IL~1p Neutralizing -Human -Monoclonal Antibodies

. wechnical Field
The present *nvent:.on relates to antigen binding protelns
and,v-‘in particular to IL- 1ip antlgen‘blﬁdlng proteins. More
specifically, the presént invention relates to sequences . of the
binding proteins and the heavy and light chains. Compositidns
comprising k the .antigen binding proteins, ﬁse ©of ‘the antigen

binding proteins and methods for prdduction 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 cytokin;a and is involved in -
the proliferation, differentiation and apoptosis of cells.
Overexpress;on of IL-1f has been J.mpla.cated in a number of
.1n£lammatory and auto:.mmune diseases such as cryopyrin- assocxated

.perlodlci ‘syndromes and related disorders, diabetes, Crohn's
disease‘,,'._.‘rhéumatoid arth_riti's, renél cell carcinoma, gout and
inflammatory acne.

A It is. an aim of the present invention to provide antigen
) binding proteins épecific to  IL-1B that are able to neutralize
the activity of IL-1f 'to prevent or treat ‘diseases associated
with heigl;'tened iL—lﬁ ‘production.

To date, three biologicals ;carge‘ting the IL-1f signalling
pathway have been apprc;'v;ed for élinical use' anakinra " (an IL-1
receptor antagonist), rilonacept (a fusion proteln comprlslng the
I1L-1 receptor 1) and canakinumab (& monoclonal ant.lbody)

In addition ;o the three approved IL-1 blockers mentloned
above, the humanlzed monoclonal antibody XOMA-052 (gevokizumab)
is currently in clinical development.. Eacl'-l molecule exhibits
uniquer mechanisms of action énd displays different cross-~

reactivity and pharmacological profile.



Summary

According to a first example, there is provided an isolated
IL-13 specific antigen binding protein comprising one or more
binding units selected from the group consisting of the following
binding units:
(1) a 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 L1;
(i1) 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 H1 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 contains at least one amino acid substitution,
insertion or deletion in the binding unit HI;
(v) a binding unit H2 comprising Kabat 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 substitution,
insertion or deletion 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, insertion or deletion in the binding unit H3.

According to the second example, there 1s provided an
isolated, IL-1B specific antigen binding protein that neutralizes
IL-1f in a cell stimulation assay at an IC50 value 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.



According to a third example, there is provided an isolated
IL-13 specific antigen binding protein that inhibits IL-1R
induced IL-6 production in a cell inhibition 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.

According to a fourth example, there 1is provided an
isolated, IL-1f3 specific antigen binding protein that binds IL-10
with a Kp value of less than 10nM, less than 5nM, less than 2nM,
less than 1nM, less than 0.5nM, or less than 0.1nM.

According to a fifth example, there 1is provided an
isolated, IL-1B specific antigen binding protein that neutralizes
human IL-1pB at an IC50 value of from 1pM to 100pM.

According to a sixth example, there 1is provided an
isolated, IL-1B specific antigen binding protein that neutralizes
murine IL-1f at an IC50 value of from 100pM to 1000pM.

According to a seventh example, there 1is provided an
isolated, 1IL-1p3 specific antigen binding protein wherein said
binding protein has an affinity (KD) to human IL-1p of from 1pM
to 100pM.

According to an eighth example, there 1is provided an
isolated, IL-1B specific antigen binding protein wherein said
binding protein has an affinity (KD) to murine IL-1f3 of from 5pM
to 200pM.

According to a ninth example, there is provided 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,
inflammatory bowel disease, Crohn's disease, rheumatoid
arthritis, gout, diabetes, uveitis, cryopyrin-associated periodic
syndromes and inflammatory acne.

According to a tenth example, 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 Dbowel disease,
Crohn's disease, rheumatoid arthritis, gout, diabetes, uveitis,
cryopyrin-associated periodic syndromes and inflammatory acne.

According to an eleventh example, there 1is provided a
composition comprising the antigen binding protein as defined
above and a pharmaceutically acceptable carrier.

According to a twelfth example, there 1is provided an
isolated cell 1line that 1is capable of producing the antigen
binding protein as defined above.

According to a thirteenth example, there 1is 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
fragments thereof.

According to a fourteenth example, there 1is provided an
isolated nucleic acid molecule 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 fifteenth example, there 1is provided a
vector comprising the nucleic acid molecule as defined above.

According to a sixteenth example, there is provided a host
cell comprising the nucleic acid molecule as defined above.

According to a seventeenth example, there 1is provided a
host cell comprising the vector as defined above.

According to an eighteenth example, there 1is provided a
method of producing an antigen binding protein as defined above,
comprising culturing the host «cell as defined above under
suitable conditions and recovering said protein therefrom.

According to a nineteenth example, there 1is 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, cryopyrin-—
associated periodic syndromes and inflammatory acne, wherein the
isolated antigen binding protein as defined above is administered

to a subject.



In one aspect, there is provided an isolated monoclonal
antibody which specifically binds to IL-13, or an antigen binding
fragment thereof, wherein said antibody or fragment thereof
comprises the following Complementarity Determining Regions
(CDRs) :

(i) a heavy chain variable region CDR H1 comprising the
amino acid sequence DYYWS,

(ii) a heavy chain variable region CDR H2 comprising the
amino acid sequence EIDHSGSTNYNPSLKS,

(iii) a heavy chain variable region CDR H3 comprising the
amino acid sequence ASPSSGWTLDY,

(iv) a light chain variable region CDR Ll comprising the
amino acid sequence GDKLGDKFAF,

(v) a light chain variable region CDR L2 comprising the
amino acid sequence LDNKRPS, and

(vi) a light chain wvariable region CDR L3 comprising an
amino acid sequence selected from the group consisting of:
YAWADTYEV, QAWADSFEV, YAWDNAYEV, EAWDAAAEV, and EAWADTYEV.

In another aspect, there is provided an isolated monoclonal
antibody which specifically binds to IL-1B3, or an antigen binding
fragment thereof, wherein said antibody or fragment thereof
comprises:

(i) a light chain sequence comprising the amino acid

sequence of SEQ ID NO: 17; and
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(1i1) a heavy chain sequence comprising the amino acid sequence of
SEQ ID NO: 18 or SEQ ID NO:2.

In another aspect, there is provided a composition
comprising the isolated antibody or fragment thereof as described
herein and a pharmaceutically acceptable carrier.

In another aspect, there is provided an isolated nucleic
acid encoding the isolated monoclonal antibody or fragment
thereof as described herein, wherein the nucleic acid comprises:
a first sequence encoding the light chain or the light chain
variable region of said antibody or fragment, and a second
sequence encoding the heavy chain or the heavy chain variable
region of said antibody or fragment.

In another aspect, there is provided a set of two isolated
nucleic acids which together encode the isolated antibody or
fragment thereof as described herein, wherein: the first nucleic
acid comprises a sequence encoding the light chain or the light
chain variable region of said antibody or fragment, and the
second nucleic acid comprises a sequence encoding the heavy chain
or the heavy chain variable region of said antibody or fragment.

In another aspect, there is provided a vector comprising
the isolated nucleic acid molecule as described herein, or the
set of two isolated nucleic acids as described hereni.

In another aspect, there is provided a host cell comprising
the isolated nucleic acid as described herein, or the set of two
isolated nucleic acids as described herein.

In another aspect, there is provided a method of producing
the isolated monoclonal antibody or fragment thereof as described
herein, comprising culturing the host cell as described herein
under suitable conditions and recovering said antibody or
fragment therefrom.

In another aspect, there is provided an isolated cell line
that is capable of producing the isolated monoclonal antibody or

fragment thereof as described herein.
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In another aspect, there is provided an isolated monoclonal
antibody or fragment thereof as described herein or the
composition as described herein for use in therapy.

In another aspect, there is provided a use of the isolated
monoclonal antibody or fragment thereof as described herein or
the composition as described herein, in the preparation of a
medicament for the treatment of an autoimmune disease.

In another aspect, there is provided a use of the isolated
monoclonal antibody or fragment thereof as described herein or
the composition as described herein, in the preparation of a
medicament for the treatment of arthritis, inflammatory bowel
disease, Crohn’s disease, rheumatoid arthritis, gout, diabetes,
uvelitis, cryopyrin-associated periodic syndromes or inflammatory
acne.

In another aspect, there is provided a use of the isolated
monoclonal antibody or fragment thereof as described herein or
the composition as described herein, in the preparation of a
medicament for the treatment of an inflammatory disease.

In another aspect, there is provided a use of the isolated
monoclonal antibody or fragment thereof as described herein or
the composition as described herein, in the preparation of a
medicament for the treatment of cancer.

In another aspect, there is provided a use of the isolated
monoclonal antibody or fragment thereof as described herein or
the composition as described herein, in the preparation of a

medicament for reducing tumor growth.
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.Definitions

~Theﬁ following words and terms used herein shall have the
meaning indicated: . .

The texm “antlgen blndlng protein” as used herein refers. to
antibodies, antibody fragments and other protein constructs,’ such
as domains, which are capable of binding to I‘L-'IB‘

The term “antibody”- as used ‘herein in the broadest' sense to
refer to molecules - with an Iimmunoglobulin-like domain and
includes 'm‘onoclonall, recombinant, polyclonal, chimeric,
humanised, bispecific, ‘multispecific and ﬂeteroconju‘gate
antibodies; a single‘variable domaiﬁ, a domain antib’ody, antigen
binding fragments; immunologically effective fragments, single
chain Fv, diabodies, Tandabs™, etc (for a sumrﬁary of altéinative
" “antibody” formats see Holliger and Hudson, Nature B:.otechnology,
2005, Vol 23, No. 9, 1126~1136). ' _

The phrase “single'_. irar’i‘abl'e ‘délm'air-l” refers"to an .antigen‘
""vbinding' protein 'vellriable‘ domain ‘(for' example, Vyu, Vin, Vi) that
specifically bipds’ an rvantigen or’ epitope independently of a.
différent variable 'region or _domai.z"x.- ) - ‘

“domain antibody” or “dAb” may be considered the same as
a “smgle variable domain” which is capable of binding to an
- antigen. A single variable domain ‘may be a human antibody’
variable domain, but also i’nc'l‘ude‘s‘ single antibody wvariable
domains from other species such as rodent (for example, as
disclosed in WO 00/29004), nurse shark and Camelid Vy dAbs.
-Camelid Vapg 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 Vg domains may be
humanised according to standard techniques available in the art,
and such domains are considered to be “domain antibodies”.'As

used herein Vy includes camelid Vg domains.



As used herein the term “domain” refers to a folded protein
structure which has tertiary struCturé independent of thg rest of
the prot;ein mé‘gﬁerally, dbmainé " are ;:espénsible_ for discréi:'e'
functional ~properties of proteins, and in many cases may ‘be
added, removed or tfansfe_rred to other proteins without loss of"
funection of the remainder of the protein and/or of the domain. A
“single: variable domain” is a folded ' polypeptide domain
comprising sequences characteristic of antibo@y variable domains.
It therefore includes complete antibody variable domains and
modified variable domains, for example, in" which one or‘ more
loopsﬁ .- have beenj replaced by sequencés which are not
characteristic-of antibody variable domains, or.antibody variable
domains' which have been .truncated or comprise N- or C-terminal
extensions, as .well as folded.fragments of variable ‘domains which
retain at Z'Leastﬂ the binding activity and specificity of the full-
.length domain. A  domain can_ bind an antigen or  epitope -
independently of a different variable region or domain.

An antigen binding fr'agment may be provided by means of
arrangement of one or more CDRs on non-antibody protein scaffolds
such as a domain. The domain méy be a domain antibody or may be a
domain which is a derivative of a ‘scaffold selected from the
group chsisi:ing‘ of 'CTLA-4 (Ex’rib.ody); lipocalin; ‘ Protein 2
derived molecules such as Z—démain of Protein A (Afflbody, SpA),
A-domaih (Ax_rj._mer/Maxibody); Heat shock ‘proteins such -as Grqu and.
GroES; transferrin (trans-body); ankyrin repeat protein (DARPin}):
peptide aptamer; C-type lectin domain (-'J.'.'etranectin'); ‘human -
crystallin and human ubigquitin (affilins); PDZ domains; scorpion
toxinkunitz type domains of human protease inhibitors; and
fibronectin (adnectin); which has Dbeen subjected to protein
ehgineering in order to Bbtain binding to a ligand other than its
natural ligand. . )

CTLA-4 (Cytotoxic T ﬁymphocyte-associated‘ Antigen 4) is a
CD28-family receptor expressed on  mainly CD4+ T-cells. Its

_extracellular domain has a variable domain-like’ Ig fold. Loops



corresponding to CDRs of antibodies can be substituted with

heterologous sequence to confer different binding properties.

CTLA=4._. molecules.__ _engineered _to . have . . different. _binding.. . . .. . ...

specificitieé are also known as Evibodies. For further details
see Journal of Immunoiogical Methods. 248 (1-2), 31-45 (2001)
i.ipﬁé:alihs ‘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 bé '_ engineered to bind to different target
antigens. Anticalins are between 160~180 amino acids in size, and
are derived from 1lipocalins. For further details see Biochim
Biophys Acta 1482: 337-350 (2000), US7250297Bl and US20070224633

An .affibody is a scaffold derived from Protein A of
Staphylococcus aureus which ca.h be é'nginéered to bind to antigen.
_Tﬁe domain _consisté of a three-helical bundle of-approximately 58
amino acids. Libraries have been genefated by randomisation of
surface residues. For further details see Protein Eng. Des. Sel.
-~ 17, 455-462 (2004) and EP1641816A1 ‘

Avimers are multidomain proteins derived from the A-domain
s.caffold‘ family. The . native domains of approximétely 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 Biotechnology
23(12), 1556 - 1561 (2003) and E:.cpert ‘Opinion'on Investigational
Drugs 16(6), 909-917 (June 2007) -

A transferrin is a monomeric serum transport glycoprotein.
Transferri}:s can be’ engineered to bind different target antigens
by insertion of peptide segquences in a permissive surface loop.
Examples of engineered transferrin scaffolds include the Trans-
_ body. For further details see J. Biol., Chem 274, 24066-24073
(1999 . S

Designed Ankyrin Repeat Proteins (DARPins) are derived from

Ankyrin which is a family of proteins that mediate attachment of



integral membrané proteins to the éytoskeleton. A single ankyrin
repeat is a 33 residue motif consisting of two a~helices and a f-
turn. They can be engineeredbto bind different target antigens by
randomising r.esidues in the first a~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). For
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. ' : _

Fibronectin is a scaffold which can be engineered to bind
to antigen. Adnectins consists of a backbone of the na'l;ur;l amino
acid 'sequenca 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
specifically recognize a therapeutic target of interest. For
further details see Protein Eng. Des. Sel. 18, -435-444 (2005),
Us20080139791, WO2005056764 and USé81841831. )

Peptide’ éptamers‘ are éoinbinét‘orial, recognition molecules
that comsist of a constant scaffold pfotein, tyi:ically
thioredoxin. (TrxA) which contains a constrained variable peptide
loop inserted at the active Site. For further detzils see Expert
Opin. Biocl. Thex.5, 783~797 (2303).

Microbodies are - derived = from naturally occurring
microproteins of 25—5<0 amino acids in length which contain 3-¢
cysteine bridges - examples of microproteins include KalataBl and
conotoxin and knottins. The microproteins have a loop which can
be engineered to include up to‘25 amino acids without affecting
the overall fold of the microprotein. For further details of
engineered knottin domains, see WO2008088796.

Other binding domains include proteins which have bzer used
as a scaffold to engineer different target antigen binding
properties include 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




(charybdotoxin), C-type lectin domain (tetranectins) are reviewed
in Chapter 7 - Non-Antibody Scaffolds from Handbook of
_Therapeutic Antibodies (2007, edited by Stefan Dubel) and Protein .

Science. 15:14~27 (2006). Binding domains of the present inventi'on
' could be derived from any of these alternative proteln domains.
‘An antigen binding fragment or an mununologlcally effective
fragment may comprise partial heavy or light chain variable
seq\;lences. ?ragments 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 length

The term “neptral:.ses as used throughout the present
_ specification means ”that th_e biological activity of IL-1p is
. reduced in the‘presencé of an antigen' binding pr_ote‘in as
described herein in comparison to the activity of IL-if in the
‘ absence of_ the 'antié;en binding protein,'in vitro or in 'vivo.
Neutrallsatlon may be due to.one or more of blocking IL-1p
'D:Lnd:.ng to its a.eceptor, preventlng IL-1p from activating its
'rrece"ptcr, down' regulating IL-18 or :\Lts~ receptor, or affecting-"
effector functionality.

~ The reduction or inhibition in blologlcal actlv:Lty may be
partial or. total. A neutralising antigen binding protein may
neutralise the éctivify cf IL~1f by at least 20%, 30% 40%, 50%,
'55%, 60%, 65%, 70%, 75%, 80%, 82%, 84%, B86%, B88%, 90%, 92%, 94%,
95-%, 96%, 97%, 98%, 99% or 100% relative to IL-13 activity in the
absence of the antigen binding protein.

VNeﬁtra\:Li’sation may be 'determinec_i or measured using one or
moré assé.ys known to the skiiled person or as describe_d herein.
Fer example, antigen binding protein binding to IL-1B can be
assessed in a sandwich ELISA, by BIAcore™, FMAT, FORTEbio, or
" similar in vitro assays, but also in cell-based functional
assays. ) '

“CDRs” are defined as the complementarity determining
region amino acid sequences of an aﬁtigen binding protein. These
are the '-hypervariable- regions of immunoglobulin heavy and light

chains. There are three heavy chain and three light chain CDRs-



(or CDR regions) in the variable portion of an immunoglobulin.
Thus, "CDRs" as used herein refers to all ﬁhree heavy chain CDRs,
allifhfee_light chain CDRg, all heayy agd light chain CDRs, or at
least two CDRs. o '

~ Throughout this specification, amino acid residues .in
variable domain sequences and full lengﬁh antibody sequences are
numbered aqcording.to'the Kabat numbering convention. Similarly,
the terms "“CDR", ™“CDRL1”, ™“CDRLZ”, “?pRL3”, “CDRH1”, ™“CDRH2",
“CDRH3” wused in the Examples follow the Xabat numbering}
qonvention; For further information, see Kabat et él:, Sequences
.of'Proteins.of‘Immunological Interest, 4th Bd., U:S. Department
of  Health and Human Services, National Institutes of Health
(1987). ‘ ' .

It”wili be apparent to those skilled in the. art-that there
are.alternative nﬁhbering conventions for amino ‘acid residues in-
variable domain -seguences and fuli length antibody' sequences.
There .are also alternative numbering conventions for CDR
seguences, for 'examp}e those set_ out in Chothia et al. (1589)
Nature 542:'8774883.'The structure and protein folding ‘of the
antibody may mean that other residues are considered part of the
CDﬁ‘ sequénce vand would be undersﬁood to be so by a skilleqd
person. ’ ' ‘

¢ Other qumberiqg'conventions for CDR sequences available. to
a skilled pefson‘include “AbM” (University "of Bath) and “contact”
(University Collegé Loﬁdon) methods. Thé minimum overlapping
regiod using at least two of the Kabat, Chothia, AbM and contact
methods can be determined to provide the “minimum binding unit”.
The minimum binding unit may be.a sub-portion of a CDR.

The table Dbelow répresents one definition using each
numbering convention for each CDR' or binding unit. The Kabat
numﬁering_scheme is used in Table 1.to number the variable domain
amino -acid sequence. It should be noted .that some of the CDR
definitions may vary depending on the individual publicétion

used.
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Kabat CDR Chothia AbM CDR Contact CDR |Minimum-
CDR . ] . binding
H1 {31- 26- 26~ 130~ : 31-32
© "l3s/35a/35B | 32/33/34 |35/35A/35B | 35/35A/35B
HZ | 50-65 52-56 50-58 47-58 52-56
H3 |95-102 35-102 | 95-102 $3-101 95-101
L1 |24-34 T 24-32 24-34 36-36 30-34
12 |50-56 50-56 50-56 | 46-55 50-55
T3 | 89-97. 89-97 | 89-97 §5-96 85-96

For nucleotide and ;':lmino acid sequences, the term
“'idel')tiical"‘ or “sequence ddentity” indicates the degree .of
identity between two nucleic acid or two amino acid sequences.
when optimally aligned and compared with appropriate insertions
or deletions. o o

The percent identity between two sequences is a function of
the number of identical positions shared by the sequences (i.e.,
% identity = ~number of identical pbsitions/total number of
-pos_itions times 100), takiﬁg into éc;count the number of gaps, and
the length of each gap, which need to be i}nfrc;duced for optimal
alignment of the two sequences. The compérison of sequences. and
determination of percent identity between two sequences can be
accomplished using a mathematical algorithm, as described below.

The percent identity between two nucleotide segquences can
be determined using the GAP progra;ri 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 percent
identity between two nucleotide or amino acid sequences can also
be determined using the algorithm of E. Mesiers and W. Miller
(Comput. Appl. Biosci., 4:11-17 (1988)) which has been
incorporated into the ALIGN program (version 2.0), using a PAM120

weight residue table, a gap length penalty of 12 and a gap
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penalty of 4. In addition, the percent identity between.two amino
acid sequences can be determined using the.Needleman and Wunsch

(J. Mol. Biol. 48 444-453 .(1970)) algorithm which has been

1ncorporated 1nto the GAP progranl in the GCG- softwa*e package,"

ihu51ng elhher a Blossum 62 matrlx or a PAMZSO matrix, and a. gap

welght of 16, .14y 125 10585 - LOE” 4 ‘and - vength weight of 1, 2,
3, 4, 5, 0r6. . o o |
’ '\By way of example, a - polynﬁcleotide' sequence may .be
iden%ical to a reference polynucleotide sequence as described
herein (see for example SEQ ID NO: ‘X), thatlis be 100% identical,
or it may include up fo.a certain integer number of nucleotide-
alterations as qompared. to the' reference sequence, such as at
least 50, 60, 70, 75, 80, 85, 90, 95, 98, or 9%% identical. Such
alterations are selected frém at least one nucleotide deletion,
substitution, including transition and transversion, - 6x
insertion, and wherein said alterations may occur at the 5' or 3!
terminal positions of the reference nucleotide sequence or
anywhere between those -terminal positions, intexspersed ’either
individually” among the nucleotides in the iefereﬁce~séquepce ‘or
»in one oOr more coptiguous groups within the reference sequence.
The number of nucleotide alterations is determined by multiplying
- the ;otal number of.nucleotides in a reference polyn&cleoti@e'
sequence, by thé numerical percent of the respective percent‘
identity (divided by 100) and subtracting thHat product from said
total number of nucleotides in the - reference polynucleotide
sequence as follows:

Ny £ X3 =~ (Xq ® ¥),

wherein n, is the number of nucleotide alteratiqns, X, is the
total number ,of nucleotides in the reference polynucléotide
sequence-and y is 0.50 for 50%, 0.60 for £0%, 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 100%, e is the symbol for

the multiplication operator, and wherein any non-integer product
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of %, and y is rounded down to the nearest integer prior to

subtracting it from X.

" similarly, a polypeptide sequence may be identical to a

polypeptide reference'sequence,. that is be 100% identical, or it
'may include up to a certain 1nteger numbervof amino C‘d

'alter;tlons as compared to the. reference sequence =uch that the.

“'Vﬁildentlty 15 less than 100 -sich  as" at’ least 50, "I{J, 75, 80, - -

:;85, ‘90, .95, 98, or 99% identical. Such alteratlons are selected
rom the group consisting of at least one amlno acid deletion, .
.substitution, including conservative . and. non-conservative
substitution, or insertion, and wherein said alterations may
occur at the- amino~ or carboxy_-—_terminal positions of the
reference polypeptide sequence or anywhere‘ between those terrﬁinal
positions, interspersed either individually qrﬁong the amino acids .
in 'the reference sequence or in one orAmore ‘cont_iguous groups
within the reference seguence. The number of. e_m\.ino acid
alterations for a given % didentity is ‘determined By multiplying
the total number of amino acids in the pblypeptide sequence
encoded by the polypeptide ref_grence sequence by the -numerical
percent of the respective percent identify (divided by 100} and
then subtracting that product from sai_d total.numbef of amino
acids in the polypeptide reference sequénce as follows:
Ny £ Xa = (X3 0. y),
w'he:rein'na is the numbe;i' of amino acid alterations, x. is the
total number of amino acids in the reference polypeptide sequence
and y 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 100%, » is the symbol for the
multiplication operator, and wherein any non-infeger product of
Xy and -y is rounded down to the nearest integer prior to
subtracting it from x,. The % identity may be determined across
the length of the sequence..
The term ‘“specifically binds” as uséd throughout 'the

present specification in relation to antigen binding proteins
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means that the antigen binding protein binds to a target epitope
on IL-1B with a greater affinity than. that which results when
~bound to a non-target epitope. In certain embodiments, specific
blndlng refers to binding to a targe; w1th an affinity that 1s atlu
least 10, 50, 100, 250, 500, "orx 1000 times gxeauer than the
afflnlty for'aAnon-ta*get eDitbpe. For - example, blndlng afflnlty
may be as measured by routine methods, e, g., by competl ion ELISA
- or by measurement of Kd with BIACORE“,KINEXA“ or PROTEON™, )

The term “IC50” as used hérein ﬁeané the- MOlﬁr
concentration of a substance (aﬁtagonist) that  reduces K the
effiéac& of a reference agonist or the constitutive activity of a
biological target by 50% of an antagonist curve (Top-Bottom) for
a particular test substance.

The term “ECSO”' as. used . herein means the molar
coﬁcentratippﬁof a substance (agonist) that induces a response by
50% of the maximal effect of a dose-response curve. | ‘

Throughout this  specification, amino acid residues in
variable domain sequences and full length antibody sequences are
numbered according to the Kabat numbering convention. For further
information, see Kabat et al., Sequences of Froteins of
Immunolégical Interes%, 4th Ed., U‘S Department of Health and
Human Services, National Institutes of Health (1987).

It will be. apparent to those skllled in the _art that there
are alternatlve numbering conventlons ‘or amino aciqd residues in
variable domain sequences and full lnngth antibody segquences.
There are alsc alternative numberlng 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 other residue§>are considered part of the.
CDR seguence and would be understood to be so by 2 skilled
person. '

Other numbering conventions for CDR sequences available to
a skilled. person include “AbM” (University of Bath) and “contact”
{University College London) methods. The inimum overlapping

region using at Teast two of the Kabat, Chothia, AbM and contact
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methods can be determined to provide the “minimum binding unit”.

The minimum binding unit may be a sub;portion ‘of a CDR.

to- inélude so_lyenﬁé,' dispersion media( coatings, -anti-bacterial
and anti-fungal agents, disctonic and absorption delaying agents,
-~ ‘and - the 1like: - The use ‘of  such - media and" agents  for
Apharmaceuti-cél_‘iy active substances. . is we_.j.l,.khown ‘in the art.
Except insofar as ariy conventional media or agent is incompatible
with the compound, use thereocf in the the;:apeutic compositions
ancf methods of treatment and ,proﬁhylaxis is contémplated.
Su;;plementary dctive compounds ‘'may also be incorporated into the
c,ompositions acco‘:&di—ng to the present invention. It is 'esp'ecially'
advantage‘ous'to formulate parenteral compositions in doéag‘e unit
form for ease of -admin'istrati‘.on. 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. o - ' '

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 typica.lly,
+/~ 2% of fhé stated wvalue, even-  more typically +/- 1% of the
stated value, and even more typically +/- 0.5%' of the stated
value, '

Throuéhout this disclosure, .certain embodiments may be '
disclosed in a range format. It should be understood that- the
description in range. format is merely for convenience and brevity
and should not be construed as an inflexible limitation on the
scope of the disclosed ranges’..Adcor;iingly, the description of =&
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, fxom 1 _to 4, from 1 to 5, from 2 to 4, from

2 to. 6, from 3 to—6_etewy—as—well—as—individugl THUMBETS Within
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,that range, for example, 1, 2, 3, 4, 5, and 6. This épplies
regardless of the breadth of the range. "

ﬁisclosure of Optional Embodiments .
Eiemplar&,.non—llmltlng embod;ments of an lsolated IL 1B
specmflc antigen blndlng proteln w;ll now be disclosed.

‘In one embodiment the isolated IL—lB specific .antigen
blndlng prOueln comprlses one or more binding units selected from
the group conszstlnq of the following'binding units:

(i) a binding unit L1 cqmpr151ng Kabat residues 23-35 of SEQ ID
NO: 3 or Kabat residues 24-33 of SEQ ID NO: 4, 15 or 16, or a
yariant thereof which 'cﬁntains at least- one aminb acid
_ éubétiiutibn; insertion or deletion in 'the binding unit L1; -

(ii) a binding>uqit L2 comprising Xabat residues 51-57 of SEQ ID
NO: 3. or Kabat résidues-49—55 of SEQ ID NO: 4, 15 .or 16, Sr a
variant thereof which contains at least oné amino éc@d

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) aibgﬁding unit H1 compriéiné 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 EH2 comprising Kabat.resiﬁues 50-66 of SEQ ID
NO: 1 or Kabat residues 50-65 of SEQ.ID NO: 2 or i4, or a variant
thereof which contains at least one amino acid substitution,
insertion or deletion 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
substltutlon, 1nsertlon or deletion in the binding unit H3.

In one embodiment the isolated IL-18 specific, antlgen

binding protein comprises a heavy chain and/or a light chain in
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" which the heavy chain comprises. or consists of an amino acid

sequence encoded by the nucleotide seguence selected from SEQ ID

NO:l or SEQ ID NO 2 o:: 14 and in which the light chain comprises

or _consists of an’ amlno ac:.d sequence encoded by the nuéleotide
~ sequence select,ed 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, 8, £, y.and p heavy chains. Preferably the heavy chain is.
v, . .

) The light chain. is prefez;ably. selec.ted from A or x 1light
.chains. Preferably the light chain is A.

In one embodiment, the Kabat res:.dues 88-96 of SEQ ID NO:
4, 15 or 16 may be selected from residues consisting of ‘the group
selected from amino -acids 1~9 of SEQ ID NO: 8, SEQ ID NO: 10, SEQ
ID NO: 11, SEQ ID NO: 12 or SEQ ID NO: 13.

In one Vembodiment, the isolated IL~18 specific antigen.
' binding protein neutralizes IL-1f  in a. cell function
'»neutrallzatlon assay at ap IC50 value of less than about -20nM.

In another embodiment the isolated IL-1f speC1f1c antigen
binding protein neutralizes IL-lB in a cell stimulation assay at
an IC50 value of less than about 15nM, 1es§ than about 10nM, less
thah' about 5nM, less than about 3nM, less than about 1nM, less
than abo;t 0.5nM, less than about 0.2nM, less than about 100pM,
less than 50pM, less than 10pM, less than 5pM or about 1pM.

A In some embodiments, the isolated IL-1p specific antigen’
binding protein is selected from. human IL-1Bp and cross-reacts
with murine or simian IL-1B. ' ‘ .

In one embodiment, the isolated IL-1p specific antigen
binding protein_ as described herein inhibits IL-1f induced IL-6
production in a cell inhibition assay at an IC50 value selected
from less than about 20nM. In another embodiment, the isolated
IL-1p specific antigen binding protein described herein inhibits
IL-1p induced IL-6 productiocn 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, less ,t,han.- about -0-58M exr Iless- than
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about 0.4nﬁ; less than about 300pM, less than about ZOOPMR less
than about‘IODpM, less than about SGpM, less than about 10pM or
less than, about 5pM.

 In one embodiment the isolated IL-1Bp specific antigen
blndlng proteln binds TL-1p with a Ky value of less than ‘about
10nM. In another embodiment, the 1solated IL- IB specific antigen
binding protein binds IL-1B with a X, value of less than less
than about 5nM, less than about ZhM,-less than about 1nM, less
than ahbut_D.SnM, less than about 200pM, less tﬁén about 100pM,
less than -about 5pM or less than abbut 1pM.

In one embodiment, the isolated, IL- iﬁ speéific anﬁigén
blndlng protein neutrallzes human IL—1a at an IC50 value of from
1pM to 5nM

In one embodiment, the isoclated, IL~1pP specific antigen
' binding protein rieutralizes murine IL-1f at an IC50 value of from
100pM to 15nM. '

-In one embodiment, the isolated antigen binding protein is
capable of specifically binding to IL~1B.

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

iy a heavy chaln encoded by the nucleotlde sequence of

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

(i1) | a heavy chaih encoded by the nucleotide ‘sequence of

. SEQ ID NO: 2 or 14 and a light chain encoded by the

mucleotide sequence of SEQ ID NO:4, 15 or 16. '

In one embodiment the Kabat residues 88-~96 of SEQ ID NO: 4,
" 15 or 16 may be selec;ed £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 ox
fragmenttthereof comprises or consists of a amino acid 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.
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__bispecific or. heter0comuqate.

In one embodiment, the isolated antigen binding protein is

,an'ant'ibody. Preferably, the antibody is monoclonal, polyclonal,

In one embod:l.ment, the antlbody may be fully human.

In one embodiment the :Lsolated antigen blndlng proteln is
an antlbody selected from the subtype IgGl, IgG2, IgG4 or IgG3.

In one embedime_nt the isolated antigen binding protein is a
singl‘e variable domain, a domain antibody, an anti'gen.binding
fragment, an lmmuno'logn.cally effective - fragment, a singlé"'ehein‘
Fv, a alabody or a tetravalent bispecific antibody (Tandab). In
one, embodiment,. .the antigen binding fragment may comprise an
arrangement of one or more CDRS on "non—antibody protein scaffolds
such as a domain. . '

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

In one embodiment, the isolated antigen Bindihg protein
cofnprises an agent selected from,‘ the group consisting - of an
immunoadhesion"molecule, an imagihg agent, a therapeutic agent
and a cytotoxic agent. .

The immunoadhesion molecules may comprise one or more of
the immunoglobuiin (Ig) superfamily of -cell adhesion molecules .
(CaMs), integrins, cadherins, and selectins.

In one embodiment, the imaging agent may vbe"seleeted from
the group ' consisting of a radioiabel,. an enzyme, a fluorescent
label, a Jluminescent 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
thym:.dlne.

Examples of suitable fluorescent labels include eya_mine,
fluorescein, rhodamine, Alexa Fluors, Dylight fluors, ATTO Dyes
and BODIPY Dyes. .

" Examples of  suitable luminescent  labels  include

chemiluminescent labels including but not limited to luminol and
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- Ruthenium probes and bioluminescent labels including but not
limited to luciferin. A ‘

' In one embodiment, the agent is a therapeutic or cytétéxic
agent. The therapesutic or cytotoxic agent m&y be selected from
the grouplconsisting of an anti-metabolite; an alkylating agent,
an antibiotic, a growth fa;ggr, a'cytokine, an anti—angioéenic
agent,. an anti-mitotic agent, an anthracycline, toxin and an
apoptotic agent. ' ' _ | ‘ . ‘_

' In one embodiment, the isoclated éqtigen biﬁding protein is
used in treéting cancer, an ipflanunatofy &iseése 5& an autoimmune
disease selected from the group cbnsisfing or arthritis,
inflammatory  bowel disease, Crohn' s disease, rheumatoid
-arthritis, gout, diabetes, uveifis, cryopyrin-associated periodic
syndromes and inflammatory acne. '

In one embodiment, the isolated antigen binding protein :Is
used in the preparation of a medicament for the treatment of
cancer, an inflammetory disease or an éutoimhune disease selected
from the group consisting" of arthritis,“inflammatory bowel
disease, Crohn's disease, rheumatoid arthritis, gout, diabetes,
uveitis, .cryopyrin-associated periodid syndromes and inflammatory
acne. } . y

In one embodiment the cryopyrin-assoéiéted periodic
syndromes may be selected from familial cold autoinflammatory
syndrome (FCAS), Muckle-Wells syndrome (MWS), and neohatal?ﬁnset
multisyétem inflemmatory disease (NOMID, also called chronic
infantile neurologic cutaneous and articular syndrome or CINCA).

' In  one embodiment, there is provided a ‘composition
compfising the antigen binding protein as described herein and a
pharmaceutically acceptable carrierx.

In one enmbodiment, 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 (for'example, glycerol, propylene
glycol, and liquid polyetheylene glycol, and the like}, suitable

mixtures thereof, and vegetable oils. The proper fluidity can be
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maintained, for -example, by the use of a coating. such -as

lecithin, by the maintenance of the required particle size in the

case of dispersion and by the use of surfactants. Prevention of

the action of microqrganisms'cén:bé'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,
parabeh;, chlorobutanol, phenol, benzyl alcohol, ascorbic acid,
thimé%ééél,.aﬁd'the like. In many>cases, it may be.preferable to

include isotonic agents, for éxampie, sugars, polyalcohols such
. as mannitol, sorbitol and sodium chloride. in thé"bomposition.

Prolonged absorption of " the injectable compositions c¢an be
brought about by including in the composition an agent 'which
delays absorption, for example, aluminium monéstearate‘ and
gelatin. ,

Sterile injectablé' solutions can be  prepared by
incorporétiﬁg the analogue in fhet réQuifed amount in an’
appropriate solvent with one or a combination of ingredients
enumerated above, as . required, followed by  filtered.
sterilisation.  Generally, disperéions are prepared by
incorporatiﬁg the analogue into a sterile vehicle which contains
a basic dispérsion'medium and the required other ingredients . from
those enumerated»above. ) E

Preferably,’ the .pharmaceutical composition may further.
include a suitable buffer to minimisé acid hydrblysis. Sﬁitable
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 ofA the pharmaceutical
compositions, acéofding 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 .apoarent to one of ordinmary skill in

the art that the optimal .course of treatment, such as the number
of doses of . the compound or composition of the 1nventlon given

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

‘Generally, an- effective dosa-gé per 24 hours may be in the’
rarlge of -about 0.0001 mg to about 1000 mg per kg body weight;
suifably, about 0.001 mg to about 750 mg per kg body weight;
about 0.0l mg to about 500 rnfg per kg body weight:; ébout 0.1 mg to
about 500 mg per kg body weight; about 0.1 mg to about 250 mg per
kg body. we_iéht: ‘or about 1.0 ‘mg to about 250 mg per kg body
weight. More suitably, an effective dosage per 24 hours may be in
the range of about 1.0 mé to about 200 mg per kg-body weight:
about 1.0 mg to about 100 mg per kg body weight; about 1.0 mg to
about 50 mg per kg body weight; about 1.0 mg to about 25 mg per
kg body weight; about 5.0 mg to about 50 mg iaér kg body weight;
aboot 5.0 mg- to about 20 mg per kg body weight; or about 5.0 mg
to about 15 mg per’ kg body weight. _

Alternatn.vely, an effectivé dosage. may be up to about_
SOOmt;.;/m2 For example, generally, an effectlve dosage is expected
to be in the -range of..about 25 to about SOOmg/m2 about 25 to
about 350mg/m2, about 25 to about 300mg/m?, about 25 to about
250mg/m2, a):;out' 50 to about 250mg/m?, and about 75 to about
150mg/m?.

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

There is also provided an isolated cell line that is
capablé of producing the antigen binding protein as described
hereinf ‘

Examples of cell 1lines capable of producing the antigen
binding protein include HEK293 and CHO.

There is also -provided 'an isolated nucleic acid molecule
comprising or consisting of sequences selectéd from SEQ ID NO:1

or SEQ ID NO:2. or 14, or fragmenis. thereof.

I 2
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There is - also provided an isolated nucleic acid molecule

éomprising or consisting of sequences selected from SEQ ID NO:3

or SEQ ID NO:4, 15 or 16, or fragments thereof.. -

,Inlone exﬁbodiment, the isolated nucleic acid molecule 6r
'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.

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

In one embodiment, the vector may be a'plasmid or a virus.
It will be appreciatedvby the persoﬁ. of skill in the art that
many suitable vectors exist and are included ‘in the scope of the
present disclosgre. _

Preferably,l'the vector é:om_prises an. expression-control
sequence opefably linked to said nucleic acid melecule. _

The .expression control sequence may be a nucleic acid
fragment that promotes, enhances or represses expression of a
gene Or proteih of interest. . »

There is also provided a host cell comprising the nucleic
acid molecule as defined above.

_ The host cell may be a 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 é.s described herein comprising culturing the host
cell according as described herein under suitable conditions and
recovering said protein theféfrom. |

There is also 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,

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 Description of Drawings
. The accompanying drawings illustrate a disclosed embodiment
and serve to explain the principles of the,diSC;osed embodiment.
- It is-to be understood, however, that the drawings are designed
for.purpoées of illuStratiéﬂ'only, and not as a definition of the

limits of the invention.

Figura 1 shows the neutralization of iL-iB by Fab clones 1H and
2B. IL-1p neutralization was measured based 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 IL~iB
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 clon,s. .
Fzgure 3 shows the neu;ralﬁzatlon of human IL-1p by IgGl 1H and
2H. ;L—;B neutralization was measured based on the optical
density ‘(OD) read at 655nm and the concentration of IgG. The
results show that clones 1H and 2H neutralize human IL-1p with a
potency (EC30) of 2.6 nM and 0.17 nM respectively.
Figure 4 shows the neutralization of mouse IL-1f by IgGl 1H and
2H. IL-1Bp neutralization was measured based on the optical
density (OD) read at 655nm and <the concentration of IgG. The
-results show that clones 1H and 2H neutralized ‘mouse IL-1if with a
~.potency (EC50) of 11.5 nM and 1.5 nM respectively. ‘
Figure 5 shows that IgG 1H and 2H inhibit human IL~IB-indﬁced IL-
6 production in MRC5 cells. Human IL-1f neutralizing potency was
determined by measuring the Jlevel of 3IL-6 produced in the
presence of IgG 1E and 2H. MRC3 cells were stimulated by 4 pM of
IL-1p together with verious concenfrations of IgG 1B and 2H. The
results show thét Igét 1B and 2H have an inhibition potency (ECS50)

-0f 3.92 nM and 0.35 nM respectively.
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Figure 6 shows that IgG 2H inhibits the human IL-1B induced IL-6

production in vivo in Balb/c mice. Neutralizing pot_ency of IgG 2H

was assessed by . injecting mice 1ntraperluoneally with 4 or 20

mg/kg of 2R or 400 pL of PBS and human IL-1f or PBS theé following
day. The blood was colJ.ected and IL-6 measured by ELISA. The
results show that IgG 2H was able to inhibit human IL-1B 1nduced
. production of IL-6 in mice in a dose dependent manner.

Figure 7 shows that IgG 23 is specific fior IL-18 and does not
recognize IL-la. Binding specificity of IgG 2H was determined
based on the 6ptical d}ensity (OD) at 460 nm and the conc¢entration
of IgG 2H. The results show that while IgG 2B b‘c,)-und; to both human
“and mouse IL-18 in a dose dependent manner, it failed to bind to
either human or mouse IL-la.

_Figures 8 and 9 show the neﬁtralization potency of 5 IgG clones
obtained from the affinity maturation of IgG 2H. Neutralization
potency was determined based on the concentration of secreted IL-
6 against the concentration of each o.f ‘the I‘gG elones. The
‘results show that all matured IgG clones presented high
neutralization potency for both mouse and human' IL-1B. ‘Ti:xe
results also show that maturea clones were 2 to 8-fold more
effectlve in neutralizing. mouse IL—].B (Figure 8) and 3 to 23-fold
more effective in neutralizing’ humap_IL—lﬁ {Figure 8) than the
non-matured IgG 2H. .

¥igure 10 shows the sequence of P2D7KK. P2D7KK 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 varisble regiop. ‘

Figure 11 shows arthritic scores in. DBA mice after induction of
arthritis with anti-collagen antibodies. Mice were injected
either with 5 mg/kg isotype, 5 r'ng/kg'P2D7KK or 15 mg/kg P2D7KK.
The results show that mice treated with P2D7KK had much lower
arthritic scores than mice injected with the isotyp;e control.
Figure 12 shows a representative f£ront (top) and hind (bottom)
paw swelling after arthritis induction and administration of

isotype control (left), P2D7KK. 5mg/kg {(middle} -oxr P2P7KK 15mg/kg
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(right). The results  show that P2D7KK 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 . A
Figure 13 shows a represeﬁtative histological analysis of front
(top) -and hiﬁd (bottom) paws joints from micerinjecﬁed with the
, dsotype antibody (left) .or treated wiﬁh either 5mg/kg (middle) or
15mg/kg (right) of P2D7KK. The results show that in mice treated
with - P2D7KK,'Ajoints reﬁain virtually free of - immuné4 cell
infiltration while joints of isotYpe-injected mice were ,the siﬁe
of a highly inflammatory reaction.

Figure 14 shows>infiltfation of immune cells in the peritoneal
cavity -after injection of ' PBS (1) . or monosodium urate crystals
followed by administration of BBS (2),,“Anakinra. 30mg/kg ‘(3),
isotype human antibody 15mg/kg (4), P2D7KK 5mg/kg (5) or P2D7KK ’
15mg/kg (6) . Shown are meants.e.m. Unpaired t-test: * p<0.05; **
.§<0.01: **¥%p<0.001; n.s. not significant.

Figure 15 shows tumour growth between days 7 and 17 post
carcinoma 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, A_ ’

Figure 16 shows absolute numbers of c¢ells in mice auricular
draining lymph nodes. Graph 1 represents mice not infected with bP.
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. ' '
Figure 17 shows the number of lymphocytés in epide;mis of mice not
infected with P. acnes (first bar from the left of each group) ,
infected with P.. acnes and injected witﬁ PBS (second bar from the
left. of each group), dinfected with P. acnes and injected with
isotype control (ﬁhird‘ bar from the left of each group), or
infected with P. acnes and treated with P2D7KK (fourth_bar from

the left of each group). p-values refer to an unpaired t-test.
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.selection. IL-lfil specific . monoclonal antibodies in- the wEak -

Examples

Non»limiting examples of the invention, including the best

mode,._and. a_comparative example will be further described in .

greater detail by reference to specific Examples, which should
not be construed as in any way limiting the —-scopeof  the

invention.

Example 1 - Isolation of the anti-human IL-18 antibodies ‘and
characterization of the IL-1B neutralization capacity in cell-

based assays

Anti-IL-1f antibodies were isolated from a human antibody

phage display library (Humanyx HX-02 library) via in vitro

format were initiélly identified by ELISA. These ELISA-positive
Fabs were added to HEK-Blue™ IL~1B" cells (InvivoGen, USA) which
is an engineered HEK293 cell line that overexpresses recombinant
human IL-1 receptor. '

Binding of IL—IE to its réceptor IL~-1R on the surface of

HEK-Blue™ IL-18 cells triggers a sigpaling cascade leading to the

activation of MNF-XB and the subsequent production of secreted
alkaline phosphatase (SEAP). Detection of SEAP ‘in -the

supernatant of HEK-Blue™ IL-1f cells can be readily asséssed

- using QUANTI-Blue™, a colorimetric SEAP substrate. The HEK-Blue

cells are sensitive to both human and mouse IL-1B, but are
insensitive to human IL-la or TNF-o.

Of the 22 ELISA-positive Fabs, two clones, 1H and Zﬁ, were
found to block the activation of the HEK~-Blue IL-1B cells by IL-
1 stimulation with ICs¢ {(concentration inhibiting 50% of IL-1ip
activity) of 1.31 and 0.21 nM, respectively (Fig. 1). Sequencing
results revealed that both  clones possessed A 1light chain.
Sequences of the heavy and light chains of clones 1H and 2R are

shown in Fig. 2.
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Example 2 ~ Neutralization of IL-1B by IgGl 1F and 2H in theAHEK-
Blue cell assay . S .

' The two Fab clones 18 'and-‘ZH"wexe> converted into full
length IgG by amplifying the heavy and light chains of each clone ..
separately by PCR and cloning intds “the mammalian cell expression
A vector. The resulting plasmids, 'ﬁith Human IgGl subtype, were
subsequehtiy used for full length- antibody expression by
transient transfection into mammalian cells. Antibodies were

purified by Protein G column.

Human IL-18 . } o . )

The neutralizing potency of the IgG clone 1H and 2H on
human IL-1B- was then assayed using HEK-Blue cells as described
above. Cells were stimulated with 4 pM hpmén:IL—lB together with B
various~c6ncentrations of the antibody._ The;dose*response‘curve
was fitted by ﬁﬂe sigmoidal non-linear regression (variable
slope) equation from whiéh the ECjs (the half maximal effective
concentration) i§ calculated. In this assay clones 1H and 2H
neutralized human IL-1f with potency (ECse} of 2.6 nM and 0.17 nM,
respectively (Fig. 3).

Mouse IL-1f

The neutralizing potency of the IgG clone 1H and. 2H on
mouse IL-1f was examined using HEK~Blue cells as desdribed ébove.
However, cells were ‘stimulated with mouse IL-1BP together with
variou; coqcentratioﬁs;of_the antipody..ln this assay~clonés 1H -
and Zﬂ'ﬁéﬁtfalized éousé IL-1B with. potency kECm) of 11.5 nM and
1.5 nM, respectively (Fig. 4).
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Example 3 ~ Inhibition of human IL~1 induced IL-6 productibn IgG
1H and 2B ' a

In vitro

Inhibition of human IT 18 :Lnduced IL-6 productlon by _LgG lﬂ-
and 2RH was examined in vitro using the human flbroblasL cell
line, MRCS5. Stlmulat:.on of the human lung fibroblast cell, MRC5,
by IL-18 results in IL-6 production.

The human IL-1B neutralizing potency of IgG 1H and 2H was

examined by measuring the level of IL-6 produced in the pre‘s'ence'-“--‘
of the antibodies._ Cells were stimulated with human IL-1p
together with various concentrations of the antiioodiés, and the
'IL—6 was quantified by ELISA. In this assay, IgG 1H and 2H
showed inhibition potency (ECs) of 3.92 anc} 0.35 n?ﬂ, respectively .

(Fig. 5).

In vivo

In.hibition of human IL-1f induced IL~6 production by IgG 1H
and 2H was examined in vivo in Balb/C mice. Adxﬁiﬁist’ration of
haman IL-18 mto Balb/c mice is followed by a rapid secretlon of
mouse IL- 6 that is detectable im-the serum by ELISA.

To assess’ the peutrallzz.ng potency of IgG 2H, mice were
injected intraperitoneally with 4 or 20 mg/kg of 2H or with 400
L of PBS. .The following da‘y,' mice received human Iir-lﬁ or PBS
‘ ('ﬁ'é.gativé" .control). Two hours after IL-1p injection, blood was‘
coilected and IL-6 was measured in the serum by ELISA.

The results showed that 2H was able to inhibit the human
Ii.—lp~induced production of IL-6 in mice in‘a dose-dependent

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

The binding specificity of IgG 2B was examined against the

two subtypes of IL-1, o and B, by direct ELISA. The results show
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dependent manner, it failed to bind to eithervhuman or mouse IL-
la at the concentration range tested (Fig. 7). Thus, IgG 2H
displayed strong selectivity for TIL-1f over IL-la. Accordingly,

IgG 2H is specific for IL-1B and does not recognize IL-let.
E#ample 5 ~ Affinit& maturation of IgG 2K

IgG 2H was éffinity matﬁred using the ﬁhage—display method
and 5 métured clbﬁés with mutations in the CDR3 regibn'ofvihe
: ling chain were selected after iL—lB neutralization assdy on
MRCS5 cells. )

All matured -1gG -clones preSenﬁed high neutralization

potency for both mouse and human IL~IB in this assay. Matured

clones were 2 to 8-fold more effective in neutralizing mouse IL-

13 and 3 to 23-fold more effective in neutralizing. human IL-1f
than the initial IgG 2H, with potency ranging from ECs of 158.4
to 623.2pM for the mouse cytokine (Fig. Bf and ECsy from 6.5 to
45.3pM for its human counterpart (Fig. 9)

Matured clones (except PlE8) were tested for affinity
towards mouse and human TIL-18 wusing the ProteOn biocanalyzer
(BioRad,. Hercules, USA).- ‘

o The resﬁlts showed that affinities for mouse IL-1B were 3
to 13-fold higher for matured clones compared to IgG 2H and B8 to
25-fold higher regarding hqman'IL~1ﬁ'(Table 1y.
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6.73
10.1

'.'J._‘ab_lel 1: Affini-tiesi.of matufed élones towards mouse and human IL-
1B compared to IgG 2BH.
Séquences'of affinity matured clones
‘The matured clones were sequenced and the amino --acid
sequences of their light cbain CDR3 regibn_aré‘presénted in' the
Teble 2. - '

QAWDSNIEV

YAWDNAYEV
EAWDAALEV
QAWADSFEV
YAWADTYEV
EAWADTYEV

Table 2: Amingd acid sequences of the llght chaln CD3 reglon of:

each of the matured clones.

The corresponding nucleotide sequences of the light chain

' CDR3 regions after reverse translation are presented below:

>2H
CAGGCGTGGGACAGCAACATTGAAGTA (original 2H seguence)

AT TTCT T € G T (sequences encoding
- A 'A_ C _the same amino-acids)
c G G
>P1D9 )
TATGCTT GGGATAATGCTTATGARGTT L
c ¢ | C ¢ ¢c ¢C G ¢C
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(o]
o
2]

>PLES .
GAAGCTTGEGATGCTGCTGCTGAAGTT
G C. CCCC G C
A - N A
G ¢ G G G
>P1lH8

CAAGCTTGGGCTGATTCT?TTGAAGTT

G C C CAGC C G C

A U A

6 G G G
>P2D7 ,

TATGCTTGGGCTGATACTTATGAAGTT

c c ccccoec

B a A A

G G G | G

>P2D8 -

GAAGCTTGGGCTGATACTTATGAAGTT

6 C cCCCZ¢C G C

a A A a

G G G - G

Example 6 - In vivo efficacy of P2D7KK

Derivation of P2D7KK _
Out of the 5 affinity matured clones, P2D7 was selected and
engineeréd to be a germline-like antibody, named P2D7KK. P2D7KK

was derived from P2D7 by changing one arginine and one serine

32




residues by lysine residues in ‘positions 75 and 81 of the heavy

chain variable region (Fig. 10).

4 di’*f.ferent,animal models of disease (1) CAIA: collagen antibody-
induced _a:rt:'hriti's', a model of rheumatoid arthritis, (2):'*MSU:‘.
monosodiurn urate crystéls—induced inflanimat:_ion, a model mimicking
gout, {(3) RCC: renal cell carcrinoma growtfx, to evaluate the use
of IL~1B _ahtibody in the tumour microenvironmént to inhibit
tun;our growth 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 injection of 25 ng of lipdpolysaccharidé (LPS)
at day 3. ‘ : ' ‘ '

-A group of .8 mice received 5 mg/kg of. P2D7KK
~ intraperitoneally at days 2, 5 and ‘9. Another grou:p received iS
mg/kg of P2PIKK--ahd-one" control group received 5 mg/kg of ‘the
" isotype control following the same schedule. - .

The results showed'th'at ‘mice treated with P2D7KK have much
lower arthritic ECOres‘ than mice injected with the isotype
control . (Fﬁg. 11). Accordingly,w administration of P2b7KK
.inhibited the development of arthritis. ( .

The results also showed that §2D7KK clearly contained
inflammation as mice ‘treated wifh §2D7KK did not experie'née.
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 P2D7KK, 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 C57/3L6 mice were injected intraperitoneally
. with 3mg .of monosodium urate in 200pL of PBS, or PBS alone for
the control group. Mice were then injected with: '
e P2D7KK 5Smg/kg in 300pL of FPBS -(n¥5)
* P2D7KK 15mg/kg in 300uL of PBS (n=4)
* . Isotype antibody iSmg/kg in'BOOpL of PBS (n=5)
‘s Anakinra 30mg/kg in 300uL of PBS 9n=5)
s 300pL of PBS (n=3, vehicle contrel group)-
‘e ""300pL of PBS (n=5, no MSU control group)

Six hours after antibody administration, mice were culled
and peritoneum lavaged with 5SmL of cold complete media.’
Neutrophils>ana monocytes were counted in lévagé fluid by flow
cytometry.

-+ The results showed that injection of MSU in the peritoneum
induces recruitment of neutrophils and monocytes. Like Anakinra,
PiD?KK was ablé uto signifibantly reduce‘ infiltration of
neutrophils- (at both 15 and 5mg/kg) and moﬁocytes tonly at
lﬁmg/kgy in the peritoneal‘cavity (Fig. 14).

RCC - hﬁman,renal cell carcinoma xenograft

Female .SCID mice aged _6—8 ﬁeeks were injected
intramuscularly with 2x10° RCC4'cells. One ~group of 6 mice then
received 100ug/mouse‘of.P2D7KK injgcted in- the tﬁmgur site, on
days 1, 3, 5, 7 and 9 post-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 P2D7KK significantly reduced tumour
growth in the treated mice (Fig. 15).
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P. acnes f'inflammatory acne .

C57/BL6 mice were injected intraperitoneally with 400ug of
either -P2DTKK .or the isofypé control .at day -1 and at.day_l;ﬁAt
day 0, mice were infected with 10°% 'colony-forming units of
Propionibacterium acnes in the right ear and received PBS in the
left ear. Some control mice wefé'nof iﬁfected, some were infected
but did not receive any antibody. '

Immune-parémeters in. the dermis and in thé epidermis were -
assessed on dayé 2, 5 and 9. ‘ | . A ”@.“

The fesults showed that at day 8, P2D7KK reduced the
iﬁélammation as observed by the cell number decrease in thne lymph
nodes (Fig. 16). Without being bound by theory, it is likely that
P2D7KK reduces lymphocytes infiltration in the epidermis (Fig.
17).

Accordingly, P2D7KK showed in vivo efficacy in 4 différent
models. of human disease, namely rheumatoid arthritis, gout, renal

cell carcinoma and inflammatory acne.

' -Bpplications
It will be apparent.that>various'other modifications and
adaptations of the ‘inverntion will be apparent to the person
skilled in the art affer reading the foregoing 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.




Claims

1. An isolated monoclonal antibody which specifically binds
to IL-1B, or an antigen binding fragment thereof, wherein said
antibody or fragment thereof comprises the following Complementarity
Determining Regions (CDRs) :

(i) a heavy chain variable region CDR H1l comprising the amino
acid sequence DYYWS,

(ii) a heavy chain variable region CDR H2 comprising the amino
acid sequence EIDHSGSTNYNPSLKS,

(iii) a heavy chain variable region CDR H3 comprising the amino
acid sequence ASPSSGWTLDY,

(iv) a light chain wvariable region CDR Ll comprising the amino
acid sequence GDKLGDKFAF,

(v) a light chain variable region CDR L2 comprising the amino
acid sequence LDNKRPS, and

(vi) a light chain wvariable region CDR L3 comprising an amino
acid sequence selected from the group consisting of: YAWADTYEV,
QAWADSFEV, YAWDNAYEV, EAWDAAAEV, and EAWADTYEV.

2. The isolated monoclonal antibody or fragment thereof of
claim 1, wherein the light chain variable region CDR L3 comprises the

amino acid sequence YAWADTYEV.

3. The isolated monoclonal antibody or fragment thereof of
claim 1, wherein the light chain variable CDR3 comprises the amino

acid sequence QAWADSFEV.

4. The isolated monoclonal antibody or fragment thereof of

claim 1, wherein the light chain variable CDR3 comprises the amino

acid sequence YAWDNAYEV.
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5. The isolated monoclonal antibody or fragment thereof of
claim 1, wherein the light chain variable CDR3 comprises the amino

acid sequence EAWDAAAEV.

6. The isolated monoclonal antibody or fragment thereof of
claim 1, wherein the light chain variable CDR3 comprises the amino

acid sequence EAWADTYEV.

7. An isolated monoclonal antibody which specifically binds to
IL-13, or an antigen binding fragment thereof, wherein said antibody
or fragment thereof comprises:

(1) a light chain sequence comprising the amino acid sequence of
SEQ ID NO: 17; and

(1i) a heavy chain sequence comprising the amino acid sequence of

SEQ ID NO: 18 or SEQ ID NO:2.

8. The isolated monoclonal antibody or fragment thereof of
claim 7, wherein the heavy chain sequence comprises the amino acid

sequence of SEQ ID NO: 18.

9. The isolated monoclonal antibody or fragment thereof of
claim 8, wherein the heavy chain sequence comprises the amino acid

sequence of SEQ ID NO: 14.
10. The isolated monoclonal antibody or fragment thereof of
claim 7, wherein the heavy chain sequence comprises the amino acid

sequence of SEQ ID NO:2.

11. The isolated monoclonal antibody or fragment thereof of any

one of claims 1-10, which is fully human.

12. The isolated monoclonal antibody or fragment thereof of

any one of claims 1-11, wherein the IL-1f is human.
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13. The isolated monoclonal antibody or fragment thereof of any
one of claims 1-12, which is the antibody of the subtype IgGl, IgG2,
IgG3 or IgG4.

14. The isolated monoclonal antibody or fragment thereof of

claim 13, wherein the antibody is of the subtype IgG4.

15. A composition comprising the isolated antibody or fragment
thereof of any one of claims 1-14 and a pharmaceutically acceptable

carrier.

16. An isolated nucleic acid encoding the isolated monoclonal
antibody or fragment thereof of any one of claims 1-14, wherein the
nucleic acid comprises: a first sequence encoding the light chain or
the light chain variable region of said antibody or fragment, and a
second sequence encoding the heavy chain or the heavy chain variable

region of said antibody or fragment.

17. A set of two isolated nucleic acids which together encode
the isolated antibody or fragment thereof of any one of claims 1-14,
wherein: the first nucleic acid comprises a sequence encoding the
light chain or the light chain variable region of said antibody or
fragment, and the second nucleic acid comprises a sequence encoding
the heavy chain or the heavy chain variable region of said antibody or

fragment.

18. A vector comprising the isolated nucleic acid molecule of

claim 16, or the set of two isolated nucleic acids of claim 17.

19. A host cell comprising the isolated nucleic acid of claim

16, or the set of two isolated nucleic acids of claim 17.

20. A method of producing the isolated monoclonal antibody or

fragment thereof of any one of claims 1-14, comprising culturing the
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host cell of claim 19 under suitable conditions and recovering said

antibody or fragment therefrom.

21. An isolated cell line that is capable of producing the
isolated monoclonal antibody or fragment thereof of any one of claims

1-14.

22. The isolated monoclonal antibody or fragment thereof of any

one of claims 1-14 or the composition of claim 15 for use in therapy.

23. Use of the isolated monoclonal antibody or fragment thereof
of any one of claims 1-14 or the composition of claim 15, in the
preparation of a medicament for the treatment of an autoimmune

disease.

24. Use of the isolated monoclonal antibody or fragment thereof
of any one of claims 1-14 or the composition of claim 15, in the
preparation of a medicament for the treatment of arthritis,
inflammatory bowel disease, Crohn’s disease, rheumatoid arthritis,
gout, diabetes, uveitis, cryopyrin-associated periodic syndromes or

inflammatory acne.

25. Use of the isolated monoclonal antibody or fragment thereof
of any one of claims 1-14 or the composition of claim 15, in the
preparation of a medicament for the treatment of an inflammatory

disease.

26. The use of claim 25, wherein the inflammatory disease is

arthritis, gout or inflammatory acne.
27. Use of the isolated monoclonal antibody or fragment thereof

of any one of claims 1-14 or the composition of claim 15, in the

preparation of a medicament for the treatment of cancer.
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28. Use of the isolated monoclonal antibody or fragment thereof
of any one of claims 1-14 or the composition of claim 15, in the

preparation of a medicament for reducing tumor growth.

40



SEQUENCE LISTING .

<110> Agency for Science Technology and Research :

%+ <120> IL-1B Antibodies
<130> 9869SG1892 -
<160> 16
<170> Patentln version 3.5
<210> 1

. <211> 228

" <212> PRT

<213> Homo sapiens

<400> 1 -

Glu Val Gln Leu. val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ala

1 5 . .10 ' 15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr
20 ) . . 25 ' 30

Tyr Met. His Trp Val.Arg Glm Ala Pro Gly Gln Gly Leu Glu Trp Met

Gly Leu Val Asp Pro G-lu' Asp Gly Glu Thr Ile Tyr Ala Glu Lys Phe
50 S . 55 o © 60 .

Gln Gly Arg Val Thr Ile Thr Ala Asp Thr Ser Thr Asp Thr Ala Tyr
65 70 75 . 80

Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys
. 85 . 90 . ) -85

Ala Arg Val Glu Trp Val Ala Gly Thr Glu Gly Trp Gly Tyr Tyr Phe
: 100 105 - 110

Asp Tyr Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr
’ 115 . . 120 125

Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser
130. - 135 140 ‘

Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp-Tyr—Phe—Pro-Glu-
145 - ) 150 155 . 160




" Ser

."Pro Val'Thr val

Thr Phe Pro Ala
180
*Val Val Thr val

185

Asn Val Asn His
210

Pro Lys Ser Cys

225

Co<210> 2.

Qll> 22
<212> PRT

' <213> Homo sapiens

<400> 2" -

Gln Val
A

Gln

Thr Leu Ser

20

Ser’
.35

Tyr Trp Trp

Gly Glu ksp

50

Ile

Ser Arg Val Thr

65

Leu Sex Ser

Pro
100

Arg Ala Ser

vVal
113

Thr Leu Thr

Pro Ala Pro

Leu_

Lew

Ile

Ile

Ser Trp

165

Val Leu,

Pro Ser

Lys Pro

Gln Gln

Thr Cys
Arg
Sex

ﬁis

.Ser
70

val
85

Thx

Ser Ser

Val Ser

Ser Ser

Asn

G}n

Ser

Ser

Ser

Ser

200

Sexr

- 215

Trp

Ala

Gln‘

Gly
55

Val

JAla

Gly
Sex

Lys

Asn

Gly

Val

Pro

40

Ser

Asp

Ala

Trp

Ala

120

ser

2

-Gly Ala Leun Thr Ser Gly Val His

170

i85

Leu Gly Thr Gln

Asp

Thr Lys Val
. ' 220

ala Gly Leu

10

Leu

Tyr Gly Gly Ser
25 ‘ ’

Pro Gly Lys Gly

Thr Asn Tyr Asn

Thr Ser Arg Asn

15

Thr
20

Asp Ala Vval

TﬁrALeu
105

Asp Tyr

Ser Thr Lys Gly

Thr Ser Gly Gly

Ser Gly Leu Tyr.

Ser
Thr

205

Lys

Lys

Phe

Leuw

45

Pro

Gln

Tyr

Txp

Pro

125

Thr

Leu
19¢

Tyr

Lys

Pro

Ser

30

Glu

Ser

Phe

Tyr

Gly

110

Ser

Ala

175

“Sex
Ile

val

Ser
15
Asp
Trp
Leu

Ser

Ser
Cys

=in

Glu

Tyr -

Ile”:‘

1ys

Leu

.. 80

Cys

95

Gln

val

Ala

Ala

Gly

Phe

Leu




‘ 3.
130 135 140.

. Gly Cys Leu Val Lyé Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp .
145 - 150 155 160

. Asn Ser AGly Ala Leu Thr Ser Gly val His Thr Phe Pro Ala Val Leu
165 170 175

Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser '
180" 185 . : 190

Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys Pro
195 200 ) .. 4" 205

Ser Asn Thr Lys Val Asp Lys Lys Vgl Glu Pro Lys Ser Cys
2.0 215 _ 220

<210> 3
<211> 218

.. <212> PRT

<213> Homo sapiens
<400> 3
~ Asn Pre Met Leu Thr Gln Pro His Ser Val Ser Glu Ser Pro Gly Lys

1 . 5 10 15

Thr Val Thr Ile Pro Cys Thr Ala Ser Ser Gly Ser Ile Ala Asn Asn
' 20 - 25 30

Phe Val Gln Trp Tyr Gln Gln Arg Pro Gly Ser Ala Pro Thr Thr Val
35 ’ 40 J 45

Ile Tyr Glu Asp Ser Glm Arg Pro Ser Gly Val Pro Asp Arg Val Ser

Gly Ser Ile Rsp Ser Ser Ser Asn Ser Ala Ser Leu Thr Ile Ser Gly -
65 70 . 75 . 80

Leu Lys Thr Glu Asp Glu Ala Asp Tyr Tyr Cys Gln Ser Tyr Asp Ser
g5 a0 95

Rla Asn Asp ARrg Val Thx Phe Gly Gly Gly Thr Lys Leu Ile Val Leu
100 165 110




-4
"Gly Gln Pro lLys Ala Ala Pro Ser Val Thr Leu Phe Pro Pro Ser Ser -
115 . 120 ‘ 125 ‘

Glu Glu Leu GLn Ala Asn Lys Ala Thr Leu Val Cys Leu Ile Ser Asp
130 S 13s 140 .

v

Phe Tyr Pro Gly Ala Val Thr Val Ala.Trp Lys Ala Asp Ser Ser Pro
145 - . 150 . 155 - 160

Val Lys Ala Gly Val Glu Thr Thr Thr Pro Ser Lys Gln Ser Asn Asn
165 . 170 _ C 175 .

Lys Tyr Rla Ala Ser Ser Tyr Leu Ser Leu Thr Pro Glu Gln Trp Lys
S 180 : 185 . 190 .

Ser His Arg Ser Tyr Ser Cys Gln Val Thr His Glu Gly Ser Thr Vval
195 200 205

Glu Lys Thr Val Ala Pro Ala Glu. Cys Ser
. 210 S 218 0 e

<210> 4

<211> 212

<212> PRT:

<213> Homo sapiens

-<400> 4
Gln Ser Val Leu Thr Gln Pro. Pro Ser Val Ser Val Ser Pro Gly Gln
1 N 5. L. . 10 . 15

Thr Ala Ser Iie."z‘h:é Cys; Ser Gly Asp Lys. Leu Gly Asp lLys Phe Ala
20 . 25 ' 30 o

Phe Trp Tyr Gln Gln Lys Pro Gly Gln Ser Pro Val i.eu Val Ile Tyr
.35 ; 40 . . 45 - .

ieu Asp Asn Lys Arg Pro Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser
50 55 . 60 :

Asn Ser Gly Asn Thr Ala Thr Leu Thr Ile Ser Gly Thr Gln Ala Leu
65 70 .75 - . 80

Asp Glu Ala.BRsp Tyr Tyr Cys Gln Ala Trp Asp Ser Asn Ile Glu Val
85 Cloy o 85

Phe Gly Gly Gly Thr Lys Leu Thr Val Leu Gly Gln Pro Lys Ala Ala



5

100 _ 105 110

Pro SerAVa‘l Thr Leu Phe Pro Pro. Ser Ser Glu Glu Lew

115 o 120 125

Lys Ala Thr Leu Val Cys Leu Ile Ser Asp .Phe.Tyr Pro
- 130 - : o135 . : 140

Thr Val Ala Trp Lys Ala Asp Ser Ser Pro Val Lys Ala Gly

145 - 150 ' 155 -

Thr Thr Thr Pro Ser Lys Gln Ser Asn Asn Lys Tyr Ala
' 165 ' - 170

Tyr Leu Ser Leu Thr Pro Glu Gln ‘I’i‘p Lys Ser His Lys
e 180 ‘ - . 185

‘Cys Gln Val Thr His Glu Gly Ser Thr Val Glu Lys Thr
~ 195 200 - 205

Thr ‘Glu Cys Ser
S 210

.<210> §

<211> 684

<212> DNA_ - |

<213> Homo sapiens

<400> 5 - ' L '
gaggtgeage tgptacagte tggaecigag gtpaagaage ctggggecte agtgaagptt 60

tectgeaagg cafctggata caccttcace agctactata tgcactgept gegacaggee 120

cctggacaag ggetigagts gafgégactt gttgatcctg aagatggtza aacaatatac 180

geagagaagt tccagggéag agtc&ccata accgeggaca cgtetacaga cacagectac 240

atggagctgaj geagectgag atetgaggac acggcc;gﬁgt attgctg_’:gq gagagﬁgag 300
, tgegtgectg gtacggaagy ttgegpstac tactitgact actggggeea gggaaccety 360
) gtcéccgfct- caagegeetc caccaaggge coateggtet t(;cccctggc accctectee 420

aagagcacct cfgggggcac ageggecetg ggctgectgg tc-aaggacta cticcccgaa 480
ccggigacgg tetegtpeaa cteaggegee ctgaccageg gcgtccaéac cttccegget 540
gtectacapt ceteaggact clacteccte ageagegtag tgacegtgee ctecageage 600

ﬁgggcaécc_agacc;acaLctgémgtg.;atcacaagc,cgagcaacmcaaggtggac_—-660-

aagaaagttg ﬁgcccaaatc tigt ) 684

Gln

Gly

Ala

Ser.
190 .

vVal

Ala

Ala

Val

Ser
175

Tyr

Ala

Asn .

val

Giu
160 .

Ser

Ser

Pro



Q> 6
<211> 666 .
-<212> DNA .
_<213> Homo sapiens |

<400> 6 .
caggtgeage tacagmgtg gegcecegea ctgttgaage ceteggagac cotgteccte 60

acctgegetg tctatggtgg gicettcagt gattactact ggagetggat cogecageee - 120
ccngggaagg ggcmgagtg gattggepaa atcgateata gtggasgeac caactacaac 180
cegiceetoa agagtegagt caccatatca gtagacacgt coaggascea gitotcectg 240
agoctgaget clgigaccec cgoggacacg gctgtt.t;ait actgtgegag agegteceog . 300,
agcagtggct ggaccetiga ctz.ctggggc cagggeacce tggtoacogt ctcaagcgcc 360

' mcaccaagg geecateggt cttccccctg geaccetcct ccaa.gagcac ctctgggggc - 420

“ acagcggccc tgggctgcct ggtcaaggac tacttr.cccg aaocggtgac ggtgtcgtgg 480
aactcaggcg ccctgaccag cggcgtccac accttcccgg ctgtcctma gtoctcagga v 540 :

ctctactccc tcagcagcgt.agtgaccgtg :cc_ctccagca gcttgggcac ccagacctac. 600

atctgeaacg tgaatcacaa geceageaac aécaaggtgg acaagaaagt tgagcccaaa 660

tettgt o 666

<210> 7 .
- <211> 654
3 b DNA
) <213> Homo sap:ms

<400> 7 ‘ .
aattttatge tgactcagcc ceactetgtg tcggagtctc cggggaagac ggtgaccatc 60

cectgoacog Coagoaglig cagoatigoe epcaactitg tcagtygta coageagoge 120

ccgggeagte cececaccac tgtga;.tctat gaggatagtc asagaccete tgggptecet 180

gatcggécgi ctggctocat cgacagetee fecaactetg ecteccicac cateteoigga 240

cigaagactg aggacgaggce tgattattac tgtcaé‘tctr atgataptec caatgacagg jOO

gigacaticg geggagggac caagetgate gtcctcggt-c ageccaagee tgececeicg - 360

gtcactctgf tecogeceto cictgaggag oticiageed acasggecac actggtatgt” 420

" cteataagtg actictacce gggageegtg acagtggect géaaggcaga tagcagc?cc‘ 430

_ gtcaaggepe gagtzeapac caccacacee tecaaacana geancaacaa gtacgeggee 540
agcagetatc tgagectgac gectgageag tggaagtcee acagaageta cagetgecag 600

gtcacgcaig. faggpgascac cigpagaag acapiggeec cigeagaatg ctet 634



21058

<211> 636

<212> DNA. ,
e g e —ﬂ413>"ljlomo-.sapien3——— e

<400> 8 .
- cagtetgtgt tgacgeagee goectcagtg teegtgteee caggacagae agecageate 60

" acotgetetg gagatadatt gpgggatasa tigettict gptateagea gaagecagge 120
cag'a:ccétg ttttggteat .ctatctagat. aﬁcaagcggc ceteapggat cccggagcga 180
. ttetctgget coaactetgg gaacacagee actetgacca toagegggas ccaggetity. 240
gatgaggetg actactactg teaggegtpg gacageaaca tigasglatt cggeggageg 300
aceaagetga ccgmctagg tcagcccaag' getgeceect cggteactet g,ttcec.gccc. 360
: m;:mtéagg agcttcéa’gc.caac,aaggcc acactggtgt.gmtm tgacttctac 420
. | ceggggetg tgacagtgec clggaaggea gatageagee ccgtcaéégc gggﬁgtggag- 480
] accpccacac@&cégagca 'aagcaa'r;:aa;: a'égticgcgé ccageageta 'cg:tgggcct_g . 54,0_
acgcctgagc; agtgéaaétc ccacaaaage tacagctgcc. aggicacgea tgaagggage 600
accgtigags agz;cagtggc'cccmagaa tgttca - 636
<210> 9
<211> 9
. <212» PRT )
.<213> Homio sapiens
400> 9 |
TYyr ‘Ata Trp : Asp ?sn‘ 2Ala Tyr Glu Val

1 .

1<210> 10
<211> 9
<212> PRT
<213> Homo sapiens

<400> 10
Glu Ala Trp Asp Ala Ala Ala Glu Val
1 5 A

<210> 11

Q2l>9 .

<212> PRT
<213> Homo sapiens

<400> 11



Gln Ala Trp Ala
1 .

<210> 12

<211> 9

<212> PRT.~ -
<213> Homo sapiens

<400> 12

Tyr Ala Trp Ala
1 o

<210> 13

<211> 9

_<212> PRT -
'<213> Homo sapiens

<400> 13.

Glu Ala Tzxp Ala

<210> 14
<211> 222
<212> PRT

Asp Ser Phe Glu Val

5

5.

Asp Thr Tyr Glu Val

Asp Thr Tyr Glu Val

5

<213> Homo sapiens

<400> 14
Gln Val Gln Leu
1 .

Thr Leu Ser Leu

- Tyr Trp Ser Trp
35

Gly Glu Ile Asp
50

Ser Arg Val Thr
65

Lys Leu Ser Ser

Arg Ala Ser Pro
S 100

Gln

Thr

Ile

His

Ile

val

85

Ser

Gln

Cys

Arg

Ser

Ser

70

Thr

Ser

Trp

Ala

Gln

Gly

55

Val

Ala

Gly

Gly

vVal

Pro

40

Ser

Asp

Ala

Trp

Ala

Tyr

25

Pro

Thr

Thr

Asp

Thr
105

Gly
Gly
Gly
Asn
Ser
Thx

90

Leu

Leu

Gly

Lys

Tyx

Lys

75

Ala

Asp

Leu

Serx

Gly

Asn

60

Asn

Val

Tyr

Lys

Phe

Leu

45

Gln

Tyr

Trp

Pro

Ser

30

Glun

Ser

Phe

Tyr

Ser
Asp
Trp
Leu
Ser

Cys

95

Gly
110

Gln

Glu
Tyr
Ile
ﬁys
Leu
80

Ala

Gly



9 .
Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
‘ 11s ' 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu

130t 135 R 140...

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

“Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val lLeu
165 170 o 175

Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Vval Thr Val Pro Ser
180 ) . 185 190

~Ser Ser Leu Gly Thr Gln Thr Tyr Tle Cys Asn Val Asn His Lys Pro
195 .. 200 . 205

Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys
210 . 215 220 ’

. <210> 15

T 211> 212

<212> PRT

<213> Homo sapiens

<400> 15
" Gln Ser Val Leu Thr Gln Pro Pro Ser Val Ser Val Ser Pro Gly Gln -
1 5 10 15

Thr Ala Ser Ile Thr Cys Ser Gly Asp Lys Leu Gly Asp Lys Phe Val
20 25 30

Tyr Trp Tyr Gln Gln Lys Pro Gly Gln Sexr Pro Val Leu Val Ile Tyr
- 35 40 - 45

Leu Asp Asn Lys Arg Pro Ser Gly Ile Pro Glu Axg Phe Ser Gly Ser

Asn Ser Gly Asn Thr Ala Thr Leu .Thr Ile Ser GLy Thr Gln Ala Leu
65 70 75 80

Asp Glu Ala Asp Tyr Tyr Cys Tyr Ala Trp Ala Asp Thr His Glu Val
85 - 80 : 95

Phe Gly Gly Gly uhr Lys Leu Thr Val Leu Gly Gln Pro Lys Ala Ala
100 105 110



Pro Ser val.Thr
115

Lys Ala Thr Leun
130 '

Thr Val Ala Trp
145 -

Thr Thr Thr Pro

Tyr Leu Ser Leu
’ - 180

Cys Gin val Thr

Thr ‘Glu Cys Ser
1210

<210>16

<211> 212

<212> PRT .
<213> Homo sapiens

<400> 16
Gln Ser Val Leu
1

Thr Ala Ser Ile
20

phe Trp Tyr Gln
35

Leu Asp Ser Lys
50

Asn Ser, Gly Asn T

Asp Glu Ala Asp-

Leu

val

Lyé

Ser
165

‘Thr

His

Thr

Thr

Gln

Arg

TYY
85

Phe '

Cys

‘Ala

150

Lys

Pro

Glu

Gln

Cys

Lys

Pro

Ala
70

TYr

Pro
Leu
135
Asp
Gln
Glu

Gly

Pro

Ser

Pro

Ser

55

Cys

Pro
120

Ile

‘Ser

ser’

Gln

Ser

200

Pro

Gly

Gly

Gly

Leu

Tyr

10

Ser Ser

Ser Asp

Ser Pro

Asn Asn
“170.

'Trp Lyé‘

185

Thr Val

Ser val
10

Asp Lys

25

Gln Ser

Ile Pro

Thr Ile

Ala Trp

90

Glu

‘Phe

val’

155

Lys

‘Ser

Glu

Ser

Ile

Pro

Glu

Ser

Ala

Glu

Tyr

140

Lys

Tyr

His

Lys

vVal

BAsp

Leu
125
Pro

Ala

Ala

Lys’

Thr
205.

ser |

Asp

1 Leu

45

Phe
'i‘hr

Thr

G.'Lp
Gly
Gly
Ala
Ser
199

val

ala

Ala

val

Ser

175

Tyt

Ala

Gly

. 15

Lys
30

Val

Ser

Gln

His

Phe

Ile’

Gly

Ala

Glu
95

Asn

vVal

Glu
160

Ser

Ser”’

Pro

Gln A

Tyr

Ser

Léu .
80

val



Phe

Pro

Lys

Thr

145

Thr

Tyr

Cys

Thr

Gly

Ser

Ala

130

vVal

Thr

Leu

Gln

Glu
210

<210>
<211>
<212>
<213>

<400>

Gln

Thr

Phe

Leu

Asn

65

Asp

Phe

Ser

Ala

Trp

Asp

50

Ser

Glu

Gly

Gly

Val
115

Thr

Ala

Thr

Ser

Val
195

Cys

17
102
PRT
Homo

17

Val

Ser

Tyr

35

Asn

Gly

Ala

Gly

Gly

100

Thr

Leu

Trp

Pro

Leu

180

Thr

Ser

Thr

Leu

Val

Lys

Ser

165

Thr

His

sapiens

Leu

Ile

20

Gln

Lys

Asn

Asp

Gly
100

Thr

Thr

Gln

Arg

Thr

Tyr

85

Thr

Lys

Phe

Cys

Ala
150

Lys

Pro

Glu

Gln

Cys

Lys

Pro

Ala

70

Tyr

Lys

Leu

Pro

Leu
135

Asp

Gln

Glu

Gly

Pro

Ser

Pro

Ser

55

Thr

Cys

Thr

Pro
120

Ile

Ser

Ser

Gln

Ser
200

Pro

Gly

Gly

40

Gly

Leu

Tyr

Val
105

Ser

Ser

Ser

Asn

Trp
185

Thr

Ser

Asp

25

Gln

Ile

Thr

Ala

11

Leu

Ser

Asp

Pro

Asn
170

Lys

Val

Val

10

Lys

Ser

Pro

Ile

Trp
90

Gly

Glu

Phe

val
155

Lys

Ser

Glu

Ser

Leu

Pro

Glu

Ser

75

Ala

Gln

Glu

Tyr
140

Lys

Tyr

His

Lys

Val

Gly

Val

Arg

60

Gly

Asp

Pro

Leu
125

Pro

Ala

Ala

Lys

Thr
205

Ser

Asp

Leu

45

Phe

Thr

Thr

Lys
110

Gln

Gly

Gly

Ala

Ser
190

Val

Pro

Lys

30

Val

Ser

Gln

Tyr

Ala

Ala

Ala

Val

Ser
175

Tyr

Ala

Gly

15

Phe

Ile

Gly

Ala

Glu
95

Ala

Asn

Val

Glu
160

Ser

Ser

Pro

Gln

Ala

Tyr

Ser

Leu

80

Val



<210>
<211>
<212>
<213>

<400>

Gln

Thr

Tyr

Gly

Ser

65

Lys

Arg

Thr

Val

Leu

Trp

Glu

50

Arg

Leu

Ala

Leu

18
114
PRT
Homo

18

Gln

Ser

Ser

35

Ile

Val

Ser

Ser

sapiens

Leu

Leu

20

Trp

Asp

Thr

Ser

Pro
100

Gln

Thr

Ile

His

Ile

Val

85

Ser

Gln

Cys

Arg

Ser

Ser

70

Thr

Ser

Trp

Ala

Gln

Gly

55

Val

Ala

Gly

Gly

Val

Pro

40

Ser

Asp

Ala

Trp

Ala

Tyr

25

Pro

Thr

Thr

Asp

Thr
105

12

Gly

10

Gly

Gly

Asn

Ser

Thr

90

Leu

Leu

Gly

Lys

Tyr

Lys

75

Ala

Asp

Leu

Ser

Gly

Asn

60

Asn

Val

Tyr

Lys

Phe

Leu

45

Pro

Gln

Tyr

Trp

Pro

Ser

30

Glu

Ser

Phe

Tyr

Gly
110

Ser

15

Asp

Trp

Leu

Ser

Cys

95

Gln

Glu

Tyr

Ile

Lys

Leu

80

Ala

Gly



IL-1f Neutralizing Human Monoclonal Antibodies

Abstract

The present invention is directed to antigen binding proteins and
in particular to IL-1B antigen binding proteins. The present invention
further provides compositions comprising the antigen binding proteins,

use of the antigen binding proteins and methods for production.

No Suitable Figure
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