heavy chain and/or a light
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10,

chain, in which the heavy chain comprises or consists of an
amino acid sequence of SEQ ID NO: 14 and in which the light
chain comprises or consists of an amino acid sequence of

SEQ ID NO: 4, 15 oxr 16.

. The isoclated antigen binding protein of any one of the

preceding claims, wherein said isclated antigen binding

protein specifically binds to IL-1B.

The isolated antigen binding protein as claimed in claim 6,

wherein the IL-1p is human, murine or simian IL-1pB.

. The isblated,‘IL-lB specific antigen binding protein of any

one of the preceding claims, wherein the isclated, IL-1p

specific antigen binding protein neutralizes human IL-1R.

. The isolated, IL-1p specific antigen binding protein of any

one of the preceding claims, wherein the isolated, IL-1§

specific antigen binding protein neutralizes murine IL-15.

The isolated antigen binding protein of any preceding
claim, comprising or dongisting of:

a heavy chain sequence of SEQ ID NO: 14 and a Llight

chain encoded by the nucleotide sequence of SEQ ID

NO:4, 15 ox 16,

11. The isolated IL-1B sﬁecific antigen binding protein of

12.

any one of the preceding c¢laims, wherein said Kabat
residues 88-96 of SEQ ID NO: 4, 15 or 16 are selected from
residues consisting of the group selected from amino acids
1-9 of SEQ ID g, SEQ ID 10, SEQ ID 11, SEQ ID 12 or SEQ ID
NO: i3,

The isolated antigen binding protein of any one of the

preceding claims, wherein said protein is an antibody.
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14,

15.

16,

17.

18.

19.

20.

The isolated antigen binding protein of claim 12,
wherein said antibody is monoclonal, polyclonal,

bispecific, multispecific or heterocconjugate.

The isclated antigen binding protein of c¢laim 12 or

11, wherein said antibody is fully human.

The isolated antigen binding protein of any one of
claims 12-14, wherein said antibody is of the subtype IgGl,

of the subtype IgG2, of the subtype IgG4, or of the subtype
IgG3

The isolated antigen binding protein of any one of
claims 1-15, wherein sald protein is a single wvariable
domain, a domain antibody, an antigen binding fragment, an
immunologically effective fragment, a single chain Fv, a

diabody or a tetravalent bispecific antibody (Tandab).

The isolated antigen Dbinding protein of claim 16,
wvherein said fragment comprises or consists of a heavy
chain sequence of SEQ ID NO: 14 and a light chain sequence
of SEQ ID NO0:4, 15 or 16.

The isolated antigen binding protein of any preceding

claim, wherein the protein is recombinant.

The isolated antigen binding protein of any one of the
preceding claims, wherein said binding protein £urther
comprises an agent selected from the group consisting of an
immunoadhesion molecule, an imaging agent, a therapeutic

agent, and a cytotoxic agent.

The binding protein of claim 19, wherein said agent is

an imaging agent selected from the group consisting of a
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21.

22,

radiolabel, an enzyme, a Ifluorescent label, a luminescent
label, a Dbicluminescent label, a magnetic 1label, and

biotin.

The binding protein of claim 19, whérein said agent is
a therapeutic or cytotoxic agent selected from the group
congisting of an anti-metabolite, an alkylating agent, an
antibiotic, a growth factor, a cytokine, an anti-angiogenic
agent, an anti-mitotic agent, an anthracycline, toxin and

an apoptotic agent.

The isolated antigen binding protein of any one of the
preceding claims, for use in treating cancer, an
inflammatory dizease or an autoimmumne disease selected from
the group consisting of arthritis, inflammatory bowel
disease, Crohn's disease, rheumatoid arthritis, gout,
diabetes, uveitis, cryopyrin-associated periodic syndromes

and inflammatory acne.

23. Use of the isolated antigen binding protein of any one

24.

of claims 1 to 22, in the preparation cf a medicament for
the treatment of cancer, an "inflammatory diseasé or an
autoimmune disease selected from the group consisting of
arthritis, inflammatory bowel disease, Crohn's disease,
rheumatoid arthritis, gout, diabetes, uveitis, cryopyrin-

agsociated periodic .syndromes and inflammatory acne.

A composition comprising the antigen binding protein
of any one of claims 1 to 22 and a pharmaceutically

acceptable carrier:

25, The composition of claim 24, further comprising one or

more therapeutic agents.
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26.

27.

28.

29.

30.

3L,

n isolated cell line producing the antigen binding

protein of any omne of claims 1 to 22.

An isolated nucleic acids encoding polypeptide with
amino acid sequences comprising or consisting of sequences

SEQ TD NO: 14.

An isolated nucleic acids encoding polypeptide with
amino acid sequences comprising or consisting of sequences

gelected from SEQ ID NO:4, 15 or 14.

A vector comprising the nucleic acid wmolecule

according to claim 27, or 28.

A host cell comprising the nucleic acid molecule

according to any cne of claims 27 to 28.

A method of producing an antigen binding protein of
any one of claims 1-22, comprising culturing the host cell
according to claim 30 under suitable conditions and

recovering sald protein therefrom.
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