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FIELD OF THE INVENTION

The present invention relates to engincered antibody polypeptides. Morc particulatly, the
prescnt invention provides antibody polypeptides comprising an antigen binding site,
wherein the antigen binding site comprises a human variablc domain having at least one
New World Primate CDR. In particular the present invention relates (o antibody
polypeptides directed against TNF-cx.

BACKGROQUND OF THE INVENTION

As the name implies, Tumor Necrosis Factor-o. (TNF-a) was originally described as a
molecule having anti-tumor properties, but the molecule was subsequently found to play
key roles in other processes, including a prominent role in mediating inflammation and
autoimmune disorders. TNF-o is a key proinflammatory ¢ytokine in inflammmatory
conditions including, for example, rheuwmatoid arthritis (RA), Crohnt's disease, ulcerative
colitis and other bowel disorders, psoriasis, toxic shock, graft versus host discase and
multiple sclerosis. The pro-inflammatory actions of TNF-a result in tissue injury, such as
inducing procoagulant activity on vascular endothelial cells (Pober, ¢f al., 1986, J.
[mmunol. 136:1680-1687), increasing the adherence of neutrophils and lymphocytes
(Pober, ez al., 1987, ). Immunol, 138:3319-3324), and stimnulating the relcase of placlet
activating factor from macrophages, neutrophils and vascular endothelial cells (Camussi, et
al., 1987, 1. Exp. Med. 166:1390-1404). T'NF-u is synthesized as a 26 kD transmembrane
precursor protein with an intracellular tail that is cleaved by a TNF-a-converting
metafloproteinase enzytne and then secreted as a 17 k2 soluble protein. The active form
consists of a homotrimer of the 17 kD monomcts which interacts with two different cell
surface receptors, ps5 TNI'R! and p75 TNFR2. There is also evidence that the cell surface
bound precursor form of TNF-a can mediate some biological cffects of the factor. Most
cells express both p55 and p75 receptors which mediate different biological functions of
the ligand. The p75 receptor is implicated in triggetring lymphocyte proliferation, and the
p53 receptor is implicated in TNF-mediated cytotogicity, apoptosis, antiviral activity,
fibroblast proliferation and NI-kB activation (see Locksley et «l., 2001, Cell 104: 487-
501). The TNF reccptors are members of a family of membrane proteins including the
NGF receptor, Fas antigen, CD27, CD30, CD40, Ox40 and the reccptor for the
lymphotoxin o/p heterodimer. Binding of recceptor by the homotrnmer induces aggregation
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of receptors into small clusters of two or threc molecules of cither p55 or p75. TNF-q is
produced primarily by activated macrophages and T lymphocytes, but also by neutrophils,
endothelial cells, keratinocytes and fibroblasts during acute inflaramatory reactions. TNF-o
is at the apex of the cascade of pro-inflammatory cytokines (Reviewed in Feldmann &

5 Maini, 2001, Amn. Rev. Immunol. 19: 163-196). This cylokine induces the expression or
release of addhtional proinflammatory cytokines, particularly IL-] and IL-6 (see, (or
example, Rutgeerls ¢ ., 2004, Gastroenterology 126: 1593-1610). Inhibition of TNF-q,
inhibits the production of inflarnmatory cytokines including IL-1, IL-6, IL-8 and GM-CSF
(Brennan ¢t al., 1989, Lancet 2; 244-247). Beeause of its role in inflammation, TNF-¢ has

10 emerged as an important mhibition target in efforts to reduce the symptoms of
mflummatory disorders, Various approaches to inhibilion of TNF-« for the clinical
treatrnent of diseasc have been pursued, including particularly the usc of soluble TNEF-a

- receptors and antibodies specific for TNF-a. Commercial products approved for clinical
use include, for cxample, the antibody products Remicade™ (infliximab; Centocor,

15  Malvern, PA; a chimeric monoclonal IgG antibody bearing buman IgG1 constant and
mouse variable regions), Humira™ (adalimumab or D2E7; Abbott Laboratorics, described
in U.S. patent No, 6,090,382) and the soluble receptor product Enbrel"™ (etancrcept, a
soluble p75 TNFR2 Fe fusion protein; Iimmunex). The role of TNI-q in inﬂan_unétory
arthritis is reviewed in, for example, Li & Schwartz, 2003, Springer Semin. Immunopathol.

20 25:19-33, In RA, TNF-a is highly cxpressed in inflamed synovium, particularly at the
cartilage-pannus junction (DiGiovine ¢f al., 1988, Arnn. Rheur. Dis. 47: 768-772; Fircstein
¢t al., 1990, J, hmmunol. 144: 3347-3353; and Saxne et al., 1988, Arthritis Rheum. 31 ;
1041-1045). In addition to evidence that TNF-a increases the levels of inflammatory
cytokines IL-1, IL-6, IL-8 and GM-CSF, TNF-a can alone trigger joint inflammation atd

25  prolileration of [ibroblast-like synoviocytes (Gitter er al., 1989, Immunology 66: 196-200),
induce collagenase, thereby triggering cartilage destruction (Dayer ez al., 1985, J. Exp.
Med. 162: 2163-2168; Dayer et ¢l., 1986, I. Clin. Invest. 77: 645-648), inhibit
proteoglycan synthesis by articular chondrocytes (Saklatvala, 1986, Nature 322: 547-548;
Saklatvala er al., 1985, J. Exp. Med, 162; 1208-1222) and can stimulate ostcoclastdgencsls

30 and bone resorption (Abu-Amer et «l., 2000, J. Biol, Chem. 275: 27307-27310; Bertolini et
al., 1986, Nature 319: 516-518). TNF-o induces increased release of CD14+ monocytes by
the bone matrow. Such mogocytes can infiltrate joints and amplify the inflarnmatory
response via the RANK (Receptor Activator of NF-kB)-RANKL signaling pathway, giving
rise (0 osteoclast formation during arthritic inflammaction (reviewed in Anandarajah &

35  Richlin, 2004, Cutr, Opin. Rheumatol. 16: 338-343). TNF-q. is an acute phase protein
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which increases vascular permeability through its induction of IL-8, thereby rccruiting
macrophage and ncutrophils to a site of infection. Once present, activated macrophages
continue to produce TNF-a, thereby maintaining and amplifying the inflamumnatory
response. Titration of TNF-a by the soluble receptor construct etanercept has proved

| cttective for the trecatment of RA, but not for treatment of Crohtt's disease. In contrast, the

antibody TNF-u antagonist infliximab is effective to treat both RA and Crohn's disease.
Thus, the mere neutralization of soluble TNF-a. is not the only mechanism involved in anti-
TNF-based therapcutic efficacy. Rather, the blockade of other pro-inflammatory signals or
molecules thai arc induced by TNF-a also plays a role (Rutgeerts et al., supra). For
example, the administration of infliximab apparently decrcases the expression of adhesion
molecules, resulting in a decreascd infiltration of neutrophils to sites of inflammation.

- Also, infliximab therapy results in the disappearance of inflammatory cells from previously

inflamned bowel mucosa in Crohn's disease. This disappearance of activated T cells in the
lamina propria is mediated by apoptosis of cells carrying membrane-bound TNF-q
following activation of caspases 8, 9 and then 3 in a Fas dependent manner (see Lugering
et al., 2001, Gastroenterology 121: 1145-1157). Thus, membrane- or receptor-bound TN -
18 an important target for anti-TNF-a therapeutic approaches. Others have shown that
niliximab binds 10 activated pevipheral blood cells and lamina propria cells and induces
apoptosis through activation of caspase 3 (sce Van den Brande ef al., 2003,
Gastroenterology 124: 1774-1785). Intraccllulacly, the binding of trimeric T'NF-u to its
receptor trigyers a cascade of signaling cvents, including displacement of inhibitory
molecules such as SODD (silencer of death domains) and binding of the adaptor factors
FADD, TRADD, TRAFZ, ¢c-IAP, RAIDD and TRIP plus the kinase R1P! and certain
caspases (revicwed by Chen & Goeddel, 2002, Science 296: 1634-1635. and by Muzio &
Saccani m :Mcthods in Molecular Medicine: Tumor Necrosis Factor, Methods and
Protocols,” Corti and Gherzi, eds. (Humana Press, New Jersey; 2004), pp. 81 -99). The
assembled signalling complex can activate either a cell survival pathway, through NF-xB
activation and subscquent downstream gene activation, or an apoptotic pathway through
caspase activation. Similar extracellular downstream cytokine cascades and intracellular
signal transduction pathways can be induced by TNF-a in other discases. Thus, for other
discases or disorders in which the TNF-a molecule contributes o the pathology, inhibition
of TNI'-a presents an approach to treatment. Angiogenesis plays an important role in the
active proliferation ol inflammatory synovial tissae. RA synovial tissue, which is highly
vascularized, invades the periarticular cartilage and bone tissue and leads to joint
destruction. Vascular endothelial growth factor (VEGF) is the most potent angiogenic
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cytokine known. VEGF ix a scereted, heparin-binding, homodimeric glycoprotein existing
in scveral alternate forms duc to alternative splicing of its pritnary transcript (Leung e? al.,
1989, Science 246: 1306-1309). VEGF iy also known as vascular permcability factor
(VPF) due to its ability to induce vascular leakage, a process important in inflarnmation.
The identification of VEGF in synovial tissues of RA paticnts highlighted the potential role
of VEGF in the pathology of RA (Fava et al., 1994, J. Exp. Med. 180: 341-346:
Nagashima et al., 1995, J. Rhcumatol. 22: 1624-1630). A role for VEGF in the pathology
of RA was solidified following studies in which anti-VEGF antibodics were administered
in the murime collagen-induced arthritis (CIA) model. In these studies, VEGF expression in
the joints incrcased upon induction of the disease, and the admimistration of ami-VEGF
antisera blocked the development of arthritic disease and amelioraled cstablished disease
(Sone et el., 2001, Biochem., Biophys. Res. Comm. 281: 562-568; Lu ¢f al., 2000, J.
Immunol. 164: 5922-5927).

Antibody Polypeptides

Antibodies are highly specific [or their binding targets and although they are derived (rom
nature's own defence mechanisms, antibodies face several challenges when applied to the
treatment of diseasc in human paticnts. Conventional antibodics are large multi-subunit
protcin molecules comprising at least four polypeptide chains. For examaple, human [pG
has two heavy chains and two light chains that are disulfide bonded to form the functional
antibody. "Uhe sizc of a conventional 1gG is about 150 kD. Because of their relatively large
size, complete antibodies (e.g., IgG, IgA, IgM, etc.) are limited in their therapeutic
usctulness due to problems in, for example, tissue penetration, Clonsiderable efforts have
[ocused on identifying and producing smaller antibody fragments that retain antigen
binding tunction and solubility. The heavy and light polypeptide chains of antibodies
comprise variable (V) regions that directly participate in antigen interactions, and constant
(C) regions that provide structural support and function in non-antigen-specific interactions
with immune effectors. The antigen binding domain of a conventional antibody is

comprised of two scparate domains: a heavy chain variable domain (VH) and a light chain

variable domain (VL: which can be either Vk or V). The antigen binding site itself is
formed by six polypeptide loops: three from the VH domain (H1, H2 and H3) and three
trom the VL domain (LI, 1.2 and L3). In vivo, a diverse primary repertaire of V genes that
encade the VH and VL domains is produced by the combinatorial rearrangement of gene
scgments. C regions include the light chain C regions (referred to as CL regions) and the
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heavy chain C regions (refetred to as CH1, CH2 and CH3 regions). A nuuber of smaller
antigen binding fragments of naturally occurring antibodies have been identificd following
protease digestion. These include, for example, the "Fab fragment" (VL-CL-CH1-VH),
"Fab' fragment" (a Fab with the heavy chain hinge region) and "F(ab")2 frugment"” (a dimer
of Fab' fragments joined by the heavy chain hinge region). Recombinant methods have
been used to generate even smaller antigen-binding fragments, referred to as “single chain
Fv® (variable fragment) or "scFv," consisting of VL and VH joined by a synthctic peptide
linker.

Single Domain Antibodies

While the antigen binding unit of a naturatly-occurring antibody (e.g., in humans and most
other mammals) is generally known 1o be comprised of a pair of V regions (VL/VH),
camelid specics cxpress a large proportion of fully functional, highly specific antibodies
that are devoid of light chain sequences. The camelid heavy chain antibodies are found as
homodimcrs of a single heavy chain, dimerized via their constant regions. The variable
domains of these camelid heavy chain aatibodies are referred to as VHH domains and
retam the ability, when isolated as fragments of the VH chain, to bind antigen with high
speciticity (Hamers-Casterman e al., 1993, Nature 363: 446-448; Gahroudi ef al., 1997,
FEBS Lett, 414: 521-526). Antigen binding single VH domains have also been identificd
[rom, tor example, a library of murine V11 genes amplificd from genomic DNA [rom the
spleens of immunized mice and expressed in E. coli (Ward ¢/ ¢l., 1989, Nature 341: 544-
546). Ward et al. named the isolated single VH domains "dAbs," for "domain antibodics".
The term "dAb" will refer berein to a single immunoglobulin variable domain (VH, VHH
or VL) polypeptide that specifically binds antigen. A "dAb" binds antigen independently of
other V domains; howcver, as the term is used herein, a "dAb" can be present m a homo-
ot heteromultimer with other VH or VL domains where the other domains are not required
for antigen binding by the dAb, i.e., where the dAb binds antigen independently of the

~additional VI{, VHH or VL domains. Single immunoglobulin variable domains, [or

example, VHH, are the smallcst antigen-bhinding antibody unit known. For use in lhémp Y,
hurnan antibodies are preferred, primarily because they are not as likely to provoke an
immune response when administered to a patient. Tsolated non-camelid VH domains tend
to be relatively iusoluble and are often poorly expressed. Compatisons of camelid VHH
with the VH domains of human antibodics reveals several key differences in the
framework regions of the camelid VHH domain corresponding to the VR/VL interface of
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the uman VH domaing. Mutation of these residues of human VH3 to more closely
resemble the VHH sequence (specifically Gly 44 Glu, Leu 45 Arg and Trp 47 Gly) has
been performed to produce "camelized” human VH domains (Davics & Riechmann, 1994,
FEBS Lett. 339: 285-290) in an attempt to yield improved expression and solubility.

5 Variable domain amino acid numbcering used herein is consistent with the Kabat

numbering convention (Kabat et al., 1991, Sequences of Immaunological Interest, 5th ed.
U.S. Dept. Health & Human Services, Washington, D.C.).

WO (3/035694 (Muyldermans) reports that 2 Trp 103 Arg mutation improves the
solubility of nou- camelid VH domains, Davies & Riechinann, (1995, Biotechnolo gy N.Y.
1) 13: 475-479) also report production of a phage-displayed repertoire of camelized human
VH domatns and selection of clones that bind hapten with affinities in the range of 100-
400 oM, but clones selected for binding to protein antigen had weaker affinities. The
antigen binding domain of an antibody comprises two scparate regions: a heavy chain
variable domain (VH) and a light chain variable domain (VL: which can be either Vic or
15 'VA). The antigen binding site itself is formed by six polypeptide loops: three from VH
domain (HI, H2 and H3) and three from VL domain (L1, 1.2 and L3). A diverse primaty
repertoire o[ V genes that encode the VH and VL domains is produced by the
combinatorial rearrangement of gene segments. The VI gene iy produced by the
recombination of three gene segments, VH, D and J11, In humans, there ate approximately
20 51 functional VH segments (Cook and Tomlinson, 1995, Immunol. Tod ay, 16: 237), 25
functional D segments (Corbell ef wl., 1997 J. Mol. Biol., 268: 69) and 6 functional JH
segments (Ravetch et al., 1981, Cell, 27: 583-591), depending on the haplotype. The VH
segment encodes the region of the polypeptide chain which forms the first and second
antigen blnding loops of the VH domain (H and H2), whilst the VH, D and JH segments
25 combinge to form the third antigen binding loop of the VH domain (H3). The VL gene is
produced by the recomhbination of only two gene segments, VL and JL. In humans, there
are approximately 40 functional Vi scgments (Schable and Zachau (1993) Biol. Chem.
Hoppe Scyler, 374: 1001-1022), 31 functional VA segments (Williams et al., 1996, J. Mo!.
| Biol,, 264: 220-232; Kawasaki et al., 1997, Genome Res., 7: 250-261), 5 fuactional Jk
30 segments (Hicter ef al., 1982, J. Biol. Chef,., 257: 1516-1522) and 4 [unctional J\
segments (Vasicek and Leder, 1990, I. Exp. Med., 172: 609-620), depending on the
haplotype. The VL scgment encodes the region of the polypeptide chain which forms the
first and second antigen binding loops of the VL domain (L1 and L2), whilst the VL and JL
scgments combine to form the third antigen binding loop of the VL domain (1.3).
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Antibodies sclected from this primary repertoire are believed to be sufficiently diverse to
bind almost all antigens with at least moderate affinity. High affinity antibodies are
produced by "affinity maturation™ of the rearranged genes, in which point mutations are
gencrated and selected by the immune system on the basis of improved binding. Analysis
of the structures and sequences of antibodies has shown that five of the six antigen binding

loops (HI, H2, 1.1, 1.2, L3) possess a limited number of main-chain conformations or

canonical structures (Chothia and Lesk, 1987, Mol. Biol., 196; 901-917; Chothia et «l.,
1989, Nature, 342: 877-883). The main-chain conformations are determined by (i) the
length of the antigen binding loop, and (ii) particular residues, or types of residue, at
certain key position in the antigen binding loop and the antibody framework. Analysis of
the loop lengths and key residues has chabled us to predict the main-chain conformations
of HI, H2, L, L2 and L3 encoded by the majority of human antibody sequcnces (Chothia
et al,, 1992, §. Mol. Biol., 227: 799-817; Tomlinson et al., 1995, EMBO 1., 14: 4628-4638:
Williams et al., 1996, J. Mol. Biol,, 264; 220-232). Although thc H3 region is much more
diversc in terms of sequence, length and stracture (duc to the usc of D scgments), it also ,
forms a limited number of main- chain conformations for short iOOp lengths which depend
on the length and the presence of particular residues, or types of residue, at key positions in
the loop and the antibody framework (Matrtin et al., 1996, J. Mol. Biol, 263: 800-815:
Shirai et al., 1990, FEBS 1 .etlers, 399: 1-8).

Bispecific antibodies comprising ‘complementary pairs of VH and VL regions are known in
the art. These bispecific antibodies must comprise two pairs of VH and VLs, cach VH/ VI,
pair binding to a single antigen or epitope, Methods described involve hybrid hybridomas
(Milstemn & Cuello, Nature, 1983, 305:537-40), minibodies (Hu ez al., 1996, Cancer Recs 30
56:3033-3001), diabodies (Holliger ¢t al., 1993, Proc. Natl. Acad. Sci. /SA 90, 6444-
6448, WO 94/13304), chelating recombinant antibodies (CRAbs; Neri ef al., 1995, J. Mol.
Biol. 246, 367-373), biscFv (c.g. Atwell er al., 1996, Mol. Immunol. 33, 1301-1312),
"knobs in holes” stabilized antibodies (Carter ef wl., 1997, Protein Sci. 6, 781-788). In cach
case, each antibody species comprises (wo antigen-binding sites, each fashioned by a
complementary pair of VII and VL domains. Each antibody is thereby able o bind to two
diffcrent antigens or ¢pitopes at the same time, with the binding to EACH antigen or
epitope mediated by a VH and its complementary VL domain. Each of these lechniques
presents its particular disadvantages; for instance in the case of hybrid hybridomas,
inactive VIH/VL pairs can greatly reduce the fraction of bispecific 1gG. Furthermore, most
bispecific approaches rely on the association of the different VH/VL pairs or the

PCT/AU2006/001993
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assoclation of VH and VL chains to rcereate the two different VH/VL binding sites. It is
thercfore impossible to control the ratio of binding sites to each antigen or epitope in the
assembled molecule and thus many of the assemblcd molecules will bind to one antigea or
epitope but not the other. In some cascs it has been possible to engineer the heavy or light
chaing at the sub-unit inlerfaces (Carter ez al., 1997) in order to improve the pumber of
molccules which have binding sites to both antigens or epitopes, but this never resuits in all
molccules having binding to both antipens or epitopes, There is some evidence that two
diffcrent antibody binding specificitics might be incorporated into the same binding site,
but these gencrally represcat two or maore specificities that corvespond to structurally
related antigens or epitopes or to antibodies that are broadly cross- reactive, For example,
cross-reactive antibodies have been so described, usually where the two antigens arc
rclated in scquence and structure, such as hen cgg white lysozyme and turkey lysozyme
(McCafferty ez al., WO 92/01047) or to free hapten and to hapten conjugated (o carrier
(Griffiths ez al., 1994, CMBO T 13:14 3245- 60). In a further example, WO 02/02773
(Abbott Laboratories) describes antibody molecules with "dual specificity”. The antibody
moleculcs referred to are antibodies raised or selected against multiple antigezls, such that
their specificity spans more than a single antigen. Each complementary VH/VL pair in the
antibodies of WO 02/02773 specifies a single mnding specificity for tvm Or more
structurally related antigens; the VH and VL domains in such complementary pairs do not
each possess a separate speciticity. The antibodies thus have a broad single specificity
which encompasses two antigens, which are structurally relaicd. Furthermorce natural
autoantibodies have been described that are polyteactive (Casali & Notkins, 1989, Ann.
Rev. Immunol. 7, 515-531), reacting with at least two (usually more) different antigens or
epitopes that are pot structurally related. Jt has also been shown that selections of random
peptide repertoires using phage display technology on a monoclonal antibody will identify
a range of peptide sequences that fit the antigen binding site. Some of the sequences arc
highly related, fitting a consensus scquence, whereas others are very diffcrent and have
becn termed mimotopes (Lane & Stephen, 1993, Current Opinion in Immuaology, 5, 268-
271). It 15 therctore clear that a natural four-chain antibody, comprising associated and
complementary VH and VL domains, has the potential to bind to many dilferent antigens
from a large universe of known antigens. It is less clcar how to create a binding site to two
given antigens in the same antibody, particularly those which are not necessarily
structurally related. Protein engineering mcthods have been suggested that may have a
bearing on this. For cxample, it has also been proposed that a catalytic antibody could be
created with a binding activity Lo a metal ion through one variable domain, and to a hapten
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(substrate) through contacts with the metal ion and a complementary variable domain
(Barbac ¢f al., 1993, Proc. Natl. Acad. Sci USA 90, 6385-63 59). However in this case, the
binding and catalysis of the substrate (first antigen) i \ préposed to require the binding of
the metal ion (second antigen). Thus the binding to the VH/VL pairing relates to a single
but multi component autigen. Methods have becen described for the creation of bispecific
antibodies from camel antibody heavy chain single domaing in which binding contacts for
one antigen are created in one variable domain, and for a second anti gern in a second
vanable domain. However the variable domains were not complementary, Thus a first
heavy chain variable domain is selectcd against a first antigen, and a second heavy chain
variable domain against a second antigen, and then both domains are linked together on the
same chain to give a bispecific antibody fragment (Conrath et al., §. Biol, Chem. 270,

- 27589-27594), However the camel hecavy chain single domdms are unusual in that they are

derived [rom patural camel antibodics which have no light chains, and indeed the beavy
chain single domains are unable to associate with camel light chains 1o form
complementary VH and VL pairs. Single heavy chain variable domains have also been
described, derived from natural antibodies which are normally associated with light chains
(trom monoctonal antibodies or from repertoires of domains: see EP-A-0368684). These
heavy chain variable domains have been shown 1o interact specifically with one or more
related antigens but have not been combined with other heavy or light chain variable
domains to create a ligand with specificity for two or more different anti gens, Furthcrmore,
these single domains have been shown to have a very short in vive half-lile, Thevelore,
such domains are of limited therapeutic value. Tt has been suggested to make bispeciﬁé
antibody fragments by linking heavy chain variable domains of different specificily
together (us described above). The disadvantage with this approach is that isolated
antibody variable domains may have a hydrophobic interface that normally makes
interactions with the light chain and is ex posed to solvent and may be "sticky" allowin g the
single domain to bind to hydrophobic surfaces. Furthertnore, in the absence of a pattaer
light chain, the combmatmn of two or more difterent heavy chain variable domains and
their association, possibly via their hydrophobic mterfaces, may prevent them from binding
to one oy both of the ligands they are able to bind in jsolation. Morcover, in this case the
heavy chain variable domains would not be associated with complementary light chain,
variable domains and thus may be less stable and readily unfold (Worn & Pluckthun, 1998.
Biochemistry 37: 13120-7).
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Human/mouse chimeric aatibodies have been created in which antibady variable region
sequences from the mousc genome ate combined with antibody constant region sequences
from (he human genome. The chimeric antibodies exhibit the binding characteristics of the
parental mouse antibody, and the effector tunctions associated with the human constant
region. The antibodies are produced by cxpression in a host cell, including for example
Chinese Hamster Ovary (CHQ), NSO mycloma cells, COS cclls and SP2 cells.

Such chimeric antibodies have been uscd in human (herapy, however antibodies to thesc
chimeric antibodies have been produccd by the human recipient., Such anti-chimeric
antibodies are delrimental to continuaced therapy with chimeric antibodies.

It has been suggested that human monoclonal antibodics are expected to be an
improvement over mouse monoclonal antibodies ot in vive human therapy, From work
done with antibodics from Old World primates (shesus monkeys and chimpanzees) it has
been postulated that these non-human primate antibodies will be tolerated in humans
because they arc structurally similar to human antibodies (Ehrlich PH er af., 1988, Human

“and pnmate monoclonal antibodies for in vive therapy. Clin Chem. 34:9 pg 1681-1688),

Furthermorc, because human antibodies are non-immunogenic in Rhesus monkeys (Ehrlich
et al., 1987, Hybridoma; 6:151-60), it is likely that the converse is also applicablc and
primate antibodies will be non-immunogenic in humans. These monoclonal antibodies are
secreled by hybridomas constructed by {using lymphocytes to a human X mousc
heteromyeloma.

EP’ 0 605 442 discloscs chimeric antibodics which bind human antigens. These antibodies
comprise the whole variable region from an Old World monkey and the constant region of
a human or chimpanzee antibody. One of the advantages suggested in this reference for
thesc constructs 1s the ability fo raise antibodies in Old World monkeys to human antigens
which are less immunogenic in humans compared with antibodies raised in a mouse host.

New World primates (infraorder- Platyrrhini) comprise at least 53 species commonly
divided into two families, the Callithricidae and Cebidae. The Callithiricidae cousist of
marmosets and tamarins. The Cebidae includes the squirrel monkey, titi monkey, spider
monkey, waolly monkey, capuchin, vakaris, sakis, night or owl monkey and the howler
monkey.
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Evolutionarily distant primates, such as New World primaics, are not only sufliciently
different from humans to allow antihodics against human antigens Lo be generated, but are
sufficiently similar to humans to have antibodies similar to human untibodies so that the
host does not generate an anti-antibody immune rcsponse when such primate-derived
antibodies are introduced into a human.

Previous studies have characterised the expressed irmnunoglobu'l im heavy chain repertoire
ot the Callithrix jacehus marmoset (von Budingen ¢z al., 2001, Immunogenetics; 53:557-
563). Six IGHV subgroups were identified which showed a high degree of sequence
similarity to their human IGHV counterparts. The framework TEZIONS WEre mote
conserved when compared to the complementarity determining regions (CDRs). The
degree of similarity between C. jacchus and human IGHV sequences was less than
between non-human Old World primates and humans.

SUMMARY OF THE INVENTION

In aﬁt’irst aspect the prescnt invention provides a chimeric antibody polypeptide comprising
an antigen binding site, wherein the antigen binding site comprises a human variable
domain having at least one New World Primate CDR.

In a second aspect the present mvention provides a method of producing an antibody
polypeplide according to the {irst aspéct of the invention, the method comprising the steps
of:
(1) providing an acceptor scquence encoding a human variable domain: and
(1)  replacing a CDR sequence of the variable domain with a donor CDR
sequence, wherein the donor sequence is a New World Primate COR scquence.

In a third aspect the present invention provides a chimeric domain antibody (dAb) which
binds human TNF-g, the dAb comprising an immunoglobulin heavy or light chain variable
domain, wherein said variable domain comprises at least onc New World Primate CDR.

In a fourth aspect the present invention provides a pharmaceutical composition comptising
an cfective amount of an antibody polypeptide according to the first or third aspects of the
invention, together with a pharmaceutically aceeptable carrier or diluent.

PCT/AU2006/001993
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BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows the amino acid (SEQ ID No:6) and nucleotide sequence (SEQ [D No:5) of
the acceptor dAb. |

Figure Z shows the nuclcotide and amino acid scquences of eleven (11) marmoset and six
(6) Owl monkey Vx genc segments.

Figure 3 shows the acceptor dAb amino acid and nucleotide sequence (both strands). The
restriction digest sites for Kpn I and San DI which excises a region including the CDR2 is
indicated inn the figure. CDR2 residues removed are indicated in undetline.

Figure 4 shows sequence alignments showing oligonucleotides used during cloning and
final sequence coxﬁ'immtion of the nucleotide (A) and amino acid (B) seguences shown in
ligure 2.

Figure 5 demonstrates the ability of CDRZ—gmfted dAbs to inhibit the hbinding of TNF to
recombinant TNF receptor. The dADbs tested were as follows: Owl Monkey 1 (CDR=
YAATKLQS; SEQ ID No:1), Owl Monkey 2 (CDR=YEASSLQS; SEQ ID No:2),
Marmosct 1 (CDR=Y’EASKLQS; SEQ 1D No:3), Marmoset 2 (CDR=YSASNLET: SEQ
ID No:4) and Acceptor dAb (CDR=YSASELQS; SEQ ID No:49).

Figure 6 demonstrates the improved ability of Compounds 1) and 123 (o ncutralise the
cytotoxic activity of TNF on mouse L929 fibroblasts relative to Compound 145,

DETAILED DESCRIPTION OF THE INVENTION

In a first aspect the present invention provides a chimeric antibod y polypeptide comprising
an antigen binding site, wherein the antigen binding site comprises a human variable
domain having at least onc New World Primate CDR.

In a third aspect the present invention provides a chimeric domain antibody (dAb) which
binds human TNF-qa, the dAb comprising an immunoglobulin heavy or light chain variable
domain, whereln said variable domain comprises at least onec New World Primate CDR.
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In a fourth aspect the present invention provides a pharmaceutica) COmMpositon comprising
an effective amount of an antibody polypeptide according to the first or third aspects of the
fnvention, togcther with a pharmaceutically acceptable carrier or diluent.

In an embodiment of the present invention the human variable domain compriscs at least
one human framework region having an amino acid sequence encoded by a human
germline antibody gene segment, or an amino acid sequence comprising up 1o 5 amino acid
diffcrenecs relative to the amino acid sequence encoded by the human germline antibody
fence scgment.

The human variable domain preferably comprises four human framework regions, I'R 1,
FR2, ['R3 and FR4 having amino acid sequences encoded by a hwman germline antibody
gene segment, or the amino acid sequences which collectively contain vp to 10 amino acid
differences relative to the amino acid sequences encoded by said human permline antibody
gene seqment. '

Preterably the human germline antibody genc segment selected from the group consisting
of DP47, D45, DP48 and DPKO.

The New World Primate CDR may be any CDR, however, it is preferred that the New
World Primatc CDR is CDR?2.

Alternatively the New World Primate CDR is CDR1 or CDR3.

It is also preferred that the New World Primate CDR sequence is a germline New World
Primatc CDR sequence.,

The antibody polypeptide of the present invention is preferabl y selected from a dAb, scFv,
Fab, (Fab’), Fv, disulpbide bonded Fv, IgG, and a diahody,

The antibody polypeptide of the present invention is preferably directed against TNF-q.

In another preterred ecmbodiment the human variable domain amino acid sequence
compnses a Kpnl restriction site spaced from a SanD1 restriction site, said CDR of the
human variable domain being detween the restriction sites,
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[t is also preferred that the New World Primate CDR sequence is obtainable from New
World Primate DNA by PCR using primer pair VK1BL (OEQ ID No:11) / YK1BL35a
(SEQ 1D No:12) or primer pair VKIBI. (SEQ ID No:11 / VKIBL35b (SEQ II2 No:13).

The present invention also provides a chimeric domain antibody (dAb) which binds to

human TNF-¢, wherein the dAb is a human dAb that binds human TNF-o in which at least

‘one of the CDRs is replaced with the corresponding CDR from a New World Primate.

The present invention also provides a method of producing an antibody polypeptide
according to the first aspect of the invention, the method comprising the steps of:
(1)  providing an acceptor sequence encoding a human variable domain; and
(i)  replacing a CDR sequence of the variable domain with a donor CDR
sequence, wherein the donor sequence is a New World Primate CDR sequence.

It is preferred that in step (i1) said CDR of said human variable domain is replaced by said
donor New World Primate CDR using resteiction digestion and annealing of an
oligonucleatide encoding the donor CDR into the acceptor sequence.

It is preferred that the method further comprises affinity maturing the variable domain
produced in step (ii). |

As used herein the term "New World Primate CDR" refers 1o a CDR scquence obtained
from a4 New World Prithate. The term encompasses modification of 1, 2 or 3 amino acids
within the sequence which may be used to achieve improved antigen binding
characteristics or lower immunogenicity. The term does not, howcver, extend to cover
modifications which result in the New World Primate CDR scquence being identical to a
human CDR scqucence. |

As used herein the term "human framework region” refers (o a framework reglon obtained
from a human or a human framework region having an amino acid scquence encoded by a
human germline antibody gene segment, or an amino acid sequence comprising up to 5
amino acid differences relative o the amino acid sequence encoded b y the human germline
gene segment. The term also encompasses modification of the amino acid sequence of the
framework region in order 10 obrtain improved antigen binding characteristics or lower
immunogenicity such as disclosed in US 4,816,567, US 3,385,089 and US 20030039649
the disclosures of which are incorporated herein by reference in their entivety, Typically
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where modifications are made the total number of residues changed will be 10 or less
collectively over the framework regions.

In a preferred embodiment the variable domain comprises four framework regions,
wherein at least one framework region comprises an amino acid sequence derived from a
corresponding framework region cacoded by a humap germline immunoglobulin gene.

In a [urther preferred embodiment the four framework regions comprise amino acid
sequences derived from corresponding framework regions encoded by human germline
mmunoglobulin genes,

[n yet a further preferred embodiment the human geﬁnline immunoglobulin gene is
selected from the group consisting of DP47, DP4S, DP48 and DPKS,

The term "domain” as used herein is meant a folded protein structure which retains its
tertiary structure independently of the rest of the protein. Generally, domains are
responsible for discrete functional properties of pmlehis, and in many cases may be added,
removed or transferred to other proteins without loss of function of the remainder of the
protein and/or of the domain. |

The term unnmmoglobulin or antibody "variable domain™ as used herein is a term of art,
and includes a folded polypeptide domain comprising ‘Sequences characteristic of
immunoglobulin or antibody heavy or light chain variable domains and which specifically
hinds an antigen,

The term "immunoglobulin® as used herein refers to a family of polypeptides which vetain
the immunoglobulin fold characteristic of antibody molecules, which contains two 3 sheels
and, usually, a conserved disulphide bond. Members of the immunoglobulin superfamily
are involved in many aspects of ccllular and non-cellular interactions in vivo, including
widespread roles in the immune system (for example, antibodies, T- cell receplor
molecules and the like), involvement in cell adhesion (for examplc the ICAM molccules)
and intraccllutar signalling (for example, receptor molecules, such as the PDGF reecptor).
The préscnt invention is applicable to all im munoglobulin superfarnily molecules which
possess binding domains. Preferably, the presenl invention relates to antibody

polypeptides.
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New World pnimates (infraorder- Platyrrhini) comprise at least 53 species éommonly
divided into two (amilies, the Callithricidae and Cebidae. ‘The Callithricidae consist of
marmosets and tamarins. The Cebidae includes the squirrel monkey, titi monkey, spider
monkey, woolly monkey, capuchin, wakaris, sakis. night or owl monkey and the howler
monkey,

Evolutionarily distant primates, such as New World primates, are not only sufficicntly
different from humans to allow antibodies against human antigens (o be gencrated, but ace
sutficiently similar to humans to have antibodies similar to human antibodics so that the
host does not generatc an anti-antibody immmune response when such primate-derived
antibodies are introduced into a human,.

Previous studics havce characterised the expressed immunoglobulin heavy chain repettoire
of the Callithrix jacchus marmoset (von Budingen H-C et al., 2001, Immunogenetics;
53:557-563). Six IGHV subgroups were identified which showcd a high degree of
sequence similarity to their human IGHV counterpatts. The framework regions were more
conserved when compared to the complementarity determining regions (CPRs). The
degree of similﬁarity hetween C. jacchus and human IGHV sequences was less than
between non-human Old World primates and humagns,

[n certain embodiments of the present invention the New World primate COR 1y (rom the
famly Callithricidae.

In yet a further embodiment of the present invention the New World primate CDR is
selected from the group consisting of marmosets, tamarins, sgquirrel monkey, titl monkcy,
spider monkey, woolly monkey, capuchin, uakaris, sakis, night or owl monkey and the
howler monkey. Morc preferably, the New World primate is 4 marmosel.

In yet a further embodiment of the present invention the at least one New World primate
CDR 1s substantially identical to a CDR encoded by a New World primate germline
tmmunoglobulin gene.

The terin "antibody” as used herein, is intended to refer to immunoglobulin molecules
comprised of two heavy chains or immunoglobulin molecules comprised of four
polypeptide chains, two heavy (H) chains and two light (L) chains intes-connected by
disulftdc bonds. Each heavy chain is comprised of a heavy chain variable region (HCVR ‘
or V) and a heavy chain constant region. The heavy chain constant region compriscs

PCT/AU2006/001993
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three domains, Cyl, Cy2 and Cy3. Bach light chain is comprised of a light chain variable
regioq (LCVR or Vi) and a light chain constant region, The |i ght chain constant region is
comprised of one domain, C;. The Vy and V1. rcgions can be further subdivided into
regions of hypervariability, termed complementarity determining regions (CDR),
interspersed with regions that are more conscrved, termed framework regions (I'R). Each
Vi and V|, is composed of three CDRs and four FRs, arranged from amino-terminus to
carboxy-terminus in the following order: FR1, CDRI1, FR2, CDR2, FR3, CDR3, FR4,

The term "antibody polypeptide" as uscd herein refers to a polypeptide comprising one or
more components or derivatives of an immunoglobulin thut exhibit the ability to bind to an
antigen. It has been shown that the antigen-binding function of an antibody can be
performed by fragments of a full length antibody. Examples of binding fragments
encompassed within the term “antibody polypeptide” include (i) a Fab fragment, a
monovalent fragment consisting of the Vi, Vg, Ci. and Cyl domains; (ii) a F(ab')s
tragment, a hivalent fragmcn; comprising two Fab (ragments linked by a disulfide bridge at
the hinge region; (iii) a Fd fragment consisting of the Viyand Cyyl domains: (iv) a Fv
fragment consisting of the Vi and Vg domains of a single arm of an antibody; (v) a dAb
fragment (Ward ef al, 1989, Natuve 341:544-546) which consists of a single Vi domain, or
a Vi, domain (van den Beucken ef af, 2001, J. Mol. Biol, 310, 591-601); and (vi) an
isolated complementarity determining region (CDR). Furthermore, although the two
domains of the T'v fragment, V. and Vy, arc codcd by separate gen‘es, they can be joined,
using recombinant methods, by a synthetic linker that enables them to be made as a single
protein chain in which the V), and Vy regions pair to form monovalent molecules (known
as single chain Fv (scFv); (see eg Bird e¢f al., 1988, Science 242:423-426 and Huston er «l.,
1988 Proc. Natl. Acad. Sci. USA 85:5879.5883). Such single chain Fvs are also intended
1o be encotmpassed within the term "antigen-binding portion" of an antibody. Other forms
of single chain Fvs and related molecules such as diabodies or trizbodies are also
encompasscd. Diabodies are bivalent antibodies in which Vy and V. domains are
expressed on a single polypeptide chain, but using a linker that is too short (o allow for
pairing betwcen the two domains on the same chain, thcreby forcing the domains to pair
with complementary domains of another chain and creating two antigen binding sites (see
e.g., Holliger, et al., 1993, Proc. Natl. Acad. Sci. USA, 90:6444-6448: Po jak, et al., 1994,
Structure, 2:1121-1123).
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Thus in certain embodiments of the present invention the antibody polypeptide is selected
frotn the group consisting ol a dAb, scFv, Fab, F(ab')s, Fv, disulphide bonded Iy, &
diabody and 1gG.

Prcterably, the antibody polypeptide further comprises a human or non-human primate
constant region sequence, Examples of non-human primates include, but arc not limited
to, chimpanzees, oranguatangs and baboons.

The constant reg’ion sequence (I portion) is preferably obtained from a human or non-
human primate immunoglobulin sequence, The primate sequence may be a New World
primate or an Old World primate sequence. Suitable Old World primates tnclude
chimpanzee, or other hominid ape eg. gonlla or orung utan, which because of their close
phylogenetic proximity to humans, shave a high degree of homology with the hutan
constant region scquence. Sequences which encode for hnman or primate constant regions
are available from databases including e.g. The National Centre for Biotechnology
In{formation protein and nucleotide databases, The Kabat Database of Sequences of
Protems of Immunological Interesl.

In a preferred embodiment of the present invention the antibody polypeptide is a dotmain
antibody (dAb).

Domain antibodies (dAb) are small functioning binding units of antibodies and corrcspond
to the variable regions of either the heavy (Vi) or light (V) chains of antibodics. Domain
antibodies have a molecular weight of approximately 13 kDa, or less than onc teath the
size of a full antibody. '

Antibody Iight chaings arc referred to as either kappa or lambda light chains and the heavy
chains as gamma, mu, dclta, alpha or epsifon. The variable region gives the antibody its
specificity. Within each variable region are regions of hypervariability, otherwisc known
as complementanty determining regions (CDRs) which are flanked by more conserved
regions rererred to as (ramework regions. Within each variable region are three CDRs and
four framework regions.

In contrast to conventional antibodies, domain antibodies are welf expressed in hacterial,
yeast and mammatian systems. Their small size allows for higher molar quantities per
gram of product, thus providing a significant increase in potency per dose. In addition,
domain antibodies can be used as a building block to create therapeutic products such as
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multiple targeting dAbs in which a construct containing two or more variable domains bind
to two or more therapeutic targets, or dAbs targeted for pulmonary or oral administration.

An increase’in binding 1s demonstrated by a decrease in Kp (k4/k,,) for the antibody or
antigen binding portion thereof. An increase in potency is demonstrated in biological
assays. For examiple, assays thal can be used Lo measure the potency of the antibody or
antigen-binding portion thereol include the TNFo-induced 1929 cytotoxicity ncutralisation
assay, IL-12-induced human PHA-aclivated peripheral blood mononuclear cell (PBMC)
proliferation assay, and RANKL mediatcd osteoclast differentiation of mousc splcnooytés
(Stern, 1990, Proc. Natl. Acad. Sci. USA -87.6808 - 6812; Kong, ¢f al., 1990, Naturc
397.315 — 323, Matthews and Neale in Lymphokines and Interferons, a Practical
Approach, 1987, M1, Clcimens, A.G. Morris and A.J.H. Gearing, c‘,cl's;..,.~ IRL Prcss, p. 221).

The CDR scquences may be obtained from several sources, for cxample, databases e.g.
The National Centre for Biotechnology Information protein and nucleotide databases
www.nebi.nlm.nih.gov, The Kabat Database of Sequences of Proteins of Immunological
Interest www.kabatdatabase.com, or the IMGT database www.imgt.cines,fr. Alternatively,
the CDR regions can be predicted from the Vi and Vi domain repertotre (see for example
Kabat and Wu, 1971, Ann. NY Acad. Sci. 190:382-393). The CDR sequence may be 2
gengmic DNA or a cDNA.

There are a number of ways in which a replacement CDR may be grafted into a variable
domain sequence and such methods will be farniliar 1o those skilled in the arl. The
preferred method of the present invention involves replacemert of the CDR2 in the
vanable region domain via prirner directed mutagenesis. This method consists of
annealing a synthetc oligonucleotide encoding a desired mutations Lo & target region where
it serves as a primer for intiation of DNA synthesis in vitro, extending the oligonucleotide
by a DNA polymerase 1o generale a double-siranded DNA that carries the desired
mutationy, and ligating and cloning the sequence into an appropriale expression vector.

In one embodiment of the invention, the vanable domain sequence into which the CDR is
grafted is the "dAb acceptor sequence” (designated Compound J28:; SEQ ID No:6)
provided in Figure 1.

As used herein the term “"chimeric" is meant that the antibody polypeptide or domain
antibody includes scquences from more than ong spcceies. '

PCT/AU2006/001993
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The anti-human TNF-a dAb according to the invention can be used to detect human TNF-g
for example in a biological sample, such as scrum or plasma using a conventional '
Immunoassay, such as an enzyme linked immunosorbent assay (ELISA), a
radioimmunoassay (RIA) or tissue immunohistochemistry. The anti-human TNF-a dAb
according to the invention can be assayed in biological fluids by a competition
immunoassay using recombinant hurnan TNF-a standards labelled with a detectable
substance and an unlabelled anti-human TNF-a antibody. '

The anti-human TNF-g dAb according to the invention may also be used to detect TNF-o
[rom speeies other than hurnans eg. chimpanzee, marmoset, rhesus, mouse, pig.

The anti-human TNF-a dAb according to the invention may also be used in cell culture
applications where it is desired to inhibit TNF-¢ activity.

The invention also provides a method for treating a disorder characterised by human TNF-
o activity in a hurnan subject, comprising administering to the subject a pharmaceutical
composition according to the second aspect of the invention.

A disorder characterised by human 'FNF-o activity is intended to include diseases and other
disorders in which the presence of 'TNF-o in a subject suffcring from the disorder has been
shown 10 be or is suspected of being either responsible for the pathophysiology of the
disorder or a factor which contributes (o a worsening of the disorder. Preferably, the
disorder characterised by human TNF-u activity is sclected from the group consisting of
inflammation, inflammatory diseases, scpsis, including septic shock, endotoxic shock,

gram negative sepsis and toxic shock syndrome; autoimmune disease. including

rheumatoid arthritis, theumatoid spondylitis, osteoarthritis and gouty arthritis, allergy,
multiple sclerosis, autoimmune diabetes, autoimmune uveitis and nephrotic syndrome;
infectious disease, including [ever and myalgias due to infection and cachexia secondary to
infection; graft versus host disease; (umour growth or metastasis; pulmonary disorders

including adult respiratory distress syndrome, shock lung, chronic pulmonary

wnflammatory discase, pulmonary sarcoidosis, pulmonary tibrosis and silicosis;
mflammatory bowel disorders including Crohn's diseasc and ulcerative colitis: cardiac
disorders; inflaminatory bone disorders, hepatitis, coagulation disturbances, burns,
reperfusion mjury, keloid formation and scar tissue formation.

PCT/AU2006/001993
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In a fourth aspect, the invention provides a pharmaccutical composition comprising an
ettective amount of the antibody polypeptide according to the first aspect of the invention
or a chimeric domain antibody according to the third aspect of (he invention, together with

- a pharmaceutically acceptable carrier or diluent.

A "pharmaceutically acceptable carrier” includes any and all solvents, dispersion media,

- coatings, antibacterial and antifungal-agents, isotonic and absorption delaying agents, and

the like which are physiologically compatible. Examples of pharmaccutically acceptable
carriers include one or more of water, saline, phosphate buttered saling, dextrosc, glycerol,
ethanol, and the like as well as combinations thercof. In many cases it will be prcfcrablc to
tnclude 1sotonic agents, for example, sugars, polyalcohiols such as mannitol, sorbitol, or
sodium chloride in the composition. Pharmaccutically aceeptablce substances such as
welling or minor amounts of auxiliary substances such as wetting or ¢mu Isitying agents,
preservatives or buffers.

The composition may be in a variety of forms, inctuding liquid, semi-solid and solid
dosage forms, such as liquid solutions (eg injectéble and infusible solutions),' dispersions or
suspensions, tablets, pills, powders, liposomes and suppositories. Preferably, the
composition is in the form of an injectable solution for immunization. The administration
may be intravenous, subcutaneous, intraperitoneal, intramuscular, transdermal, intrathecal,

and intra-arterial,

Therapeutic compositions typically must be sterile and stable under the conditions of
manufacture and storage. The compositions can be formulated as a solution,
microemulsion, dispersion, liposome, or other ordered struelure suitable (o high drug
concentration. Sterile injectable solutions can be prepared by Incorporating the active
compound (1.e. antibody polypeptide) into the required amount in an appropriate solvent
with one or a combination of ingredients listed above, followed by filtered sterilisation.

The composition may also be formulated as a sterile powder for the preparation of sterile
injectable solutions. The proper fluidity of a solution can be maintained by for example,

use of a coating such as lecithin and/or surfactants.

In certain embodiments, the active compound may be prepared with a carrier that will
protect the compound against rapid release, such as a controlled refease formulation,
mcluding implants, transdermal patches, and microencapsulated delivery systems,

PCT/AU2006/001993
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Compatible polymers may be used such as ethylene vinyl acetate, polyanhydrides,
polyglycolic acid, collagen, palyorthoesters and polylactic acid.

The composition may also be formulated for oral administration. In this embodiment, the
antibody polypcptide may be enclosed in a hard or soft shell gelatin capsule, compresscd
into Lablets, or incorporated directly into the subject’s dict. |

The composition may also be formulated for rectal administration.

Supplementary active compounds can also be incorporated into the composition. The
antibody polypeptide may be co-formulated with and/or co-administered with onc or more

 additional therapeutic agents eg. anti-inflammatory compounds, soluble TNF-q receptor or

a chemical agent that inhibits human TNF-¢ production, or antibodies that bind other
targets such as cytokines or cell surfacc molecules. Alternatively, it may be co-
administered with a soluble immunochemical reagent such ag protein A, C, G or L.

An effective amount may include a therapeutically effective amount or prophylactically
effective amount of the antibody polypeptide of the invention. A therapeutically effective
amount refers to an amount ctfective at dosages and (or periods of time gecessary, to
achieve the desired therapeutic result, A prophylactcally clfective amount refers to an
amount elfcctive, at dosages and for periods of time necessary, to achieve the desired
prophylactic result.

In a preterred ecmbodiment the composition is administered to mammals, preterably
hurnans ot prunates.

In order that the nature of the present invention may be more clearly understood, preferred
forms thercof will now be described with referencee to the following non-limiting
examples. |

EXAMPLE 1
Materials and Methods
{solation of New Warld primate VL genes

Marmoset (genus Callithrix, species unknown) and Owl monkey (Aotus Irivirgatus)
eenomic DNA were obtained from the European Collection of Cell Cultures (ECACC),

PCT/AU2006/001993
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catalogue numbers 85011419 and 90110510 respectively. Marmoset DNA was derived
from cell line B95-8 while Owl monkey PDNA came from cell line OMK 637-69.

Degenerate primers based on human Vi leader sequences and recombination signal
sequences (R3S) were derived from Walter and Tomlinson, Antibody Enginccring: A
Practical Approach (1996). The primers used for amplification of germline Vi DNA were

A

as follows:

Primer VK1BL
AATCKCAGGTKCCAGATG (SEQ ID No:11)

Primer VK1BL35a
f() GTTYRGGTKEGTAACACT (SEQ 1D No:12)

Primer VK1BL35b
ATGMCTTGTWACACTGTG (SEQ ID No:13)

Genomic PCR (30 cycles) was performed using Taq polymerase with either primer pair
VKIBLXVKIBL35a ovr VK1BLxVKI1BL35b. There was overlap between the sequences
15  cloned and the two primer sets used.

PCR products were cloned into Invitrogen’s TOPO TA cloning kit (Cat Ne K4500-01) and
sequenced with M13 [orward and pUC reverse primers, Sequence was confirmed in
forward and reverse dircetions. In order to further confirm key sequences were not subjcct
to PCR errors, the PCR and cloning process was repeated twice for marmoset SCquencees.

20 Nucleotide (SEQ ID Nos:14-24 and SEQ 1D Nos:36-41) and arnino acid (SEQ ID Nos:25-
35 and SEQ ID Nos:42-47) sequences are given in Figure 2. Marmoset scquenees 1, 2 and
3 were confirmed. Scquences 4, 5, 6, 7 and & were seen only in the initial PCR. Scquences
9, 10 and 11 were scen only in the repeat (i.e. second) PCR and cloning.

Oligo Synthesis and Cloning into Acceptor Sequence

25  Four CPR sequences, namely YAATKLQS (SEQ ID No: 1) from Owl monkey sequence 1
(SEQ ID No0:42), YEASSLQS (SEQ ID No:2) from Owl monkey sequence 2 (SEQ ID
No:43), YEASKIQS (SEQ D No:3) from Marmosect sequence | (SEQ 1D No:25), and
YSASNLET (SEQ 1D No:4) from Marmosget sequence 2 (SEQ 1D No:26), were chosen
(rom the amino acid sequences shown in Figure 2 as indicated. Ow! Monkey sequence 5,
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YYASSLQS (SEQ ID No:48) was found 10 be identical to GI6176295 an Aotus
nancymaae (Ma’s night monkey) cDNA sequence, all other sequences were unique.

An acceptor variable region (anti-TNF domain antibody) sequence in the expression vector
(Domantis proprietary vector) was digested (25ug) sequentiall y with Kpnl and SanDI

> which excises the majority of FR2 as well as CDR2 s indicated on the restrction digest
map. The vector was then gel purified 1o remove Lthe excised wild-type FR2 and CDR2

sequence.

Oligo annealing was perforicd by incubating oligo pairs (500 pmollof each as shown in
Figure 4A and 4B) at 95°C for 5 minutes followed by 65°C for 5 minutes and then allowed

10 1o reach room temperature slowly on a hot block. Overlaps were then filled in during a
Klenow reaction in the presence of dNTPs.

Affinity Maturation

The marmoset CDR-grafted dAb Compound 145 (SEQ ID No:7) was aftinity matured by
constructing 14 separate libraries, each a diversification of the sequence of SEQ ID No:7 at
15 asingle amino acid residue, The selected residues are shown shaded below.

pipra . S YRT)
4
AT Yy )

A
T IT B 1 . 3 .lI - A‘ e 24
" KLEWY QQOKPGKAPKLLIYSASNLETG
- mnudiniiad 6

VR PETHFGOQGTK VEIKR

The selection was based upon residues in CDR1 and CDR3 that are known to he
diversified in the mature human Ig repertoire, and framework residues that have heen

20 observed to produce [unctional proteins aller mutagenesis in related dAbs. For each of the
selected residues, complimentary forward and reverse PCR primer pairs were designed
with NKK degeneracy, and two initial PCR reactions were performed each with a single
mutagenic primer and (lanking primer. After clean-up, the two PCR products were
annealed and then amplified using flanking primers alone (splicing by overlap extension of

25 PCR; Lowman H.L. & Clackson T. (eds), Phage Display: A practical approach, Oxford
University Press , Oxford, UK). :Cl(mes were initially screened by ELISA using solid-
phase 'UNF, and positive clones were sequenced. dAb protein was purified from the best
clones and evaluated for potency in receptor binding assays and LY29 Cytofoxicity assays,

“Compounds 100 (SEQ ID No:9) and 123 (8EQ ID No:8) were found to have improved
30 TNF-neutralization relative to the parent dAb, Compound 145 (SEQ ID No:7).
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Combination of the affinity-enhuncing substitutions of Compounds 100 (SEQ ID No:9)
and 123 (SEQ 1D No:8), yielded an anti-TNF dAb with further improved potency in the
L9729 cylotoxicity assay (Compound 196; SEQ ID No: 10).

Resulf{s
Potency of anti-TNF dAb clones in receptor binding assay (RBA) and cytotoxocily assay

The ability of the anti-I'NF dAbs 1o inhibit TNF binding to its receptor and 1o neutralize
TNF-mcdiated cytotoxicity of 1929 cclls was canducted as follows:

Receptar binding assay

dAbs diversified in the 14 selccted positions were tested for the ability to inhibit the
binding of TNE to recombinant TNF receptor b {p55). Brnelly, Maxisorp plates were
incubated ovemight with 30 mg/ml anti-hwman Fe mouse monoclonal antibody (Zymed,
San Francisco, USA). The wells were washed with phosphatce buffered safine (PBS)
containing (.05% Tween-20 and then blocked with 19 BSA in PBS before being
incubated with 100 ng/ml TNF receptor 1 Fe [usion protein (R&D Systems, Minneapolis,
USA). Each dAb was mixed with ‘I'NF which was addced to the washed wells at a (inal
concentration of 10 ng/ml. TNF binding was detected with 0.2 mg/mi biotinylated anti-
TNF antibody (HyCult biatechnology, Uben, Netherlands) tollowed by 1 in 500 dilution of
horse radish peroxidase labelled streptavidin (Amersham Biosciences, UK) and (hen
incubation with TMB substrate (KPL, Gaithersburg, USA). The reaction was stopped by
the addition of HCI and the absorbance was read at 450nm, Anti-TNF dAb activity lead to
a dcercase in TNF binding and thercfore a decrease in absorbance compared with the TNF
only control (Figure 3).

.L929 Cytotoxicity Assay

Anti-TNF dAbs identified by the minilibrary diversification approach, including
Compounds 100 (SEQ ID No:9) and 123 (SEQ ID No:8), were also tested for the ability to
neutralise the cytotoxic activity of TNF on mouse L1929 fibroblasts (Evans, T'., 2000,
Molecular Biotcchnology 15, 243-248). Brielly, 1929 cclls plated in microtitre plates
were incubated overnight with anti-TNF dAb, 100 pg/ml TNF and 1 mg/inl actinomycin D
(Sigma, Poole, UK). Cecll viability was measured by reading absorbance at 490nm
following an incubation with [3-(4,5-dimethylthiazol-2-y1)-5-(3 -
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carbboxymethoxyphenyl)-2-(4-sulfophenyl)-2H- tetrazolium (Promega, Madison, USA).
Anti-TNF dAb activity lead to a decreasc in TNF eytotoxicity and therefore an increase in
absorbance compared with the TNF only control. The results, in comparison with the
parent dAb Compound 145 (SEQ 1D No:7) are presented in Figure 6.

Throughout this specification the word "comprisc", or variations such as "comprises’ or
“comprising”, will be understood to imply the inclusion of a stated clement, integer or step,
or group of elcments, integers or steps, but not the exclusion of any other element, integer
or slep, or group of elements, integers or steps.

All publications mentioned in this specification are herein incorporated b y refevence. Any
discussion of documcents, acts, materials, devices, articles or the like which has been
ticluded in the prescnt specification is solely for the purpose of providing a context for the
present imvention. It is not to be taken as an admission that any or all of these matters form
part of the prior art base or were common general knowledge in the field relevant to the
present invention as jt existed in Australia or elsewhcre before the priority date of each
claim of this application.

It will be appreciated by persons skilled in the axt that pumerous varations and/or
modifications may be made to the invention as shown in the specific cmbodiments without
departing from the spirit or scope of the invention as broadly described, The present
embodiments ate, therctore, 1o be considered in all respects as illustrative and not
restrictive,

PCT/AU2006/001993
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CLAIMS:

1.

5 2

10 3.

15

20)

25 8
O.

A chimeric antibody polypeptide comprising an antigen binding site, wherein the
antigen binding site comprises a human variable domain having at least onc New
World Primate CDR.

The antibody polypeptide of claim {, wherein the human variable domain
comprises at leust onc human framework repion having an amino acid sequence
cncoded by a human germline antibody genc scgment, or an amino acid sequence
comprising up 0 S amino acid differences rclative to the amino acid sequence
cncoded by a human germline antibody gene segment.

The antibody polypeptide of claim 2, wherein the human variable domain
comprises [our human framework regions, FR 1, FR2, FR3 and FR4 having amino
acid sequences cncoded by a human germline antibody genc scgment, or the wmino
acid sequences of FR1, FR2, FR3 and FR4 collectively containing up to 10 amino
acid dilferences relative Lo the amino acid sequences by said human germline
antibody gene segment.

The antibody polypeptide according to claim 2 or 3, wherein the framework repions
are cncoded by a human germline antibody genc scgment selected from the group
cousisting of DP47, DP45, DP48 and DPKS9.

The antibody polypeptide of any preceding claim, wherein said New Wotld Primate
CDR is CIDR2.

The antibody polypeptide of any ane of claims 1 to 4, wherein said New World
Primate CDR iy CDR1 or CDR3. -

The antibody polypeptide of any preceding claim, wherein said New World Primate
CDR sequence 1s a germline New World Primate CDR sequence.

The antibody polypeptide of any preceding claim, wherein the antibody
polypeptide 1s selected from a dAb, scFv, Fab, (Fab'),, Fv, disulphide bonded Fv,
lg(5, and a diabody.

The antibody polypeptide of any preccding claim, wherein the antigen is TNF-a.
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The antibody polypeptide of any prccﬁding claim, wherein the New World Primatc

s a Callithricidae.

The antibody polypeptide of claim 10, wherein the New World Primate is a
marmaoset.

The antibody polypeptide of any preceding claim, whercin the human variable
domain amino acid sequence comprises a Kpn! restriction site spaced from a
SanD1 restriction site, said CDR of the human variable domain being belween the
restriction sites. '

The antibody polypeptide of any preceding claim, wherein said New World Primate
CDR scquence 1s obtainable from New World Primatc DNA by PCR using primer
par VKIBL (SEQ ID No:11) / VKIBL35a (SEQ ID No:12) or primer pair VK1BL
(SEQ ID No: 11)/ VK1BL35b (SEQ [D No:13).

A chimeric domain antibody (dAb) which binds to human ‘TNF-a, wherecin the dAb
is 3 human dAb that binds human TNF-o in which at least one of the CDRs is
replaced with the cotresponding CDR from a New World Primatc.

A chimeric dAb according to claim 1 wherein the veplaced CDR is CDR2.

A chimeric dAb according to elaim 1 or claim 2 wherein the New World Primate is
a4 marmqsct, |

A method of producing a antibody polypeptide as deflined in any one of ¢laims 1 1o
14, the method éomprising

(1) Providing an acceplor scquence encoding a human variable domain; and
(n)  Replacing a CDR sequence of the variable domain with a donor CDR
sequence, wherein the donor CDR sequence is & New World Primate CDR.

The method of claim 17, wherein i step (ii) said CDR of said human variable
domain is replaced by said donor New Wortld Primate CDR using restriction
digestion and anncaling of an oligonucleotide encoding the donor CDR iato the
acceptor sequence.

The method of claim 17 or 18, comprising (iii) alfinity maturing the variable
domain produced in step (ii).
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FIGURE 2

Marmoset Sequences

Marmoset nucleotide sequence 1 (SEQ ID No:14)
GACATCCAGATGACCCAGTCTCCATCTTCCCTCACTGCATCTGTAGGAGGCARAGTCACCAT
CACTTGCCCEGECEAGTCAGGACATTAACAAGTEGTTAGCCTGGTATCAGCAGAAACCAGGGA.
CAGTCCCTAAGCCCCTGATCTATGAGGCATCCAAATTGCAAAGTGGGGTCCCATCAAGGTTC
AGCGGCAGTGGATCTGGGACATATTTTACTCTCACCATCAGCAGCCTGCAGCCTGAAGATGC
 TGCAACTTATTACTGTCAG ‘ |

Marmoset nucleotide scquence 2 (SEQ ID No:15) '
GACATCCAGATGATCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACCAT
CACTTGCTGGGCAAGTCAGGGTATTAGCCACTGETTAGCCTGETATCAGCAGAAACCAGGGA
AAGCCCCTAAGCTCCTGATCTATAGTGCATCAAATTTAGAAACAGCGGGTCCCATCAAGGTTC
AGTGGBAGTGGATCCAGGACAGATTTTACTCTCACCATCAGCAGCCTGCAGCCTGAAGATAT
TGCAACATATTACTGTCAA ' |

Marmoset nucleolide sequence 3 (SEQ 1Y No:16) |

GACATCCAGATGACCCAGACTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACCAT
CACTTGCCGGGCAAGTCAGGGTATTAGCAGCTGGTTAGCCTGGTATCAGCAGAAACCAGGGA
AAGCCCCTAAGCTCCTGATCTATGGCGCATCAAATTTGGAAACAGGGGTCCCATCAAGATTC

AGCGGAAGTGGATCTGGGACAGATTTTACTCTCACCATCAGCAGTCTGCAGCCTGAAGATAT
TGCAACATATTACTGTCAA

Marmoset nucleotide sequence 4 (SEQ ID No:17)

GACATCCAGATGATCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACCAT
CACTTGCTGGGCAAGTCAGGG’I’ATTAGCCAC’I‘GGTTAGCC’I‘GG’I‘ATCAGC‘AGAAACCAGGGA
AAGCCCCTAAGCTCCTGATCTATAGTGCATCAAATTTAGGAACAGGGCTCCCATCAAGGTTC

AGTGGAAGTGGATCCAGGACAGATT TTACTCTCACCATCAGCAGCCTGCAGCCTGAAGATAT
TGCAACATATTACTGTCAA
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- Marmoset nucleotide sequence 3 (SEQ I No:18)
GACATCCAGATGACCCAGTCTCCATCTTCCCTGACTGCATCTGTAGGAGGCAAAGTCACCAT
CACTTGCCGGGCEGTGTCAGGACATTAACAAGTGETTAGCCTGGTATCAGCAGAAACCAGGGA

- CAGTCCCTAAGCCCCTGATCTATCAGGCATCCAAATTGCAAAGTGGEGTCCCATCAAGGTTC

AGCGGCAGTGGATCTGGGACATATTTTACTCTCACCATCAGCAGCCTGCAGCCTGARAAGATGEC

TGCAACTTATTACTGTCAG

Marmoset nucleotide sequence 6 (SEQ ID No:19)
GACATCCAGATGACCCAGTCTCCATCCTCCCTATOTGCATCTCTAGGAGACAGAGTTACCAT
CACTTGCCEGGECEAGTCAGGGCATTAGCGTAATTATTTAGCCTGGTATCAGCAGAAACCAGGGA
AAACTCCTAGGCTCCTGATCTATGCTGCATCCAGTTTACAAACTGGGATTCCCTCTCGGTTC
AGCGGECAGTGGATCTGGGACAGACTACACTCTCACCATCAGCAGCCTGCAGTCTCAAGATGT
TGCAATTTATTACTGTCAA '

Marmaoset nucleotide sequence 7 (SEQ ID No:20)

GACATCCAGATGACCCAGTCTCCATCTTCCCTGACTGCATCTGTAGGAGGCAAAGTCACCAT
CACTTGCCGGGCCGAGTCAGGACATTAACAAGTGCTTAGCCTGCEEGTATCAGCAGAAACCAGGGA
CAGTCCCTAAGCCCOTGATCTATGAGGCATCCAAATTGCARACTGGCGTCCCATCAAGGCTC

AGCGGCAGTGGATCTGGGACATATTTCACTCTCACCATCAGCAGCCTGCAGCCCTGAAGATGC
TGCAACTTATTACTGETCAG |

Marmoset nucleotide sequence 8 (SEQ ID No:21)
GACATCCAGATGACCCAGTCTCCATCTTCCCTGACTGCATCTGTAGGAGGCAAAGTCACCAT
CACTTGCCGGGCGAGTCAGGACATTAACAAGTGGTCAGCCTGGTATCAGCAGAAACCAGGGA
CAGTCCCTAAGCCCCTGATCTATGAGGCATCCAAATTGCAAAGTGGEGGTCCCATCAAGGETTC
AGCGGCAGTGGATCTGGGACATATTTTACTCTICACCATCAGCAGCCTGCAGCCTGAAGATGC
TGCAACTTATTACTGTCAG

Marmoset nucleotide sequence 9 (SEQ ID No:22)
GACATCCAGATGACCCAGTCTCCATCTTCCCTCACTGCATCTGTAGCAGCCAAAGTCACCGT
CACTTGCCGGGCGAGTCAGGACATTAACAAGTGGTTAGCCTGGTATCAGCAGAAACCAGGGA
CAGTCCCTAAGCCCCTGATCTATGAGGCATCCAAATTGCAAAGTGGGGTCCCATCAAGGTTC
AGCGGCAGTGGATCTGGGACATATTTTACTCTCACCATCAGCAGCCTGCAGCCTCAAGATGC
TGCAACTTATTACTGTCAG
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Marmoset nucleotide sequence 10 (SEQ ID No:23)
GACATCCACATGACCCAGTCTCCATCTTCCCTGACTGCATCTGTAGGAGGCAAAGTCACCAT
CACTTGCCGGGCGAGTCAGGACATTAACAAGTGETTAGCCTGGTATCAGCAGAAACCAGGGA
CAGTCCTTAAGCCCCTGATCTATGAGGCATCCAAATTGCAAAGTCGGGTCCCATCAAGGTTC
AGCGGCAGTGCATCTGGGACATATTTTACTCTCACCATCAGCAGCCTGCAGCCTGAAGRATGC
TGCAACTTATTACTGTCAG

Marmoset nucleotide sequence 11 (SEQ ID No:24)
GACATCCAGATGACCCAGTCTCCATCTTCCCTCGACTGCATCTGTAGGAGECAAAGTCACCAT
CACTTGCCGEGCGAGTCAGGACATTAACAAGTGGTTAGCCTGGTATCAGCAGAAACCAGGGA
CAGTCCCTAAGCCCCTGATCTATGAGGCATCCAAATTGCAAAGTGGEGETCCCATTAAGETTC
AGCGGCAGTGGATCTGGGACATATTTTACTCTCACCATCAGCAGCCTGCAGCCTCAAGATGC
TGCAACTTATTACTGTCAG

Marmoset amino acid sequence 1 (SEQ ID No:25)
DIQMTQSPSSLTASVGGKVITITCRASODINKWLAWYQQKPGTVPKPLIYEASKLOSGVPSRF
SGOSGSGTYFTLTISSLOPEDAATYYCQ

- Marmoset amino acid sequence 2 (SEQ ID No:26)
DIOMIQSPSSLSASVGDRVTITCWASQGISHWLAWYQOKPCKAPKLLIYSASNLETGVPSRE
SGSGSRTDFTLTISSLQPEDIATYYCO

Marmosct amino acid sequence 3 (SEQ 1D No:2'7H
DIOMTOTPSSTLSASVGDRVTITCRASQGISSWLAWYQORPCGRAPELLIYGASNLETGVPSRT
SGEGSGTDFTLTISSLQPEDIATYYCO

Marmoset amino acid sequence 4 (SEQ T No:28) -
DIQMIQSPSSLSASVGDRVTITCWASQGI SHWLAWYQQOKPGKAPKLLIYSASNLGTGVPSRE
SGSGSRTDFTLTISSLOPEDIATYYCO

Marmoset amino acid sequence 5 (SEQ 1D No;29)
DIQMTQSPSSLTASVGGKVTITCRACODINKWLAWYQQOKPGTVPKPLIYEASKLOSGVPSRE
SGSGSGTYFTLTISSLOPEDAATYYCO |

Marmoset amino acid sequence 6 (SEQ ID No:30)
DIQMTQSPSSLSASVEDRVTITCRASQGISNYLAWYQQKPGKTPRLLIYAASSLOTGI PSRF
SGSGSGTDYTLTISSLOSEDVAIYYCO
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Marmoset amino acid sequence 7 (SEQ ID No;:31)
DIQMTQSPSSLTASVGGKVTITCRASQDINKWLAWYQOKPGTVPKPLIYEASKLOSGVPSRL
SGSGSGTYFTLTISSLOQPEDAATYYCQ

Marmoset amino acid sequence 8 (SEQ ID No:32)
DIQMTQSPSSLTASVGGKVTITCRASQDINKWSAWYQQKPGTVPKPLIYEASKLQSGVPSRF
SGSGSETYFTLTISSLOPEDAATYYCO

Marmoset amino acid seqaence 9 (SEQ 1D No:33)
DIOMTQSPSSLTASVGGKVTVICRASODINKWLAWY OOKPQTVPKPLIYEASKRLOSGVDPSRE
SCSGSGTYFTLTISSLOPEDAATYYCQ

Marmaoset amino acid sequence 10 (SEQ 1D No:34)
DIOMTQSPSSLTASVGGKVTITCRASQDINKWLAWYQQKPGTVLKPLIYEASKLOSGVPSRE
SGSGSGTYFTLTISSLOPEDAATYYCO

Marmoset amino acid sequence 11 (SEQ ID No:35)
DIQMTQSPSSLTASVGGKVTITCRASQDINKWLAWYQOKPGTVPKPLIYEASKLOSGVPLRE
SGSGSETYFTLTISSLOPEDAATYYCQO

(Owl Monkev sequences

Owl Monkey nucleotide sequence 1 (SEQ ID No:36)
GACATCCAGATGACCCAGTCTCCATCCTTCCTGTCTGCATCTGCAGGAGACAGAGCTCACCAT
CACCTGCCAGGTGAGTCAGCGAATTAGCAGTGAATTACTCTGGTATCAGCAGAAACCAGGGA
AAGCCCCTATGCTCTTGATCTATGCTGCAACCAAATTGCAGTCGGEAATCCCATCTCCGTTO
AGTGGCCATGGATCTCGCACAGATTTCACTCTCACCATCAGCAGCCTGCAGCCTGATGATTT
TGCTACTTATTACTGTCAA |

Owl Mankey nucleotide sequence 2 (SEQ ID No:37)
GACATCCAGATGACCCAGTCTGCATTCTCCCTETCTGCATCTGTAGGAGACAGAGTCACCAT
TACTTGCCAGGCGAGTCAGCGECATTACCAGTGATTTAGCCTGGTATCAGCAAAAGCCAGGGA
ACGCCTCTAAGCTCCTGATCTATGAGGCATCCAGTTTACAAAGCGAGGTCCCATCAACGTTC
AGCGGCAGTGGATCTGGGAGAGATTTTACTCTCACCATCAGCAGCCTGCAGCCTGAAGATTT
TGTAACTTATTACTGTCAA |
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Owl Monkey nucleotide'sequence 3 (SEQ ID No:38)

GACATCCAGATGACCCAGACTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACCAT
CAQTTGCCGGGCGAGTCAAGACATTTACAATTATTTAGCCTGGTATCAGCAGAAACCAGGGA
AAACTCCTAGCCTCTTGATCTATGCTGCATCCAGTTTGCARAACTGGGATTCCCTCTCEGTTC

AGTGGCAGTGCATCTGGGACAGACTACACTCTCACCATCAGCAGCCTGCAGCCTGATGATI
TGCCACTTATTACTGTCAA

Owl Monkey nucleotide sequence 4 (SEQ 1D No:39)

GACATCCAGATGACCCAGACTCCATCCTCCCTGCCTGCATCTATAGCACACAAAGTCACCAT
CACTTGCCGGGCAAGTCAGGGTATTAGCAGCTGGTTAGCCTGETATCACCAGAAACCAGGGA
AAGCCCCTAAGCTCCTGATCCATAAGGCATCAAATTTGGAAACACGCGTCCCATC AAGGTTC
AGTGGAAGTGGATCTGGGACAGATTTTACTCTCACCATCAGCACCCTGCAGCCTGAAGATAT
CGCAACATATTACTGTCAA

Owl Monkey nucleotide sequence 5 (SEQ ID No:40)

GACATCCAGATGACCCACTCTCCATCTTCCCTCACTGCATCTETAGGAGACAAAGTCACCAT
CACTTGCCGGGCAAGTCAGGGCATTAGCAATAATTTACCCTGETATCAGCAGAAACCAGCCGA
AAGCCCCTAAGCCCCTCGATCTATTATGCATCCAGTTTGCAMAGCGGEGETCCCATCAAGETTC

AGCGGCAGTGGATCTGGGGCAGATTACACTCTCACCACCAGCAGCCTGC AGCCTGAAGATTT
TGCAACTTATTACTGTCAA |

Owl Monkey nucleotide Sequence 6 (SEQ ID No:41)

GACAACCAGATGATCCAGTCTCCATCTTCCCTGACTGCATCTGTAGCAGACAGAGTCAC CAT

CACTTGCCGAGCCAGTCAGAGTATTAGCAGCTGGTTAGCCTGGTATCAGCAGAAACCAGGGA
’CAGTCCCTAAGCCTCTGATCTATGACGCATCCAAATTGCTAAGTGGGGTCCCATCAAGGTTC

AGTGGCTGTGGATCTGGGACAGATTTTACTCTCACCATCAGCAGCCTECACCCTCAAGATTT
TGCAACTTATTACTGTCAR

Owl Monkey amino acid sequence 1 (SEQ ID No:42)

DIOMTQSPSFLSASAGDRVTITCQVSQGISSELLWYQQKPGKAPMLLIYAATKLOSGIPSRF
SGHGSGTDFTLTISSLQPDDFATYYCQ



CA 02634083 2008-06-18
WO 2007/070979 PCT/AU2006/001993

/12

Owl Monkey amino acid sequence 2 (SEQ ID No:43)

DIQMTQSAFSLSASVGDRVTITCOASQGITSDLAWYQQRKPGNASKLLIYEASSLQSEVPSRE
SGSGSGRDFTLTISSLQPEDFVTYYCQO

Owl Monkey amino acid sequence 3 (SEQ ID No:44)

DIQMTQTPSSLEASVGDRVTITCRASODIYNY LAWY QQKPGKTPRLLIVAASSLOTGIPSRE
SGSGSGTDYTLTISSLOQPDDEATYYCO

Owl Monkey amino acid sequence 4 (SEQ ID No:45) |
DIQMTQTPSSLPASVGDKVTITCRASOGI SSWLAWYQORPGKAPKLLIHKASNLETGVPSRF
SGSGSGTDFTLTISSLOPEDIATYYCO |

Owl Monkey amino acid scquence 5 (SEQ ID No:46)
DIQMTQSPSSLTASVEDKVTITCRASQGI SNNLAWY QOKPGKAPKPLIYYASSLOSGVRPARF
SGSGSGADYTLTTSSLQPEDFATYYCQ

- Owl Monkey amino acid sequence 6 (SEQ ID No:47)
DNOMIQSPSSLTASVCGDRVITITCRASQSISSWLAWYQOQKPGTVPKPLIYDASKLLEGVLERF
SGCGSGTDFTLTISSLQPEDFATYYCQ |
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FIGURE 4A
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FIGURE 4B
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FIGURE 6
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