IL-17 gntaponistic antibodies

This invention relates to an XL-17 binding molecnle, in particular an antibo dy to human IL-17,
more preferably a human antibody to human T-17 (also named IL-17A) and:to the use of such
antibodies in the ireatment of T.~17 mediated diseases and disorders.

IL~17, a T-oe{l derived cytokine present e.g. in theumatoid arthritis (RA) acts as & pro-
inflammatory cytokine, particulatly in conjunction with -1 and TNF-z (Chab aud M & Miossec
P (1999) Arthritis Rheum 42, 963-570; Awane M et 2l (1999) T, Immunol 162, 5337-5344), IL-
17 induces MMP production and downregulates TIMP (Jovanovic DV et al (2001) J. Rheumatol.

+ 28, 712-718), and blockage of IL-1 and TL-17 has a synergistic effect on inflammation and bone
destruction in vive (Chaband M & Miosses (2001) Asthritis Rheum 44, 1293-1303),
Inappropriate or excessive production of TL-17 is associated with the pathology of various
diseases and disorders, such as rheumatq'id arthritis (Witowski et al., 2004 Cefl Mol Life Sci
61:567-579), osteoarthritis, loosening of bone implants, acute transplant rejection (Antonysamy
etal.,, 1999, J Immumol 162, 577-584; van Kooten et al., 1998, T Am Soc Nephro] 9, 1526-1534),
septicemis, septic or endotoxio shock, allergies, asthma (Molet et al., 2001, J Allergy Clin
Immumol 108, 430-438), bone loss, psoriasis (Teunissen et al., 1998, J Invest Dermaii;ol 111, 645-
649), ischernia, systemic sclerosis (Kurasaws et al,, 2000, Arthritis Rheum 43, 245582463),
stroke, and other mﬂammatory disorders, Antibodies to IL-17 have been proposed fol.r use in the
treatment of IL-17 mediated d1saases and disorders; see for instance, WO 95/18826 and the

discussion. in the introduction thereof,

We have now prepared improved antibodies to human IL-17 suitable for use in the
ireatment of IL~17 mediated diseases and disorders.

" Accordingly the invention provides an IL-17 binding moleonle which compiises an
antigen binding sife comprising at least one immunoglobulin heavy chain valiab:le domain (V)
which comprises in sequence hypervariable regions CDR1, CDR2 and CDR3, saif CDR1 having
the amino acid sequence SEQ ID NO: 1 (N-Y-W-M-N), said CDR?2 having the amino acid
sequence SEQ ID NO: 2 (AT-N-Q-D-G-§-B-K-Y-Y-V-G-5-V-K-G), and s2id CDRS having the



aming acid sequence SEQ ID NO: 3 (D-Y-Y-D-I-L-T-D-Y-Y-I-H-Y-W-Y-F-D-L); or direct
CDR equivalents thereof. '

Asgordingly the invention also provides an IL-17 binding molecule comprisi:ig at least
one irmmunoglobulin light chan variable domain (Vr) which comprises in sequence
hypervariable regions CDR1’, CDR2’ and CDR3’, said CDR1’ having the amino acid sequence
SEQ ID NO: 4 (R-A-8-Q-8-V-8-8-8-Y-L-A), said CDR2” having the aminc acid sequence SEQ
IDNO: § (G-A-5-5-R-A~T) and said CDR3’ having the amino acid sequence SEQ ID NO: 6 (Q-
Q-Y-G-8S-5-P-C-T) or direct CDR? equivalents thereof.

Tin another embodiment of the invention, the invenifon provides an IL-17 binding
moolecule which comprises an antigen binding site comprising at least one immunoglobulin heavy
chain variable domain (Vi) which comprises in sequence hypervariable regions COR1-x, CDR2-

W-M-N), said CDR2-x having the amino acid sequence SEQ ID NO: 12 (A-I-N-Q-D-G-S-B-K-
Y-Y), and said CDR3-x having the amino acid sequence SEQ ID NO: 13 (C-V-R-D-Y~¥-D-L-L-
T-DY-Y-I-H-Y-W-Y-F-D-L-W-G); or direct CDR~x equivalents thereof.

Furthermore, the invention aiso provides au IL-17 binding molecule comprising both
heavy (V) snd light chain (Vi) variable domaing; said IL-17 binding molecule comprises at least
one antigen binding site comprising:

a) an immupoglobulin heavy chain variable domain (V) whick comprises in sequence

hypervariable regions CDR1, CDR2 and CDR3, said CDR1 having the amino acid

sequence SEQ ID NQ:1, said CDR2 having the amino acid sequence SEQ ID NO:2, and
said CDR3 having the amino acid sequence SEQ D NO:3 or direct CDR equivalents
thereof: and

b) an immumoglobnlin light chain variable domein (Vy) which comprises in sequence

hypervariable regions CDR1’, CDRZ" and COR3’, said CDR1’ having the amino acid

segaence SEQ ID NO:4, said CDR2? having the amino acid seguence SEQ ID NO:5, and
said CDR3’ having the amino acid sequence SBQ YD NO:6 or direct CDR? equivalents
thereof,



Moreover, ‘the invention also provides an IL-17 binding molecule comprising both heavy
(Vy) and Yight chain (V) variable domains; said 11.-17 binding moleculs comprises at least one
antigen binding site comprising:
4) an immunoglobulin heavy chain variable domain (Vi) which comprises in sequence
hypervariable regions CDR1-%, CDR2-x and CDR3-x, said CDR1-x having the amino
acid sequence SEQ ID NO:11, said CDR2-x having the amino acid sequence SEQDD
NQ:12, and said CDR3-x having the amino acid sequence SEQ ID NO:13 or direct CDR-
X equivalents thereof: end
b) an immunoglobulin Light chain variable domain (Vi) which comprises in sequence
hypervarisble regions CDR1°, CDR2’ and CDR3’, said CDR1? having the amino acid
sequence SEQ ID NO:4, said CDR2” having the amino acid sequence SEQ ID NO:5, and
said CDR3’ kaving the amino acid sequepce SEQ ID NO:6 or direct CDR’ equivalents
thereof.

Unless otherwise indicated, any polypeptide chain is herein described as having an amino
acid sequence starting at the N-terminal exireraity and ending at the C-terminal exiremify.
When the antigen binding site comprises both the Vir and Vy, domains, these may be located on
the same polypeptide molecule or, preferably, each domain may be on a different chaiy, the Vy
domait being part of an immimoglobulin heavy chain or fragment thereof and the Vy, being part
of an Immumoglobulin light chain or fragment thereof,

By “TL~17 binding molecule™ s meant any molecule capable of binding to the IL-17
antigen either alone or associated with other molecules. The binding reaction may be shown by
standard methods (qualitative assays) including, for example, a binding assaj}, competition assay
or & bioassay for deternining the inhibition of IL-17 binding to its receptor or any kind of
binding assays, with reference to a negative control test in which an antibody of unrelated
specificity but of the same isotype, ¢.g. an anti-CD25 antibody, is used (see also Exanple 1),

Bxamples of antigen binding molecules include antibodies as produced by B-cells or
hybridomas and chimeric, CDR-~grafted or human antibodies or any fragment thereof, e.g. F(ab’jz
and Fab fragments, as well as 'single chain or single domain autibodies.



A single chain antibody consists of the variable domains of the heavy and light chains of
an. antibody covalently bound by a peptide linker usuaily consisting of from 10 to 30 amino acids,
preferably from 15 to 25 amino acids. Therefore, such a siroinre does not include the constant
part of the heavy and light chains and it is belisved that the small peptide spacer should be less
antigenic than a whole canstant part. By "chimerio antibody™ is meant an antfbody in which the
constant regions of heavy or light chains or both are of human origin while the variable domaing
of both heavy and light chains are of nonduiman {6.g. murine) origin or of hwman origin but
derived from a different human antibody. By "CDR-pgrafted antibody” is meunt an antibody in
which the hypervariable regions (CDRs) are derived from a donor aatibody, such as a non-human
(e-g. murine) antibody or a different human antibody, while af or substentially all the other parts
of the mmmoglobnlin e.g. the constant regions and the highly conserved parts of the variable
domains, i.e. the framework regions, are derived fiom an acceptor antibody, e.g, ant antibody of
hutman origin. A CDR-grafied antihody may however contain a few amino acids of the donor
sequence in the fiamework regions, for instance in the patts of the framework regions adjacent to
the hypervarizble regions. By "homan antibody” is meant an antibody in which the constant and
vatiable regions of both the heavy and light chains are all of human origin, or substantialty
identical to sequences of human origin, not necessarily from the same antibody and incfudss
antibodies produced by wmice in which the murine immunoglobulin variable and constant part
genes have been replaced by their human counterparts, e.g. as described in general torms in EP
0546073 B1, USP 5545806, USP 5569825, USP 5625126, USP 5633425, TSP 5661016, USP
3770428, EP 0 438474 B1 and BP { 463151 BI. '

Particularly preferred TL~17 binding molecules of the invention ave hman antibodies,
especially the AIN457 antibody as hereinafier described in Examples 1 and 2,

Thus in preferred chimeric antibodies the vatiable domains of both heavy and light chains
" are of uman origin, for instance those of the AIN457 antibody which are shown in SEQID NO:
10 (= varigble domain of light chain, 1.6, amino acid 1 to 105 of SEQ ID NO: 10) and SEQ ID
NO: 8 (= variable domain of hieavy chain, 1.6. amin acid 1 fo 127 of SBQ ID NO: ). The
constant region domains preferably also comprise suitsble human constant region domains, for
instance as described in “Sequences of Proteins of Ymmumological Interest”, Babat B.A. et al, US
Depattsent of Health .and Human Services, Public Health Service, National Instifute of Health,



Hypervariable regions may be associated with any lind of framework regions, though
preferably are of human origin, Suitable frarnework regions are described in Kabat B.A, et al,
ibid. The preferred heavy chain framework is 2 humean heavy chain framework, for instance that
of the AIN457 antibody. It consists in sequence e.g, 6f FR1 {amino acid 1 to 30 of SEQ ID NO:
8), FR2 (amino acid 36 o 49 of SEQ ID NO: &), FR3 (amino acid 67 to 98 of SBQ ID NO: §)
and FR4 (amino acid 117 to 127 of SEQ ID NO: 8) regions. Taking into consideration the
determined hypervariable regions of AIN457 by X-tay analysis, another preferred heavy chain
framework consists in saquence of FR1-x (amino acid 1 to 25 of SEQ ID NQ: 8), FR2-x (amino
acid 36 to 49 of SEQ I NO: 8), FR3-x (amino acid 61 to 95 of SEQ ID NO: 8) and FR4 (amino
acid 119 to 127 of SEQ ID NO: 8) regions. In & similar manney, the light chain frameworlk
consists, in sequence, of FR1* (amino acid 1 to 23 of SEQ ID NO: 10), FR2' (amino acid 36 fo
50 of SEQ ID NO: 10), FR3? (arnino acid 58 to 89 of SEQ ID NO: 10} and FR4® (amino acid 99
to 109 of SEQ 1D NO: 10) regions.

Accordingly, the invention also provides an IL.-17 binding molecule which comprises at
least ofie antigen binding site comprising efther a first domain having an anuino acid ssquence
substantially idemtical {o that shown in SEQ ID NO: 8 starting with the araino acid at position 1
and ending with the amino acid at position 127 or a first domain as described above and a second
domain having an amino acid sequence substantially identical to that shown in SEQ ID NO: 10,
starting with the amino acid at position 1 and ending with the amino acid at position 109,

Monoclonal anfibodies raised against 8 protein naturally found in all humans are fypically
developed in 2 non-humar system e.g. in mice, and as such are typically non-human proteins, As
a direct consequence of this, a xenogenie antibody as prodused by a hybridoms, when
administered to munans, elicits an undesirable immmne regponse which is predominantly
wmediated by the constant I;art of the xetiogenic immunoglobulin. This clearly limits the use of
such anfibodies as they cannot be administered over a prolonged period of fime, Therefore it is
particularly preferred to use single chain, single domain, chimeric, CDR-~grafted, or especially
human antibodies which are not likely to elicit & substaniial allogenic response when
administared to humans.

In view of the foregoing, a more prefarred IL-17 binding molecule of the invention is
selected from a human anti IL~17 antibody which comprises at least



8) an immusoglobulin heavy chain or fragment thereof which comprises (i) 2 variable domas
comprising in sequence the hypervariable regions CDR1, CDR2 and CDR3 or direct CDR
equivalents theyeof and (i) the constant part or fragment thereof of a human heavy chain; said
CDR1 having the amino acid sequence SEQ ID NO: 1, said CDR2 having the amino acid
sequence SEQ 1D NO: 2, and said CDR3 having the amino acid sequence SEQ ID NQ: 3; and
b} an immunoglobulin light chain or fragment thereof which comprises (i} 2 variable domain
comprising in sequence the hypervariable regions and optionally also the CDR1’, CDR2’, and
CDR3’ hypervarieble regions or direct CDR” equivalents thereof and (ii) the constant patt or
fragment thereof of & human light chain, said CDR1’ having the amino acid sequence SEQ ID
NO: 4, said CDR2’ having the amino acid sequence SEQ ID NO: 5, and gaid CDR3? having the
amino acid-sequence SBQ ID NO: 6.

Alternatively, an IL-17 binding molecule of the invention may be selected fror a single
chain binding molecule which comprises an antigen binding site comprising
a} & fivst domain comprising in sequence the hypervariable regions CDR1, CDR2 and CDR3 or
direct CDR equivalents thereof] said CDR1 having the amino acid sequence SEQ ID NO: 1, said
CDR2 having the amino acid sequence SEQ ID NO; 2, and said CDR3 having the amine acid
sequence SEQ ID NO: 3; and
b) a second domain coraprising the hypervariable regions CDR1', CDR2’ and CDR3 or direct
CDR’ equivalents thereof, said CDR1’ having the amino acid sequence SEQ ID NO: 4, said
CDR2’ having the amino acid sequence SEQ ID NO: 5, and said CDR3’ having the amino acid
sequence SEQ ID NO: 6; and
¢ } & peptide finker which is bound either to the N-tetrninal extremity of the first domain and to
the C-terminal extremity of the second domain or to the C-terminal exiremity of the first domain
and to the N-terminal extremity of the second domaln

As it is well kmown, minor changes in an amino acid sequence such as deletion, addition or
substitution. of one, a few or even several amixo acids may Iead to an allelic form of the original
protein which has substantially identical properties.

Thus, by the term “direct COR equivalents thereof” are meant IL-17 binding molecules
comprising in sequence the hypervariable regions COR1;, CDR2; and CDR3;, (instead of CDR1,
CDR2, and CDR3), wherein
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(iD

- (i)

(i)

the hypervariable region CDRY, differs by 3, preferably 2, more preferably 1 amino
atid(g) from the hypervariable region CDR1 as shown in SEQ ID NO: 1; and

the hypervatiable region CDR?; differs by 3, preferably 2, more preferably 1 amino
acid(s) from the hypervariable region CDR2 as shown in SEQ ID NO: 2; and

the hypervarigble region CDR3; differs by 3, preferably 2, more preferably 1 amino
acid(s) from the bypervariable region CDR3 as shown in SBQ ID NO: 3; and

such a molecule comprising in sequence the hypervariable regions CDR1y, CDR2; and
CDR3; is capable of inhibifing the activity of 1 oM (= 30ng/m{) humen IT ~17 at &
conceniration of 50 nM, preferably 20nM, ware preferably 10 2M, mote proferably 5
nlM of said molecude by 50%, said inbibitory activity is measured on TL~6 production
induced by bu-IL~17 in human dermal fibroblasts.

Similarly, by the term “direct CDR-x equivalents thereof” are meant IL-17 binding
molecules comprisitg in sequence the hypervarisble regions CDR.Ii-%, CDR2;x, and CDR3-x,
(instead of COR1-x, CDR2-x, and CDR3-x), wherein

)

(vd)

(vid)

(vitd)

the hypervariable region CDR1;-x differs by 3, preferably 2, more preferably 1 amino
acid(g) from the hypervariable region CDR1-x as shown in SEQ ID NO: 11; and

the hypetveriable region CDR2yx differs by 3, preferably 2, more preferably 1 amino
acid(s) from the hypervariable region CDR2-x as shown in SEQ ID NO: 12; and

the hypervariable region CDR3;-x differs by 3, preferably 2, more preferably 1 amino
acid(s) from the hypervariable region CDR3-x as shown in SEQ ID NO: 13; and

such 2 molecule comprising in sequence the hypervariable regions CDR 1%, CDR2;:x,
and CDR3s-x is capable of inhibiting the activity of 1 1M (= 30ng/m1) human IL-17 at
a concentration of 50 nM, preferably 20nM, more preferably 10 nM, more preferably
5 oM of said molecule by 50%, said inhihitory activity is measured on IL-6
production induced by hu-TL-17 in human dexmal fibroblasts,

Similarly, by the term “direct CDR’ equivalents thereof" is meant a domain comprising in

sequence the hypervariable regions CDR1"), CDR2’;, anid CDR3’;, wherein



@  the hypervariable region CDR1’; differs by 3, preferably 2, more preferably 1 amino
acid(s) from the hypervariable region CDR1' ag shown in SBQ ID NO: 4; and

)  the hypervariable region CDR2’; differs by 3, preferably 2, more preferably 1 amine
acid(g) from the hypervariable region CDR2’ as shown in SEQ ID NO: 5; and

(ii)  the hypervariable region CDR3’; differs by 3, preferably 2, more prefersbly 1 amino
acid(s) from the hypervarisble region CDR3® as shown in SEQ I NO: 6; and

{iv)  such amolecule comprising in sequence the hypervariable tegions CDR1°;, CDR2,
and CDR3" is capable of inhibiting the activity of 1 1M (= 30ng/ml) human I-17 at
a conceniration of 50 oM, preferably 200M, mote preferably 10 nM; more preferably
5 1M of said molecnle by 50%, said inhibitory aciivity is measured on IL-6
production induced by bu-TL~17 in human dermat fibroblasts,

ARernatively, an IL-17 binding molecule of the invention may be an IL~17 binding
molecule which comprises at least one antigen binding site comprising at least one
immunoglobulin heavy chain vartable domain (Vi) which comprises in seqnence
a) hypetvarighble regions COR1 (SEQ ID NO:; 1), CDR2 (SEQ ID NO: 2) and CDR3 (SEQ ID
NO: 3); ar .

b) hypervariable reglons CDRY;, CDR2;, CDR3y, seid hypervariable region CDRY; differs by 3,
prefersbly 2, more preferably 1 amino acid(s) from the hypervariable region of CDR1 as shown
in SEQ ID NO: 1, said hypetvariable region CDR2; differs by 3, preferably 2, more preferably 1
amino acid(s) from the hypervariable region of CDRZ ag shown in SEQ ID NO: 2; and said
hypervariable region CDR3; differs by 3, preferably 2, more preferably 1 amino acid(s) from the
hypervariable region of CDR3 as shown in SEQ ID NO: 3; and

said binding I -17 moleenle comprising in sequence the hypervariable regions CDR1, CDR2,,
and CDR3y is capable of inhibiting the activity of 1 1M (= 30ng/ml) human IL-17 at a
concentration of 50 oM, preferably 20nM, more preferably 10 nlM, more preferably 5 nM of said
molecule by 50%, said inhibitory activity is measured on IL-6 production induced by -lL-17 in
human dermal fibroblasts.

Similarly, an IL-17 binding molecule of the invention may be an 117 binding molecule
which comprises at least one antigen binding site comprising at least one immnoglobulin heavy
chain variable domain (Vi) which comprises in sequence
a) hypervarieble regions CDR1-x (SEQ ID NO: 11), CDR2-x (SEQ ID NO: 12) and CDR3-x

- 8



{SEQID NQ: 13); or

b) hypervariable regions CDR1;-x, CDRZ-x, CDR3;-%, said hypervatizble region CDR 14-x
differs by 3, preferably 2, mote preferably 1 amino acid(s) from the hypervarisble region of
CDR1-x as shown in SEQ ID NO: 11, said hypervariable region CDR2-x differs by 3, preferably
2, mare preferably 1 amino acid(s) from the hypervariable region of CDR2-x as shown in SEQ
IDNO: 12; end said hypervariable region CDR3;-x differs by 3, preferably 2, mores preforably 1
amino acid(s) fom the hypervariable region of CDR3-x as shown in SEQ IDNO: 13; and

said binding I~17 molecule comprising in sequence the hypervariable regions CDR 1;x, CDR2;-
x,and CDR3-x is capable of inhibiting the activily of 1 1M (= 30ng/m]) human IL-17 ata
conceniration of 50 nM, preferably 20nM, more preferably 10 nM, more preferably 5 1M of said
nolecule by 50%, said ivhibitory activity is measured on IL-6 production induced by hu-TL.-17 in
human dermal fibroblasts.

Similarly, an IL-17 binding molecule of the invention may be an TL~17 binding molecule
which comprises at least one antigen binding site comprising af least ane immunoglobulin Light
chain varisble domain (V) which comprises in sequence
s) hypervatiable regions CDR’I (SEQ ID NO: 4), CDR’2 (SEQ T NO: 5) and CDR’3 (SEQID
NO: 6); or '

b) hypervarisble regions CDR1’, CDR2%;, CDR3", said hypervariable region CDR’1; differs hy
3, preferably 2, more preferably 1 amino acid(s) fiom the hypervariable region of CDR'1 as
shown in SEQ ID NO: 4, said hypervarizble region CDR'%; differs by 3, preferably 2, more
preferably 1 amine acid(s) from the hypervariable region of CDR’2 as shown in SBQ ID NO: 5;
and said hypervariable region CDR’3; differs by 3, preferably 2, more preferably 1 amino acid(s)
from the hypervariable region of CDR’3 as shown in SEQ ID NO: 6; and

said binding IL-17 molecule comprises in sequence the hypervariable regions CDR’ 15, CDR’Z;,
and CDR’3; is capable of inhibiting the activity of 1 sM (= 30ng/ml) hwman T.-17 at ¢
concentration of 50 1M, preferably 200M, more preferably 10 oM, more preferably 5 nM of said
molecule by 50%, said inhibitory activity i3 measured on IL-6 production induced by hu-IL-17 in
human dermal fibroblasts.

Alternatively, an JL~17 binding molecule of the invention may be a T.-17 binding
molecule corprising both heavy (Vi) and light chain (V1) varisble domains and said IL-17

‘binding molecule comptises at least one antigen binding site comprising:
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a) an immunoglobulin heavy chain variable domain (Vi) which comprises in sequence
byperveriable regions CDR1 (SEQ I NO: 1), CDR2 (SEQ ID NO: 2) and CDR3 (SEQ ID NO:
3); and

an immunoglobulin light chain variable domsin (V1) which comprises in sequence hypervariable
regions CDR1’ {SEQ ID NO: 4), CDR2’ (SEQ ID NO: 5) and CDR3’ (SEQ ID NO: 6); or

b) animmunoglobulin heavy chain vatjable domsin (Vi) which comprises in sequence
hypervariable regions CDR1;, CDR2;, and CDRS3;, said hypervariable region hypervarizble
regions COR1i, CDR2;, CDR3y, said hypervariable region CDRY; differs by 3, preferably 2, mors
preferably 1 amine acid(s) from the hypervatisble region of CDR1 as shown in SEQ IDNO; 1,
said hypervariable region CDR?2; differs by 3, preferably 2, more preferably I amino acid(s) fom
the hypervariable region of CDR?2 as shown. in SEQ ID NO: 2; and said hypervaziable region
CDR3; differs by 3, preferably 2, more preferably 1 amino acid(s) from the hypervariable region
of CDR3 ag shown in SEQ ID'NO: 3; and

an immunoglobulin light chain varisble domain (Vy) which commprises in sequence hypervariable
regions CDR1%, CDR2';, CDR3%, said hypervariable region CDR’1; differs by 3, preferably 2,
more preferably 1 amino acid(s) from the hypervariable region of CDR’1 as shown in SEQ ID
NO: 4, said hypervariable region CDR’2; différs by 3, preferably 2, more prefersbly 1 amino
acid(s) from the hypervariable region of CDR’2 &s shown in SEQ ID NO: 5; and said
hypervariable region CDR’3; differs by 3, preferably 2, more preferably 1 amino acid(s) from the
hypervatiable region of CDR’3 as shown in SEQ ID NO: 6; and

said binding I.~17 molecule defined in b} comprises in sequence the hypervariable regions
CDR1;, CDR2;, CDR3;, CDR’L;, CDR'2; and CDR'3y is capable of inhibiting the activity of 1 mM
(= 30ng/ml) human IL~17 af a concentration of 50 oM, preferably 20nM, more preferably 10 oM,
more preferably § 1M of said molecule by 50%, said inhibitory activity is measured on IL-6
production induced by Im-IL~17 in human dermal fibroblasts.

Alternatively, an IL-17 binding molecule of the invention may be a IL-17 binding
molecule comprising both heavy (Vi) and light chain (V) variable domaing and said T-17
binding molecule comprises at least one antigen binding site comprising:

a) an immunoglobulin heavy chain variable domain (Vi) which comprises in sequence
hypervariable regions CDR1-x (SEQ ID NO: [1), CDR2-x (SEQ ID NO: 12) and CDR3-x (SEQ
ID NO: 13); and
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an irrounoglobulin Eght chain varisble domain (Vi) which comprises in sequence hypervariable
' regions CDR1* (SEQ ID NO: 4), CDR2’ (SEQ ID NO: 5) aud CDR3’ (SEQ ID NO: 6); or
b) an immunoglobulin heavy chain variable domain {Vg) which compriges in sequence
hypervyariahle regions CDRI‘ i-%, CDR2¢x, and CDR3y-x, seid hypervariable region hypervariable
regions CDR1;x, CDR2;-x, CDR3;-%, said hypervarighle region CDR1p-x differs by 3, preferably
2, more praferably 1 amino acid(s) from the hypervariable region of CDR1-x as shown in SEQ
ID NO: 11, said hypervariable region CDR2;-x differs by 3, prefersbly 2, more preferably 1
amino acid(s) from the Itypervarisble region of CDR2-x as shown in SEQ ID NO: 12; and said
h}pmrm*i:abiexegion CDR3y-x differs by 3, preferably 2, mote preferebly 1 awnino acid(s) from
the hypervariable region of CDR3-x as shown in SEQ ID NO: 13; and
an immunoglobulin light chain variable domain (V1) which comprises in sequence hypervariable
regions CDR1%, CDR2’;, CDR3%, said hypervariable region CDR’1; differs by 3, prefarably 2,
more preferably 1 amino acid(s) from the hypervariable region of CDR*1 as shown in SBQ D
NO: 4, said hypervariable region CDR2; differs by 3, preferably 2, more preferably 1 amino
acid(s) ffom the hypervatiable region of CDR’2 as shown in SEQ 1D NO: 5; and said
hypervariable region CDR’3; differs by 3, preferably 2, more preferably 1 amino acid(s) from the
hypervaéiable region of CDR’3 as shown in SEQ ID NO: 6; and
said binéing IL~17 molecule defined in b) coruprises in sequence the hypervariable regions
CDRY;, CDR2;CDR3;, CDR'l, CDR’2; and CDR’3; is capable of inhibifing the astivity of 1 nM
(= 30pg/ml) humsn IL~17 at a concentration of 50 nM, preferably 20nM, mora preferably 10 nM,
morg preferably 5 nM of said molecule by 50%, gnid inhibitory activity is messvred on IL-6
production indnced by hu-11.-17 in human dermal fibroblasts,

The inhibition of the binding of {17 to its receptor may be vonveniently tesied in various

assays including such essays are described hereinafter in the text, By the term ™o the same
. extent™ is meant that the reference and the equivalent molecules exhibit, on a stafistical basis,

essentially identical TL~17 inhibitory activity in one of the assays referred to herain (see Example
1). For example, IL-17 binding molecules of the invention typically have ICsos for the nhibition
of human IL-~17 on IL-6 production induced by human IL-17 in human dermal fibroblasts which
are within +/-%5, 1.6, below 10 nM, more preferably 9, 8, 7, 6, 5, 4, 3 or 2 nM of that of,
preferably substantially fhe same as, the ICsg of the corresponding reference molecule when

assayed as described in Example 1.
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Alternatively, the assay nsed may be an assay of corapetitive inhibition of binding of 1-17
by soluble IL-17 receptors (e.g. the human 1~17 R/Fc constructs of Example 1) and the [L-17
binding molecules of the invention. '

Most preferably, the human IL-17 antibody comprises af least
a) one heavy chain which comprises a varisble domain having an amino acid sequence
substantially identical to that shown in SEQ T NO: 8 starting with the amino acid at position 1
aud ending with the amine acid at position 127 and the constant part of a humen heavy chain;
and
b} one light chain which comprises a varisble domain having an amino acid sequence
substantially identical fo that shown m SEQ YD NO; 10 starting with the amino acid at position I
and ending with the amino acid at position 109 and the constant part of a human light chain,

The constant part of a human heavy chain may be of the y1, vz, Vs, V4, [t 01, 0z, S Or e type,
preferably of the y type, more preferably of the y1 type, whereas the constant part of a human
light chain may be of the x or A type (which includes the A1, A and A3 subtypes) but is preferably .
of the ¢ type, The aminb acid sequences of all these constant parts ave given in Kabat et al

(supra).

Conjugates of the binding molecules of the invention, e. g. enzyme or toxiu or radivisotope

conjugates, are also included withiy the scope of the invention.

“Polypeptide, if not otherwise specified hevein, includes any peptide or protein comprising
amino acids joined to each other by peptide bonds, having an amino acid sequence starting at the
N-terminal extremity and ending at the C-terminal extremity. Preferably the polypeptide of the
present invention is a monoclonal antibody, more preferred is a chimeric (also called V-~grafted)
or humanised (also cafled CDR-grafted) monaoclonal antibody, most preferred a fully buman
antibody obtainable e.g, by the technology exemplified in Example 1. The humanised (CDR-
grafted) or fully human monoclonaf antibody may or may not include further mutations
introduced into the framework (FR} sequences of the acceptor antibody.

A functional derivative of a polypeptide as used herein includes a molecule having a
qualitative biological activity in common with 2 polypeptide to the present invention, i.e, having
the ability to bind to the human I1-17, A functional derivative includes fragments and peptide
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analogs of a polpypeptide according to the present invention. Fragments comprise regions within
the sequence of a polypeptide according ro the present invention, e.g. of a specified sequence, The
term "derivative" is used to define amino acid sequence variants, and covalent modifications of a
polypeptide according to the present invention, e.g. of 2 specified sequence. The functional
derivatives of a polypeptide according to the present invention, e.g. of a specified sequence, e.g,
of the hypervariable region of the light and the heavy chain, preferably have at least about 65%,
more preferably at least about 75%, even more preferably at least about 85%, most preferably at
least about 95, 96, 97, 98, 99% overall sequence homology with the amino acid sequence of 2
polypeptide according to the present invention, e.g. of a specified sequence, and substantially
retain the ability to bind the human IL-17 or e.g. neutralize YE-6 production of I.-17 induced
human dermal fibroblasts.

The term "covalent modification” includes modifications of a polypeptide according to the
present invention, e.g. of a specified sequence; or a fragment thereof with an organic
proteinaceous or non-proteinaceous derivatizing agent, fusions to heterologous polypeptide
sequences, and post-translational modifications. Covalent modified polypeptides, e.g. of a
specified sequence, still have the ability to bind the human IL-17 or e.g. neuiralize IL.-6
production of IL-17 induced human dermal fibroblasts by crosslinking. Covalent modifications
are traditionally introduced by reacting targeted amino acid residues with an organic derivatizing
agent that is capable of reacting with selected sides or terminal residues, or by harnessing
mechanisms of post-translational modifications that function in selected recombinant host cells.
Certain post-translational modifications are the result of the action of recombinant host cells on
the expressed polypeptide, Glutaminyl and asparaginyl residues are frequently post-
translationally deamidated to the corresponding glutamyl and aspartyl residues, Alternatively,
these residues are deaminated under mildly acidic conditions. Other post-transiational
modifications include hydroxylation of proline and lysine, phosphorylation of hydroxyl groups of
seryl, tyrosine or threony! residues, methylation of the a-amino groups of lysine, arginine, and
histidine side chains, see e.g. T, B. Creighton, Proteins: Structure and Molecular Properties, W.
H. Freeman & Co., San Francisco, pp. 79-86 (1983), Covalent modifications e.g. include fusion
proteins comprising 2 polypeptide according to the present invention, e.g. of a specified sequence
and their amino acid sequence variants, such as immunoadhesins, and N-terminal fusions to

. heterologous signal sequences.

"Homology" with respect to a native polypeptide and its functional derivative is defined herein
as the percentage of amine acid residues in the candidate sequence that are identical with the
residues of a corresponding native polypeptide, after aligning the sequences and introducing gaps,
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if necessary, to achieve the maximum percent homology, and ot considering any conservative
substitutions as part of the sequence identity. Neither N- or C-terminal extensions nor insertions
shall be construed as reducing identity or homology. Methods and computer programs for the
alignment are well knowr.

“Amino acid(s)" refer to all narurally occurting L-o-amino acids, e.g. and including D-amino
acids, The amino acids are identified by either the well known single-letter or three-letter
designations,

The term "amino acid sequence variant” refers to molecules with some differences in their amino
acid sequences as compazed t0 a polypeptide according to the present invention, e.g, of a
specified sequence, Amino acid sequence variarits of 2 polypeptide according to the present
invention, e.g. of a specified sequence, still have the ability to bind the human IL-17 or e. g
nentralize JI~6 production of IL-17 induced human dermal fibroblasts, Substltunonal variants are
those that have at least one amino acid residue removed and a different amito acid inserted in ts
place at the same position in a polypeptide accarding to the present invention, e.g. of a specified
sequence. These substitntions may be single, where only one amino acid in the molecule has been
substituted, or they may be multiple, where two or more amino acids have been substitutéd in the
same molecule, Insertional variants are those with one or more amino acids inserted immediately
adjacent to an amino acid at a particular position in a polypeptide according’to the present
Invention, e.g. of a specified sequence. Immediately adjacent to an amino acid means connected
to either the w-carboxy or -amino fanctional group of the amino acid. Deletional variants are
those with one or more amino acids in a polypeptide according to the present invention, e.z. of a
specified sequence, removed. Ordinarily, deletional variants will have one orftwo amino acids
deleted in a particular region of the molecule.

An IL-17 binding molecule of the fnvention may be produced by recombinant DNA,
techniques, n view of this, one or more DNA molecules encoding the binding molecule must be
constructed, placed under appropriate confrol sequences and transferred into a suitable host

organism for expression,
" Tua very gemeral manner, there are accordingly provided

()  DNAmolecules encoding a single domain H~17 binding molecule of the invention, a
single chain IL~17 binding molecule of the invention, an I ~17 binding molecule
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comprising & heavy and light chain as defined hetsin, or fragmenis of a IL-17 binding
molecule of the itvention; and

()  theuss of the DNA molecnles of the invention for the production of a .17 binding
molecule of the invention by recombinant means.

Accordingly, the invention provides a DNA molecule encoding an TL-17 binding
molecule as described above.

Furthermore, the invention provides a DNA construst comprising a DNA molecule which
18 substantially homologous to SEQ ID NO: 7 or SEQ ID NO: 9,

Furthermors, the invention provides a DNA, consiruct comprising two DNA molecules of
which one is substantially homologous to SEQ ID NO: 7 oris a direst DNAy erquivalent thereof
and the other substautially homologous to SEQ ID NO: 9, or is a direct DN Ay, equivalent thereof,

The present state of the art is such that tﬁe skilled worker in the art is able to synthesiza
the DNA moleoules of the invention given the information provided herein 1.6, the rmino acid
sequences of the hypervariable regions and the DNA. sequences coding for them. A method for
constructing 2 variable domain gene is for example described in EPA 239 400 and may be briefly
summarized as follows: A gene encoding a varishle domain of 2 MAb of whatever specificity is
cloned. The DNA segmants encoding the framework and hypervariable regions are determined
and the DNA segments encoding the hypervariable regions are removed so that the DNA.
sepments encoding the framework regions are fused together with suitable restriction sites at the
Junctions. The restriction sites may be generated af the appropriate positions by mutagenesis of
the DNA molecule by standerd procedures. Double stranded synthetic CDR cassettes ara
prepared by DNA synthesis according to the sequences encoding for SEQ ID NO: 1 (CDR1),
SEQ TD NO: 2 (CDR2), SEQ ID NO: 3 (CDR3), SEQ ID NO: 4 (CDR1?), SEQ ID NO: 5
(CDR2"), SEQ ID NO: 6 (CDR6”), SEQID NO: 11 {(CDR1-x), SEQ ID NO: 12 (CDR2-x), SEQ
ID NO: 13 (CDR3-x),. These casseties are provided with sticky ends so that they can be ligated
at the junctions of the framework

Furthermore, it is not necessary to have access to fhe mRNA from a producing hybridoma
cell line in order to obtain 2 DNA construet coding for the I1~17 binding molecules of the
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invention, Thus PCT application WO 90/07861 gives full instructions for the production of an
antibody by recombinant DNA techniques given only written information as to the nueleotide
sequence of the gene. The method comprises the synthesis of 2 number of oligonncleotides, thelr
amplification by the PCR method, and their splicing to give the desired DNA sequence.

Expression vectors comprizing 2 suitable promoter or genes encoding heavy and light
chain constant parts are publicly available, Thus, once 8 DNA molecule of the invention is
prepared it may be conveniently transferted in an appropriste expression vector. DNA molecules
encoding single chain antibodies may also be prepared by standard methods, for example, as
described in WO 88/1649,

In analogy to the cage for CDR equivalents, the term “direct DNAg equivalents thereof” is
meant o stand for a firet DNA. construct encoding a heavy chain or fragment thereof of an IL~17
binding molecule of the invention and comprises:

a) a first part which encodes a variable domain comprising alternatively framework and
hypervariable regions, sald hypetvariable regions being in éequence CDR1;, CORZ and CDR3;,
said CDR1; is at least 50% homologous, preferably at least 60, 70, 80, 85, or 90% homologous,

_ more preferably at least 95% homolagous to the hypervariable region CDR1I as shown in SEQ ID .
NQ: 1, said CDR2i is at least 50% homologous, preferably at least 60, 70, 80, 85, or 90%
homologous, more preferably at least 95% homalogous to the hypervariable region CDR2 as
shown in SEQ ID NO: 2, and CDR3; is at [east 50% homologous, preferably at least 60, 70, 80,
85, or 90% homologous, more preforably at least 95% horologous to the hypervarigble region
CDR3 as shown in SEQ ID NO: 3; this firet part starting with a codon encoding the first amino
acid of the variable domain and ending with a codon encoding the Iast amino acid of the variable
domain; and )

b) & second patt encoding 2 heavy chain constant part or fragment thereof which starts with 2
codon encoding the first amino acid of the constant part of the heavy chain and ends with a
codon encoding the last amino acid of the constant part or fragment thereof, followed by a stop
codon; and

¢) said DNA construct encoding for a polypeptide which is capable either alone or in
combinstion with another polypeptide of inhibiting the activity of 1 n {= 30ng/ml) human 1T~
17 at a conceniration of 50 oM, preferably 20ud, more preferably 10 nM, more preferably 5 niv -
of said molecule by 50%, said inhibitory activity is measured on IL-6 production induced by hu-
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11,-17 in homen dermal fibroblasts.

Similarly, the term “direct DNAy-x equivalents thereof! is meant to stand for a first
alternative DNA construct encoding a heavy chain or fragment thereof of an IL-17 binding
molecule of the invention and comprises:

a) a first part which encodes 2 variable domain comprising alternatively framework and
bypervarigble regions, said hypervatiable regions being in sequence CDR1;-x, CDR2;-x and
CDR3;-x, said CDR 1;-x is at least 50% homologous, preferably at Ieast 60, 70, 80, 83, or 90%
homologous, more preferably at least 95% homologous to the hypervariable region CDR1 as
shown in SEQ ID NO: 11, said CDR2;-x is at least 50% homologous, preferably at least 60, 70,
80, 85, or 90% homologous, more preferably at leagt 95% homologons to the hypervariable
region CDR2 as shown in SEQ ID NO: 12, and CDR3;-x 1s at least 50% homologous, preferably
at least 60, 70, 80, 85, or 90% hormologouns, more preferably af least 95% homologous to the
hypervarigble region CDR3 as shown in SEQ 1D NO: 13; this first part starling with a codon
encoding the first amino acid of the variable domain and ending with 2 codon encoding the last
amino acid of the variable domain; and

b) a second part encoding a heavy chein constant part or fragment thereof which starts with a
codon encoding the first amine acid of the constant part of the heavy chain and ends with &
codon encoding the last amino acid of the constant part or fragment thereof, followed by a stop
codon; and

¢) said DNA consiruct encoding for a polypeptide which is capeble either alone or in
combination with another polypeptide of inhibiting the activity of I nM (= 30ng/ml} human IL-
'17 at a concentration of 50 nM, preferably 20nM, more preferably 10 nM, raore preferably 5 ni
of said molecle by 50%, said ivhibitory activity is measured on IL-6 production induced by hu-
1~17 in buman dermal fibroblasts.

Preferably, these DNA constructs encode a variable domain comprising altematively
framework and hypervarigble regions, said hypervariable regions being in sequence CDR1,
CDR2 and CDR3, said COR1 having the amino acid sequence SEQ ID NO: 1, said CDR2
having the amino acid sequence SBQ ID NO: 2, and said CDR3 having the amino acid sequence
SEQ D NO: 3. More preferably, these DNA constructs encode a varigble domain comprising
alternatively framework and hypervarisble regions, said hypervariable regions being in sequence
CDR1-x, CDR2~x and CDR3-x, said CDR1-x having the amino acid sequence SEQ IDNO: 11,
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said CDR2-x having the amino acid sequence SEQ ID NO: 12, and said COR3-x having the
amino acid sequence SEQ ID NO: 13, More preferably, this first part encodes 2 variable domain
having an amino acid sequence substantially identical to the amino acid sequence as shown in
SEQ ID 'NO: 8 starting with the amino acid at position 1 and ending with the emino acid at
position 127. More preferably the first part has the mucleotide sequence as shown in SBQ ID NO:
7 starting with the nucleotide at position 1 and ending with the nucteotide at position 381, Also
preferably, the secogd Ppavt encodes the constant part of 2 human heavy chain, more preferably
the constant part of the human v1 chain. This second part may be a DNA. fragment of genomic
origin {comptising introns) or a cDNA fragment {(withont introns).

Similarly, the term “direct DINAy, equivalents thereof" is meant to stand for a second DNA
construct encoding 2 light chain or fragment thereof of an TL-17 binding molecule of the
invention and comprises:

a) & first part which encodes a variable domain comprising alternatively fratnework and
hypervariable regions; said hypervarisble regions being COR3;” and optionally CDR1{ and
CDR2;’, said CDR1y is at least 50% homologous, preferably at least 60, 70, 80, éS, or 90%
homologous, more preferably at least 95% homologous to the hypervariable region CDR1® as

. shown in SEQ ID NO: 4, said CDRZ;’ is at least 50% homologous, preferably at least 60, 70, 80,
85, or 90% homologous, more preferably at least 95% homologous to the hypervariabie region
CDR2" as shown in SBQ ID NO: 5, and said CDR3;’ is at least 50% hormiologous, preferably at
Jeast 60, 70, 80, 85, or 90% homologous, more preferably at least 95% homologous to the
hypervariable region CDR3" as shown in SBQ ID NO: 6; this first part starting with a codon.
encoding the first amino acid of the variable domain and ending with a codon encoding the last
amino acid of the variable domain; atd

b) a second part encoding a light chain constant part or fragment thereof which starts with a
codon encoding the first amino acid of the constant part of the light chain and ends with a codon
encoding the last amino acid of the constant part or fragment thereof followed by 2 stop codon;
and

o) said DNA. constriet encoding for a polypeptide which. is capable either glone or in
combination with another polypeptide of inhibiting the sctivity of 1 oM (= 30ng/m1) human IL-
17 at & concentration of 50 oM, preferably 20nM, more preferably 10 1M, more praferably 5 oM
of ssid molecule by 50%, said inhibitory activity is measwred on IL~6 production induced hy hu-
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IL.~17 in human dermal fibroblasts.

Preferably, this second DNA. construot encodes a varishle domain comprising alternatively
framework and hypervariable regions, said hypervariable regions being in sequence CDR1’,
CDR2’ and CDR3’, said CDR1’ having the amino acid sequence SEQ ID NO: 4, ssid CDR?2’

. baving the amino acid sequence SEQ ID NO: 5, and said CDRS’ baving the amino acid sequence
SEQ ID NO: 6. More preferably, this first part of the second DNA construct encodes a variable
domain having ant amino acid sequence substantially identical to the amino acid sequence as
shown in SEQ ID NO: 10 starting with the amino acid at position 1 end ending with the amino
acid af position 109. More preferably, the first part has the micleotide sequence as shown in SEQ
ID NO: 9 starting with the nucleotide at position 1 and ending with the mucleotide at position
327. Also preferably the second part encodes the constant part of a huran light chain, more
preferably the constant part of fhe humean

Preferably, the first and second DNA construct will be used together, but may be also
used separaiely.

"The invention also includes IL-17 binding molecules in which one or mote of the amine
acid residues of CDR1, CDR2, CDR3, CDR1-x, CDR2-x, CDR3-x, CDR1’, CDR2' or CDR3’
or the frameworks, typicalty only a few {o.g. 1.4), are changed; for instance by mutation e.g. site
direc';ed mutagenesis of the corresponding DNA. sequences. The invention includes the DNA.
sequences coding for such chenged IL-17 binding molecules. In particular the avention includes
IL-17 binding molecules in which one or more residues of CDR1’ or CDR2’ Have been changed
from the residues shown in SEQ ID NO: 4 (for CDR1®) and SEQ ID NO: 5 (fér CDR2%).

In the first and second DNA constructs, the first and second parts may be separated by an
introm, and, an enhancer may be conveniently located in the intron between the first and second
parts, The presence of such. an enhancer which is transcribed but not tranglated, may assist in
efficient transcription, Tn particnlar embodiments the first and second DNA. construsts comprise
the enhancer of a heavy chain gene advantageously of human origin,

Bach of the DNA constructs are placed under the control of snitable control sequences, in
particular under the control of a snitable promoter. Auy kind of promoter may be used, provided
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that it 35 adapted to the host organism in which the DNA constructs will be transferred for

EXpression,

The desired antibody may be produced in a vell culture or in a transgenic animal, A
suiteble transgenic animal may be obtained according to standard methods which include micro
injecting imto eggs the first and second DNA constructs placed under suitable control sequences
transferring the so prepared eggs into appropriate pseudo-pregtant females and selecting a
dezcepdant expressing the desired antibody.

When the antibody chaing are prodnced in a.cell culture, the DNA constiuets must first be
inserted into either a single expression vector or info two sepatate but compatible expression
vectors, the latfer possibility being preferred.

Accordingly, the invention also provides an expression vector able to replicate in a
prokaryotic or eukaryotic cell line which corprises at least one of the DNA constructs gbove
described.

Each expression vector containing 2a DNA construct is then transferred into a suitahle host
organism. When the DNA constructs are separately inseited on two expression vectore, they may
be transferred _separately, i.e. one type of vector per cell, or co-transfarred, this latter possibility
being preferred. A. suitable host organism may be a bacterium, a yeast or 2 mammalian csll Jine,
this Jatter being preferred, More preforably, the mammalian cell line is of Tymphoid origin, e.g, a
myeloms, hybridona or 2 normal immortatised B-cell, which conveniently does not express any
endogenous atitibody heavy or light chain,

 For expression in mamnmalian cells it is preferred that the IL~17 binding molecule cading
sequence s integrated into the host cell DINA within & loous which permits or favours high level
expression of the 1117 binding molecule. Cells in which the IL-17 binding molecule coding
sequence is integrated into such favourable loci may be identified and selected on the basis of the
levels of the TL~-17 binding molecule which they express, Any suitabls selectable marker may be
used for preparation of host cells containing the IL-17 binding molecule coding sequence; for
instatice, a dhit gene/methotrexate or equivalent selection system may be used, Altemative
systems for expression of the [L-17 binding molectles of the invention include GS-based
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amplifiation/selection systems, snch a5 those described fn EP 0256055 B, BP 0323997 B and
European patent application 89303964.4.

In a frther aspect of the invention thete is provided a process for the product of an IL-17
binding molecule which comprises (i) culturing an organism which is transformed with an
expression vector as defined above and (if) recovering the IL-17 binding moleoule from the
culfure,

For the purposes of the present description an antibody is “capable of inhibiting the
binding of 1L~17 as ABN457” if the antibody is capable of inhibiting the binding of I -17 to its
receplor substantially to the same extent as the AIN457 antibody, wherein *“to the same extent”
has meaning as defined above.

The AIN457 antibody has binding affinity for IL-17 which is higher than affinities
previously reported for anti-I.-17 antibodies, in particnlar to any antl human I.-17 antibodies.
Thus ATN457 has a dissociation equilibtium constant Kp for binding to 1.-17 of about 0,188
0.036 nM (determined by BlAcore, e.g. as shown in Example 2). This high binding affinity
makes the AIN457 antibody particularly suitabie for therapeutic applications.

" In the present description the phrase “Il-17 mediated disease” encompasses alf diseases
and medical conditions in which IT~17 plays a role, whether directly or indirectly, in the disease
or medical condition, including the causation, development, progress, persistence or pathology of

the disease or condition.

In the present description the terms “ireatment” or “treat” refer to both prophylactic or
preventative treatment as well as curative or disease modifying treatment, including treatment of
patient at risk of contracting the disease or suspected o have coniracted the disease as well as
" patietis who are jll or have been diagnosed as suffering from a disease or medical condition, and

includes suppression of chnical relapse.

IL~17 binding molecules as defined above which have binding specificity for human I -
17, in particular antibodies which are capable of inhibiting the binding of IL-17 to its receptor;
and antibodies to IL-17 which are capable of inhibiting the activity of 1 nM (= 30ug/ml) humsn
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IL-17 af 2 conceniration of 50 nM, preferably 20l more preferably 10 M, more preferably 5
1M of said moleculs by 50%, said inbibitory activity is measured on -6 production induced by
InAT17 in human dermal fibroblasts, ave herein referted to as Antibodies of the Invention.

Preferably the Antibodies of the lavention are human antibodies, most preferably the
AIN457 antibody or direct equivalents thereof.

The Antibodies of the Invention block the effects of IL~17 on its target cells and thus are
indicated for use in the treattent of IL-17 mediated diseases and disorders, These and other
pharmacological activities of the Antibodies of the Invention may be demonstrated in standacd

test meihods for example as described belows:

Neutralization of IL-17 dependent production of interlewkin-6 by primary human Fibroblasts;
The production of IL~6 in primary human (dermal) fibroblasts is dependent on I1-17 (Hwang SY
et al., (2004) Arthritis Res Ther; 6:R120-128,

In short, hunan dermal fibroblasts are stimulated with tecombinant If.-17 in the presence
of various concentrations of Antibody of the Tnvention or human IL-17 receptor with Fo part,
The chimeric anti-CD25 antibody Simulect® (basiliximab) ig used as a negative control,
Supematant is taken after 16 h stimulation and assayed for I1.-6 by ELISA. Anfibodies of the
Invention typically have ICsos for inhibition of Tf ~6 production (in the prosence 1 nM mnan I7-
17) of about 50 nM oz less (e.g. from about 0.01 to about 50 nM) when testeci ag above, i.e. said
hitibitory activity is measured on JL-6 production fuduced by ku-T-17 iz human dermal
fibroblests. Preferably, the Antibodies of the Invention have an ICsp for inhibition of IL-6
production as defined above of about 20 mM or: less, mors preferably of about 10 aM or less,
Tore preferably of about 5 nM or lesy, more preferably of about 2 nM or less, more preferably of
about 1 nM or Jess.

As indicated in the above assay Antibodies of the Invention potently block the effects of
17, Accordingly, the Anifbodies of the Tnvention have pharmaceutical utility as follows:

Anfibodies of the Invention are useful for the prophylaxis and treatment of TL.~17
mediated diseases or medicai conditions, ¢.g. inflammatory conditions, allergies and allergic
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conditions, hypersensitivity reactions, autoinmmune diseases, severe infections, and organ or
tissue transplant rejection.

For sxample, Antibodies of the Invention may be use for the treatment of recipients of
heart, ung, combined heart-lung, liver, kidney, pancreatic, skin or corneal transplants, including
allografl rejection or xenograft rejection, and for the prevention of graft-versus-host disease, such
as following bone marrow transplent, and organ transplant assooiated arteriosclerosis,

Antibodies of the Invention are particularly ngeful for the treatment, prevention, or
amelioration of autoimmune diseass and of inflammatory conditicns, in partioular inflammatory
condifions with an aetiology including an autoimmune component such as arfhrit (for example
theumatoid arthvilis, arthritis chronica progrediente and arthritis deformans) and thewmatic
diseases, inclnding inflammatory conditions and rheumatic diseaseg involving bobe loss,
inflammatory pain, spondyloarhropathies including ankolsing spondylitis, Reiter syndrome,
reactive arthritis, psoriatic arthritis, and enterophathis arthritis, hypersensitivity (including both
aitways hypersensitivity and dermal hypersensitivity) and allergies. Specific anto-inumme
disenses for which Antibodies of the Tnvention may be employed include antoimmune
haematological disorders (including e.g. hemolytic atinemia, aplastic angemia, pure red cell
anaemia and idiopathic thrombocytopenia), systemic Inpns erythematosns, inflammatory muscle
disordess, polychondritis, sclerodoma, Wegener granmlomatosis, dermatomyositis, chronic active
hepatitis, myasthenia gravis, psoriasis, Steven-JTohmson syndrome, idiopathic sprue, antoimmune
inflavumatory bowel disease (including e.g. ulcerative colitis, Crobn's disease and Trritable Bowel
Syndrome), endocrine ophthalmopathy, Graves disease, sarcoidosis, multiple selerosis, primary
biliary cirrhosis, juvenile diabetes (disbetes mellitug type I), uveitis (anterior and postexior),
keratoconjunctivitis sicoa and vernal keratoconfunctivitis, interstitial lung fibro sis, psoxiatic
atthritis and glomerulonephritis (with and without nephrotic syndrome, e.g, including idiopathic
nephrotic syndrome or minimal chanpe nephropathy), tumors, multiple sclerosis, inflammatory
disease of skin and cornes, myositis, loosening of bone implants, metabolic disorders, such as

atherosclerosis, disbetes, and dislipidemia,

Antibodies of the Invention are also useful for the treatment, prevention, or amelioration
of asthma, bronchitis, preumoceoniosis, pulmonary emphysema, and othet obstructive or
inflammatory diseases of the airways.
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Antibodies of the Invention are useful for ireating vndesirable acute and hyperacute
inflammeatory reactions which are mediated by IL~17or involve TL-17 production, or the
promotion of TNF release by IL-17, e.g. acute infections, for example septic shock (e.g.,
endotoxic shock and adult respivatory distress syndrone), meningitis, pneumonia; and severe
buins; and for the treatment of cachexia or wasting syndrome asgociated with morbid TNF
release, consequent to infection, cancer, or organ dysfimetion, especially AIDS related cachexia,
&.2., associated with or consequential 1o FIV infecton,

Antibodies of the Invention are particularly useful for treating diseases of bone
mstabolism including osteoarthritis, osteoporosis and other inflammatory arthritides, and bones
loss in general, including age-related bone loss, and in particular periodontal disease,

For these indications, the appropriate dosage will, of course, vary depending upon, for
example, the particular Antibody of the Tavention to be employed, the host, the mode of
adminisiration and the nature and severity of the condition being freated. Howaver, in
prophylactic uss, satisfactory results are generally indicated to be obtained at dosages from about
0.05 mg to about 10 mg per kilogram body weight more usuvally fromabout 0.1 mg to sbout § g
per kilogram body weight, The frequency of dosing for prophylactic uses will normally be in the
range from about once per week up to sbout once every 3 months, more usually in the range from
gbout once every 2 weeks up to about onee every 10 weeks, e.z, once every 4 to § weeks.
Antibody of the Invention is conveniently administered parenterally, iniravenously, e.g. into the
antecubital or other peripheral vein, intramuscnlacly, or subeutaneously. A prophylactic
treatment typically comprises administering the Antibody of the Tnvention once permonth to
once every Z to 3 months, or less frequently.

The Anfibodies of the Invention may be administered as the sole active Ingredient orin
conjunction with, e.g. as an adjuvant to or in combifiation to, other drugs e.g.
immunosuppressive or immunomodulating agents or ather anti-inflamatory agents, e.g. for the
treatment or prevention of diseases mentioned sbove. For example, the Antibodies of the
Invention may be used in combination with DMARD, e.g. Gold salts, sulphasalazine,
antimalarias, methofrexate, D-penicillamine, azathioprine, mycophenolic acid, cyclosporine A,
tacrolimus, sirolimus, minocycline, leflunoride, glococorticoids: a calcinentin Inhibitor, e.g.
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cyclosporin A or FK 506; a modulator of lymphocyte recireulation, e.g. FTY720 and FTY720
anajogs; a mTOR inhibitor, e.g, rapamyoin, 40-0-(2-hydroxyetiyl)-rapacayein, CC177,
ABT578, AP23573 or TAFA-93; an ascomycin having immuno-suppressive properties, e.g.
ABT-281, ASM981, ctc.; corticosteroids; cyclo-phos-pharmide: azathioprene; methotrexate;
leflonomide; mizoribine; mycophenolic acid; myco-pheno-late mofetil; 15 -deoxyspergualine or '
an immunosuppressive homologue, analogue or derivative thereofs Immunosuppressive
monoclonal antibodies, e.g., monoclonal antibodies fo leukocyte recepiors, e.g., MHC, CD2,
CD3, CD4, CD7, CDS, CD25, CD28, CD40. CD45, CD58, CD80, CD86 or their ligands; other
immunomodulatory compounds, e.g. 2 recombinant binding molerule having at least a portion of
the extraceltular domain of CTLA4 or a mutant thereof, e.g. an at Jeast extraceliular portion of
CTLA4 or a mutant thereof joined to a non-CTLA4 protein sequence, e.g. CTLAMAIg (forex,
designated ATCC 68629) or a mutant thereof, e.g. LEA29Y; adhesion mﬁlec'ule inhibitors, e.g.
LFA-1 antagonists, ICAM-1 or -3 antagonists, VCAM-4 antagonists or VLA-4 antagonists; or a
chemotherapeutic agent, e.g. paclitaxel, gemeitabine, cisplatinum, doxorubicin or S-flyorouracil;
anti TNF agents, e.g, monoclonal anfibodies to TNF, ¢.g. infliximab, adalimumab, CDPS70, or
receptor constructs to TNF-RI or TNF-RT], e.g. Eianeroept, PEGumF-RI; blockers of
proinflammatory cytokines, . IL-1 blockers, &.g, Anakinra or IL-1 trap, AAL160, ACZ 885,16
blockers; chemokines blockers, e.g inhibitors or activators of proteases, e. 2. metalloproteases,
anti-IL~15 antibodies, anti-IL~6 antibodies, anti-CD20 antibodies, NSAIDs, such-as aspirin or an
anti<infectious agent (list not limited to the agent mentioned).

“In accordance with the foregoiug the present invention provides in a yet further aspect:

A method a5 defined above comprising co-adminisiration, e.g. concomyitantly or in
sequence, of a therapeutically effective amount of an IL.~17 binding moleculs, e.g. an Autibody of
the Invention, and at least one second drug substance, said second drug substance being a
immuno-sappressive / immunomodulatory, anti-inflammatory chemotherapeutic or antj-
infectious drug, e.g. as indicated above.

Or, & therapeutic combination, e.g, a kit, comprising of  therapentically effective amount

of4) an IL~17 binding molecule, e.g. an Antibody of the Fivention, and b) at least one second
substance selected from a immuno-suppressive / immmnomodulatory, anti-inflammatory
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chemotherapeutic or anti-infectious drug, ¢.g. as indicated sbove. The kit may comprise
instructons for its administration,

Where the Antibodies of the Invention are adntinistered in conjutction with other
imnmo-suppressive / immunomodulatory, anti-inflacimatory chemotherapentic or anti-
infectious therapy, dosages of the co-administered combination compound will of conrse vary
depending on the type of co-drug employed, e.g, whether itis a DMARD,.anti—TNF, IL-1 blocker
or othiers, om the specific drug employed, on the condition being trested and so forth.

Pharmacentical compositions of the invention may be manufictured it conventional
wanner. A composition according to the invention is preferably provided in lyophilized form,
For immediate administration it is dissolved in a suitable aqueous carrier, for example sterile
water for injection or sterile buffered physiological saline, Ifit is considered dc;irablc to make
up a solution of larger volume for administration by infusion rather as a bolus injection, it is
advaniageous to incorporate human serum albumin or the patient’s own heparinised biood into
the saline &t the time of formulation. Alternatively, the formulation is given subsutaneous. The
presence of an excess of such physiologically inert protein prevents loss of antibody by
adsorption onto the walls of the container and tubing nsed with the infusion soluian, If albumin
is used, a suitable concentration is from 0.5 {0 4.5% by weight of the saline solution. Other
formulations comprise liquid or Iyophilized formulation.

The mvention is farther described by way of illusiration in the following Examples.:
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EXAMPLES

Transgenic mice engineered to express the human IgG/x repertoire instead of the murine
immunoglobulin repertoire (Fishwild et al,, 1996, Nat Biotechnol., 14, 845-851) are used fo
generate antibodies to human IL-17. B cells from these mice are immortalized by standard
hybridoma technology and murine hiybridora cells are obtained which secrete the human IgGl/c
antibody AIN457.

Lxample I: Generation of the hybridoma, purification of the antibodies, selection of
AIN45T antibody

Production of recombinant human IL-17 (hdL-17); Recombinant hulL-17 s either produced in
E, coli in inclusion bodies and refolded by conventional techniques (produced in house carrier
free (B. coli; Novartis Pharma, batch BM-E3141/98) or bought (carrier free, E. coli; R&D
Systerns #317-IL/CF)) or as secreted and partially glycosylated protein in HEK EBNA.
(Recombinant hull~17, cartier free ({L~17 APP-C6 from transfected HEK/EBNA. cells; Novartis
Pharms, batch Bn E-3382/82; 0.28 mg/ml; recomibinant hull-17, carrier free (IL-17 APP-C4
from transfected HEK/EBNA. cells; Novartis Phanma, batch En.E-3382/83; 0.29 mg/ml)). The
latter form features a C-terminal 4 amino acids extension for rapid purification from cultire
supernatanis by immunoaffinity chromatography. In. this case, culiure supernatants are loaded on
a columm of appropriate size of 3 specific Immobilized anti-tag antibody coupled to CNBr
activated Sepharose 4B at a density of 10 mg/ml resin following the manufacturer’s instructions
(Pharmacis). After base-line washing with PBS, bound hull-~17 is eluted with 100 1M glycine,
pH 2.7 and inymediately neviralized with diluted NaOH,

Coupling of hull-17 to Keyhole Limpet Hemocyanin (KLH): Hull~-17 produced in either E. coli
or HEK.EBNA. is coupled to KL pre-activated with an excess of the homobifinctional cross-
Iinker Disucoinimidy] suberate (DSS). Briefly, 20 mg lyophilized Tmject® Mariculture KIH
(Pierce # 77600) are reconstitnted with 2 ml HyO to give 2 10 mg/m] solution containing
Phosphate Buffered Saline (PBS), pH 7.2. To this solution 400 pI of 250 1M DSS in Dimethyl
Sulfoxide (DMSQ) are added and the mixiure stirred for about 1 hr at room femperature (not all
the reagent dissolved and some precipitate formed), Affer a brief centrifugation and filtration
(0.45 ym} the solution is ‘rhe'n desalted on Sephadex G25 fine (Pharmacis) in PBS (flow rate 2
ml/min) yielding about 11 mg activated XLH at 1,5 mg/ml (Bradford). 1 ml of the activated KIH
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(1.5 mg) is mixed with 1 ml of a 9 mg/mi solution in water of lyophilyzed £, colf derived hull.
17 (batch BM-E3141/98). The solution remains clear and is incubated for 2 rs at room
temperature. The concentration of the resulting complex is 1.4 mg/m] (measured by Bradford). 1
m} of the activated KLH (1.5 mg) is mixed with 1 ml of HEK.BBNA hulL~17 (shout 3 mg in
water ; batch En.E-3382/83). The solution remains clear and iz incubated for 2 hrs af room
temperature. Concentration (Bradford) is 2.9 mg/m],

Immumization: The genetically engineered mouse 27340 (female; MEDAREX Tuc, Annandale,
NJ) in which the nurine immmoglobulin variable and constant part genes ars finctionally
replaced by their human counterparts (Genotype Tg code 221100-TgH
(CMD)+TgN(Heo7)11952+; TgH(IRD)H; TgNKCO5)9272+ (see also Sherie L. Morsison,
1994, Nature, Vol. 368, p. 812-813; Nils Lonberg et al., 1994, Nature, Vol. 368, p. 856-859) is
immunized following the scheme reported in table 1,
Table 1. Immunization schedule
Day Date Immunogen Dose and route of
immunization
0 . 070601 Hull-17 (BM-E3141/98) coupled to KLH 25 pg of each s.c. in two
mixed 1:1 with hil-17 (BM-B3141/98) in spots; total volume/mouse
Gerbu adjuvam't with adjuvant 100 gl
14 21.06.01 Hull~17 (BM-E3141/98) coupled to KIH 25 pg of each s.c. in two
(1" boost) mixed 1:1 with huli-17 (EnE-3382/83) spots; totel volume/mouse
conpled fo KLH in Gerbu adjuvant with adjuvant 100 ul
28 05.07.0f HuIl-17 (BM-E3141/98) mixed 1:1 with 10 ug of each s.c. in two
(2 boost) hulL-17 (Bn.B-3382/83) in Gerbuadjuvant epots; total volume/mouse
with adjuvant 100 gl
35  12.07.01 Sera collected for BLISA
42 19.07.01 TIIL-17 (BM-E3141/98) mixed 1:1 with 20 pg of each s.c. in two
(3 boost) hull-17 (En.E-3382/83) coupled to KLH in spots; total volume/monse
Gerbu adjuvant with adjuvant 100 ul
63 09,0801 Hull-17 (BM-E3141/98) coupled to KLH 20 gg of each s.c. in two
(4"boost) mixed 1:1 with buli-17 (Bn.B-3382/83) spots; iotal volume/mouse
coupled to KLH in Gerbu adjwyant with adjuvant 100 pl
91 06.09.01 Hull~17 (BM-E3141/98) mixed 1:1 with 20 pg of each s.c. in two
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(5% boost) huIL-17 (Bu.B-3382/83) in Gerbu adfuvant  spots; total volume/mouse

with adjuvant 100 pl
99  14,00.01 Sera collected for BLISA
117 02.10.01 Hull -17 (En.E-3382/83) 10 pg/mouse i.v,

HuIL-17 (Bn.E-3382/83) coupled to KLH 10 pg/mouse ip,
118" 03.10.01  HulIL-17 (En.E-3382/83) coupled to KLH 10 pg/mouse 1.p.
119 041001 HulL-17 (En.E-3382/83) coupled to KLH 10 pg/mouse i.p.
120 05.10.01 fusion

Sera samples are obfained 35 and 99 days after the staxt of the immmnization protocol, for
taeasuring levels of anti-hull.17 antibody by enzyme-linked immunosorbent assay (ELISA).

Generation of kybridomas: On day 120, mouse 27340 is killed by €O, inhalation. Total spleen
cells (1 x 10%) are fissed with PAL-0 cells (5 x 107 cells) using PBG 4000, Fused cells are plated
out in 720 wells (1 mlfwell), containing a feeder layer of mouse peritoneal cells (Balb/c mice), in
HAT medium (RPMI 1640 containing 2 g/l Sodinn Biearbonats, 5 x 10 M f-Mercaptoethancl,
10"* M Hypoxanthine, 1.6 x 10°° M Thymidine, 4 x 107 M Aminopterin, 10% heat inactivated
FCS end 50 pig/ml Gentamycin). At day 14, HAT medium is exchanged with HT medium i.e.
HAT medium without Aminopterin. Screening starts on day 10, and lasts two wesks, Of the
initial 720 wells plated, 684 wells (95%} are positive for hybridoma growth, Supernatants ave
aollested and soroened for bullL-17 reactive MAb in BLISA using both the E. coft and the
HEK/EBNA detived hull-17, Fifty-two primary weils score positive for the presence of anti-
hull~17 antibodies, Twenty-eight hybridornas are cloned and the remaining ones are frozes,

" Closting is done, in 4 x 96 well microtiter plates, in HT medivm and g feeder layer of mouse

| peritounes! cells, Fiybridomas are plated at 0.5 cell/100 pl per well, Wells are goreened
microscopically for growth, and positive ones are fed 100 zl of HT medium, The following day,
supetnatants are tested for antibody production in a tuIL-17 specific BLISA. Upon cloning, the
majority of the cloned hybridomas retain the capacity to secrete anti-hull~17 specific
Monoclonal Antibody (MAb).

Production and purificarion of antibody: The selected clones are fransferred in serum free
medium (5 ml) into 25 cm? TC (TC: tissue oulture) flagks. Hybridomas are progressively
expanded in serum free medium to 75 cm® TC flasks and roller flasks, All the different anti-fn-
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L-17 MAD inclading NVP-ATN457-NX (340-110-28 i.e. mouse number-hybridora number-
clone nuraber) are purified by Protein A affinity chromatogtaphy, Culture Supemsatants are
adjusted to pH 7.3 and foaded on a colum of appropriate size of Protsin A. Sepharose 4 fast flow
(Pharmacia), After bage-line weshing with 100 mM phosphate buffer, pH 7.3 bound antibodies
are eluted with 50 mM citrate, pH 2.7, 140 mM NaCl, The eluted fraction is immediately
neutralized (pH 7.0) and sterile filtered. Protein concentration is determined by absorption at 280
nm using a factor of 1.35 Absorption Unit (AU)/mg,

Inhibitory activity of anti~hull-17 MAb on IL-6 production induced by kull~17 in kuman dermal
Fibroblasts: Human dermal fibroblasts are cultured in FBM supplemented with 2% FCS, insulin
(5 pg/ml) huF'GR-basic (0.1 pg/ml) and Gentamycin (50 pg/ml). The fbroblasts are detached
from plastic using a Trypsit/EDTA. soluifon. Fibroblasts are distributed infe 96 well microtiter
plates at a density of 1x10° cells/well in FBM supplomented with 1% ECS, Fibroblsts are
allowed to adhere to the plates overnight, The nexi moming medinm is removed and fresh FBM
supplemented with 1% RCS, hulL-17 {different concentrations ranging from 30 to 500 ng/ml}
and hybridoma supernatants ('IIS final dilution) or purified antibodies are added to a final volume
of 200 p1. Cultore supernatants are collected after an ncubation of 24 h and hull-§ production is
measured by ELISA.

ELIS4 for detection of anti-hull~-17 antibodies: ELISA microtiter plates are coated with
tecombinant hail-17 (100 pl/well at 3 pg/ml; batch BM-E3141/98 or En.E-3382/82) in PBS
0.02% NeaNj; and incubated overnight af room temperature. The following day, microtiter plates
ave blocked with 300 pl of PBS/ 2% BSA/ 0.02% NaN; for 2 h at 37°C, Plates are then washed 4
times with PBS/ 0,.05% Tween 20/ 0.02% NalNs, Serum dilotions of mouse 27340 (final ditution
range at day 35: 1/100 to 1/3200; final dilution range af day 99: 1/200 to 1/12800; 100 pl/well) or
culture supernatants of hybridomas (final dilution 1:3; 100 ul/well) are added. After an ovarnight
incubation at roora temperature, plates are washed 4 times with PBS/ 0.05% Tween 20/ 0,02%
NaNj, A biotin-conjugated mouse apti-bu-IgG, Fc fragment specific antibody is added at a final
dilution of 1/20000 (100 pl/well). Samples are left to react for 4 b at room temperature. After
washing (4 times), alkaline phosphatase-conjugated streptavidin is added at a final dilution of
1/8000 (100 ;il!well). After 40 minutes at room temperature, plates ars washed again 4 times and
the subsirate (p-nitrophenylphosphate in diethylamino buffer pH 9.8; 150 ul/well) is added.
Plates are read after 30 or 45 min depending on the development of the reaction in a microtiter
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reader (Bio-Rad) using filters of 405 and 490 nm.

ELISA for detection of antibody isotype: For revealing the isotype of the MAD, culture
gupernatants (100 yl; final dilution 1/5) are added to the wells of microtiter plates coated with
hull-17 (see above), and incubated overnight at room temperature, After washing (4 times), 100
pl/well of bietin-conjugated mouse MAbs anti-human IgG1 (fnal dilution 1/1 000), IgG2 (final
dilution 1/1000), IgG3 (final dilution 1/1000) IgG4 (final ditlution 1/2000) or anil human « light
chain (final dilution 1/1000) are added for 4 h at room temperature. As a control a biotin-
conjugated rat anti-mouse Al and X2 light chain specific MAb is used (final difution 1/1000).
This is followed as previously described by washing and addition of alkaline phosphatase-
conjugated sireptavidin (100 pl; final ditution 1/8000). After washing (4 times) the substrate (p-
nitrophenylphosphate in diethylamino buffer; 100 pl) is added. Piates are read after 30 or 45 min
depending on development of reaction, int a microtiter reader (Bio-Rad) using filters of 405 and
490 nm.

ELISA for detection of hull.-6 production: BLISA microtiter plates are coated with an anti-huff ~
6 mouse MAb (MAB206 from R&D system; 100 uliwell at 4 pg/ml) in PBS 0.02% NaN; and
incubated overnight at room temperature. The following day, microtiter plates were blocked with
300 ul of PBS/ 2% BSA/ 0.02% NaNj for 2 h at 37°C. Plates were then washed 4 times with
PBS/ 0.05% Tween 20/ 0,02% NaN3, Culture supernatants of uman denmal fibroblasts (final
dilution 1:3; 100 pl/well) were added. To establish a tittation curve hull.-6 {100 ul/well) is
titrated from 400 pg/ml to 3.1 pg/ml in 1:2 dilution steps, Afier an overnight incubation at room
temperature, plates ar¢ washed 4 times with PBS/ 0.05% Tween 20/ 0.02% NaN3, A biotin-
conjugated goat anti-hull-6 antibody (BAP206; R&D Systems) is added (25 ng/ml; 100 plfwell).
Samples are left to react for 4 h at room temperature. After washing (4 times), alkaline
phosphatase-conjugated streptavidin is added at a final difution of 1/8000 (100 plfwell). After 40
minutes at room temperaturs, plates ave washed again 4 times and the substrate (p-
nitrophenylphosphaie in diethylamino buffer pH 9.8; 150 pl/well) is added. Plates are read after
30 min in 2 microtiter reader (Bio-Rad) using filters of 405 and 400 .

Calculations: Values are reported as orxiginal O.D. values or as % inhibition calenlated on the
means of duplicate values, Additional data are reported as Means = SEM, An L6 standard
curve wag used o measure hulf -6 concentration in culture supernatants by using a cubis curve
fit.
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Serun: titers of mouse 27340:

Table 2. Anti-holl~17 serum titers (mouse 27340)
Serum dilution
O.D. values (Means = SEM)

Doy Hull-i7
1:100  1:200 1:400 1:800  1:1600 1:3200 1:6400 1:12800
batch® _
2 ool 1.795 1524 1167 0.854 0615 0378
. €O
25 = 0,022 0006 £0.015 £0.013 £0.005 %0.032

2180 1875 1577 1313 1031 0.728
HEK/EBNA
+ 0,041 £0.005 £0.047 20016 *0011 +0.003

2130 1913 1635 1494 L125 0810 93559
L0078 £0075 0041 £0.066 +0.001 +0070 0,021
2,029 1925 1716 1524 1259 0970 0706
0,005 +£0.030 0,012 0,004 £0.018 +0.036 +0.002
* Microtiter plates wete coated with hull-17 (3 pg/ml) from E. coli (BM-E3141/98) or
HEK/EBNA cells (En.B-3382/82),

The serum of mouse 27340 is analyzed in ELISA for the presence of anti-hull-17 antibodies on
days 35 and 99 on two diffevent preparations of iull-17 (Table 2). Results show that serum titers
of mouse 27340 increase sbout fourfold between day 35 and day 99 and that both hull.-17

E. coli
99
HER/EBNA

preparations are recognized,

Binding in ELISA of hybridoma supernatants: 684 supernatants are tested in ELISA for the
presence of anti-hull ~17 antibodies, using two preparations of recombinant hull -17, the former
from B coli (BM-E3141/98) the latter from HEK/EBNA cells (En.E-3382/82), Fifty-two
supernatants score positive for the presence of anti-hnil~17 antibodies (Table 3). Preferential
binding to one or the ofher preparation of hull-17 is observed in a few cases. The 28 hybridomas
that are subsequently cloned are underlined,
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Table 3. BLISA reactivity of culture supernatants

vbridoma
No)
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373

Hull-17 baich*

E. coli
O.D, values
1.935/1.830

1.928/1.928

1.386/1.471
1.917/2.078

1.629/1.619

2.650/2.716
1.329/1.371

2.355/2.363
0.789/0.857

. 1.656/1.652

1.244/1,669
1.192/1,322
1.899/2.108
0.948/0.903
2.249/2.084
1.406/1.305
1.120/1.146
1.890/1.990
1.674/1.640
0.678/0.78%
2.475/2.677
1.721/1.788
1.111/1.073
1.738/1.762

2.478/2.702

1.200/1.194

HER/EBNA
O.D. values
ND

2.026/1,956
2.095/2.042
2.342/2.384
ND

2.439/2.366
1.362/1.465
2.425/2 497
1.154/1.208

ND

0.714/0.695
0.847/0.810
1.966/2.023
0.874/0.866
2.150/2.139
1.797/1.752
1.114/1.128
ND

ND

0.735/0.784
2.340/2.358
0.602/0.634
1.223/1.202
1.869/1.835
2.302/2.448

1.212/1,233

Hybridoma
Vo)

386
43

I,
8 o

'A'k-&l
SER

|

496
504
543
M
548
552
557
564
566
577
597
612
622
627
649
658
674
686
705
720

Hull~17 baich

Z. coli

O.D. values
1.780/1.812
2.194/2.139
1,180/1.236
1,034/1.066
2.060/2.209
1.392/1,348
2.13122.078

1.755/1.559
2.332/2.455

145/1.19

0.728/0.75Q
0.824/0.811
2241/2.326
0.628/0.675
1.092/1.068
1.018/0.928
0.781/0.821
1.985/1.777
2.121/2.230

1.000/1.077
1.335/1.389

1.218/1.297
1.112/1.087
1.447/1.549
1.899/1.803
2.249/2.420

HER/EBNA
O.D. values
2.002/1.905
2.221/2.169
1.442/1.47¢

1.166/1.138
2,079/2,237
1.515/1.524
2.569/2,798
NR

2.370/2.381
1.187/1.201
0.891/0.809
0.969/0.943
2.347/2.483
0.808/0.820
1.239/1.152
1.226/1.206
1.117/1.123
2.033/1.989
2.592/2.277
1.203/1.20%
1.311/1.337
1.415/1.437
1.134/1.127
1.730/1.646
1.870/1.872
2.383/2.385

*Plates are coated with recombinant dT~17 (3 ug/ml) from B, coli (BM-E3 141/98) or
HER/EBNA cells (EnE-3382/82). Supernatants are tested at the final dilution of %4.
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Binding in ELISA of culture supernatants of the hybridoma clones: The reactivity in RIISA of
the supernatants of the clones of the 11 hybridomas, which retained the besi production of anti-
hull~17 MAﬁ, is shown in Table 4. The clones, highlighted in bold, were selected for producing
~ 1 liter of supernatant in roller bottles for purification and analysis of the antibodies. With the
exception of the clones derived from the hybridoma No 5, which produced a hlgG3x antibody,
all the othter clones produced hulgGlr MAD, as assessed by isotype specific monoclonal
antibodies.

Table 4, ELISA reactivity of culture supernatants for hu-IL-17.
Clone Supernatants*® Clone Supernatanis® Clone Stpernatants*

Vo) 0.D. values {No) O.D. values (No) 0.D, values
3-2 2.198/1,940 106~ 1.244/1.306 343-4 1.003/0.913
3-20 1.909/1.939 106.2 1.203/1.138 J43-16 0.795/0.717
3-21 1.873/1.812 106-3 1.176/1.166 557-6  0.879/0.940
5-18 . 1.240/1,168 110-7 1.535/1.393 J37-36  0.980/0.925
522 1.340/1,396 110-28  1.376/1.370 557-37  1.104/1.109
529 1.316/1.354 305-21 1.484/1.518 622-2 0.923/0.894
5.31 1.227/1.302 305-38  1.669/1.858 622-5 1.070/1.032
J-40 1.364/1.543 343-1 1.351/1.375 622-6 0.580/0.953
104-2 1.385/1.299 439-80 2.506/2.543 658-2 0.744/0.744
1044 1.085/1.044 430-13  1.568/1.610 658-6 0.769/0.772
104-9 1.488/1.304 £50-23  1.658/1.667 658-16  0.741/0.758
10411  1.670/1.380 343-1 1.074/0.991 '

Mierotiter plates are coated with recombinant hull ~17 (3 pg/ml) from HEK/EBNA cells (En.E-
3382/82).

Newtrallzing activity of culture supernatants: Culture supernatants are tested for inhibifion of

bulL~6 production by human dermal fibroblasts stimulated with recombinant hall-17. As shown
in Table 3, the majority of the culture supematants show inhibitory activity.
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Table 5, Inhibition of -6 production induced by hull.-17 in humen dermal fibroblasts by cutture
sopernatants
Inhibition of IL-6 production (%)

Clone Amount of hlL~17 used as stimulus (ng/mi}

Noj 62.5 125 250 500
3-20 86.3 75.0 33.1 23.2
5-40 233 414 20.3 19.0
104-11 47.7 485 22.2 - 163
106.1 61.6 198 5.7 9.8
110-28 99.8 925 88.6 61.3
305-38 47.2 47.1 36.6 23.7
343-1 56.8 102.4 90.5 66.4
450-23 517 485 47.5 266
3434 -6.0 ~12.0 6.5 -7.1
622-2 34.0 232 - 203 184
658-16 34.4 27.7 12.7 18.3

Newtralizing aciivity of AIN43: Selection of clone 110-28 for the production of development
candidate AIN457 {preferred embodiment of the invention) is baged on nentralizing activity and
affinity meagurement on BIACORE 2000 of the puified antibodies (see below Bxample 2).

Example 2: AIN457 biuds with very high affinity to recombinant haman TL-17 (halL~17);
the Ky is 122 £+ 22 pM (BIAcore) and nentralizes human -6 production induced by halL-
17 in human dermal fibroblast; IC50 is 2,101 1M at & concentration of 1.87aM hufL-17

) Methods

Reagents: Goneral Iaboratory reagents are purchased fiom Merck or Sigma and are of the highest
purity grade available; the sources of specialty reagents are detailed below.

Proteins: Monoclonal antibodies are generated by immunizing MEDAREX transgenic mice with
recombinant buman IT-17, and then following the standard procedure for productng cell Tines,
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from which the secreted material could be parified by Protein A Sepharose chromato graphy E
[essentizlly as described in Example 1), AIN457 is stored as 2 sterile-filered solution in 50 mM
Na-citrate, pH 7.0, 140 malVI NaCl at 4°C . The recombinant hurman ATN457 (batch IKBOBS 03A)
is obtained in sterile stock solution of either 20 mM Na-citrate/40 mM phosphate buffer, pH7,
150 mM NaCl or 20 mM scetic acid pH 5.5 adjusted with 1M Tris-base. Coneentrations are
usually in the range of 2 vag/ml and diluted fo a final concentration of 5 pg/ml into BIA buffer
(20 mM HEPES, pH 74, 150 mM NaCl, 0,05% v/v Tween-20) for the Biacore experiments.

Recombinant human IL~17 is produced in-house; batch En/E 3882/83; 0.29 mg/mi,

BIAcore measurernents

Determination of ldnetic binding parameters and levels of crossreactivity are done by surface
plasmon resonance measurements using the optical biosensor BIAcore 2000 (BlAcore AB,
Upsalla, Sweden, see Lit. HS 1,2 for details). This technology allows the label-free determination
the microscopic rate constants for binding (k) aud dissociation (keg) of a ligand to areceptor, It
is therefore especially suited for characterizing the antibody-antigen interactions, This technology
complements and is in many respec;ts superior to BLISA measurements (Van Regentmortel, Dev
Biol (Basek). 2003;112:141-51.) Binding studies of recombinant II~17 to the IL-17 antibody
AIN457 are performed in two ways, In the stendard protocol, AIN457 is captured by an enti-
human Foy antibody (Fackson Immunochemicals; Cat.No. 109-005-098) thut is previously
immobilized onto 2 CM-5 BIAcore sensor chip (Research grads), Covalent binding of Foy
capture antibody is done with the ‘Amine coupling kit’ provided by BlAcore (BIAcore, Cat.No.
BR-1000-50), Typically, 3000 RUs of capture antibody are attached to the activated dexiran
surface with. a 30pg/ml anti Fey antibody solution in 10 mM Ac buffer, pI¥ 4.5 at a fiow rate of 5
pl/min which lead to approximately 250 RUs of AIN457 immobilization. As a guideline, 1000
RUs correspond to a mass transfer of 1 ng/mm®. Alternatively, IL-17 (Section 3.2; Table 4), |
AIN457 antibody is coupled directly to the chip surface without eapture antibody. The results are
compared to the protocol described in Table © (see below),

b)Resulls

Binding kineties of the IL-17/ AIN457 complex

The equilibrivm dissociation constant Ky allows some judgement about the stability of
complexes, once formed in vivo. We have therefore determined kinetic constants for the binding
of human IL~17 to the immobilized AIN457 antibody, and have derived the Kyp for the process
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from these data. Table 3 shows the sarmmary of data obtained when the curves of 2 experiments
are fitted to the Langmuir mode} using the BlAevatuation 3.0 software. Although the antib ody is,
of course, bivalent, the binding can be treated as a 1:1 event, with individual antibody binding
sites displayed at the surface that become occupied by monomeric IL-17 molecules.

This experiment shows both, the exiremely fast association as well as the very slow digsociation
kinetios of the antibody-chemokine complex, The best data fit is obtained when the sensorgrams
are treated individually (rather than globaily, as is suggested in the BlAevalustion,) Thus, after
combining the titration series we obtain average values from 12 sensorgrams of ky,= (4.1 & 0.1)
x10° 1M 5; kog= (3.8 % 0.5) x10™ 1/s; and for Kp= 122+ 22 pM.

Table 3. Kinetic constants for the 1:1 binding of rec human 1L-17 to NVP-AIN4S7
Cone [nM] kon[1/Ms] koff[l/s] KXD[M] E=xp.IL-314
331BH5  336E-05  1.02B-10 Rxin 1
1.28B+05 3.78B-05 2,95E-10
3.79B+)5  1.86E-05 4.90E-11

12 3.60E+05 3.00B.05 833E-L

16 3.5284H05 57005 1.62B-10

20 3528405  415B-05  L18B-10

2 123BH6 197805 1.60B-11 Run 2
411E+05  1.20B-05  2.92E-11

8 3.78E+05  4.54E.05  1.20E-10

12 346B+05 513805 1.48E-10

16 3.17E405  595E-05  1.88E-10

20 ' 3.34B405  501B-05  1.50E-10

Mean 410B+05 3.80B-05 1.228-10 n=12

SEM 7.13EH4  A51B06  221B-11

Mean Xy caleulated from individual entries (vertically), rather than by applying the equation Kpy=k,s/K,s.

For the AIN457 produced in recombinant cells (KB03303A) affinity measurements are
performed for the IL-17 cytokines from man, marmoset, thesus and cynomolpous monkey,
respectively. Experimental details of the Biacore measurements are the same as deseribed sbove
for MAB110-28 antibody. Two independent runs testing 6 IL-17 concentrations in each rum are
performed, Concentrations for buman IL-17 are 2, 4, 8, 12, 16, 20 oM and 10, 20, 30, 40, 50, 60
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fo for all other species. Complete data analysis yields n=12 individual measnrements for sach
IL-17 species. The Xp as well as SBM is reported.

Table 4. Snmmary: Kinetic constants for the 1:1 binding of rec human, marmoset,
rhesus and cynomolgous monkey IT~17 to NVP-ATN457 (IKB03303A)

Species KD M) SEM
Mean
Run 1+2
Human 0.227 nd +/~ 0.03 nM
Marmoset o l2oM +-0.] oM
Rhesus monkey 9 nM /- 1 1M
Cymomolgous 6 1M +- 0.7 nM
monkey

A full set data of the BlAcote apalysis for antibody KB03303A with Koy, ko and Kp and the
respective IL-17 species are given below in tables 5 1o 8.

Table 5. Kinetic constants for the 1:1 binding of rec human 1L.-17 to AIN457
(KB03303A)

Conc [oM] kon [{/Ms] *koff{l/s] XD[M] Exp.IL-366/

11365

2 3378105 643805  1.91B-10 Ruon 1
259E+05  7.76B-05  2.99B-10
8 2128405 521805  2.46B-10
12 218E+05 738505  3.38B-10
16 2028405  7.I5B-05  3.54B-10
20 192B+05  8,04B.03  4.20B-10

5508405  7.01B-05 1.27R.10 Run 2

3228405  3.30E-05 1.02E-10
2858H05  473B-05 1.66EB-10
12 2.86E+05  4.84E-05 1.658-10
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Table 6.
(KB03303A)

Table 7,

16 261B+05  3.09B-05 1.18B-10

20 2.588+05  4.90B-05 1.9pB-10
Mean 2.82E105 5.82E-05 2.27E-10 n=12
SEM 2778404 491B-06  3.00R-11

Kinetic corstauts for the 1:1 binding of ree marmoset X117 to AINAST

Conc [nM] kon[1/Ms] koff[1/s] KD M] Exp. I-366/

iL.-365
10nM 8.80B+04  7.96E-05 8.95E-10 Run 1
20nM L1IEH0S  8.69B-05  7.82E-10
300M 9.82B+04  1.158-04 1.17E-09
400 9.92E+04  1.16E-04 1.17B-09
50nM S81E+04 11904 1.21E-09
100M B.83E+04  9.98B05 1 .IBE:-O9 Run2
20nM LI0OB+05  1.28B-04 1.I17B-09
30nM 970B+H4  1.52E-04  1.57E-09:
40oM 9.66B+04 131E-04 1.36E-09
50nM. 9.52B+04  1.59B-04 1.67B-09
Mean 9.83E+04 1L19E-04 1.21E-09 =10
SEM 2368403  8.09B-06 +0.1

Kinetic constanis for the 1:1 binding of rec rhesus monkey

IL-17 to ATN457 (KB03303A)
Conc [aM] kon[1/Ms] koff[ls] KD[M] Bxp.L-366/
1L.-365

10 L70E+05  3.89E-04 2.28E-09 Run {
20 6.73B+04  4.94B-04 7.34E-09
30 5.86B+04  3.54B-04  6.04B-09
40 3278404 4.058.04 1.248-0%
50 4.05E+04  4,558-04 1.12B-08
60 3.508+04 4.60E-04 1,31E-08
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10 5.47B+04  3.85E-04  7.04E-09 Run 2

20 4.62E+04 274804  5.93E-09
30 4.308+04  3.51B-04 8.16B-09
40 3.76E+(4  3.66B-04 9.74B-09
50 3.60B+04 4.32B-04 1.20E-08 °
60 3.44B+04  424B-04  1.23B-08
Mean 547E+04  3.99E-04 3.96E-09 =12
SEM 1.08E+04  1.72B-05 9.70E-10
Table 8. Kinetic constants for the 1:1 bindiug of rec eynomolyons monkey IL-17 to
AIN457 (KB033034)
Conc [nM] kon[1/Ms] koff[ls] KD[M] Exp. IL-366/
1L-365
SnM 3.27E+05  3.60B-04 1.10E-09 Run 1

10nM L79E+05  4.02E-04  2.24E-00

150M LO3E405  5678-04  5.50B-09

20nM LI10E+0S  5.23B-04  4.75E-09

250M 9.23B+04  5.78E-04  6.26B-09

308M 9.0SBH04  7.14B04  7.89B-09

50M 7.188+04  5.08B-04  7.08E-09 Run 2

108M  9J0B+04  6.69B-04  G.90E-09

15nM 1.03B405  7.66B-04 7.41E-09

200M LO2BH05  7.32B-04  7.J7E-09

251 L.0ZE+05  7.47E-04  7.34E-09

300M  1.00BH05  834B-04 8.32E-09
Mean 123E405  GITE-04  6,00E-09 =10
SEM 1.99E+04  434B-05 6.52B.10

Subsequently inbibitory activity of purified AIN457 (Batch En/B-10333/53; 0.54 mg/ml) on
hulL-17 i8 evaluated, ICso values are shown in Table 6. In these experiments, bull -17R/Fc and &
mouse anti-hull-17 MAb are included as positive controls and Simuleot as negative contro),
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Table 9. Neutralization of hu-YL-17 by the human anti-haT(~17 MAb AIN457 in
comparison with IL-17R/Fc, and a mouse anti-hulL-17 MAb (R&D System).

ATNA457 0.-17 R/Fe MAB 317
ICsy: SEM 1Cso 2 SEM ICso 4 SEM
{n=3%) n=3) (11=3)

Recombinant ~ hull-17 2.071%0.1168M  1.713+0305nM  12.226 £ 2.050 nM
@ 1.87 nM (30 ng/mi)

*Meaus and SEM are calculated fiom three different and independent experiments.

In conclusion, AIN457 abrogates the IL-17-dependent secretion of hull~6 by hnpan dermal
fibroblasts, The potency is comparable to that of kafL-17R/Fc and superior to that of a
commercially available mouse anti-hull-17 MAb. It is inferesting to note that a more complete
inhibition is observed with ATN457 than with IL-17R/Fe.

Example 3: Purity and partial amino acid sequences of heavy and Iight chain
Amino acid sequencing

Amino-terminal amino acid sequences of Vi, and Vi regions: The first 48 amino-acid residues of
the heavy and the light chain for two anti-IL-17A antibodies, clone 110-7 (see table 4} and 110-
28 (see table 4), are determined by Edman degradation. The amino-acid sequence is identical for
both clones, The GeneBank is searched by blast analysis and the most homologous DNA

.sequenco found is used to design the cloning primers.

Molecular cloning of the VL and VH regions: Total RNA i prepared from 2x107 hybridoma
cells (clone 110-7, clone 110-28) with the RNeasy Midi Kit according to the vendor's protocol
(Quisgen Hilden Germany). Total RNA is eluted in 200u] RiNase-fres water and stored at ~80°C.
The first strand cDNA. synthesis is carried out with M-MLV reverse franscriptase (Promega,
Madison, WI), oligo-dT primer, PCR nucleotide mix (@NTPs) and RNAsin inhibitor (Roche,
Mannhefm), Five jig of total RNA is mixed with 1 ! oligo-dT primer (0.5ag/ul), and RNase-
free water is added fo a final volume of36 pl. The mixture is incubated at 70°C for 10 minutes
and then stored on ice. While on ice, the following reagents are added: 10p1 5x RT buffer, 21l
dNTPs (10xM each), 2 pl RNasin and 11 M-MLV reverse transcriptase, The réaction is carried
out at 42°C for Thour,
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The PCR reaction is assembled using 4111 of cDNA template, 2111 of each primer at 10uM each
(see below and Tables 10 and 11 for overview) 20p1 of 2xQiamix (containing Bufer, dNTP’s,
TAQPolymerase) and 1pl of Pwo DNA. polymerase in a total volure of 40 pl The PCR
conditions are set for 35 cyeles of 94°C for 15 seconds, 55°C for 20 seconds and 72°C for 30
seconds. The PCR product is subeloned into the pCR4-TOPO-Zero (Stragagene, La Jolla, Ca.)
cloning vector. Several clones are picked from each zeaction and the nuclectids gequence
detormined by Solvias AG (Basel), using the primers MV432 (SEQ ID NO: 21), MV433 (SEQ
ID NO: 22), MV434 (SEQ ID NO: 23), MV435 (SEQ ID NO: 14), and standard primers in the
vector DNA. ' '

The cDNA encoding the heavy chain is ampliﬁed using the primer pairs MV416 (SEQ ID NO:

15)/#265 (SEQ ID NO: 16) and MV418 (SEQ ID NO: 17) #4265 (SEQ ID NO: 16). The primers

cover the nucleotide sequences corrsspunding to the following amino acid positions of the heavy
chain: MV416 position -19/-13 {signal peptide); MV418 position +1/4+7; #2635 position
+253/+253, Position +1 is the first amino acid of the mature protein.

The cDNA encoding the light chain is amplified using the primer pairs MV417 (SEQ 1D NO;
18)/#223 (SEQ ID NO: 19) and MV419 (SEQ ID NO: 20)/4#223 (SEQ ID NO: 19). The primers
cover the nucleotide sequences cotresponding to the following amino-acid positions of the light
chain: MV417 position -20/-14 {signal peptide); MV419 position +1/+7; #22.3 position
+210/+215. This approach permitted to make two independent PCR amplifications for each
immunoglobulin chain, resulting in two independently established DNA sequences,

Results and Discussion

The cloned PCR products coding for the heavy and light chain from two hybridoras (110-7 and
110-28, see Table 4 above) are oharacterized by DNA sequencing. Five and six independent
sequences ate used to assentble the light and heavy chain sequences, The light chain cDNAs are
all identical and covere the entire coding sequence {(amino aoid position —20 to +215), The heavy
chain cDNAs had 2 different mismatches in one cDNA each, These are sxcluded from the final
sequence, which extends from the initiation codon to the end of the hinge region after the
constant domain 1 (amino acid position ~19 to +238). The sequences for both hybridomas are
identical. The cDNA obtained from hybridoma 110-28 is selected and used for all further
expression work, SBQ ID NO: 7 (cDNA. of heavy chain of AIN457), SEQ IDNO: 8 {amino acid
sequence of heavy chain of AIN437), SEQ ID NO: 9 (cDNA of Light chain of AIN457) end SEQ
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1D NO: 10 (amino acid sequence of ATN457) show the DNA sequence coding for the light and
heavy chain of AIN457, slong with the protein sequence and the position of the priters used for
PCR amplification and DNA sequencing. The DNA. sequences have been registered in PlasNovs,
accession number NPLO03689 for the heavy chain, and accession number NPL.OD3690 for the
light chajn,

The amino acid sequence fonnd by cDNA. cloning Is identical to that previously obtained by
Edman degradation of the purified imraunoglobulin heavy and light chalns, indicating that the
correct cDNA has boen cloned.

Table 10; Nucleotide and amino-acid sequence of the light chain
The amino-acid sequence coding for the variable domain is bold and underlined, The

oligonucleotide primers used for cloning are indicated {underlined).

Hv4l7 ACCATGGAMCCCCAGCGGAGC‘ITCTCTTCCTCCIGCTACTCTGGCTCCCAGRTACU%{L‘G

L~ it AT . iy TN SRR 60

'I‘GG'I'RCCTTTGGGGTGGCCTCGWBGAAGGRGG&CGMGRGACCGMGGTCTATGGTGG

TMETPAELLFLLI{L"LPDTT“

MP41Y  GOAGMARTIGTGTIRACHCAGTETCCAGEORND TG T IOT P CCNGGREARAGAG OO
6l ac—rnn— FArS e e e e e —— et et e W 130
CCTCTTTARIRCARCTL A AG R T CCRTGAEACAGA ANCARAGGTCCCOTTTOTOCE

GE_IVI:EQSEGTBSDEPGERA-

ACCCTCIGCTGCMEGGCMEAGM%’I‘GMGCAGCAGCTAC‘I‘DZ‘MCCE’GGTAGCAGCAG

121 crcnrnmmay e - e T A LT X 18D

'J.‘GGGRGRGGI\CGTCCCGGTCAGTCTCA@AT@T&GTMWWMGCANGW

EEBCR&BQSU‘SSE!ELW!QQ'

ARG CTGE I OAGE T CAS ST C O T CA T CTATGE TUCATCCRG CAGGH CCACTEACATS
181 —mameen rrge e ——— e Tt X =L wd et vr———d 240
T TR A G T CCE RGO CaARGAR TAGA T ACCACOTAGS TG TCCONG IOACCOTAG

KPGQAPRﬁI:I!’GLEBRhTGI-

COAGACACET T CACTEECAS TEACTCTGEGRCAGALINE CACTCICACCATCRGCAGRCTE
241 ~memmwema oo —— ofs =t b LT N ——— [P T = im0 - <+ 30D
G TG T ARG T CACCE TCACCCAGRCCCTG PO TY AN CASACTC R TAGTCRTCTEAL
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PDRFBGBGSGTDFTLTESRE-

GG T ARG T T TG CAG TG AT AL TG CAGCAE A TG GTAG T CACCETHCACCTTC
R e T E N e S S ~——t 360
O CaE A T A AR A C T AR TA N TR ACR T CE T AT AC CATCBAGTEGAS COTCRARG

EPED?EV?YGQQYGSEPCTTw

GGCMGGGBCRC@ACTGGA@AMCGMC’IGTGGCTGCACGA.TCTGTC'I'.I?CRTQ‘I‘TC

B i R LT, fFromem ke e L i el R L) 420

COEET P CCCTE OO THACCTOTAR TS T EACACCOACETECTARACAGARGTAGANG

GQGTRLBIKRTVARPSVFIF-

CCG{!CATCIGMGRGC.‘AGEC'TGmTC‘IG@MTGGETGMT‘EGTGTGCCTGCTGRATMC

421 -—_-hhn-—+-h-_--_--+-__----u~+_-.-----~+---uuu-~,+-_----~u-+ 480

GGCGGTAGACTAC:[‘CGTCAAﬁﬂm@CCﬁ’GACBGAMACACACGGACGMTTAm
I’PHDEQLKSGTABV?CDLNN-'
TTCTATGCEI%G&G‘AGGC‘.’MGTACAGTGGMGGTGGATJ\ACGCGCTCWTCGGG!I‘MC

4BL wmoeee - re e mm——— o wedmemm et d. 540
AR T A GG B T RGN T A T A O A CC TA T TECEARATE I PAGCCCR T

F'!‘?RBA.KVQWKV'DHALQSGN-

TCCUAGERGAGTETCACAGAGSCAGTACAT CARGEACAECACETANAG DO TCALCAL CACC
- - ot T PR mehmmm i 600
ARG B OO OO ARG TG T (G T C TG T CE T CL T O T TGO ATG TCIGAGTCETCaTGS

SQESV'L‘BQDBKDSTYBLSST-
C‘I‘GACGC'EGAGCANLG‘CAGACTJ&CGAGWCACMGTCTMGCCE'GCGAAGTCACCCA‘I‘
G0l =memeae ...;.-...-...._.......1...............-_4...._....--....-._.;._-—--——..._.;....-...-.....-i. 660
MG&RCTOGMCGWTGAMCTWGMMMGUGGACGM'I.‘CBG‘NGGT)\
LTLSKADYEKHKVYACEVTB-
C'-KGGGCCTGAGC‘TCGCCCGTCAC%MGAGC‘HCMCRGGGGRGJ&GTGTTAG

GEL mnemenon E AR e aalt SN S RO S 1 T
#223  GICCCEEACT R GCERE A Pa Y N G A G I TG TCOCCT T CACR AT

Qa8 5T 58 8 P VT KSB8PFNDRGTET C#* --




Table 111 Nucleotide and amino-acid sequence of the heavy chain
The amino-acid sequence coding for the variable domain is bold and underlined. The

oligonncleotide primers used for cloning and sequencing are indicated.

M'4ls RCCJ\EI’GGAA'I"I‘GG‘GGCTGRGCTGGGTITIGCTTGTTGCTATITTAGBAGGTGTCCACTGT

1 T N L e LT N A, e e L LT N1

TGGTACETTAACCCCGACTCGRCCCMMC&ACRAGGATMTCTTCCRCAGG'.'Kx‘i\C‘A

THBDGLSWVFL?AILEGVHGH

uvdig GAGGTGQRGTTGGTGGRGTCTGEBGGAGGCTTGGTCCHGCCTGGGGGGTCCQTGRGACTC

61 T e e e e et e o o e e ———— 120

f."l‘CCRUGTCAACCACCTCAGAC‘CCCCTCCGBACGAGGTCGGACCCCCGRGGGACTCTGRG

EVQ&VEHGGGDVQ?OGBLRI:-—

TCCTATACAR l'.'C‘I'C'I'GE&TTCACCTPTAGE‘MCTATTGGANMCTGGGTCCGCC'J\G ger

121, e +._....__-.........}._....._.,__.....+..-....-.._-...,1, 180

AGGAC‘-BCGECGGA.GRCC’J.‘AAGTGGRMTCRTTGATAACCTAC'IMRCCCAGGCGGTCCGA

SGAASGFTFSH?WKHWVROJL-

COARGOARAGGGCTCUAGTORET QUL ECCATARAL CAAGATHARC T GAGARATACTAT
181 vermrrtcud e —— e e o e m . ——— [ p— e i L L WA ¥ Y,
GEICCCHTT. CCGACCTCREGCAQCGGCGGTBITTGGTTCTACCTTG&CTCTTTATGATA-

?GKGI:!WVARIHQ_DGBEKYE,-

G‘I'GGGCMGTGAAGGGCCGATTEACERMMGMACAACGCMGMCT CACTIGTAT

240 wmmemmn e B s At ST SN YR U ————eeey 300

CACC! CG!\G&CACTTCCCGGCTWTGGTAGAGGTCTCTGTTGCGGTTCTTGMNAC&TA

VGSVKGRF‘I'ISRDITA.‘KHSI:Y—

Srrr—

0L wwmmmaen e o e et e p el T T T P G 35D
GRCGTTTACTTITCUEACTOTONG T T THC CURCRCATAATGACACACTCCT! GRTA

MV43Z2  CIGCAAATGAACAYCCTEACACT T ACCACACES CIG TG TATTACTE T AT AGGEACTAT

IiQHNSI:RVHDﬂAVYYCVRDY-

'I‘.H.CG]\TAT‘I‘I‘TGACCGRTTA‘I'I‘&QATECACTATTGG‘I!ACETCGATC’I‘CTGGGGGC&GI’G@G

361 e i e L R 4..----..--.-4.................--.;._...._....‘...-..4. 420

A’I‘GCTAI’MG‘I‘GGCMTMTGTAGGMMMCWGMGGB&GAGAG CCCGOCACCT

YﬁILTDTYIEY“I’?DLNGRG-
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V£33 RO TGE T AT T CT OO A T oA A ASE BOC AT CAETC I TCCOCCTEGCACCS
L3 3 T —— ——— et A — + 480
MVd34  TGGEACCAGTEACAGANRAG OGN CaRTAGCCAGAAGCUEEACCOTCRS

TLV!’EVSSASTKGPS\?FPLAF-

T A AGA G T PG G A A e ECCC TG E T C TG TCANGGACTACT L
E 3: 1 R dmmm B T e T - dmm e + 540
AQBAG T I CETaEARACCCUCE TS TCRCCRIEACCCRACOERACCAGTTICCTERTGARG

SSK-STSGGTAALGCIJVKDYP-
CCCGBRCCGGTGACGGTGMGNGAAQTCRGGCGCCCTGRCCRGGGGCGTGCRCACGTTC

541 srmemmmm oo nnd el o Trum—— e ~and §0D
GOECT I ECCACTECCACAGCAL I G AR DS EORC TR TCACCO CACR O TCEARS

PEPVTVSWNSGAI:TEGVHTF-

CCGGCTETCCTACAG ICCTCAGEACTCT AT CUCTCAG CAGCG THATEACEGTRCCCTCE
€03, mwoen pooma e e —iam -+ 660
GECCEACRG GATE T CAEGAGTCCTGAGRT A AGEGAGTCH TG CACOACTGECACEEAACH

PAVLQSBGLYBLSEVV‘I'VPS-

AGCAG T TEEG A C ORI TG CAA CE TG AT CACAAGCCCAGCARCACCAR S
661 ———mmmm e e e - R o P¥)

Kvass TCGTCGJ\ACCCGTGGGTCTGGATGT&GACGTI‘GGACTTJ\G‘IGTTCGGGTCGTTGI;GGTTS

BEI:GTQTYIGNVHHKPSNTK-

GTGGA@RGRGAG‘J}!DGRGCCCAMTCTTGTGRMCICACAG&TGCECACCGTGCCGA.
13 R —— e e e = e e e m e B

#2858 CRCGTGTNI’C’I‘CMCTCGGGWTMWMGRGTGTGTACGGGTGGCACGGGT

VDKRVETP?PIXSE&UCDEYRTCEY P E& P -

Tha
78% --— 783
RTT
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Example 4: Three-dimensional structare of the Fah fragment of the anti human IL-174
pioxocional antibody AIN4S7

In order fo determine the conformation of the Complementh-Determmmg Regions (CDR’s)
and the sh'ucturc of the antigen-binding site of AIN457, the Fab fragment is generated,
crystalhzed and itg X-ray structure is determined by protein crystallography,

Method: The Fab fragment of NVP-AING57 ig produced by papain cleavage from the whols
antibody and purified by protein A chromatography followed by size-exclusion chromatography.
The purified material is then concentrated by ultrafilivation to ZOmg/ml in 10mM Tris-HCl pH
7.4, 25mM NaCl, 5SmM TCEP, Crystals are grown by the technique of vapor diffusion in hanging
drops at 19°C, from 2.0M ammonium sulfate, 5% PEG 400, 0,.1M Na MES pH 6.5. They are in
space group P2;2,21 with unit cell dimensions 2=90.34, b=106.74, ¢=131,4A and 2 Fab
molecules per asymmetric unit, Prior to X-ray data collection, a single crystal of AIN457 Fab is
crogs-linked with glutaraldehyde vsing the method of Lusty (J. Appl, Cryst. (1999) 32, 106-112)
and then transferred o a solution containing 2,0M Li;SQ4, 2% PRG 400, and 0,1IM Na MES pH
6.5. The crystal is subsequently mounted in a cryo-loop and flash-frozen for data collection at
95K. 180 diffraction images comresponding to 1.0deg oscillation each are recorded. The
diffraction data are processed with the HKL program suite, The stracture ig detertained to 2,54,
resolution by moleoular replacement, The structure is then refined by torsion angle dynamics and
energy minimization vsing the program CNX.

Results: Two AIN457 Fab molecules are present in the asymmetric unit of the orystal, with the
H-CDR3 loop of both Fab molecules involved in protein-protein confacis to the H-CDR3 loop of
symmetry-related Fabs, The two Fab moleoules show different elbow angles but have otherwise
essentially idsntical CDR loop conformations (see Table 12 for amino acid sequence of the CDR.
Ioops), The F-CDRI loop adopts the expected 11:1 canonioal structure, while the conformation
of the H-CDR2 loop matches that of canonical structure H2:3A. The H-CDR3 loop of the
AIN457 antibody is exceptionatly long, comprising 18 residues between Kabat positions 94 (Azg
H98) and 101 (Asp H115). It shows the typical bulged torso structure stabilized by a salt bridge
between the Arg side-chain in position 94 (Arg FH98) and the Asp carb oxylate group in position
H101 (Asp H115), and by an H-bonded inferaction between the side-chain of Trp HI17 aud the
main-chein carbonyl group of Phe H114, The head of the H—CDRB loop has the stucture of 2
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long, twisted beta-halrpin with 2 second beta-bulge at its base and a type I* beta-turn at its mpex.
A striking feature of the ATN457 H-CDR3 loop is its very high content in aromatic residues: &
tyrosines, 2 tryptophancs, 1 phenylalanine, Since all other CDR Ioops conizibute 1 more tyrosine

each, the antigen-combining site of AIN457 possesses 11 tyrosines in total, The conformations of:

the L-CDR1 and L-CDR2 loops correspond to canonieal struotures L1 16 and L2:1, respeotively.
In contrast to H-CDR3, the L-CDR3 loop is short (6 residues) and shows the commonly observed
cantonical structure L3:1, with a cis-proline at its tip (Pro 1.96), a glutamine at Xabat position 30
(Gln L91) and & threonine at Kabat position 97 (Thr L9g). However, a very unnsual feature of the
AINA457 L-CDR3 loop is the presence of 2 cysteine residus after the cis-proline (Cys 1.97), The
side-chain of Cys 1.97 is at the bottom of s shallow depression located at the Vi-Vy mte:face and
lined by residues Typ H112, Trp HA7 and Tyr 1.92.

Table 12:
Light-¢hain
o L-CDR1 Kabat dsfinition R-A-S-Q-5-V-8-8-8-Y{ -A
Chothla/ X-ray definltion R-A-$-Q-8.V-8-8.8-V-L-A
o L-CDR2 Kabat definition G-A-8-8-R-A-T
Chothial X-ray definition GAS-SRAT
o 1-.CDR3 Kabat definition Q-Q-Y-G-5-8-P-C-T
Chothiaf X-ray definition Q-Q-Y-GS5.8-p.0-T
Heavy~chain
o H-CDR1 Kabat definition N-Y-W-M-N
Chothiaf X-ray definition G-F-T-FuSuNuY-W-M-N
o H-ChR2 - Kabat definltion A-N-Q-D-GS-E--YeYV-B-8-V-K-G
Chothla/ X-ray definition A-l-N-Q-D-G-8-EK-Y-Y
o H-GDR3 Kabat definiflon . DY NP L-Te DY Y f-H-Y- -
Y-F-D-L,

A8 . ¥




Chothial X-ray definition CVR-DrY XD AL TD Y Vel oYW
Y-F-D-L-W-G

Table 1: Amino acid sequences of the hypervariable regions of the ATN457 monoclonal
antibodies, based on the Kabat definition and as determined by the Xray avalysis, using the
approach of Chothia and coworkers. Amino acid highlighted in bold are part of the CDR loops,
while those shown in plain style are part of the antibody framework,
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CLAIMS

1. An IL-17 binding molecule comprising both heavy (Vi) and light chain (V) variable /
domains; said IL-17 binding molecule comprising at least one antigen binding site
comprising:

a) an immunoglobulin heavy chain variable domain (V,4) which comprises in
sequence hypervariable regions CDR1, CDR2 and CDR3, said CDR1
having the amino acid sequence SEQ ID NO:1, said CDR2 having the
amino acid sequence SEQ 1D NO:2, and said CDR3 having the amino acid
sequence SEQ ID NO:3, or direct CDR equivalents thereof; and

b) an immunoglobulin light chain variable domain (V,)) which comprises in
sequence hypervariable regions CDR1°, CDR2" and CDR3", said CDR!"
having the amino acid sequence SEQ 1D NO:4, said CDR2’ having the
amino acid sequence SEQ ID NO:S, and said CDR3’ having the amino acid
sequence SEQ ID NO:6, or direct CDR’ equivalents thereof,

where a Vi domain comprising one or more direct CDR equivalents has al least

95% overall sequence homology with the Vyy domain specified in a) as comprising

a CDR!Y, CDR2 and CDR3 having an amino acid sequence set forth in SEQ 1D

NOs:1, 2 and 3, respectively, and a V,, domain comprising one or more direct

CDR’ equivalents has at least 95% overall sequence homology with the V, domain

specified in b) as comprising a CDR1’, CDR2’, and CDR3’ having an amino acid

sequence set forth in SEQ ID NOs: 4, 5 and 6, respectively, and where an 1L-17
binding molecule comprising one or more direct equivalents is capable of inhibiting

the activity of 1 nM human 1L-17 at a concentration of less than 5 nM by 50%.

wherein said inhibitory activity is measured on [L-6 production induced by hu-IL.-

17 in human dermal fibroblasts,

and wherein CDR scquences are according to the Kabat definition,

2. AnIL-17 binding molecule comprising both heavy (Vy)) and light chain (V) variable
domains; said IL-17 binding molecule comprising at least one antigen binding site
comprising:

a) an immunoglobulin heavy chain variable domain (Vy) which comprises in
sequence hypervariable regions CDR 1-x, CDR2-x and CDR3-x, said
CDR1-x having the amino acid sequence SEQ ID NO:11, said CDR2-x
having the amino acid sequence SEQ ID NO:12, and said CDR3-x having
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the amino acid sequence SEQ ID NO:13 or direct CDR-x equivalents
thereof; and
b) an immunoglobulin light chain variable domain (V) which comprises in
sequence hypervariable regions CDR1°, CDR2’ and CDR3’, said CDR1’
having the amino acid sequence SEQ 1D NO:4, said CDR2’ having the
amino acid sequence SEQ ID NO:5, and said CDR3’ having the amino acid
sequence SEQ ID NO:6 or direct CDR’ equivalents thereof,
where a Vy; domain comprising one or more direct CDR-x equivalents has al least
95% overall sequence homology with the Vy domain specified in a) as comprising
a CDR1-x, CDR2-x and CDR3-x having an amino acid sequence set forth in SEQ
iD NOs:11, 12 and 13, respectively, and a V, domain comprising one or more
direct CDR’ equivalents has at least 95% overall sequence homology with the Vy,
domain specified in b) as comprising a CDRY’, CDR2’, and CDR3’ having an
amino acid sequence set forth in SEQ ID NOs:4, 5 and 6, respectively. and where
an 1L-17 binding molecule comprising one or more direct equivalents is capable of
inhibiting the activity of | nM human IL-17 at a concentration of less than 5 nM by
50%, wherein said inhibitory activity is measured on IL-6 production induced by
hu-1L-17 in human dermal fibroblasts,

and wherein the CDR sequences are according to the Chotia definition.

3. TheIL-17 binding molecule according to claim 1 or 2 which is 2 human antibody.

4, AnIL-17 binding molecule which comprises at least one antigen binding site comprising
either a first domain having an amino acid sequence 95% homelogous to that shown in
SEQ ID NO: 8, starting with the amino acid at position 1 and ending with the amino acid
at position 127 or a first domain as described above and a second domain having an
amino acid sequence 95% homologous to that shown in SEQ ID NO: 10, starting with the
amino acid at position 1 and ending with the amino acid at position 109, and which is
capable of inhibiting the activity of 1 nM human IL-17 at a concentration of less than 5
nM by 50%, said inhibitory activity is measured on IL-6 production induced by hu-IL-17

in human dermal fibroblasts.

5. A DNA construct encoding an IL-17 binding molecule according to any of claims I to 4.
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6. An expression vector able te replicate in a prokaryotic or eukaryotic cell ling which

comprises at least one DNA construet according to claim 5.

7. A process for the production of an IL-17 binding molecule which comprises (i)
culturing an organism which is transformed with an expression vector according to
claim 6 and (ji) recovering the IL-17 binding molecule from the culture.

8. Use of'an IL-17 binding molecule according to any one of ¢laims 1 to 4, in the
manufacture of a medicament for the treatment of an I1L-17 mediated disease or

digsordex,

9. Use of an IL-17 binding molecule according to any one of ¢claims 1 to 4, in the
manufacture of a medicament for the treatment of osteoarthritis, rheumatoid arthritis,

osteoporosis and other inflammatory arthritides.
10. A pharmaceutical composition comprising an I1L-17 binding molecule according to any
one of claims 1 to 4, in combination with a pharmaceutically acceptable excipient, diluent

or carrier.

11. An IL-17 binding molecule according to any one of claims 1 to 4 substantially as

hereinbefore described.
12. A DNA construct according to claim 5 substantially as hereinbefore described.
13. An expression vector according to claim 6 substantially as hereinbefore described.
14. A process according to claim 7 substantially as hereinbefore described.

15. A use or method according to any one of claims § to 10 substantially as hereinbefore

described.

16. A pharmaceutical composition according to claim 11 substantially as hereinbefore

described.
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