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RELATED APPLICATIONS |
This spplication is 3 continuation-in-patt of Tnternational Application No. PCTIGB02/03014,

filed on June 28, 2002, which desigoated the Upited States, and ¢laims pﬁoritsr to United
Kingdom Application No. GB 02302024 filed on December 27, 2002. '

The present invention relues 10 dual speeific ligands. In particular, the invention provides &
merhod for the preparation of dual—speéiﬁc ligands comprising = first irmmunogiobulin sing}é
variable domain binding to a first antigen or epitope, and a second immunoglobulin singlé
vanabie dcm?é;{ ‘binding to a second antigen or epitope. More particulasly, the Jinvention refates to
dual-specific ligands wherein binding 1o at least one of the first and second Antigens or epiopes -
ac1s 1o increase the halfdife of the ligand o yive, Open md closed conformation ligands

comprising mors than one binding spesHficity are deseribed.

Introduaction

The antigen binding doynain of an antibody comprises Two separate Tegions: A heavy
chain variable domain (V) and a Hghe chain verable domain (v, : which can be either
Vi or V). The antigen binding site jrself is formed by six polypeptide loops: three from
v,, domain (H1, H2 and H3) and three from v, domain (L1, 12 and L3). A diverse
primary repertoire of V genes thaz encode the v,y and v, domains is produced by the
combinatorial rearrangement of gene segments. The Wy gene 15 pmdﬁééd bj} the
recombination of three gene sepments, Vi, D end Ji1. In humans, there are approximately
51 functional vy, segments (Cook and Tomlinson (1995) Jmunol Today, 167 237), 25

functional D segments (Corbeit ef al. (1597} J- Mol. Biol., 268: 69) and 6 functions] g

cegments (Raverch et al. (1981) Cell, 27: 583), depending on the haplotype. The Vi
segment encodes the region of the polypeptide chain which forms the ﬁxst and second
antigen binding loops of the vy domain (H1 and H2), whilst the vy, D and J§J segments
combine 1o form the third entigen bindmng loop of the vy, domain (H3). The Wy gené is
produced hjr the recomnbipation of only two gene segments, V, and Jp. In humans, there
ave approximatcly 40 functional Vi sepments (Schiible and Zachau (1993) Bipl. Chem.
Hoppe-Seyler, 374: 1001), 31 functiopal V) segments (Willimms ef al. (1996) J. Mol
Biol,, 264: 220; Kawasaki er al. (1997) Genome Res., 7: 250), 5 fimetional Jy segmenis
(Hicter et al. (1982) J. Biol. Chem., 257: 15 16) and 4 fimcrional Jj, segments (Vasicek
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and Leder (1990) J. Exp. Med., 172: 609), depending on the haplotype. The v, segment
encodes the region of the polypeptide chain which forms the first and second antigen
binding loops of the y; domain (L1 and L2), whilst the v, and JI, segments combine to
form the third antigen binding loop of the v, domain (L3). Amntibodies selected 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 generated 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 (H1, H2, L1, 1.2, L3) possess a limited number of main-chain
conformations or canonical structures (Chothia and Lesk (1987) J. Mol. Biol., 196: 301;
Chothia et al. (1989) Nature, 342: 877). The main-chain conformations are determined by
(i) the length of the antigen binding loop, and (i) 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 enabled us to the predict the main-chain
conformations of HI, H2, L1, L2 and L3 encoded by the majority of human antibody
sequences (Chothia ef al. (1992) J. Mol. Biol., 227: 799; Tomlinson et al. (1995) EMBO
J., 14: 4628; Williams et al. (1996) J. Mol. Biol., 264: 220). Although the H3 region is
much more diverse in terms of sequence, length and structure (due to the use of D
segments), it also forms a limited number of main-chain conformations for short loop
fengths 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 (Martin ez al. (1996) J.

' Mol. Biol., 263: 800; Shirai ef al. (1996) FEBS Letters, 399: 1.

Bispecific antibodies comprising complementary pairs of Vv, and v, regions are known in
the art. These bispecific antibodies must comprise two pairs of vy and Vis, each Vy/Vy
pair binding to a single antigen or epitope. Methods described involve hybrid hybridomas
(Milstein & Cuello AC, Nature 305:537-40), minibodies (Hu ef al, (1996) Cancer Res
56:3055-3061;), diabodies (Holliger et al., (1993) Proc. Natl. Acad. Sci. USA 90, 6444-
6448; WO 94/13804), chelating recombinant antibodies (CRAbs; (Nert et al., (1995) 1.
Mol. Biol. 246, 367-373), biscFv (e.g. Atwell e al, (1996) Mol. Immunol. 33, 1301-
1312), “knobs in holes” stabilised antibodies (Carter ef al., (1997) Protein Sci. 6, 781-
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788). In each case each antibody species comprises two antigen-binding sites, each

fashioned by a complementary pair of vy, and v; domains. Bach antibody is thereby able
to bind to two different antigens or epitopes at the same time, with the binding to EACH
antigen or epitope mediated by a v, and its complementary v, domain. Each of these
techniques presents its particnlar disadvantages; for instance in the case of hybrid
hybridomas, inactive Vy/V; pairs can greatly reduce the fraction of bispecific IgG.
Furthermore, most bispecific approaches rely on the association of the different v /v,
pairs or the association of ¥y, and v chains to recreate the two different v/, binding
sites. It is therefore impossible to control the ratio of binding sites to each antigen or
epitope in the assembled molecule and thus many of the assembled molecules will bind
to one antigen or epitope but not the other. In some cases it has béen/possible to engineer
the heavy or light chains at the sub-unit interfaces (Carter ef al., 1999) in order fo improve
the number of molecules which have binding sites to both antigens or epitopes but this

never results in all molecules having binding to both antigens or epitopes.

There is some evidence that two different antibody binding specificities might be
incorporated into the same binding site, but these generally represent two or more
specificities that correspond to structurally related antigens or epitopes or to antibodies
that are broadly cross-reactive.. For example, cross-reactive antibodies have been
described, usnally where the two antigens are related in sequence and structure, such as
hen egg white lysozyme and turkey lysozyme (McCafferty et al., WO 92/01047) or to
free hapteﬁ and to hapten conjugated to carrier (Griffiths AD et al. EMBO J 1994 13:14
3245-60). In a further example, WO 02/02773 (Abbott Laboratories) describes antibody
molecules with “dual specificity”. The antibody molecules referred to are antibodies
raised or selected against multiple antigens, such that their specificity spans more than a

single antigen. Hach complementary v/V, pair in the antibodies of WO 02/02773
specifies a single binding specificity for two or more structurally related antigens; the vy
and v, domains in such complementary pairs do not each possess a separate specificity.

The antibodies thus have a broad single specificity which encompasses two antigens,
which are structurally related. Furthermore natural auntoantibodies have been described
that are polyreactive (Casali & Notkins, Ann. Rev. Immunol. 7, 515-531), reacting with at
least two (usually more) different antigens or epitopes that are not structurally related. It
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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 are highly related, fitting a consensus
sequence, whereas others are very different and have been termed mimotopes (Lane &
Stephen, Current Opinion in Immunology, 1993, 5, 268-271). It is therefore clear that a

natural four-chain antibody, comprising associated and complementary Vy and v,

domains, has the potential to bind to many different antigens from a large universe of
known antigens. It is less clear how to create a binding site to two given antigens in the

same antibody, particularly those which are not necessarily structurally related.

Protein engineering methods have been suggested that may have a bearing on this. For
example it has also been proposed that a catalytic antibody -could be created with a
binding activity to a metal jon through one variable domain, and to a hapten (substrate)
through contacts with the metal ion and a complementary variable domain (Barbas et al.,
1993 Proc. Natl. Acad. Sci USA 90, 6385-6389). However in this case, the binding and
catalysis of the substrate (first antigen) is proposed to require the binding of the metal ion

(second antigen). Thus the binding to the Vy/V, pairing relates to a single but multi-

component antigen.

Methods have been described for the creation of bispecific antibodies from camel
antibody heavy chain single domains in which binding contacts for one antigen are
created in one variable domain, and for a second antigen in a second variable domain.
‘However the variable domains were not complementary. Thus a first heavy chain variable
domain is selected against a ﬁfst antigen, and a second heavy chain variable domain
agamnst a second antigen, and then both domains are linked together on the same chain to
give a bispecific antibody fragment (Conrath et al., J. Biol. Chem. 270, 27589-27594).
However the camel heavy chain single domains are unusual in that they are derived from
natural camel antibodies which have no light chains, and indeed the heavy chain single

domains are unable to associate with camel light chains to form complementary v and

V., pairs.

Single heavy chain variable domains have also been described, derived from natural

antibodies which are normally associated with light chains (from monoclonal antibodies
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or from repertoires of dbmains; see EP-A-0368684). These heavy chain variable
domains have been shown to 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 a specificity for two or more different antigens . Furthermore, these single
domains have been shown to have a very short in vivo half-life. Therefore such domains

are of limited therapeutic value.

It has been suggested to make bispecific antibody fragments by linking heavy chain
variable domains of different specificity together (as described above). The disadvantage
with this approach is that isolated antibody variable domains may have a hydrophobic
interface that normalﬂy makes interactions with the light chain and is exposed to solvent
and may be “sticky’’ allowing the single domain to bind to hydrophobic surfaces.
Furthermors, in the absence of a partner light chain the combination of two or more
different heavy chain varisble domains and their association, possibly via their
hydrophobic interfaces, may prevent them from binding to one in not both of the ligands

they are able to bind in isolation. Moreover, 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).

Summary of the invention

- The mventors have described, -in their copending international patent application WO

03/002609 as well as copending unpublished UK patent application 0230203.2, dual
speciﬁc immunoglobulin ligands which comprise immunoglobulin single variable
domains which each have different specificities. The domains may act in competition

with each other or independently to bind antigens or epitopes on target molecules.

In a first configuration, the present invention provides a further improvement in dual
specific ligands as developed by the present inventors, in which one specificity of the
ligand is directed towards a protein or polypeptide present in vive in an organism which

can act to increase the half-life of the ligand by binding to it.
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Accordingly, in a first aspect, there is provided a dual-specific ligand comprising a first
immunoglobulin single variable domain having a binding specificity to a first antigen or
epitope and a second complementary immunoglobulin single variable domain having a
binding activity to a second antigen or epitope, wherein one or both of said antigens or
cpitopes acts to increase the half-life of the ligand in vivo and wherein said first and
second domains lack mutually complementary domains which share the same specificity,
provided that said dual specific ligand does not consist of an anti-HSA Vy; domain and an
anti-f} galactosidase V. domain. Preferably, that neither of the first or second variable

domains binds to human serum albumin (HSA).

Antigens or epitopes which increase the half-life of a ligand as-described herein are
advantageously present on proteins or polypeptides found in an organism in vivo.
Examples include extracellular matrix proteins, blood proteins, -and proteins present in
various tissues in the organism. The proteins act to reduce the rate of ligand clearance
from the blood, for example byﬂacting as bulking agents, or by anchoring the ligand to a
desired site of action. Exarmples of antigens/epitopes which increase halflife in vivo are

given in Annex 1 below.

Increased haliilife is useful m in vivo applications of immunoglobulins, especially
antibodies and most especially antibody fragments of small size. Such fragments (Fvs,
disulphide bonded Fvs, Fabs, scFvs, dAbs) suffer from rapid clearance from the body;
thus, whilst they are able to reach most parts of the body rapidly, and are quick to produce

~and easier to handle, their in vivo applications have been lmited by their only brief

persistence in vivo. The invention solves this problem by providing increased half-life of
the ligands in vivo and consequently longer persistence times in the body of the functional

activity of the ligand.

Methods for pharmacokinetic analysis and determination of ligand half-life will be
familiar to those skilled in the art. Details may be found in Kenneth, 4 et al: Chemical
Stability of Pharmaceuticals: A Handbook for Pharmacists and in Peters et al
Pharmacokinetc analysis: A Practical Approach (1996).  Reference is also made to
“Pharmacokinetics”, M Gibaldi & D Perron, published by Marcel Dekker, 2™ Rev. ex
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edition (1982), which describes pharmacokinetic parameters such as t alpha and t beta

half lives and area under the curve (AUC).

Half lives (t% alpha and t% beta) and AUC can be determined from a curve of serum

- concentration of ligand against time, The WinNonlin analysis package (available from

" Pharsight Corp., Mountain View, CA94040, USA) can be used, for example, to model the

curve. In a first phase (the alpha phase) the ligand is undergoing mainly distribution in

the patient, with some elimination. A second phase (beta phase) is the terminal phase

- when the ligand has been distributed and the serum concentration is decreasing as the

ligand is cleared from the patient. The t alpha half life is the half life of the first phase
and the t beta half life is the half life of the second phase. Thus, advantageously, the
present invention provides a ligand or a composition comprising a ligand according to the
invention having a to half-life in the range of 15 minutes or more. In one embodiment,
the lower end of the range is 30 minutes, 45 minutes, 1 hour, 2 hours, 3 hours, 4 hours, 5
hours, 6 hours, 7 hours, 10 hoﬁrs, i1 hours or 12 hours. In addition, or alternatively,a
ligaaid or composition according to the invention will have a to half life in the range of up
to and including 12 hours. In one embodiment, the upper end of the range is 11, 10, 9, §,
7,6 or 5 hours. An example of a suitable range is 1 to 6 hours, 2 to 5 howrs or 3 t0 4

hours.

Advantageously, the present invention provides a ligand or a composition comprising a
ligand according to the invention having a tp half-life in the range of 2.5 hours or more.
In one embodiment, the lower ;end of the range is 3 hours, 4 hours, 5 hours, 6 hours, 7
hours, 10 hours , 11 hours, :br 12 howrs. In addition, or alternatively, a ligand or
composition according to the invention has a tf3 half-life in the range of up to and
including 21 days. In one embodiment, the upper end of the range is 12 hours, 24 hours,
2 days, 3 days, 5 days, 10 days, 15 days or 20 days. Advantageously a ligand or
composition according to the invention will have a tp half life in the range 12 to 60 hours.
In a further embodiment, it will be in the range 12 to 48 hours. In a further embodiment
still, it will be in the range 12 to 26 hours.

In addition, or altermatively to the above criteria, the present invention provides a ligand

or a compositidn. compri‘sing a ligand according to the invention having an AUC



10

15

20

25

30

WO 2004/003019 PCT/GB2063/002804
8

vahue (arca under the curve) in the range of 1 mg.min/ml or more. In one embodiment,
the lower end of the range is 5, 10, 15, 20, 30, 100, 200 or 300mg.min/ml. In addition, or
alternatively, a ligand or composition according to the invention has an AUC in the range
of up to 600 mg.min/ml. In one embodiment, the upper end of the range 1s 500, 400, 300,
200, 150, 100, 75 or 50 mg.min/ml. Advantageously a ligand according to the invention
will have a AUC in the range selected from the group consisting of the following: 15 to
150mg.min/ml, 15 to 100 mg.min/ml, 15 to 75 mg.min/ml, and 15 to 50mg.min/mi.

In a first -embodiment, the dual specific ligand may comprisé two complementary variable
domains, i.e. two variable domains that, in their natural environment, are capable of
operating together as a cognate pair or group even if in the context of the present
invention they bind separately to their cognate epitopes. For example, the complementary
variable domains may be immunoglobulin heavy chain and light chain variable domains
(Vu and Vi). Vyand V), domains are advantageously provided by scFv or Fab antibody
fragments. Variable domains may be linked together to form multivalent ligands by, for
example: provision of a hinge region at the C~tem1inu;§ of each V domain and disulphide
bimding between cysteines in ﬂ"le hinge regions; or provision of dAbs each with a cysteine
at the C-terminus of the domain, the cysteines being disulphide bonded together; or
production of V-=CH & V-CL to produce a Fab format; or use of peptide linkers (for
example GlysSer linkers discﬁssed hereinbelow) to produce dimers, trimers and further

muliimers.

-

The inventors have found that the use of complementary variable domains allows the two
domain surfaces to pack togcthér and be sequestered from the solvent. Furthermore the
complementary domains are able to stabilise each other. In addition, it allows the creation
of dual-specific IgG antibodies without the disadvantages of hybrid hybridomas as used
in the prior :art, or the need to engineer heavy or light chains at the sub-unit interfaces,
The dual-specific ligands of the first aspect of the present invention have at least one
Vy/Vy pair. A bispecific IgG according to this invention will therefore comprise two
such pairs, one pair on each arm of the Y~shape& molecule. Unlike conventional
bispecific antibodies or diabodies, therefore, Whére the ratio of chains used is

determinative in the success of the preparation thereof and Jeads to practical difficulties,

the dual specific ligands of the invention are free from issues of chain balance. Chain
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imbalance in conventional bi-specific antibodies results from the association of two
different Vi chains with two different Vy chains, where Vy chain 1 together with Vy
chain 1 is able to bind to antigen or epitope 1 and Vy chain 2 together with Vi chain 2 is
able to bind to antigen or epitope 2 and the two correct pairings are in some way linked to
one aﬁother. ‘Thus, only when Vi chain 1 is paired with Vy chain 1 and Vi chain 2 is
paired with Vy chain 2 in a single molecule is bi-specificity created. Such bi-specific
molecules can be created in two different ways. Firstly, they can be-created by association
of two existing Vy/Vy, pairings that each bind to a different antigen or epitope (for
example, in a bi-specific IgG). In this case the Vy/Vy, pai’n’rigs must come all together in a
1:1 ratio in order to create a population of molecules all of which are bi-specific. This
never occurs (even when complementary CH domain is enhanced by “knobs into holes”
engineering) leading to a mixture of bi-specific molecules and molecules that are oniy
able to bind to one antigen or epitope but not the other. The second way of creating a bi-
specific antibody is by the simultaneous association of two different Vi chain with two
different Vi chains (for example in a bi«spéciﬁc diat?ody). In this case, although there
tends to be a preference for Vi, chain 1 to pair with Vi chain 1 and Vi, chain 2 to pair with
V;H chain 2 (which can be enhanced by “knobs into holes” engineering of the Vi, and Vi

domains), this paring is never achieved in all molecules, leading to a mixed formulation

~ whereby incorrect pairings occur that are unable to bind to either antigen or epitope.

Bi-specific antibodies cohstructed according to the dual-specific ligand approach disclosed

herein overcome all of these problems because the binding to antigen or epitope 1 resides within

‘ the Vy or Vi domain and the binding to antigen or epitope 2 resides with the complementary Vi,

or Vy domain, respectively. Since Vy and Vi, domains pair on a 1: 1 basis all Vi /V, pairings will
be bi-specific and thus all formats constructed using these Vi /Ve pairings {I*v, scFvs, Fabs,

minibodies, IgGs ete) will have 100% bi-specific activity.

In the context of the present invention, first and second “epitopes™ are understood to be
epitopes which are not the same and are not bound by a single monospecific ligand. In

the first configuration of the invention, they are advantageously on different antigens, one

~ of which acts to increase the half-life of the ligand in vive. Likewise, the first and second

antigens are advantageously not the same.
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The dual specific ligands of the invention do not include ligands as described in WO
02/02773. Thus, the ligands of the present invention do not comprise complementary
Y/ Vy pairs which bind any one or more antigens or epitopes co-operatively. Instead, the
ligands according to the first aspect of the invention comprise a Vy/Vy complementary

pair, wherein the V domains have different specificities.

Moreover, the ligands disclosed herein comprise Vi, /v,

complemeﬁtary pairs having different specificities for non-structurally related epitopes or
antigens. Structurally related epitopes or antigens are epitopes or antigens which possess
sufficient structural similarity to be bound by a conventional Vy/Vy, complementary pair
which acts in a co-operative manner to bind an antigen or epitope; in the case of
structurally related epitopes, the epitopes are sufficiently similar in structure that they
“fit” into the same binding pocket formed at the antigen binding site of the Viy/Vy, dimer.

]

Also disclosed herein is a ligand comprising a first immunoglobulin variable domain having a-
first antigen or epitope binding specificity and a second immunoglobulin variable domain having
a second antigen or epitope binding specificity wherein one or both of said first and second

variable domains bind to an antigen which increases the half-life of the ligand in vivo, and the

variable domains are not complementary to one another.

In one embodiment, binding to:one variable domain modulates the binding of the ligand-

to the second variable domain. -

In this embodiment, the variable domains may be, for example, pairs of Vy domains or
pairs of V. domains. Binding of antigen at the first site may modulate, such as enhance or
inhibit, binding of an antigen at the second site. For example, binding at the first site at
least partially inhibits binding of an antigen at a second site. In such an embodiment, the
ligand may for example be maintained in the body of a subject organism in vivo through
binding to a protein which increases the half-life of the ligand until such a time as it
becomes bound to the second target antigen and dissociates from the half-life increasing

protein.
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Modulation of binding in the above context is achieved as a consequence of the structural
proximity of the antigen binding sites relative to one another. Such structural proximity
can be achieved by the mature of the structural components linking the two or more
antigen binding sites, eg by the provision of a ligand with a relatively rigid structure that
holds the antigen binding sites in close proximity. Advantageously, the two or more
antigen binding sites are in physically close proximity to one another such that one site
modulates the binding of aniigen at another site by a process which involves steric

hindrance and/or conformational changes within the immunoglobulin molecule.

The first and the second antigen binding domains may be associated either covalently or
non-covalently. In the case that the domains are covalently associated, then the
association may be mediated for example by disulphide bonds or by a polypeptide linker
such as (GlysSer),, wheren=from 1 to 8,eg, 2,3, 4, 5or 7.

Ligands according to the invention may be combined into non-immunoglobulin multi-
ligand structures to form multivalent kcomplexes, which bind target molecules with the
same antigen, thereby providing superior avidity, while at least one variable domain binds
an antigen to increase the half life of the multimer. For exampie natural bacterial
receptors such as SpA have been used as scaffolds for the grafting of CDRs to generate
ligands which bind specifically to one or more epitopes. Details of this procedure are
described in US 5,831,012, Other suitable scaffolds include those based on fibronectin
and affibodies. Details of suitable procedures are described in WO 98/58965. Other
suitable scaffolds include lipocallin and CTLAA4, as described in van den Beuken et al., J.
Mol. Biol. (2001) 310, 591-601, and scaffolds such as those described in WO0069907
(Medical Research Council), which are based for example on the ring structure of
bacterial GroEL or other chaperone polypeptides.

Protein scaffolds may be combined; for example, CDRs may be grafied on to a CTLA4
scaffold and used together with immunoglobulin Vi or Vy domains to form a ligand.

Likewise, fibronectin, lipocallin and other scaffolds may be combined.
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In the case that the variable domains are selected from V-gene repertoires selected for
instance using phage display technology as herein described, then these variable domains
can comprise a universal framework region, such that is they may be recognised by a
specific generic ligand as herein defined. The use of universal frameworks, generic
Hgands and the like is described in W099/20749. In the present invention, reference to
phage display includes the use of both phage and/or phagemids.

Where V-gene repertoires are used variation in polypeptide sequence is preferably located -
within the structural loops of the variable domains. The polypeptide sequences of either
variable domain may be altered by DNA shuffling or by mutation in order to-enhance the

interaction of each variable domain with its complementary pair.

In a preferred embodiment of the invention the ‘dual-specific ligand’ is a single chain Fv
fragment. In an alternative embodiment of the invention, the ‘dual-specific ligand’
consists of a Fab region of an antibody. The term “Fab region” includes a Fab-like

region where two VH or two VL domains are used.

The variable regions may be derived from antibodies directed against target antigens or
epitopes. Alternatively they may be derived from a repertoire of single antibody domains
such as those expressed on the surface of filamentous bacteriophage. Selection may be

performed as described below.

An embodiment may relate to a method for prodﬁcing a ligand comprising a

first immunoglobulin single variable domain having a first binding specificity and a
second single immunoglobulin single variable domain having a second (different) binding
specificity, one or both of the binding specificities being specific for an antigen which
increases the half-life of the ligand in vivo, the method comprising the steps of:

(2) selecting a first variable domain by its ability to bind to a first epitope,

(b) selecting a second variable region by its ability to bind to a second epi{Ope,

(c) combining the variable domains; and |

(d) selecting the ligand by its ability to bind fo said first epitope and fo said second
epitope.
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The Jigand can bind to the first and second epitopes either simultaneously or, where there
_is. compefition between the binding domains for epitope binding, the binding of one
domain may preclnde the binding of another domain to its cognate epitope. In one
embodiment, therefore, step (d) above requires simultaneous binding to both first and
second (and possibly further) epitopes; in another embodiment, the binding to the first

and second epitoes is not simultaneous.
The epitopes are preferably on separate antigens.

Ligands advantageously comprise Vi/Vr combinations, or Vi/Vy or Vi/Vy, combinations
of immunoglobulin variaBle domains, as described above. The ligands may moreover
comprise camelid Vygy domains, provided that the Vi domain which is specific for an
antigen which increases the half-life of the ligand in vivo does not bind Hen egg white
lysozyme (HEL), porcine pancreatic alpha-amylase or NmC-A; heg, BSA-linked RR6 azo
dye or S. mutans HG982 cells, as described in Conram et al., (2001) JBC 276:7346-7350
and WO099/23221, neither of which describe the use of a specificity for an antigen which

increases half-life to increase the half life of the ligand in vivo.

In one embodiment, said first variable domain may be selected for binding to said first epitope in
absencé of a complementary variable domain. In a further embodiment, said first variable domain
may be selected for binding to said first epitope/antigen in the presence of a third variable
domain in which said third variable domain is different from said second variable domain and is
complementary to the first domain. Similarly, the second domain may be selected in the absence

or presence of a complementary variable domain.

The antigens or epitopes targeted by the ligands of the invention, in addition to the haif-

life enhancing protein, may be any antigen or epitope but advantageously is an antigen or

epitope that is targeted with therapeutic benefit. The invention provides ligands,
including open conformation, closed conformation and isolated dAb monomer ligands,
specific for any such target, particularly those targgtAs‘ further identified herein. Such
targets may be, or be part of, polypeptides, proteins or nucleic acids, which may be
naturally ocourring or synthetic. In this respect, the ligand of the invention may bind the

epiotpe or antigen and act as an antagonist or agonist (eg, EPO receptor agonist). One.
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skilled in the art will appreciate that the choice is large and varied. They may be for
instance human or animal proteins, cytokines, cytokine receptors, enzymes co-factors for
enzymes or DNA binding proteins. Suitable cytokines and growth factors include but are
not limited to: ApoE, Apo-SAA, BONF, Cardiotrophin-1, EGF, EGF receptor, ENA-78,
Eotaxin, Eotaxin-2, Exodus-2, EpoR, FGF-acidic, F GF-basic, fibroblast growth factor-10,
FLT3 ligand, Fractalkine (CX3C), GDNF, G-CSF, GM-CSF, GF-B1, insulin, IFN-y,
IGF-1, IGF-H, IL-1¢, IL-1B, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8 (72 a.a.}, IL-8 (77
a.a), IL-9, 1L-10, IL-11, 1L-12, 1L-13, IL-15, IL-16, IL-17, IL-18 (IGIF), Inhibin o,
Inhibin , IP-10, keratinocyte growth factor-2 (KGF-2), KGF, Leptin, LIF, Lymphotactin,
Mullerian inhibitory substance, monocyte colony inhibitory factor, monocyte attractant
protein, M-CSF, MDC (67 a.a.), MDC (69 a.a.), MCP-1 (MCAF), MCP-2Z, MCP-3, MCP-
4, MDC (67 a.a.), MDC (69 a.a.), MIG, MIP-la, MIP-1p, MIP-3a, MIP-38, MIP-4,
myeloid progenitor inhibitor factor-1 (MPIF-1), NAP-2, Neurturin, Nerve growth factor,
B-NGF, NT-3, NT-4, Oncostatin M, PDGF-AA, PDGF-AB, PDGF-BB, PF-4, RMfES,
SDFla, SDF1B, SCF, SCGF, stem cell factor (S3CF), TARC, TGF-a, TGF-p, TGF-82,
TGF-$3, fumour necrosis factor (TNF), TNF-o, TNF-8, TNF receptor I, TNF receptor II,
TNIL~1, TPO, VEGF, VEGF receptor 1, VEGF receptor 2, VEGF receptor 3, GCP-2,
GRO/MGSA, GRO-B, GRO-y, HCC1, 1-309, HER 1, HER 2, HER 3 and HER 4.
Cytokine receptors include receptors for the foregoing cytokines. It will be appreciated

that this list is by no means exhaustive.

An embodiment may be, the variable domains are derived from a respective

antibody directed against the antigen or epitope. In a preferred embodiment the variable

domains are derived from a repertoire of single variable antibody domains.

Disclosed herein are one or more nucleic acid molecules

encoding at least a dual-specific ligand as herein defined. The dual specific ligand may
be encoded on a single nucleic acid molecule; alternatively, each domain may be encoded
by a separate nucleic acid molecale. Where the ligand is encoded by a single nucleic acid
molecule, the domains may be expressed as a fusion polypeptide, in the manner of a scFv
molecule, or may be separately expressed and subsequently linked together, for example
using chemical linking agents. Ligands expressed from separate nucleic acids will be

linked together by appropriate means.
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The nucleic acid may further encode a signal sequence for export of the polypeptides
from a host cell upon expression and may be fused with a surface component of a
filamentous bacteriophage particle (or other component of a selection display system)

UpOn expression.

An embodiment may be a vector comprising nucleic acid encoding a dual specific ligand

according to the present invention.

Another embodiment may bea host cell transfected with a vector encoding a dual specific

ligand according to the present invention.

Expression from such a vector may be configured to produce, for example on the surface
of a bacteriophage particle, variable domains for selection. This allows selection of
displayed variable regions and thus selection of ‘dual-specific ligands’ using the method

of the present invention.

Yet another embodiment may be a kit comprising at least a dual-specific ligand according to

the present invention.

Dual-Specific ligands disclosed herein i)refembly comprise

combinations of heavyi and light chain domains, For example, the dual specific ligand
may comprise a Vg domain and.a Vi domain, which may be linked together in the form
of an scFv. In addition, the ligzinds may comprise one or more Cy or Cp domains. For
example, the ligands may comprise a Cyl domain, Cy2 or Cy3 domain, andfor a Cg
domain, Cpl, Cp2, Cu3 or Cpd domains, or any combination thereof. A hinge region
domain ma& also be included. Such combinations of domains may, for example, mimic
natural antibodies, such as IgG or IgM, or fragments thereof, such as Fv, scFv, Fab or
F(ab’); molecules. Other structures, such as a single arm of an IgG molecule comprising

Vy, VL, Cul and C;, domainsg, are envisaged.

In a preferred embodiment of the invention, the variable regions are selected from single

domain V gene repertoires. Generally the repertoire of single antibody domains is
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displayed on the surface of filamenious bacteriophage. In a preferred embodiment each

single antibody domain is selected by binding of a phage repertoire to antigen.

In a preferred embodiment of the invention each single variable domain may be selected
for binding to its target antigen or epitope in the absence of a complementary variable
region. In an altemative embodiment, the single variable domains may be selected for
binding to its target antigen or epitope in the presence of a complementary variable
region. Thus the first single variable domain may be selected in the presence of a third
complementary variable domain, and the second variable domain may be selected in the
presence of a fourth complementary variable domain. The complementary third or fourth
variable domain may be the natural cognate variable domain having the same specificity
as the single domain being tested, or a non-cognate complementary domain —~ such as a

“dummy” variable domain.

Preferably, the dual specific ligand of the invention comprises only two variable domains
although several such ligands may be incorporated together into the same protein, for.
example two such ligands can be incorporated into an IgG or a multimeric
immunoglobulin, such as IgM. Alternatively, in another embodiment a plurality of dual
specific ligands are combined to form a multimer. For example, two different dual

specific ligands are combined to create a tetra-specific molecule.

It will be appreciated by one skilled in the art that the light and heavy variable regions of
a dual-specific ligand produced according to the method of the present invention may be
on the same polypeptide chain, or alternatively, on different polypeptide chains. In the
case that the variable regions are on different polypeptide chains, then they may be linked
via a linker, generally a flexible linker (such as a polypeptide chain), a chemical linking
group, or aﬁy other method known in the art. |

Further disclosed herein is a composition comprising a dual specific ligand, obtainable by a
method of the present invention, and a pharmaceutical‘ly acceptable carrier, diluent or

excipient.
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Moreover, the present invention provides a method for the treatment and/or prevention
of disease using a ‘dual-specific ligand’ or a composition according to the present

invention.

In a second configuration, the present invention provides multispecific ligands which
comprise at least two non-complementary variable domains. For example, the ligands
may comprise a pair of Vy domains or a pair of Vi, domains. Advantageously, the
domains are of non-camelid origin; preferably they are human domains or comprise
human framework regions (FWs) and one or more heterologous CDRs. CDRs and
framework regions are those regions of an immunoglobulin variable domain as defined in

the Kabat database of Sequences of Proteins of Immunological Interest.

Preferred human framework regions are those encoded by germline gene segments DP47
and DPK9. Advantageously, FW1, FW2 and FW3 of a Vy or Vi domain have the
sequence of FW1, FW2 or FW3 from DP47 or DPK9. The human frameworks may
optionally contain mutations, for example up to about 5 amino acid changes or up to
about 10 amino acid changes collectively in the human frameworks used in the ligands of

the invention.

The variable domains in the multispecific ligands according to the second configuration
of the invention may be arranged in an open or a closed conformation; that is, they may
be arranged such that the variable domains can bind their cognate ligands indépendéntly
and sumultaneously, or such that only one of the variable domains may bind its cognate

ligand at any one time.

The mnventors have realised that under certain structural conditions, non-complementary
variable domains (for example two light chain variable domains or two heavy chain
variable domains) may be present in a ligand such that binding of a first epitope to a first
variable domain inhibits the binding of a second epitope to a second variable domain,

even though such non~complementary domains do not operate together as a cognate pair.



10

15

20

235

30

WO 2004/603019 PCT/GB2003/002804
I8

Advantageously, the ligand comprises two or more pairs of variable domains; that is, it
comprises at least four variable domains. Advantageously, the four variable domains

comprise frameworks of human origin.

In a preferred embodiment, the human frameworks are identical to those of human

germline sequences.

The present inventors consider that such antibodies will be of particular use in lLigand

binding assays for therapeutic and other uses.

Thus, in a first aspect of the second configuration, the present invention provides a
method for producing a multispecific ligand comprising the steps of:

a} selecting a first epitope binding domain by its ability to bind to a first epitope,

b) selecting a second epitope binding domain by its ability to bind to a second
epitope,
) combining the epitope binding domains; and

d) selecting the closed conformation multispecific ligand by its ability to bind to said
first second epitope and said second epitope.

In a further aspect of the second configuration, the invention provides method for
preparing a closed conformation multi-specific ligand comprising a first epitope binding
domain having a first epitope binding specificity and a non-complementary second
epitope binding domain having a second epitope binding specificity, wherein the first and
second binding specificities compete for epitope binding such that the closed
conformation multi-specific ligand may not bind both epitopes simultaneously, said

method comprising the steps of:

a) selecting a first epitope binding domain by its ability to bind to a first epitope,

b) selecting a second epitope binding domain by its ability to bind to a second
epitope,

c) combining the epitope binding domains such that the domains are in a closed

conformation; and
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d) selecting the closed conformation multispecific ligand by its ability to bind to
said first second epitope and said second epitope, but not to both said first and

second epitopes simultaneously.

Moreover, the invention provides a closed conformation multi-specific ligand comprising
a first epitope binding domain having a first epitope binding specificity and a non-
complementary second epitope binding domain having a second epitope binding
specificity, wherein the first and second binding specificities compete for epitope binding
such that the closed conformation multi-specific ligand may not bind both epitopes

simultaneously.

An alternative embodiment of the above aspect of the of the second configuration of the
invention optionally comprises a further step (b1) comprising selecting a third or further
epitope binding domain. In this'way the multi-specific ligand produced, whether of open
or closed conformation, comprises more than two epitope binding specificities. In a
preferred aspect of the second configuration of the invention, where the multi-specific
ligand comprises more than two epitope binding domains, at least two of said domains are
in a closed conformation and compete for binding; other domains may compete for

binding or may be free to associate independently with their cognate epitope(s).

According to the present invention the term ‘multi-specific ligand’ refers to a ligand

which possesses more than one epitope binding specificity as herein defined.

As herein defined the term “closed conformation’ (multi-specific ligand) means that the
epitope binding domains of the ligand are attached to or associated with each -other,
optionally by means of a protein skeleton, such that epitope binding by one epitope
binding domain competes with epitope binding by another epitope binding domain. That
is, cognate epitopes may be bound by each epitope binding domain individually but not
simultaneosuly. The closed conformation of the ligand can be achieved using methods

herein described.

“Open conformation” means that the epitope binding domains of the ligand are aitached

to or associated with each other, optionally by means of a protein skeleton, such that



10

15

20

25

30

WO 2004/003019 PCT/GB2003/062804

20
epitope binding by one epitope binding domain does not compete with epitope binding

by another epitope binding domain.

As referred to herein, the term ‘competes’ means that the binding of a first epitope to its
cognate epitope binding domain is inhibited when a second epitope is bound to its
cognate epitope binding domain. For example, binding may be inhibited sterically, for
example by physical blocking of a binding domain or by alteration of the structure or

environment of a binding domain such that its affinity or avidity for an epitope is reduced.

Tn a further embodiment of the second configuration of the invention, the epitopes may
displace each other on binding. For example, a first epitope may be present on an antigen
which, on binding to its cognate first binding domain, causes steric hindrance of a second
binding domain, or a coformational change therein, which displaces the epitope bound to

the second binding domain.

Advantageously, binding is reduced by 25% or more, advantageously 40%, 50%, 60%,
70%, 80%, 90% or more, and preferably up to 100% or nearly so, such that binding is
completely inhibited. Binding of epitopes can be measured by conventional antigen
binding assays, such as ELISA, by fluorescence based techniques, including FRET, or by

techniques such as suface plasmon resonance which measure the mass of molecules.

According to the method of the present invention, advantageously, each epitoﬁe binding
domain is of a different epitope binding specificity.

In the context of the present invention, first and second “epitopes™ are understood to be
epitopes which are not the same-and are not bound by a single monospecific ligand. They
may be on different antigens or on the same antigen, but separated by a sufficient distance
that they do not form a single entity that could be bound by a single moneo-specific Vi/Vy,
binding pair of a conventional antibody. Experimentally, if both of the individual
variable domains in single chain antibody form (domain antibodies or dAbs) are
separately competed by a monospecific Vi/Vy ligand against two epitopes then those two
epitopes are not sufficiently far apart to be considered separate epitopes according to the

present invention.
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The closed conformation multispecific ligands of the invention do not include ligands as
described in WO 02/02773. Thus, the ligands of the present invention do not comprise
complementary V/V, pairs which bind any one or more antigens or epitopes co-
operatively. Instead, the ligands according to the invention preferably comprise non-
complementary V-V of V-V, pairs. Advantageously, each vy, or vV}, domain in each
Vi~V Or V-V pair has a different epitope binding specificity, and the epitope binding
sites are so arranged that the binding of an epitope at one site competes with the binding

of an epitope at another site.

According to the present invention, advantageously, each epitope binding domain
comprises an immunoglobulin variable domain. More advantageously, each
immunoglobulin variable domain will be either a variable light chain domain (v,) ora
variable heavy chain domain Vy. In the second configuration of the present invention,
the immunoglobulin domains when present on 4 ligand according to the present
i_nvention are non-complementary, that is they do not associate to form a v/yy antigen
binding site. Thus, multi-specific ligands as defined in the second configuration of the
invention comprise immunoglobulin domains of the same sub-type, that is either variable
light chain domains (V,) or variable heavy chain domains (Vy). Moreover, where the
ligand according to the invention is in the closed conformation, the immunoglobulin

domains may be of the camelid Vyy type.

In an alternative embodiment, the ligand(s) may not comprise a .
camelid Vyy domain. More particularly, the ligand(s) of the invention do not comprise
one or more amino acid residues that are specific to camelid Vyy domains as compared to

human Vy domains.

Advantageously, the single variable domains are derived from antibodies selected for
binding activity against different antigens or epitopes. For example, the variable domains
may be isolated at least in part by buman immunisation. Alternative methods are known
in the art, including isolaﬁon from human antibody libraries and synthesis of artificial

antibody genes.
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The variable domains advantageously bind superantigens, such as protein A or protein L.
Binding to superantigens is a property of correctly folded antibody variable domains, and
allows such domains to be isolated from, for example, libraries of recombinant or mutant

domains,

Epitope binding domains according to the present invention comprise a protein scaffold
and epitope interaction sites (which are advantageously on the surface of the protein
scaffold).

Epitope binding domains may also be based on protein scaffolds or skeletons other than
immunoglobulin domains. For example natural bacterial receptors such as SpA have been
used as scaffolds for the grafiing of CDRs to generate ligands which bind specifically to
one or more epitopes. Details of this procedure are described in US 5,831,012, Other
cuitable scaffolds include those based on fibronectin and affibodies. Details of suitable
procedures are described in WO 98/58965. Other suitable scaffolds include lipocallin and
CTLA4, as described in van den Beuken ef al, J. Mol. Biol. (2001) 310, 591-601, and
scaffolds such as those described in WO0069907 (Medical Research Council), which are
based for example on the ring structure of bacterial GroEL or other chaperone
polypeptides.

Protein scaffolds may be combined; for example, CDRs may be grafted on to a CTLA4
scaffold and used together with immunoglobulin Vy or Vi, domains to form a multivalent

Jigand. Likewise, fibronectin, pocallin and other scaffolds may be combined.

Tt will be appreciated by one skilled in the art that the epitope binding domains of a closed
conformation multispecific ligand produced according to the method of the present
invention may be on the same polypeptide chain, or alternatively, on different polypeptide
chains. In the case that the variable regions are on different polypeptide chains, then they
may be linked via a linker, advantageously a flexible linker (such as a polypeptide chain),
a chemical linking group, or any other method known in the art.
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The first and the second epitope binding domains may be associated either covalently or
non-covalently. In the case that the domains are covalently associated, then the

association may be mediated for example by disulphide bonds.

In the second configuation of the invention, the first and the second epitopes are.
preferably different. They may be, or be part of, polypeptides, proteins or nucleic acids,
which may be naturally occurring or synthetic. In this respect, the ligand of the invention
may bind an epiotpe or antigen and act as an antagonist or agonist {eg, BPO receptor
agonist). The epitope binding domains of the ligand in one embodiment have the same
epitope specificity, and may for example simultaneously bind their epitope when multiple
copies of the epitope are present on the same antigen. In another embodiment, these
epitopes are provided on different antigens such that the ligand can bind the epitopes and
bridge the antigens. One skilled in the art will appreciate that the choice of epitopes and
antigens is large and varied. They may be for instance human or animal proteins,
cytokines, cytokine receptors, enzymes co~factors for enzymes or DNA binding proteins.
Suitable cytokines and growth factors include but are not limited to: ApoE, Apo-SAA,
BDNF, Cardiotrophin-1, EGF, EGF receptor, ENA-78, Eotaxin, Eotaxin-2, Exodus-2,
EpoR, FGF-acidic, FGF-basic, fibroblast growth factor-10, FLT3 ligand, Fractalkine
(CX3C), GDNF, G-CSE, GM-CSF, GF-B1, insulin, IFN-y, IGF-1, IGF-I, IL-1a, IL-18,
IL-2, IL-3, [L-4, IL-5, IL-6, IL-7, 1L-8 (72 a.a.), IL-8 (77 a.a.), IL-9, IL-10, IL-11, [L-12,
IL-13, IL-15, IL-16, IL-17, IL-18 (IGIF), Inhibin o, Inhibin B, IP-10, keratinocyte growth
factor-2 (KGF-2), XGF, Leptin, LIF, Lymphotactin, Mullerian inhibitory substance,
monocyte colony inhibitory factor, monocyte atiractant protein, M-CSF, MDC (67 a.a.),
MDC (69 a.a.), MCP-1 (MCAF), MCP-2, MCP-3, MCP-4, MDC (67 a.a.), MDC (69
a.a.), MIG, MIP-la, MIP-1B, MIP-3a, MIP-33, MIP-4, myeloid progenitor inhibitor
factor-1 (MPIF-1), NAP-2, Neurturin, Nerve growth factor, B-NGF, NT-3, NT-4,
Oncostatin M, PDGE-AA, PDGF-AB, PDGF-BB, PF-4, RANTES, SDFla, SDF1f, SCF,
SCGF, stem cell factor (SCF), TARC, TGF-a, TGF-B, TGF-2, TGF-B3, tumour necrosis
factor (TNF), TNF-o, TNF-B, TNF receptor I, TNF receptor I, TNIL-1, TPO, VEGF,
VEGF receptor 1, VEGF receptor 2, VEGF receptor 3, GCP-2, GRO/MGSA, GRO-pB,
GRO-y, HCCI, 1-309, HER 1, HER 2, HER 3, HER 4, TACE recognition site, TNF BP-I
and TNF BP-IL, as well as any target disclosed in Annex 2 or Annex 3 hereto, whether in

combination as set forth in the Aunnexes, in a different combination or individually.
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Cytokine receptors include receptors for the foregoing cytokines, e.g. IL-1 R1; IL-6R;
I[.-10R; TL-18R, as well as receptors for cytokines set forth in Annex 2 or Annex 3 and
also receptors disclosed in Amnex 2 and 3. It will be appreciated that this list is by no
means exhaustive. Where the multispecific ligand binds to two epitopes (on the same or

different antigens), the antigen(s) may be selected from this list.

Advantageously, dual specific ligands may be used to target cytokines and other
molecules which cooperate synergistically in therapeutic situations in the body of an
organism. The invention therefore provides a method for synergising the activity of two
or more cytokines, comprising administering a dual specific ligand capable of binding to
said two or more cytokines. In this aspect of the invention, the dual specific hgand may
be any dual specific ligand, including a ligand composed of complementary and/or non-.
complementary domains, a ligand in an open conformation, and a ligand in a closed
conformation. For example, this aspect of the invention relates to combinations of Vy

domains and Vy domains, Vi domains only and Vi, domains only.

Synergy in a therapeutic context may be achieved in a number of ways. For example,
target combinations may be therapentically active only if both targets are targeted by the
ligand, whereas targeting one target alone is not therapeutically effective. In another
embodiment, one target alone may provide some low or minimal fherapeutic effect, but
together with a second target the combination provides a synergistic increase in

therapeutic effect.

Preferably, the cytokines bound Dy the dual specific ligands of this aspect of the invention
are slected from the list shown in Annex 2. '

Moreover, dual specific ligands may be used in oncology applications, where one
specificity targets CD89, which is expressed by cytotoxic cells, and the other is tumour
specific. Examples of tumour antigens which may be targetted are given in Annex 3.

In one embodiment of the second configuration variable domains may be derived from an
antibody directed against the first and/or second antigen or epitope. In a preferred

embodiment the variable domains are derived from a repertoire of single



10

15

20

25

30

WO 20047003019 - PCT/GB2003/602804

25

variable antibody domains. In one example, the repertoire 1s a repertoire that is not
created in an animal or a synthetic repertoire. In another example, the single variable
domains are not isolated (at least in part) by animal immunisation. Thus, the single

domains can be isolated from a naive library.

The second configuration disclosed herein, provides a multi-specific ligand comprising a first
epitope binding domain having a first epitope binding specificity and a non-complementary
second epitope binding domain having a second epitope ’oihding specificity. The first and

second binding specificities may be the same or different.

Further disclosed herein is a closed conformation multi-specific .

ligand comprising a first epitope binding domain having a first epitope binding specificity
and a non-complementary second epitope binding domain having a second epitope
binding specificity wherein the first and second binding specificities are capable of
competing for epitope binding such that the closed conformation multi-specific ligand .

cannot bind both epitopes simultaneousty.

Still disclosed herein are open conformation. ligands comprising

non-complementary binding domains, wherein the domains are specific for a different
epifope on the same tfarget. Such ligands bind to targets with increased avidity.
Similarly, the invention provides multivalent ligands comprising non—complementary
binding domains specific for the same epitope and directed to targets which comprise
multiple copies of said epitope, such as IL-5, PDGF-AA, PDGF-BB, TGF beta, TGF
beta2, TGF beta3 and TNFa, for eample human TNF Receptér 1 and human TNFo.

Similarly diéclosed are, ligands that can be configured to bind

individual epitopes with low affinity, such that binding to individual epitopes is not
therapeutically significant; but the increased avidity resulting from binding to two
epitopes provides a theapeutic benefit. In a perticular exampie, epitopes may be targetted
which are present individually on normal cell types, but present together only on

abnormal or diseased cells, such as tumour cells. In such a situaton, only the abnormal or
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diseased cells are effectively targetted by the bispecific ligands according to the

mvention.

Ligand specific for multiple copies of the same epitope, or adjacent epitopes, on the same
target (known as chelating dAbs) may also be trimeric or polymeric (tertrameric or more)
ligands comprising three, four or more non-complementary binding domains. ~ For
example, ligands may be constructed comprising three or four Vy domains or Vi

domains.

Moreover, ligands are provided which bind to multisubunit targets, wherein each binding

domain is specific for a subunit of said target. The ligand may be dimeric, trimeric or

polymeric.

Preferably, the multi-specific ligands according to the above aspects of the invention are "

obtainable by the method disclosed herein. .

The second configuration disclosed herein is the first epitope binding domain and the second
epitope binding domains which are non-complementary immunoglobulin variable domains.

That is. either Vy-Vyy 0 V-V, variable domains.

+

Chelating dAbs in partichlar may be prepared

namely the use of anchor dAbs, in {vhich a library of dimerié, trimeric or
sultimeric dAbs is constructed using a vector which comprises a constant dAb upstream
or downstream of a linker sequence, with a repertoirc of sebond, third and further dAbs
being inserted on the other side of the linker. For example, the anchor or guiding dAb
may be TARIL-5 (Vk), TAR1-27(V«), TAR2h-5(VH) or TAR2h-6(Vx).

In alternative methodologies, the use of linkers may be avoided, for example by the use of
non-covalent bonding or naturall affinity between binding domains such as Vy and V..
The invention accordingly provides a method for prepating a chelating multimeric ligand

comprising the steps of:
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(a) providing a vector comprising a nucleic acid sequence encoding a single
binding domain specific for a first epitope on a target;

(b) providing a vector encoding a repertoire comprising second binding domains
specific for a second epitope on said target, which epitope can be the same or different to
the first epitope, said second epitope being adjacent to said first epitope; and

(¢) expressing said first and second binding domains; and |

(d) isolating those combinations of first and second binding domains which

combine together to produce a targei-binding dimer.

The first and second epitopes are adjacent such that a multimeric ligand is capable of
binding to both epitopes simultaneously. This provides the ligand with the advantages of
increased avidity if binding. Where the epitopes are the same, the increased avidity is
obtained by the presence of multiple copies of the epitope on the target, allowing at least
two copies to be simultanecusly bound in order to obtain the increased avidity effect. -

The binding domains may be associated by several mﬁ'sﬂlods, as well as the use of Iinkérs.'
For example, the binding domains may comprise cys residues, avidin and streptavidin
groups or other means for non-covalent attachment post-synthesis; those combinations
which bind to the target efficiently will be isolated. Alternatively, a linker may be present
between the first and second binding domains, which are expressed as a single
polypeptide from 2 single vector, which comprises the first binding domain, the linker

and a repertoire of second binding domains, for mstance as described above.

The first and second binding domains disclosed herein associate naturally when

bound to antigen; for example, Vy and V. domains, when bound to adjacent epitopes, will
naturally associate in a three-way interaction to form a stable dimer. Such associated
proteins caﬁ be isolated in a target binding assay. An advaatage of this procedute is that
only binding domains which bind tb closely adjacent epitopes, in the correct
conformation, will associate and thus be isolated as a result of their increased avidity for

the target.

An alternative embodiment of the second configuration may be at least one epitope binding

domain comprises a non-immunoglobulin ‘protein
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scaffold’ or ‘protein skeleton’ as herein defined. Suitable non-immunoglobulin protein
seaffolds include but are not Himited to any of those selected from the group consisting of:

SpA, fibronectin, GroEL and other chaperones, lipocallin, CCTLA4 and affibodies, as set
forth above.

The second configuration disclosed herein is, the epitope binding domains attached to a
‘protein skeleton'. Advantageously, a protein skeleton according to the invention is an

immunoglobulin skeleton.

According to the present invention, the term ‘immunoglobulin skeleton’ refers to a
protein which comprises at least one immunoglobulin fold and which acts as a nucleus for

one or more epitope binding domains, as defined herein.

Preferred immunoglobulin skeletons as herein defined includes any one or more of those
selected from thé following: an immunoglobulin molecule comprising at least (i) the CL .
(kappa or lambda subclass) domain of an antibody; or (if) the CH1 domain of an aﬁﬁbody
heavy chain; an immunoglobulin molecule comprising the CH1 and CH2 domains of an
antibody heavy chain; an immunoglobulin molecule comprising the CHI, CH2 and CH3
domains of an antibody heavy chain; or any of the subset (i) in conjunction with the CL
(kappa or lambda subclass) domain of an antibody. A hinge region domain may also be
meluded. Such combihations of domains may, for example, mimic natural antibodies,
such as IgG or IgM, or fragments thereof, such as Fv, scFv, Fab or F(ab”); molecules.
Those skilled in the art will be aware that this list is not intended to be exhaustive.

Linking of ' the skeleton to the epitope binding domains, as herein defined may be
achieved at the polypeptide level, that is after expression of the nucleic acid encoding the
skeleton and/or the epitope binding domains. Alternatively, the linking step may be
performed at the nucleic acid level. Methods of linking a protein skeleton according to the
present invention, to the one or more epitope binding domains include the use of protein
chemistry and/or molecular biology techniques whicﬁ will be familiar to those skilled in

the art and are described herein.
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Advantageously, the closed conformation multispecific ligand may comprise a first
domain capable of binding a target molecule, and a second domain capable of binding a
molecule or group which extends the half-life of the ligand. For example, the molecule or
group may be a bulky agent, such as HSA or a cell matrix protein. As used herein, the
phrase “molecule or group which extends the half-life of a ligand” refers to a molecule or
chemical group which, when bound by a dual-specific ligand as described herein
increases the in vivo half-life of such -dual specific ligand when administered to an
animal, relative to a ligand that does not bind that molecule or group. Examples of
molecules or groups that extend the half-life of a ligand are described hercinbelow. In a
preferred embodiment, the closed conformation multispecific ligand may be capable:of
binding the target molecule only on displacement of the half-life enhancing molecule or
group. Thus, for example, a closed conformation multispecific ligand is maintained in.
circulation in the bloodstream of a subject by a bulky molecule such as HSA. When-a
target molecule is encountered, competition between the binding domains of the closed
conformation multispecific ligand results in displacement of the HSA and binding of the

target,

Ligands according to any aspect of the present invention, as well as dAb monomers
useful in constructing such ligands, may advantageously dissociate from their cognate
target(s) with a Kq of 300nM to 5pM (ie, 3 x 107 to 5 x 107°M), preferably 50nM
tdZOpM, or 5nM to 200pM or InM to 100pM, 1 x 107 M or less, 1 x 10% M or less, 1 x
107 M or less, I x 10" M or less, 1x 10" Mor less; and/or a Kg rate constant.of 5§ x
10" t0 1x 10787, preferably 1 x 10210 1%x10°8 ™, or5x 10% t0 1 x 107 s! or5x10?
S*orless,or 1 x 1028 or lessjor 1 x 1(_)'3 S7tor less,or 1 x 10487 or less, or 1 x 10° 8™
or less, or 1 x 10 87 or less as determined by surface plasmon resonance. The ¥y rate -
constand is defined as K 5K,

In particnlar the invention provides an anﬁ-’I‘NFa dAb monomer (or dual specific ligand
comprising such a dAb), homodimer, heterodimer or homotrimer ligand, wherein each
dAb binds TNFo.. The ligand binds to TNFa with a g of 300nM to 5pM (e, 3 x 107 to
5 x 10*M), preferably 50nM to 20pM, more preferably 5oM to 200pM and most
preferably InM to 100pM; expressed in an alternative manner, the Kg is 1 x 107 M or

less, preferably 1 x 10°® M or less, more preferably 1 x 10 M or less, advantageously 1 x
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10™"° M or less and most preferably 1 x 107! M or less; and/or a Kog rate constant of 5 x
107 t0 1 x 107 87, preferably 1 x 107 to 1 x 10§, more preferably 5 x 102 to 1 x 107
§, for example 5 x 10" 8 or less, preferably 1 x 1028 or less, more preferably 1 x 10°
*371 or less, advantageously 1 x 108" or less, further advantageously 1 x 1078 or less,

and most preferably 1 x. 1087 or less, as determined by surface plasmon resonance.

Preferably, the ligand neutralises TNFa in a standard 1.929 assay with an ND50 of
500nM to 50pM, preferably or 100nM to 50pM, advantageously 10nM to 100pM, more
preferably 1nM to 100pM; for example 50nM or less, preferably SnM or less,
advantageously 500pM or less, more preferably 200pM or less and most preferably
100pM or less. '

Preferably, the ligand inhibits binding of TNF alpha to TNF alpha Receptor I (p55
receptor) with an IC50 of 500nM to 50pM, preferably 100nM to 50pM, more preferably
10nM to 100pM, advantageously InM to 100pM; for example 50nM or less, preferably
5nM or less, more preferably 500pM or less, advantageously 200pM or less, and most
preferably 100pM or less. Preferably, the TNFo is Human TNFor.

Furthermore, the invention provides a an anti-TNF Receptor I dAb monomer, or dual
specific ligand comprising such a dAb, that binds to TNF Receptor I with a Ky of 300nM
to 5pM (ie, 3 x 107 to 5 x 10712M), preferably 50nM to20pM, more preferably $nM to
200pM and most preferably InM to 100pM, for exaﬁlple 1 x 107 M or less, preferably 1
x 10° M or less, more preferably 1 x 10 M or less, advantageously 1 x 10™° M or less
and most prefei'ably 1 x 10" M or less; and/or a Ky rate constant of 5 x 10t 1 x 107
S, preferably 1 x 10210 1 x 10 $™, more preferably 5 x 107 to 1 x 107 87, for
example 5 x 107 S or less, preferably 1 x 10287 or less, advantageously 1 x 107 87 or
less, more preforably 1 x 1078 or less, still more preferably 1 x 10° 8™ or less, and most

preferably 1 x 1087 or less as determined by surface plasmon resonance.

Preferably, the dAb monomeror ligand neutralises TNFo in a standard assay (eg, the
1929 or HeLa assays described herein) with an ND350 of 500nM to 50pM, preferably
100nM to 50pM, more preferably 10oM to 100pM, advantageously InM to 100pM; for
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example 50nM or less, preferably 5nM or less, more preferably 500pM or less,
advantageously 200pM or less, and most preferably 100pM or less.

Preferably, the dAb monomer or ligand inhibits binding of TNF alpha to TNF alpha
Receptor I (pS5 receptor) with an IC50 of 500nM to S0pM, preferably 100nM to 50pM,
more preferably 10nM to 100pM, advantageously 1nM to 100pM; for example 50nM or
less, preferably 5nM or less, more preferably 500pM or less, advantageously 200pM or
less, and most preferably 100pM or less. Preferably, the TNF Receptor I target is Human
TNFa.

Furthermore, the invention provides a dAb monomer(or dual specific ligand comprising
such a dAb) that binds to serum albumin (SA) with 2 Ky of InM to 500uM (ie, x 107 to
5 x 10™*), preferably 100nM to 10pM. Preferably, for a dual specific ligand comprising a
first anti-SA dAb and a second dAb to another target, the affinity (eg Ky énd/or Kogr as
measured by surface plasmon resonance, eg using BiaCore) of the second dAb for its
target is from 1 to 100000 times (preferably 100 to 100000, more preferably 1000 to
100000, or 10000 to 100000 timesy the affinity of the first dAb for SA. For example, the
first dAb binds SA with an affinity of approximately 10uM, while the second dAb binds
its target with an affinity of 100pM. Preferably, the serum albumin is human serum
albumin (HSA).

In one embodiment, the first dAb {or a dAb monomer) binds SA {(eg, HSA) with a K4 of
approximately 50, preferably 70, and more preferably 100, 150 or 200 oM.

The invention moreover provides dimers, trimers and polymers of the aforementioned

dAb monomers, in accordance with the foregoing aspect of the present invention.

Ligands according to the invention, including dAb monomers, dimers and trimers, can be
linked to an antibody Fc region, comprising one or both of Cy2 and Cy3 domains, and
optionally a hinge region. For example, vectors encoding ligands linked as a single

nucleotide sequence to an Fe region may be used to prepare such polypeptides.
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In a further aspect of the second configuration of the invention, the present invention
provides one or More nucleic acid molecules encoding at least a multispecific ligand as
herein defined. In one embodiment, the ligand is a closed conformation ligand. In
another embodiment, it is an open conformation ligand. The multispecific ligand may be
encoded on a single nucleic acid molecule; alternatively, each epitope binding domain
may be encoded by a separate nucleic acid molecule. Where the ligand is encoded by a
single nucleic acid molecule, the domains may be expressed as a fusion polypeptide, or
may be separately expressed and subsequently linked .together, for example using
chemical linking agents. Ligaxids expressed from separate nucleic acids will be linked

together by appropriate means.

The nucleic acid may further encode a signal sequence for export of the polypeptides
from a host cell upon expression and may be fused with a surface component of a
flamentous bacteriophage particle (or other component of a selection display gystem)
upon expression. Leader sequences, which may be .used in bacterial expresion and/or
phage or phagemid display, include pelB, stll, ompA, phoA, bla and pelA.

The second configuration disclosed herein is a vector comprising nucleic acid according to

the present invention.

An embodiment may be a host cell transfected with a vector.

- Bxpression from such a vector may be configured to'prodﬁce, for example on the surface

of a bacteriophage particle, epitope binding domains for selection. This allows selection
of displayed domains and thus selection of “multispecific ligands’ using the method of the

present invention.

In a preferred embodiment of the second configuration of the invention, the epitope
binding domains are immunoglobulin variable regibns and are selected from single
domain V gene repertoires. Generally the repertéire of single antibody domains is
displayed on the surface of filamentous bacteriophage. In a preferred embodiment each

single antibody domain is selected by binding of a phage repertoire to antigen.
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The present invention further provides a kit comprising at least a multispecific ligand
according to the present invention, which may be an open conformation or closed
conformation ligand. Kits according fo the invention may be, for example, diagnostic

kits, therapeutic kits, kits for the detection of chemical or bioclogical species, and the like.

The second configuration disclosed herein, disclosed herein is a homogenous immunoassay

using a ligand according to the present invention.

The second configuration disclosed herein is a composition comprising a closed
conformation multispecific ligand, obtainable
by a method of the present invention, and a pharmaceutically acceptable carrier, diluent or

excipient.

Moreover, the present invention provides a2 method for the treatment of disease using a
‘closed conformation mulfispecific ligand’ or a composition according to the present.
invention. ,

In a preferred embodiment of the invention the disease is cancer or an inflammatory

disease, eg rheumatoid arthritis, asthma or Crohn’s disease.

The second configuration disclosed herein relates to a method for the diagnosis, including

diagnosis of disease using a closed

conformation multispecific ligand, or a composition according to the present invention.
Thus in general the binding of an analyte o a closed conformation multispecific ligand
may be exploited to displace an agent, which leads to the generation of a signal on
displacemeﬁt. For example, binding of analyte (second antigen) could displace an
enzyme (first antigen) bound to the antibody providing the basis for an immunoassay,
especially if the enzyme were held to the antibody through its active site.

The second configuration disclosed herein also relates to a method for detecting the presence

of a target molecule, comprising:



10

15

20

25.

30

WO 20604/003019 PCT/GB2603/002804

34

(a) providing a closed conformation multispecific ligand bound to an agent, said ligand
being specific for the target molecule and the agent, wherein the agent which is bound by
the ligand leads to the generation of a detectable signal on displacement from the ligand;
(b) exposing the closed conformation multispecific ligand to the target molecule; and

{c) detecting the signal generated as a result of the displacement of the agent.

The second configuration disclosed herein, the agent is an enzyme, which is inactive when

bound by the closed conformation multi-specific ligand. Altematively, the agent may be any

-one or more selected from the group consisting of the following: the substrate for an enzyme,

and a fluorescent, luminescent or chromogenic molecule which is inactive or quenched when

bound by the ligand.

Sequences similar or homologous (e.g., at least about 70% sequence identity) to' the
sequences disclosed herein are also part of the invention. In some embodiments, the
sequence identity at the amino acid level can be about: 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, .99% or higher. At the nucleic acid level, the séquence
identity can be about 70%, 75%, 80%, 85%, 90%., 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99% or higher. Alternatively, substantial identity exists when the nucleic acid
segments will hybridize vnder selective hybridization conditions (e.g., very high
stringency hybridization conditions), to the complement of the strand. The nucleic acids
may be present in whole cells, in a cell lysate, or in a partially purified or substantially

pure form.

Caleulations of “homology” or “sequence identity” or “similarity” between two
sequences (the terms are used interchangeably herein) are performed as follows. The
sequences are aligned for optimal comparison purposes {(e.g., gaps can be introduced in
one or both of a first and a second amino acid or nucleic acid sequence for optimal
alignment and non-homologous sequences can be disregarded for comparison purposes).
In a preferred embodiment, the length of a reference sequence aligned for comparison
purposes is at least 30%, preferably at least 40%, more preferably at least 50%, even more
preferably at least 60%, and even more preferably at least 70%, 80%, 90%, 100% of the

length of the reference sequence. The amino acid residues or nucleotides at
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According to a first aspect of the present invention, there is provided a multi-specific ligand
comprising, preferably consisting of a multiple of antigen binding sites, each binding site
being provided by a single first binding domain, each binding site having binding specificity
for a first antigen and a second binding domain/s having binding specificity for a second
antigen, wherein the second binding domain is a non-immmnoglobujin (Ig) domain and
wherein the binding of the second binding domain to the second antigen increases the half-life

of the ligand in vivo.

According to a second aspect of the present invention, there is provided the use of a multi-

specific ligand as defined above in the preparation of a medicament for the use in therapy.

According to a third aspect of the present invention, there is provided the use of a
multispecific igand comprising, preferably consisting of a multiple of antigen binding sites,
each binding site being provided by a single first binding domain, each binding site having
binding specificity for a first antigen and a second binding domain/s having binding
specificity for a second antigen, wherein the second binding domain is a non-Ig domain which
binds to a serum protein, in the preparation of a medicament for use in therapy wherein
binding of the second binding domain to the serum protein increases the half-life of the

multispecific ligand in vivo.

According to a fourth aspect of the present invention, there is provided the use of a
multispecific ligand comprisiﬁg, preferably consisting of a first binding domain having
binding specificity for a first antigen _énd a second binding domain having binding specificity
for a second antigen, wherein the second binding domain is a non-Ig domain which binds to a
serum protein and wherein the first binding domain in isolation binds a first antigen, in the
preparation of a medicament for use in therapy wherein binding of the second binding domain

to the serum protein increases the half-life of the multispecific ligand in vivo.

According to a fifth aspect of the present invention, the use of a multispecific ligand
comprising, preferably consisting of a first binding domain having binding specificity for a
first antigen and a second binding domain having binding specificity for a second antigen,
wherein the second binding domain is a non-Ig domain which binds to serum protein and

wherein the first binding domain comprises an affibody scaffold, in the preparation of a
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medicament for use in therapy wherein binding of the second binding domain to the serum

protein increases the half-life of the multispecific ligand in vivo.

According to a sixth aspect of the present invention, there is provided a phdrmaceutical
composition comprising a multispecific ligand as defined in the first aspect and a

pharmaceutically acceptable excipient, carrier or diluent.

According to a seventh aspect of the present invention, there is provided a nucleic acid

encoding a multispecific ligand as defined in the first aspect.

© According to an eighth aspect of the present invention, there is provided a vector comprising

- mucleic acid as defined in the seventh aspect.

According to a ninth aspect of the present invention, there is provided a host cell comprising

the vector as defined in the eighth aspect.

According to a tenth aspect of the present invention, there is provided the use of a
multispecific ligand as defined in the first aspect in the manufacture of a medicament to
provide superior avidity binding to the first antigen and to increase the hailf-life of the

muitispecific ligand or multimer.

According to an eleventh aspect of the present invention, there is provided a dual-specific
ligand comprising a first, heavy chzjiin immunoglobulin single variable domain having a
binding specificity to a first epitope or antigen and a second, light chain single variable
domain having a binding activity to a second epitope or antigen, herein binding to one or both
of said antigens or epitopes acts to increase the half-life of the ligand in vivo and wherein said
first and second domains are not a heavy chain variable domain and light chain variable
domain which share the same specificity, provided that said dual specific ligand does not

consist of an anti-HSA Vy; domain and an anti-f galactosidaseVy domain.

According to a twelfth aspect of the present invention, there is provided a four chain IgG

immunoglobulin comprising a dual specific ligand as defined above.
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According to a thirteenth aspect of the present invention, there is provided a ligand
comprising a first immunoglobulin single variable domain having a first antigen or epitope
binding specificity and a second immunoglobulin single variable domain having a second
antigen or epitope binding specificity wherein one or both of said first and second variable
domains bind to an antigen or epitope.which increases the half-life of the ligand #n vivo, and
either
(i) the first and the second immunoglobulin variable domains are heavy chain
variable domains; or
(ii) the first and the second immunoglobulin variable domains are light chain
variable domains.
provided that when the first and second immunoglobulin variable domains are Camelid VHH
domains, the VHH domain which is specific for an antigen which increases the half-life of the
ligand in vivo does not bind hen egg white lysozyme (HEL), porcine pancreatic alpha- -
amylase; NmC-A, heg, BSA-linked RR6 azo dye or S. mutans HG982 cells.

According to a fourteenth aspect of the present invention, there is provided a method for
producing a ligand as defined above, comprising a first immunoglobulin single variable
domain having a first binding specificity and a second single immunoglobulin single variable
domain having a second binding specificity, one or both of the binding specificities being
specific for a protein which increases the half-life of the ligand in vivo, the method
comprising the steps oft

| (a) selecting a first variable domain by its ability to bind to a first epitope,

(b) sclecting a second varjable region by its ability to bind to a second epitope,

(c) combining the variable regions; and

(@ sekecting the ligand by its ability to bind to said first and second epitopes; wherein, when
said variable domains are a heavy and a light chain variable domain, the heavy chain variable

domain is not a Vy domain specific for HSA.

According to a fifteenth aspect of the present invention, there is provided a nucleic acid

encoding at least a dual-specific ligand as defined in the eleventh aspect.

According to a sixteenth aspect of the present invention, there is provided a vector comprising

nucleic acid as defined in the fifteenth aspect.
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According to a seventeenth aspect of the present invention, there is provided a host cell

comprising a vector as defined in the sixteenth aspect.

According to an eighteenth aspect of the present invention, there is provided a ligand as

defined in the eleventh aspect for use in therapy.

According to a nineteenth aspect of the present invention, there is provided a pharmaceutical
composition comprising a ligand as defined in the eleventh aspect, and a pharmaceutically

acceptable excipient, carrier or diluent.

According to a twentieth aspect of the present invention, there is provided a dual-specific
ligand comprising a first immunoglobulin single variable domain having binding specificity
for serum albumin (SA), and a second immunoglobulin single variable domain having
binding specificity for an antigen selected from the group consisting of EPO receptor, ApoL,
Apo-SAA, BDNF, Cardiotrophin-1, EGF, EGF receptor, ENA-78, Eotaxin, Eotaxin-2,
Exodus-2, EpoR, FGF-acidic, FGF-basic, fibroblast growth factor-10, FLT3 ligand,
Fractalkine (CX3C), GDNF, G-CSF, GM-CSF, GF-§1, insulin, IFN-y, IGF-1, IGFII, IL-1q¢,
IL-1B, 1L.-2, IL-3, IL-4, 1L-5, IL-6, IL-7, 1L-8 (72 a.a.), IL-8 (77 a.a), IL-9, IL-10, IL-11, IL-
12, IL-13, IL-15, IL-16, 11-17, 1L-18 (IGIF), Inhibin «, Inhibin B, IP-10, keratinocyte growth
factor-2 (KGF-2), KGF, Leptin, LIF, Lymphotactin, Mullerian inhibitory substance,
monocyte colony inhibitory factor, monocyte attractant protein, M-CSF, MDC (67 a.a), MDC
(69 a.a.), MCP-1 (MCAF), MCP-2, MCP-3, MCP-4, MDC (67 a.a.), MDC (69 a.a.}, MIG,
MIP-lo, MIP-15, MIP-3¢, MIP-30, MIP—4, myeloid progenitor inhibitor factor-1 (MPIF-l);
NAP-2, Neurturin, Nerve growth factor, B-NGF, NT-3, NT-4, Oncostatin M, PDGF-AA,
PDGF-AB, PDGF-BB, PF-4, RANTES, SDF1a, SDF18, SCF, SCGF, stem celi factor (SCF),
TARC, TGF-o, TGF-p, TGF-B2, TGF- B3, tumour necrosis factor (TNF), TNF-o, TNF- B,
TNF receptor I, TNF receptor II, TNIL-1, TPO, VEGF, VEGF receptor 1, VEGF receptor 2,
VEGF receptor 3, GCP-2, GRO/MGSA, GRO- B, GRO-y, HCC1, 1-309, HER 1, HER 2,
HER 3 and HER 4.

According to a twenty-first aspect of the present invention, there is provided a dual-specific
ligand comprising a first immunoglobulin single variable domain having binding specificity
for serom albumin (SA), and a second immunoglobulin single variable domain having

binding specificity for an antigen selected from the group consisting of human or animal
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proteins, cytokines, cytokine receptors, enzymes, enzyme co-factors and DNA binding

proteins,

According to a twenty-second aspect of the present invention, there is provided a dual-
specific ligand comprising a first immunoglobulin single variable domain having binding
specificity for serum albumin (SA), and a second single immunoglobulin variable domain

having binding specificity for a receptor for a cytokine listed in the twentieth aspect.

According to a twenty-third aspect of the present invention, there is provided a nucleic acid

comprising said nucleic acid sequences as defined in the fifteenth aspect.

According to a twenty-fourth aspect of the present invention, there is provided a vector

comprising nucleic acid as defined in the twenty-third aspect.

According to a twenty-fifth aspect of the present invention, there is provided a host cell

comprising a vector as defined in the twenty-fourth aspect.

According to a twenty-sixth aspect of the present invention, there is provided a ligand as

defined in the twentieth aspect for use/in therapy.

 According to a twenty-seventh aspect of the present invention, there is provided a
pharmaceutical composition comprising a ligand as defined in the twentieth aspect and a

pharmaceutically acceptable excipient, carrier or diluent.

According to a twenty-eighth aspect of the present invention, there is provided a ligand
comprising a VH3 immunoglobulin single variable domain, wherein said domain specifically
seram albumin with an equilibrium dissociation constant (Kd) of less than or equal to 300
nM.

According to a twenty-ninth aspect of the present invention, there is provided a ligand
comprising a Vk immunoglobulin single variable domain, wherein said domain specifically

- binds serum albumin with an equilibrium dissociation constant (Kd) of less than or equal to
300 nM.
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According to a thirtieth aspect of the present invention, there is provided a ligand comprising
an immunoglobulin single variable domain, wherein said domain specifically binds serum
albumin and wherein said domain comprises a set of four Kabat framework regions (FRs),

-said set being encoded by a VH3 framework germline antibody gene segment.

According to a thirty-first aspect of the present invention, there is provided a ligand
coniprising an immunoglobulin single variable domain, wherein said domain specifically
binds serum albumin and wherein said domain comprises a set of four Kabat framework
regions (FRs), said set being encoded by a Vkappa framework germline antibody gene
segment.

According to a thirty-second aspect of the present invention, there is provided a ligand
~ comprising an epitope binding domain, wherein said epitope binding domain specifically
binds serum albumin and comprises:a non-immunoglobulin scaffold and comprises CDRI,
CDR2 and CDR3 regions, wherein wherein at least one of said CDR1, CDR2 and CDR3

regions is from a human immunoglobulin single variable domain.

According to a thirty-third aspect of the present invention, there is provided a multi-specific
ligand comprising two or more immunoglobulin single variable domains, wherein at least one
of said two or more immunoglobulin single variable domains specifically binds a first
antigen, and wherein at least one of said two or more immunoglobulin single variable
domains specifically binds a second antigen, wherein the specific binding of the second
antigen fo said immunoglobulin single variable domain increases the half-life of the ligand in

vivo,

According to a thirty-fourth aspect of the present invention, there is provided a multi-specific
ligand comprising two or more non-immunoglobulin domains, wherein at least one of said,
two or more non-immunoglobulin domains specifically binds a first antigen, and wherein at
least one of said two or more non-immunoglobulin single variable domains specifically binds
a second antigen, wherein the specific binding of the second antigen to said non-

immunogiobulin domain increases the half-life of the ligand in vivo.

According to a thirty-fifth aspect of the present invention, there is provided a polynucleotide

encoding the ligand of any one as defined above, or composition thereof.
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According to a thirty-sixth aspect of the present invention, there is provided a vector, or

composition thereof, comprising the nucleic acid as defined above.

According to a thirty-seventh aspect of the present invention, there is provided a host cell or

composition thercof, comprising the vector as defined above.

According to a thirty-eighth aspect of the present invention, there is provided a composition

comprising a ligand as defined above, and an excipient, carrier or diluent.

According to a thirty-ninth aspect of the present invention, there is provided a pharmaceutical
composition comprising a ligand as defined above, and a pharmaceutically acceptable

excipient, carrier or diluent.

Calculations of “homology” or “sequence identity” or “similarity” between two
sequences (the tenms are used interchangeably herein) are performed as follows. The
sequences are aligned for optimal comparison purposes (e.g., gaps can be introdu;:ed n .
one or both of a first and a second amino acid or nucleic acid sequence for optimal
~ alignment and non-homologous sequences can be disregarded for comparison purposes).
In a preferred embodiment, the length of a reference sequence aligned for comparison
pmﬁoses is at least 30%, preferably at least 40%, more preferably at least 5 0%, even more
preferably at least 60%, and even more preferably at least 70%, 80%, 90%, 100% of the

length of the reference sequence. The amino acid residues or nucleofides at
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cotresponding amino acid positions or nucleotide positions are then compared. When a
position in the first sequence is occupied by the same amino acid residue or nucleotide as
the corresponding position in the second sequence, then the molecules are identical at that
position (as used herein amino acid or nucleic acid “homology” is equivalent to amino
acid or nucleic acid- “identity”). The percent identity between the two sequences is a
function of the number of identical positions shared by the sequences, taking into account
the number of gaps, and the length of each gap, which need to be introduced for optimal
alignment of the two sequences.

Advantageously, the BLAST algorithm (version 2.0) is employed for sequence alignment,
with parameters set to default values. The BLAST algorithm is described in detail at the
world wide web site (“www”) of the National Center for Biotechnology Information
(“.ncbi”) of the National Institutes of Health (“nih”) of the U.S. government (*.gov”), n
the “/Blast/” directory, in the “blast_help.html” file. The search parameters are defined as

follows, and are advantageously set to the defined default parameters.

BLAST (Basic Local Alignment Search Tool) is the heuristic search algorithm employed
by the programs blastp, blasin, blastx, tblastn, and tblastx; these programs ascribe
significance to their findings using the statistical methods of Karlin and Altschul, 1990,
Proc. Natl. Acad. Sci. USA 87(6):2264-8 (see the “blast_help.html” file, as described
gbove) with a few enhancements. The BLAST programs were tailored for sequence l
similarity searching, for example to identify homologues to a query sequence. The.

programs are not generaily useful for motif-style searching. For a discussion of basic

* issues in similarity searching of sequence databases, see Altschul et al. (1994):

The five BLAST programs available at the Natiomal Center for Biotechnology
Information web site perform the folloﬁing tasks:

“blastp™ compares an amino acid query sequence against a protein sequence database;
“blastn” compares a nucleotide query sequence against a nucleotide sequence database;
“blastx” compares the six-frame conceptual translation products of a nucleotide query
sequence (both strands) against a protein sequence database;

“thlasin” compatres a protein query sequence against a nucleotide sequence database

dynamically translated in all six reading frames (both strands).



10

15

20

25

30

WO 2004/003019 PCT/GB2003/002804

36

“thlastx” compares the six-frame translations of a nucleotide query sequence against the
six-frame translations of a nucleotide sequence database.

BLAST uses the following search parameters:
HISTOGRAM Display a histogram of scores for each search; default is yes. {See
parameter H in the BLAST Manual).
DESCRIPTIONS Restricts the number-of short descriptions of matching sequences
reported to the number specified; default limit is 100 descriptions. (See parameter V in
the manual page). See also EXPECT and CUTOFF.
ALIGNMENTS Restricts database sequences to the number specified for which high-
scoring ségment pairs (HSPs) are reported; the default limit is 50. If more database
sequences than this happen to satisfy the statistical significance threshold for reporting
(see EXPECT and CUTOFF below), only the matches ascribed the greatest statistical
significance are reported. (See parameter B in the BLAST Manual).
EXPECT The statistical significance threshold for reporting matches against database

sequences; the default value is 10, such that 10 matches are expected to be found merely

- by chance, according to the stochastic-model of Karlin and Altschul (1990). If the

statistical significance ascribed to a match is greater than the EXPECT threshold, the
match will not be reported. Lower EXPECT thresholds are more stringent, leading to
fewer chance matches being reported. Fractional values are acceptable. (See parameter E
in the BLAST Manual).

CUTOFF Cutoff score for reporting high-scoring segment pairs. The default value is
calculated from the EXPECT value (see above). HSPs are reported for a database
sequence only if the statistical significance ascribed to them is at least as high as would be
ascribed to a lone HSP having a score equal to the CUTOFF value. Higher CUTOFF -
values are more stringent, leading to fewer chance matches being reported. (See
parameter S in the BLAST Manual). Typically, significance thresholds can be more
intuitively managed using EXPECT.

MATRIX Specify an alternate scoring matrix for BLASTP, BLASTX, TBLASTN and
TBLASTX. The default matrix is BLOSUM®62 (Henikoff & Henikoff, 1992, Proc. NatlL
Aacad. Sci. USA 89(22):10915-9). The valid alterpative choices include: PAMA0,
PAM120, PAM250 and IDENTITY. No alternate scoring matrices are available for
BLASTN; specifying the MATRIX directive in BLASTN requests refurns an error

response.
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STRAND Restrict a TBLASTN search to just the top or bottom strand of the database
sequences; or restrict a BLASTN, BLASTX or TBLASTX search to just reading frames
on the top or bottom strand of the query sequence.

FILTER Mask off segments of the query sequence that have low compositional
complexity, as determined by the SEG program of Wootton & Federhen (1993)
Computers and Chemistry 17:149-163, or segments consisting of short-periodicity
internal repeats, as determiined by the XNU program of Claverie & States, 1993,
Computers and Chemistry 17:191-201, or, for BLASTN, by the DUST program of
“Tatusov and Lipman (sce the world wide web site of the NCBI). Filtering can eliminate
statistically significant but -biologicaily uninteresting reports from the blast output (e.g.,
hits against common acidic-, basic- or proline-rich regions), leaving the more biologically
interesting regions of the query sequence available for specific matching against database

Sequences.

Low complexity sequence found by a filter program. is substituted nsing the letter “N” in
nucleotide sequence (e.g., “N” repeated 13 times) and the letter “X” in protein sequences

(e.g., “X” repeated 9 times).

Filtering is only applied to the query sequence (or its tramslation products), not to
database sequences. Default filtering is DUST for BLASTN, SEG for other programs.

It is not unusual for nothing at all to be masked by SEG, XNU, or both, when applied to
sequences in SWISS-PROT, so filtering should not be expected to always yield an effect.
Furthermore, in some cases, sequences are masked in their entirety, indicating that the
statistical significance of any matches reported against the unfiltered query sequence

should be suspect.

NCBI-gi Causes NCBI gi identifiers to be shown in the output, in addition to the

accession and/or locus name.

Most preferably, sequence comparisons are conducted using the simple BLAST search
algorithm provided at the NCBI world wide web site described above, in the “/BLAST”
directory.
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Brief Description of the Figures

Figure 1

Figure 2

Figure 3

Fi

Fi

re 4

re 5

shows the diversification of Vi/HSA at positions H50, H52, H52a, H53,
H55, HS6, HS58, H95, H96, H97, H98 (DVT or NNK encoded
respectively) which are in the antigen binding site of Vy HSA. The
sequence of Vi is diversified at positions L.50, L53.

shows Library 1: Germline Vi/DVT Vy,

Library 2: Germline Vg /NNK Vy,

Libfaxy 3: Germline Vi/DVT Vi

Library 4: Germline Vy/NNK Vi
In phage display/ScFv format. These libraries were pre-selected for
binding to generic ligands protein A and protein L so that the majority of
the clones and selected libraries are functional. Libraries were selected on
HSA. (first round) and $-gal (second round) or HSA f-gal selection or on
B-gal (first round) and HSA (second round) f-gal HSA selection. Soluble
scFv from these clones of PCR are amplified in the sequence. One clone

encoding a dual specific antibody K8 was chosen for further work.
shows an alignment of V; chains and Vi chains.

shows the characterisation of the binding properties of the K8 aniibody,
the binding properties of the K8 antibody characterised by monoclonal
phage ELISA, the dual specific K8 antibody was found to bind HSA and
B-gal and displayed on the surface of the phage with absorbant signals

greater than 1.0, No cross reactivity with other proteins was detected.

shows soluble scFv ELISA performed using known concentrations of the
K8 antibody fragment. A 96-well plate was coated with 100ug of HSA,
BSA and f-gal at 10pug/ml and 100pg/m! of Protein A at Ipupg/ml
concentration. 50ug of the serial dilutions of the K8 scFv was applied and
the bound antibody fragments were detected with Protein L-HRP. ELISA
results confirm the dual specific nature of the K8 antibody.
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Figure 9

Figure 10

Figure 11

| Figure 12

Figure 13
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shows the binding characteristics of the clone K8Vi/dummy VH analysed
using soluble scFv ELISA. Production of the soluble scFv fragments was
induced by IPTG as described by Harrison et al, Methods Enzymol.
1996;267:83-109 and the supernatant containing scFv assayed directly.
Soluble scFv ELISA is performed as described in example 1 and the bound
scFvs were detected with Protein L-HRP. The ELISA results revealed that
this clone was still able to bind S-gal, whereas binding BSA was abolished.

shows the sequence of variable domain vectors 1 and 2.

is a map of the Cy vector used to construct a Vul/Vy2 multipsecific

ligand.
is a map of the V. vector used to constract a V1/V,2 multispecific ligand.

TNF receptor assay comparing TAR1-5 dimer 4, TAR1-5-19 dimer 4 and
TAR1-5-19 monomer.

TNF receptor assay comparing TAR1-5 dimers 1-6.All dimers have been

FPLC purified and the results for the optimal dimeric species are shown.

TNF receptor assay of TAR1-5 19 homodimers in different formats: dAb-

linker-dAb format with 3U, 5U or 7U linker, Fab format and cysteine

hinge linker format.

Dummy VH sequence for library 1. The sequence of the VH framework
based on germline sequence DP47 ~ JH4b. Positions where NNK
randomisation (N=A or T or C or G nucleotides; K = G or T nucleotides)

has been incorporated into library 1 are indicated in bold underlined text.

Dummy VH sequence for library 2. The sequence of the VH framework
based on germline sequence DP47 — JH4b., Positions where NNK
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Figure 16

Fipure 17

Figure 18
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randomisation (N=A or T or C or G nucleotides; K = G or T nucleotides)

has been incorporated into library 2 are indicated in bold underlined text.

Dummy Vi sequence for library 3. The sequence of the Vi framework
based on geirmline segquence DPx9 - J 1. Positions where NNK
randomisation (N=A or T or C or G nucleotides; K = G or T nucleotides)

has been incorporated into library 3 are indicated in bold underlined text.

Nucleotide and amino acid sequence of anti MSA dAbs MSA 16 and MSA
26. '

Inhibition biacore of MSA 16 and 26. Purified dAbs MSA16 and MSA26
were analysed by inhibition biacore to determine K4,  Briefly, the dAbs
were tested to determine the concentration of dAb required to achieve
200RUs of response on a biacore CMS5 chip coated with 2 high density of
MSA., Once the required concentrations of dAb had been determined,
MSA antigen- at a range of concentrations around the expected Ky was
premixed with the dAb and incubated overnight. Binding to the MSA
coated biacore chip of dAb in each of the premixes was then measured at a
high flow-rate of 30 pl/minute.

Serum levels of MSA16 following injection. Serum half life of the dAb
MSAL16 was determined in mouse. MSAL6 was dosed as single i.v.
injections at approx !.5mgkg into CD1 mice. Modelling with a 2
compartment model showed MSA16 had a t1/2a of 0.98hr, a t1/28 of
36.5hr and an AUC of 913hrmg/ml. MSA16 had a considerably
lengthened half life compared with HEL4 (an anti-hen egg white lysozyme
dAb) which had a t1/2c0f 0.06hr and a t1/28 of 0.34hr.

ELISA (a) and TNF receptor assay (c) showing inhibition of TNF binding
with a Fab-like fragment comprising MSA26Ck and TARI1-5-19CH.
Addition of MSA with the Fab-like fragment reduces the level of
inhibition. An ELISA plate coated with 1pg/ml TNFo was probed with
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dual specific Vk Cxand Vi Ck Fab like fragment and also with a control
TNFa binding dAb at a concentration calculated to give a sinﬁlar signal on
the ELISA. Both the dual specific and control dAb were used to probe the
ELISA plate in the presence and in the absence of 2mg/ml MSA. The
signal in the dual specific well was reduced by more than 50% but the

. signal in the dAb well was not reduced at all (see figure 19a). The same

dual specific protein was also put into the receptor assay with and without
MSA and competition by MSA was also shown (see figure 19¢). This
demonstrates that binding of MSA to the dual specific is competitive with
binding to TNFa.

TNF receptor assay showing inhibiton of TNF binding with-a disulphide
bonded heterodimer of TAR1-5-19 dAb and MSA16 dAb. Addition of
MSA with the dimer reduces the level of inhibiton in a dose dependant
manner. The TNF receptor assay (figure 19 (b)) was conducted in the
presence of a constant concentration of heterodimer (18nM) and a ditution
series of MSA and HSA. The presence of HSA at a range of
concentrations (up to 2 mg/ml) did not cause a reduction in the ability of
the dimer to inhibit TNFo. However, the addition of MSA. cansed a dose
dependant reduction in the ability of the dimer to inhibit TNF« (figure
19a).This demonstrates that MSA and TNF« compete for binding to the
cys bonded TAR1-5-19, MSA16 dimer. MSA and HSA alone did not
have an effect on the TNF binding level in the assay.

Detailed Description of the Invention

Definitions

Complementary Two tmmunoglobulin domains are “complementary” where they

belong to families of structures which form cognate pairs or groups or are derived from

such families and retain this feature. For example, a Vi domain and a Vy, domain of an

antibody are complementary; two Vg domains are not complementary, and two Vi,
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domains are not complementary. Complementary domains may be found in other
members of the immunoglobulin superfamily, such as the Vy and Vg (or v and 8) domains
of the T-cell receptor. In the context of the second configuration of the present invention,
non-complementary ‘domains do not bind a target molecule cooperatively, but act
independently on different target epitopes which may be on the same or different
molecules. Domains which are artificial, such as domains based on protein scaffolds
which do not bind epitopes unless engineered to do so, are non-complementary.
Likewise, two domains based on (for example) an immunoglobulin domain and a

fibronectin domain are not complementary.

Immunoglobulin This refers to a family of polypeptides which retain the
immunoglobulin fold characteristic of antibody molecules, which contzins two P sheets
and, usually, a conserved disulphide bond. Members of the immunoglobulin superfamity
are involved in many aspects of cellular and non-cellular interactions in vivo, including
widespread roles in the immune system (for example, antibodies, T-cell receptor
molecules and the like), involvement in cell adhesion (for example the ICAM molecules)
and intracellular signalling (for example, receptor molecules, such as the PDGF receptor).
The present invention is applicable to all immuno globulin superfamily molecules which

possess binding domains. Preferébly, the present invention relates to antibodies.

Combining Variable domains according to the invention are combined to form a group
of domains; for example, complementary domains may be combined, such as Vi, domains
being combined with Vy domains. Non-complementary domains may also be combined.
Domains may' be combined in a number of ways, involving linkage of the domains by

covalent or non-covalent means.

Domain A domain is a folded protein structure which retains its tertiary stracture
independently of the rest of the protein. Generally, domains are responsible for discrete
functional properties of proteins, 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. By single antibody variable domain is meant a folded polypeptide
domain comprising sequences characteristic of antibody variable domains. It therefore

includes complete antibody variable domains and modified variable domains, for example
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in which one or more loops have been replaced by sequences which are not characteristic
of antibody variable domains, or antibody variable domains which have been truncated or
comprise N- or C-terminal extensions, as well as folded fragments of variable domains

which retain at least inpart the binding activity and specificity of the full-length domain.

Repertoire A collection of diverse variants, for example polypeptide varianis which
differ in their primary sequence. A library used in the present invention will encompass a

repertoire of polypeptides comprising at least 1000 members.

Library The texm library refers to a mixture of heterogeneous polypeptides or
nucleic acids. The library is composed of members, each of which have a single
polypeptide or nucleic acid sequence. To this extent, library is synonymous with
repertoire. Sequence differences between tibrary members are responsible for the
diversity present in the library..The library may take the form of a simple mixture of
polypeptides or nucleic acids, or may be in the form of organisms or cells, for example .
bacteria, viruses, animal or plant cells and the like, transformed with a library of nucleic
acids. Preferably, each individual organism or cell contains only one or a limited number
of library members. Advantageously, the micleic acids are incorporated into expression
vectors, in order to allow expression of the polypeptides encoded by the nucleic acids. In
a preferred aspect, therefore, a lbrary may take the form of a population of host
organisms, each organism containing one or more copies of an expression vector
containing a single member of the Library in nucleic acid form which can be expressed to
produce its corresponding polypeptide member. Thus, the population of host organisms

has the potential to encode a large repertoire of genetically diverse polypeptide variants.

A “closed conformation multi-specific ligand® describes a muklti-specific ligand as
herein defined comprising at least two epitope binding domains as herein defined. The
term ‘closed conformation’ {multi-specific ligand) means that the epitope binding
domains of the ligand are arranged such that epitope binding by one epitope binding
domain competes with epitope binding by another epitope binding domain, That is,
cognate epitopes may be bound by each epitope binding domain individually but not
simultaneosuly. The closed conformation of the ligand can be achieved using methods

herein described.
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Antibody An antibody (for example IgG, IgM, IgA, IgD or IgE) or fragment (such
as a Fab , F(ab’),, Fv, disulphide linked Fv, scFv, closed conformation multispecific
antibody, disulphide-linked scFv, diabody) whether derived from any species naturally
producing an antibody, or created by recombinant DNA technology; whether isolated

from serum, B-cells, hybridomas, transfectomas, yeast or bacteria).

Dual-specific ligand A ligand comprising a first immunoglobulin single variable domain
and a second immunoglobulin single variable domain as herein defined, wherein the
variable regions are capable of binding to two different antigens or two epitopes on the
same antigen which are not normally bound by a monospecific immunoglobulin. For
example, the two epitopes may be ‘on the same hapten, but are not the same epitope dr
sufficiently adjacent to be bound by a monospecific ligand. The dual specific. ligands
according to the invention are composed of variable domains which have different

specificities, and do not contain mutnally complementary variable domain pairs which

have the same specificity.

Antigen A molecule that is bound by a ligand according to the present invention.
Typically, antigens are bound by antibody ligands and are capable of raising an antibody
response in vivo. It may be a polypeptide, protein, nucleic acid or other molecule.
Generally, the dual specific ligands according to the invention are selected for iarget
specificity against a particular antigen.  In the case of conventional antibodies and
fragments thereof, the antibody binding site defined by the variable loops (L1, L2, L3 and
H1, H2, H3) is capable of binding to the antigen.

Epitope A unit of structure conventionally bound by an immunoglobulin Vy/Vy
pair. Epitopes define the minimum binding site for an antibody, and thus represent the
target of specificity of an antibody. In the case of a single domain antibody, an epitope

represents the unit of structure bound by a variable domain in isolation.

Generic ligand A ligand that binds to all members of a repertoire. Generally, not bound
through the antigen binding site as defined above. Non-limiting examples include protein

A, protein L, and protein G.
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Selecting Derived by screening, or derived by a Darwinian selection process, in
which binding interactions are made between a domain and the antigen or epitope or
between an antibody and an antigen or epitope. Thus a first variable domain may be
selected for binding to an antigen or epitope in the presence or in the absence of a

complementary variable domain.

Universal framework A single antibody framework sequence corresponding to
the regions of an antibody conserved in sequence as defined by Kabat (“Sequences of
Proteins of Immunological Interest”, US Department of Health and Human Services) or
corresponding to the human germline immunoglobulin repertoire or structure as defined
by Chothia and Lesk, (1987) J. Mol. Biol. 196:910-917. The invention provides for the
use of a single framework, or a set of such frameworks, which has been found to permit
the derivation of virtually any binding specificity though variation in the hypervariable

regions alone.

Half-life The time taken for the serum concentration of the ligand to reduce by 50%,
in vivo, for example due to degradation of the ligand and/or clearance or sequestration of

the ligand by natural mechanisms. The ligands of the invention are stabilised in vivo and

" their half-life increased by binding to molecules which resist degradation and/or clearance

or sequestration. Typically, such molecules are naturally occurring proteins which
themselves have a long halflife in vivo. The half-life of a ligand is increased if its
functional activity persists, in vivo, for a longer period than a similar ligand which is not
specific for the half-life increasihg molecule. Thus, a ligand specific for HSA and a target
molecule is cdmpared with the same ligand wherein the specificity for HSA is not
present, that it does not bind HSA but binds another molecule. For example, it may bind
a second epitope on the target molecule. Typically, the half life is increased by 10%,
20%, 30%, 40%, 50% or more. Increases in the range of 2x, 3x, 4x, 5x, 10x, 20x, 30x,
40x, 50x or more of the half life are possible. Alternatively, or in addition, increases in
the range of up to 30x, 40x, 50x, 60x, 70x, 80x, 90x, 100x, 150x of the half life are

possible.

Homogeneous immunoassay An immunoassay in which analyte is detected

without need for a step of separating bound and un-bound reagents.
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Substantially identical (or “substantially homologous™) A first amino acid or
nucleotide sequence that contains a sufficient number of identical or equivalent (e.g., with
a similar side chain, e.g., conserved amino acid substitutions) amino acid residues or .
nucleotides to a second amino acid or nucleotide sequence such that the first and second
amino acid or nucleotide sequences have similar activities. In the case of antibodies, the
second antibody has the same binding specificity and has at least 50% of the affinity of

the same.

33 4L

" As used herein, the terms “low stringency,” “medinm stringency,” “high stringency,”
or “very high stringency conditions™ describe conditions for nucleic acid hybridization
and washing. Guidance for performing hybridization reactions can be found-in Current
Protocols in Molecular Biology, John Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6, which is
incorporated herein by reference in its entirety. Aqueous and nonaqueous methods are
described in' that reference and either can be used. Specific hybridization conditions
referred to herein are as follows: (1) low stringency hybridization conditions in 6X
sodium chloride/sodium citrate (SSC) at about 45°C, followed By two washes in 0.2X
SSC, 0.1% SDS at least at 50°C (the temperature of the washes can be increased to 55°C
for low stringency conditions); (2) medinm stringency hybridization conditions in 6X
SSC at about 45°C, followed by one or more washes in 0.2X SSC, 0.1% SDS at 60°C; (3)
high stringency hybridization conditions in 6X SSC at about 45°C, followed by one or
more washes in 0.2X SSC, 0.1% SDS at 65°C; and preferably (4) very high stringency
hybridization conditions are 0.5M sodium phosphate, 7% SDS at 65°C, followed by one
or more washes at 0.2X SSC, 1% SDS at 65°C. Very high stringency conditions (4}.are

the preferred conditions and the ones that should be used unless otherwise specified.

Detailed Description of the Invention

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art (e.g., in cell culture,
molecular genetics, nucleic acid chemistry, hybridisation techniques and biochemistry).

Standard techniques are used for molecular, genetic and biochemical methods (see
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generally, Sambrook et al., Molecular Cloning: A Laboratory Manual, 2d ed. (1989)
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. and Ausubel ef al., Short

Protocols in Molecular Biology (1999) 4™ Ed, John Wiley & Sons, Inc. which are

incorporated herein by reference) and chemical methods.
Preparation of immunoglobulin based multi-specific ligands

Dual specific ligands according to the invention, whether open or closed in conformation
according to the desired confignration of the invention, may be prepared according to
previously established techmiques, used in the field of antibody engineering, for the
preparation of scFv, "phage" antibodies and other engineered antibody molecules.
Techniques for the preparation of antibodies, and in particular bispecific antibodies, are
for example described in the following reviews and the references cited therein: Winter &
Milstein, (1991) Nature 349:293-299; Plueckthun (1992) Immunological Reviews
130:151-188; Wright e al, (1992) Crti. Rev. Immunol.12:125-168; Holliger, P. &
Winter, G. (1993) Cur. Op. Biotechn. 4, 446-449; Carter, et al. (1995) J. Hematother. 4,
463-470; Chester, K.A. & Hawkins, R.E. (1995) Trends Biotechn. 13, 294-300;
Hoogenboom, H.R. (1997) Nature Biotechnol. 15, 125-126; Fearon, D. (1997) Nature

* Biotechnol. 15, 618-619; Plitckthun, A. & Pack, P. (1997) Immunotechnology 3, 83-105;
Carter, P. & Merchant, A.M. (1997) Curr. Opin. Biotechnol. 8, 449-454; Holliger, P. &
Winter, G. (1897) Cancer Immunol. Immunother, 45,128-130.

The invention provides for the selection of variable domains against two different

antigens or epitopes, and subseqﬁent combination of the variable domains.

The techniques employed for selection of the variable domains employ libraries and
selection procedures which are known in the art. Natural libraries (Marks et al. (1991) J.
Mol. Biol.,, 222: 581; Vaughan ef al. (1996) Nature Biotech., 14: 309) which use
rearranged V genes harvested from human B cells are well known to those skilled in the
art. Synthetic libraries (Hoogenboom & Winter (1992) J. Mol. Biol., 227: 381; Barbas et
al. (1992) Proc. Natl. Acad. Sci. US4, 89: 4457; Nissim et al. (1994) EMBO J., 13: 692;
Griffiths et al. (1994) EMBO J., 13: 3245; De Xruif ef al. (1995) J. Mol. Biol., 248: 97)

are prepared by cloning immunoglobulin V genes, usually using PCR. Errors in the PCR
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process can Jead to a high degree of randomisation. Vy and/or Vi, libraries may be
selected against target antigens or epitopes separately, in which case single domain

binding is directly selected for, or together.

A preferred method for making a dual specific ligand according to the present invention
comprises using a sclection system in which a repertoire of variable domains is selected
for binding to a first antigen or epitope and a repertoire of variable domains is selected for
binding to a second antigen or epitope. The selected variable first and second variable
domains are then combined and the dual-specific ligand selected for binding to both first
and second antigen or epitope. Closed conformation ligands are selected for binding both

first and second antigen or epitope in isolation but not simultaneously.

A Library vector systems

A variety of selection systems are known in the art which are suitable for use in the

present invention. Examples of such systems are described below.

Bacteriophage lambda expression systems may be screened directly as bacteriophage
plaques or as colonies of lysogens, both as previously described (Huse et al. (1989)
Science, 246: 1275; Caton and Koprowski (1990) Proc. Natl. Acad. Sci. US.A., 87,
Mullinax et al. (1990) Proc. Natl. Acad. Sei. U.S.A., 87: 8095; Persson et al. (1991) Proc.
Natl. Acad. Sci. U.S.A., 88: 2432) and are of use in the invention. Whilst such expression
systems can be used to screen up to 10° different members of a library, they are not really

suited to screening of larger nunﬂ)ers (greater than 10° merbers).

Of particular use in the construction of libraries are selection display systems, which
enable a nucleic acid to be linked to the polypeptide it expresses. As used herein, a
selection display system is a system that permits the selection, by suitable display means,

of the individual members of the library by binding the generic and/or target ligands.

Selection protocols for isolating desired members of large libraries are known in the art,
as typified by phage display techniques. Such systems, in which diverse peptide

sequences are displayed on the surface of filamentous bacteriophage (Scott and Smith
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(1990) Science, 249: 386), have proven useful for creating libraries of antibody
fragments (and the nucleotide sequences that encoding them) for the in vitro selection and
amplification of specific antibody fragments that bind a target antigen (McCafferty ef al,
WO 92/01047). The nucleotide sequences encoding the Vy and Vy, regions are linked to
gene fragments which encode leader signals that direct them to the periplasmic space of
F. coli and as a result the resultant antibody fragments are displayed on the surface of the
bacteriophage, typically as fusions to bacteriophage coat proteins (e.g., pIlI or pVII).
Altemnatively, antibody fragments are displayed externally on lambda phage capsids
(phagebodies). An advantage of phage-based display systems is that, because they are
biological systems, selected library members can be amplified simply by growing the
phage containing the selected library member in bacterial cells. Furthermore, since the
nucleotide sequence that encode the polypeptide library member is contained on a phage
or phagemid vector, sequencing, expression and subsequent genetic manipulation is

relatively straightforward.

Methods for the construction of bacteriophage antibody display libraries and lambda
phage expression libraries are well known in the art (McCafferty et al. (1990) Nature,
348: 552; Kang et al. (1991) Proc. Natl. Acad. Sci. U.S.A., 88: 4363; Clackson et al.
(1991) Nature, 352: 624; Lowman et al. (1991) Biochemistry, 30: 10832; Burton ef al.
(1991) Proc. Natl. Acad. Sci U.S.A., 88: 10134; Hoogenboom et al. (1991) Nucleic Acids
Res., 19: 4133; Chang et al. (1991) J. Immunol., 147: 3610; Breitling et al. (1991) Gene,
104: 147; Marks et al. (1991) supra; Barbas et al. (1992) supra; Hawkins and Winter
(1992) J. Fnmunol., 22: 867; Marks et al., 1992, J. Biol. Chem., 267: 16007; Lerner et al.
(1992) Science, 258: 1313, incori)orated herein by reference). '

One particularly advantageous approach has been the use of scFv phage-libraries (Huston
ef al., 1988, Prod. Natl. Acad. Sci U.S.A., 85: 5879-5883; Chaudhary et al. (1990) Proc.
Natl. Acad. Sci U.S.A., 87: 1066-1070; McCafferty et al. (1990) supra; Clackson et al.
(1991) Nature, 352: 624; Marks et al. (1991) J. Mol Biol., 222: 581; Chiswell ef al.
{(1992) Trends Biotech., 10: 80; Marks et al. (1992) J Biol. Chem., 267). Various
embodiments of scPFv libraries displayed on bacteriophage coat proteins have been

described. Refinements of phage display approaches are also known, for example as
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described in WO96/06213 and W092/01047 (Medical Research Council ef al) and
WO97/08320 (Morphosys), which are incorporated herein by reference.

Other systems for generating libraries of polypeplides involve the use of cell-free
enzymatic machinery for the in vitro synthesis of the library members. In one method,
RNA molecules are selected by alternate rounds of selection against a target ligand and
PCR amplification (Tuerk and Gold (1990) Science, 249: 505; Ellington and Szostak
(1990) Nature, 346: 818). A similar techniqué may be used to identify DNA sequences
which bind a predetermined human transcription factor (Thiesen and Bach (1990) Nucleic
Acids Res., 18: 3203; Beaudry and Joyce (1992) Science, 257: 635; W092/05258 and
W092/14843). In a similar way, in vitro translation can be used to synthesise
polypeptides as a method for generating large libraries. These methods which generally
comprise stabilised polysome complexes, are described further in WOB8/08453,
WQ90/05785, WO90/07003, WO91/02076, WO91/05058, and W(092/02536. Alternative
display systems which are not phage-based, such as those disclosed in W(095/22625 and
WO095/11922 (Affymax) use the polysomes to display polypeptides for selection.

A still further category of techniques involves the selection of repertoires in artificial
compartments, which allow the ﬁnka-ge of a gene with its gene product. For example, a
selection system in which nucleic acids encoding desirable gene products may be selected
in microcapsules formed by water-in-oil emulsions is described in W0O95/02671,
WO00/40712 and Tawfik & Griffiths (1998) Nature Biotechnol 16(7), 652-6. Genetic
elements encoding a gene product having a desired activity are compartmentalised into
microcapsules and then transcribed and/or franslated to produce their respective gene
products (RNA or protein) within the microcapsules. Genetic elements which produce
gene product having desired activity are subsequently sorted. This approach selects gene

products of interest by detecting the desired activity by a variety of means.

B. Library Constriction.

Libraries intended for selection, may be constructed using techniques known in the art,

for exarmsple as set forth above, or may be purchased from commercial sources. Libraries
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which are useful in the present invention are described, for example, in W099/20749.
Once a vector system is chosen and onme or more nucleic acid sequences encoding
polypeptides of interest are cloned into the library vector, one may generate diversity
within the cloned molecules by undertaking mutagenesis prior fo expression;
alternatively, the encoded proteins may be expressed and selected, as described above,
before mutagenesis and additional rounds of selection are performed. Mutagenesis of
nucleic acid sequences encoding structurally optimised polypeptides is carried out by
standard molecular methods. Of particular use is the polymerase chain reaction, or PCR,
(Mullis and Faloona (1987) Methods Enzymol., 155: 335, herein incorporated by
reference). PCR, which uses multiple cycles of DNA replication catalysed by a
thermostable, DNA-dependent DNA polymerase to amplify the target sequence of
interest, is well known in the art. The cdnstruction of various antibody libraries has been
discussed in Winter et al. (1994) Ann. Rev. Iimmunology 12, 433-55, and references cited

therein.

PCR is performed using template DNA (at least 1fg; more usefully, 1-1000 ng} and at
least 25 pmol of oligonucleotide primers; it may be advantageous to use a larger amount
of primer when the primer pool is heavily heterogeneous, as each sequence is represented
by only a small fraction of the molecules of the pool, and amounts becomme Hmiting in the
later amplification cycles. A typical reaction mixture includes: 2pl of DNA, 25 pmol of
oligonucleotide primer, 2.5 ul of 10X PCR buffer 1 (Perkin-Elmer, Foster City, CA), 0.4
pl of 1.25 pM dNTP, 0.15 pl (or 2.5 units) of Tag DNA polymerase (Perkin Elmer,
Foster City, CA) and deionized water to a total votume of 25 ul. Mineral oil is overlaid
and the PCR is performed usiﬁg' a programmable thermal cycler. The length and
temperature of each step of a PCR cycle, as well as the number of cycles, is adjusted
accordance to the stringency .requirements in effect. Annealing teroperature and timing
are determined both by the efficiency with which a primer is expected to anneal to a
template and the degree of mismatch that is to be tolerated; obviously, when nucleic acid
molecules are simultaneously amplified and mutagenised, mismatch is required, at least
in the first round of synthesis. The ability to optimise the siringency of primer annealing
conditions is well within the knowledge of one of moderate skill in the art. An annealing
temperature of between 30 °C and 72 °C is used. Initial denaturation of the template

molecules normally occurs at between 92°C and 99°C for 4 minutes, followed by 20-40
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cycles consisting of denaturation (94-99°C for 15 seconds to 1 minute), annealing
(temperature determined as discussed above; 1-2 minutes), and extension (72°C for 1-5
minutes, depending on the length of the amplified product). Final extension is generally

for 4 minutes at 72°C, and may be followed by an indefinite (0-24 hour) step at 4°C,

C. Combining single variable domains

Domains useful in the invention, once selected, may be combined by a variety of methods

kmown in the art, inchiding covalent and non-covalent methods.

“Preferred methods include the use of -polypeptide linkers, as described, for example, in

connection with scFv molecules (Bird et al., (1988) Science 242:423-426). Discussion of
suitable linkers is provided in Bird et al. Science 242, 423-426; Hudson et al , Journal
Tmmumnol Methods 231 (1999) 177-189; Hudson et al, Proc Nat Acad Sci USA 85, 5879-
5883. Linkers are preferably flexible, allowing the two single domains to interact. One
linker example is a (Glys Ser), linker, where n=1 to &, eg, 2,3, 4,5 or 7. The linkers used
in diabodies, which are less flexible, may also be employed (Holliger ez al, (1993) PNAS
(USA) 90:6444-6448).

In one embodimeﬁt, the linker eniployed is not an immunoglobulin hinge region.

Variable domains may be combined using methods other than linkers. For example, the
use of disulphide bridges, provided through naturally-occurring or engineered cysteine
residues, may be exploited to sﬁabilise VgV VL-VL or Va-ViL dimers (Reiter et al,
(1994) Protein Eng. 7:697-704) or by remodelling the interface between the vanable
domains to improve the “fit” and thus the stability of interaction (Ridgeway ef al, (1996)
Protein Eng. 7:617-621; Zhu ef al., (1997) Protein Science 6:781-788).

Other techniques for joining or stabilising variable domains of immunoglobulins, and in

particular antibody Vy domains, may be employed as appropriate.

Tn accordance with the present invention, dual specific ligands can be in “closed”

conformations in solution. A “closed” configuration is that in which the two domains (for
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example Vg and V1) are present in associated form, such as that of an associated V-V,
pair which forms an antibody binding site. For example, scFv may be in a closed
conformation, depending on the arrangement of the linker used to link the Vg and V¢
domains. If this is sufficiently flexible to allow the domains to associate, or rigidly holds
them i the associated position, it is likely that the domains will adopt a closed

conformation.

Similarly, Vg domain pairs and Vi domain pairs may exist in a closed conformation.
Generally, this will be a function of close association of the domains, such as by a rigid
linker, in the ligand molecule. Ligands in a closed conformation will be unable to bind
both the molecule which increases the half-life of the ligand and a second target molecule,
Thus, the ligand will typically only bind the second target molecule on dissociation from

the molecule which increases the half-life of the ligand.

Moreover, the construction of Vy/Vy, Vi/Vy or Vu/Vy dimers without linkers provides

for competition between the domains.

Ligands according to the invention may moreover be in an open conformation. In such a
conformation, the ligands will be able to simultaneously bind both t_he molecule which
ncreases the half-life of the ligand and the second target molecule. Typically, variable
domains in an open configuration are (in the case of Vy-Vy pairs) held far enough-apart
for the domains not to interact and form an antibody binding site and not to compete for
binding to their respective epitoﬁes. In the case of Vi/Vy or Vi/Vi, dimers, the domains
are not forced together by rigid 1inkers, Naturally, such domain pairings will not compete

for antigen binding or form an antibody binding site,

Fab fragments and whole antibodies will exist primarily in the closed conformation,
although it will be appreciated that open and closed dual specific ligands are likely to
exist in a variety of equilibria under different circumstances. Binding of the ligand to a
target is likely to shift the balance of the equilibrium towards the open configuration.
Thus, certain ligands according to the invention can exist in two conformations in

solution, one of which (the open form) can bind two antigens or epitopes independently,
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whilst the alternative conformation (the closed form) can only bind one antigen or

epitope; antigens or epitopes thus compete for binding to the ligand in this conformation.

Although the open form of the dual specific ligand may thus exist in equilibrivin with the
closed form in solution, it is envisaged that the equilibrium will favour the closed form;
moreover, the open form can be sequestered by target binding into a ciosed conformation.
Preferably, therefore, certain dual specific ligands of the invention are present in an

equilibrivin between two (open and closed) conformations.

‘Dual specific ligands according to. the invention may be modified in order to favour an .

open or closed conformation. - For example, stabilisation of Vy-V| interactions with
disulphide bonds stabilises the closed conformation. Moreover, linkers used to join the
domains, including Vy domain and Vy domain pairs, may be constructed such- that the
open from 15 favoured; for example, the Jinkers may sterically hinder the association of
the domains, such as by incorporation of large amino acid residues in opportune
locations, or the designing of a suitable rigid structure which will keep the domains
physically spaced apart.

D. Characterisation of the dual-specific igand.

The binding of the dual-specific ligand to its specific antigens or epitopes can be tested by
methods which will be familiar o those skilled in the art and incinde ELISA. In a
preferred embodiment of the invention binding is tested using monoclonal phage ELISA.

Phage ELISA may be performed according to any suitable procedure: an exemplary

protocol is set forth below.

Populations of phage produced at each round of selection can be screened for binding by
ELISA to the selected antigen or epitope, to identify "polyclonal" phage antibodies.
Phage from single infected bacterial colonies from these populations can then be screened
by ELISA to identify "monoclonal” phage antibodies. It is also desirable to screen soluble
antibody fragments for binding to antigen or epitope, and this can also be undertaken by
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ELISA using reagents, for example, against a C- or N-terminal tag (see for example

Winter et al. (1994) Ann. Rev. Immunology 12, 433-55 and references cited therein.

. The diversity of the selected phage monoclonal antibodies may also be assessed by gel

electrophoresis of PCR products (Marks et al. 1991, supra; Nissim ef al. 1994 supra),
probing (Tomlinson ef al., 1992) J. Mol. Biol. 227, 776) or by sequencing of the vector
DNA.

E. Structure of “Pual-specific ligands’.

As described above, an antibody is herein defined as an antibody (for example IgG, IgM,
IgA, IgA, IgB) or fragment (Fab, Fv, disulphide linked Fv, scFv, diabody) which
comprises at least one heavy and a light chain variable domain, at least two heavy chain
variable domains or at least two light chain variable domains. It may be at least partly

derived from any species naturali.y producing an antibody, or created by recombinant

- DNA technology; whether isolated from serum, B-cells, hybridomas, transfectomas, yeast

or bacteria).

In a preferred embodiment of the invention the dual-specific ligand comprises at least one
single heavy chain variable domain of an antibody and one single light chain variable
domain of an antibody, or two single heavy or light chain variable domains. For example,

the ligand may comprise a Vg/Vy, pair, a pair of Vy domains or a pair of V,, domains.

The first and the second variable domains of such a ligand may be on the same
polypeptide chain. Alternatively they may be on separate polypeptide chains. In the case
that they are on the same polypeptide chain they may be linked by a linker, which is

preferentially a peptide sequence, as described above.

The first and second variable domains may be covalently or non-covalently associated. In

the case that they are covalently associated, the covalent bonds may be disulphide bonds.

In the case that the variable domains are selected from V-gene repertoires selected for

instance using phage display technology as herein described, then these variable domains
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comprise a universal framework region, such that is they may be recognised by a specific
generic ligand as herein defined. The use of universal frameworks, generic ligands and
the like is described in W099/20749.

Where V-gene repertoires are used variation in polypeptide sequence is preferably located
within the structural loops. of the variable domains. The polypeptide sequences of either
variable domain may be altered by DNA shuffling or by mutation in order to enhance the
interaction of each variable domain with its complementary pair. DNA shuffling is
known in the art and taught, for example, by Stemmer, 1994, Nature 370: 389-391 and
U.S. Patent No. 6,297,053, both of which are incorporated herein by reference. Other

methods of mutagenesis are well known to those of skill in the art.

In a preferred embodiment of the invention the ‘dual-specific ligand’ is a single chain Fv
fragment. In an alfernative embodiment of the invention, the ‘dual-specific ligand’

consists of a Fab format.

In a further aspect, the present invention provides nucleic acid encoding at Jeast a ‘dual-

specific ligand’ as herein defined.

One skilled in the art will appreciate that, depending on the aspect of the invention, both
antigens or epitopes may bind simultaneously to the same antibody molecule.
Alternatively, they may compete for binding to the same antibody molecule. For
example, where both epitopes are bound simultaneousty, both variable domains of a dual
specific ligand are able to indep;endently bind their target epitopes. Where the domains

compete, the one variable domain is capable of binding its target, but not at the same time

. as the other variable domain binds ils cognate target; or the first variable domain is

capable of binding its target, but not at the same time as the second variable domain binds

its cognate target.

The variable regions may be derived from antibodies directed against target antigens or
epitopes. Alternatively they may be derived from a repertoire of single antibody domains
such as those expressed on the swface of filamentous bacteriophage. Selection may be

performed as described below.



10

15

20

25

30

WO 2004/00301% ' PCT/GB2063/602804
57

In general, the nucleic acid molecules and vector constructs required for the performance
of the present invention may be constructed and manipulated as set forth in standard
laboratory manuals, such as Sambrook ef al. (1989) Molecular Cloning: A Laboratory‘
Manual, Cold Spring Harbor, USA.

The manipulation of nucleic acids useful in the present invention is typically carried out

in recombinant vectors,

Thus in a further aspect, the present invention provides a vector comprising nucleic acid

encoding at least a ‘dual-specific ligand’ as herein defined.

‘As used herein, vector refers to a discrete element that is used to introduce heterologous
DNA into cells for the expression and/or replication thereof. Methods by which to select
or construct and, subsequently, use such vectors are well known to one of ordinary skill in
the art. Numerous vectors are publicly available, including bacterial plasmids,
bacteriophage, artificial chromosomes and episomal vectors, Such vectors may be used
for simple cloning and mutagenesis; alternatively gene expression vector is employed. A
vector of use according to the inyention may be selected to accommodate a polypeptide
coding sequence of a desired sizé, typically from 0.25 kilobase (kb) to 40 kb or more in
length A suitable host cell is transformed with the vector after in vitro cloning
manipulations. Each vector contains various functional components, which generally
include a cioning (or “polylinker”) site, an origin of replication and at least one selectable
marker gene. If given vector is an expression vector, it additionally possesses one or more
of the following: enhancer element, promoter, transcription termination and signal
sequences, each positioned in the vicinity of the cloning site, such that they are

operatively linked to the gene encoding a ligand according to the invention.

Both cloning and expression vectors generally contain mucleic acid sequences that enable
the vector to replicate in one or more selected host cells. Typically in cloning vectors, this
sequence is one that enables the vector to replicate independently of the host
chromosomal DNA and includes origins of replication or autonomously replicating

sequences. Such sequences are well known for a variety of bacteria, yeast and viruses.
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The origin of replication from the plasmid pBR322 is suitable for most Gram-negative
bacteria, the 2 micron plasmid origin is suitable for yeast, and various viral origins (e.g.
SV 40, adenovirus) are useful for cloning vectors in mammalian cells. Generally, the
origin of replication is not needed for mammalian expression vectors unless these are

used in mammalian cells able to replicate high levels of DNA, such as COS cells. -

Advantageously, a cloning or expression vector may contain a selection gene also
referred to as selectable marker. This gene encodes a protein necessary for the survival or
growth of transformed host cells grown in a selective culture medium. Host cells not
transformed with the vector containing the selection gene will therefore not survive in the
culture medium. Typical selection genes encode proteins that confer resistance to
antibiotics and other toxins, e.g. ampicillin, neomycin, methotrexate or tetracycline,
complement auxotrophic deficiencies, or supply critical nutrients not available in the

growth media.

Since the replication of vectors encoding a ligand according to the present invention is
most conveniently performed in E.. coli, an E. coli-selectable marker, for example, the p-
lactamase gene that confers resistance to the antibiotic ampicillin, is of use. These can be

obtained from E. coli plasmids, such as pBR322 or a pUC plasmid such as pUCIS8 or

pUC19.

Expression vectors usually contain a promoter that is.recognised by the host organisni and
is operably linked to the coding sequence of interest. Such a promoter may be inducible
or constitutive. The term "operably linked" refers to a juxtaposition wherein the
components described are in a relationship permitting them to function in their intended
manner. A control sequence "operably linked" to a coding sequence is ligated in such a
way that expression of the coding sequence is achieved under conditions compatible with

the control sequences.

Promoters suitable for use with prokaryotic hosts include, for example, the -lactamase
and lactose promoter systems, alkaline phosphatase, the iryptophan (trp) promoter system

and hybrid promoters such as the tac promoter. Promoters for use in bacterial systems
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will also generally contain a Shine-Delgarno sequence operably linked to the coding

sequence.

The preferred vectors are expression vectors that enables the expression of a nucleotide
sequence corresponding to a polypeptide library member. Thus, selection with the first
and/or second antigen or epitope can be performed by separate propagation and
expression of a single clone expressing the polypeptide library member or by use of any
selection display system. As described above, the preferred selection display system is
bacteriophage display. Thus, phage or phagemid vectors may be used, eg pIT1 or pIT2.
Leader sequences useful in the invention include pelB, stll, ompA, phoA, bla and pelA.
One example are phagemid vectors which have an E. coli. origin of replication (for
double stranded replication) and also -a phage origin of replication (for production af :
single-stranded DNA). The manipulation and expression of such vectors is well known in
the art (Hoogenboom and Winter (1992) supra; Nissim ef al. (1994) supra). Briefly, the
vector contains a B-lactamase gene to confer selectivity on the phagemid and a lac
promoter upstream of a expression cassette that consists (N to C terminal) of a pelB
leader sequence (which directs the expressed polypeptide to the periplasmic space), a
multiple cloning site (for cloning the nucleotide version of the library member),
optionally, one or more peptide tag (for detection), optionally, one or more TAG stop
codon and the phage protein pIIL Thus, using various suppressor and nON-SuUppressor
strains of E. coli and with the addition of glucose, iso-propyl thio-B-D-galactoside (IPTG)
or a helper phage, such as VCS M13, the vector is able to replicate as a plasmid with no
expression, produce large quantities of the polypeptide library member only or produce -
phage, some of which contain at least one copy of the polypeptide-pIll fusion -on their

surface,

Construction of vectors encoding ligands according to the invention employs
conventional ligation techniques. Isclated vectors or DNA fragments are cleaved,
tailored, and religated in the form desired to generate the required vector. If desired,
analysis to confirm that the correct sequences are present in the constructed vector can be
performed in a known fashion. Suitable methods for constructing expression vectors,
preparing in vitro transcripts, introducing DNA into host cells, and performing analyses

for assessing expression and function are known to those skilled in the art. The presence
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of a gene sequence in a sample is detected, or its amplification and/or expression
quantified by conventional methods, such as Southern or Northern analysis, Western
blotting, dot blotting of DNA, RNA or proteln, in st hybridisation,
immunocytochemistry or sequence analysis of nucleic acid or protein molecules. Those

skilled in the art will readily envisage how these methods may be modified, if desired.

Structure of . closed conformation multispecific ligands

According to one aspect of the second configuration of the invention present invention,
the two or more non-complementary epitope binding domains are linked so that they are
in a closed conformation as herein defined. Advantageously, they may be further
attached to a skeleton which may, as a alternative, or on addition to a linker described
herein, facilitate the formation and/or maintenance of the closed conformation of the-

epitope binding sites with respect to one another.

(I)_Skeletons

Skeletons may be based on immunoglobulin molecules or may be non-immuno globulin in
origin as set forth above. Preferred immunoglobulin skeletons as herein defined includes
any one or more of those selected from the following: an imumunoglobulin molecule
comprising at least (i) the CL (kappa or lambda subclass) domain of an antibody; or (ii) the
CH1 domain of an antibody heavy chain; an immunoglobulin molecule comprising the
CH1 and CH2 domains of an aniibody heavy chain; an immunoglobulin molecule
comprising the CH1, CH2 and CHB domains of an antibody heavy chain; or any of the

subset (ii) in conjunction with the CL (kappa or lambda subelass) domain of an-antibody.

‘A hinge region domain may also be included.. Such combinations of domains may, for

example, mimic natural antibodies, such as IgG or IgM, or fragments thereof, such as Fv,
scFv, Fab or F(ab’); molecules. Those skilled in the art will be aware that this list is not

intended to be exhaustive.

(IT) Protein scaffolds
Bach epitope binding domain comiprises a protein scaffold and one or more CDRs which
are involved in the specific interaction of the domain with one or more epitopes.

Advantageously, an epitope binding domain according to the present invention comprises
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three CDRs. Suitable protein scaffolds include any of those selected from the group
consisting of the following: those based on immunoglobulin domains, those based on
fibronectin, those based on affibodies, those based on CTLA4, those based on chaperones
such as GroEL, those based on lipocallin and those based on the bacterial Fe receptors
SpA and SpD. Those skilled in the art will appreciate that this list is not intended-to be

exhaustive.

F Scaffolds for use in Constructing Dual Specific Ligands

i. Selection of the main-chain conformation

The members of the immunoglobulin superfamily all share a similar fold for their:
polypeptide chain. For example, although antibodies are highly diverse in terms of their
primary sequence, comparison of sequences and crystallographic structures has revealed
that, contrary to expectation, five of the six antigen binding loops of antibodies (H1, H2,
L1, L2, L3) adopt a limited number of main-chain conformations, or canonical structures
(Chothia and Lesk (1987) J. Mol. Biol., 196: 901; Chothia et al. (1989) Nature, 342 RT7).
Analysis of loop lengths and key residues has therefore enabled prediction of the main-
chain conformations of H1; H2, L1, L2 and L3 found in the majority of human antibodies
(Chothia et al. (1992) J. Mol. Biol., 227: 799; Tomlinson et al. (1995) EMBO J., 14:
4628; Williams et al. (1996) J. Mol. Biol., 264: 220). Although the H3 region is much
more diverse in terms of sequence, length and structure (due to the use of D segments), it
also forms a limited number of main-chain conformations for short loop lengths which
depend on the length and the presence of particular residues, or types of residue, at key
positions in the loop and the anti_body framnework (Martin ez al. (1996) J. Mol. Biol., 263:
800; Shirai et al. (1996) FEBS Letters, 399 1).

The dual specific ligands of the present invention are advantageously agsembled from
libraries of domains, such as libraries of Vg domains and/or libraries of Vy domains.
Moreover, the dual specific ligands of the invention may themselves be provided in the
form of libraries. In one aspect of the present invention, libraries of dual specific ligands
and/or domains are designed in which certain loop lengths and key residues have been
chosenn to ensure that the main-chain conformation of the members is known.

Advantageously, these are real conformations of immunoglobulin superfamily molecules
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found in nature, to minimise the chances that they are non-functional, as discussed
above. Germline V gene segments serve as one suitable basic framework for constructing
antibody or T-cell receptor libraries; other sequences are also of use. Variations may
occur at a low frequency, such that a small number of functional members may possess an

altered main-chain conformation, which does not affect its function.

Canonical structure theory is also of use to assess the number of different main-chain

conformations encoded by ligands, to predict the main-chain conformation based on

ligand sequences and to chose residues for diversification which do not affect the

canonical structure, It is known that, in the hwman V, domain, the L1 loop can adopt one
of four canonical structures, the L2 loop has a single canonical structure and that 90% of
human V. domains adopt ohe of four or five canonical structures for the L3 loop
(Tomlinson er al. (1995) supra); thus, in the V. domain alone, different canonical
structures can combine to create a range of different main-chain conformations. Given
that the V, domain encodes a different range of canonical structures for the L1, L2 and L3
loops and that V, and V, domains can pair with any Vy domain which can encode several
canonical structures for the H1 and H2 loops, the number of canonical structure

combinations observed for these five loops is very large. This implies that the generation

. of diversity in the main-chain cohformatieil may be essential for the production of a wide

range of binding specificities. However, by constructing an antibody library based on a
single known main-chain conformation it has been found, contrary to expectation, that
diversity in the main-chain conformation is not required to generate sufficient diversity to
target substantially all antigex__tis.-_ ‘Bven more swrprisingly, the single main-chain
conformation need not be a consensus structure - a single naturally occurring
conformation can be used as the basis for an entire library. Thus, in a preferred aspect, the

dual-specific ligands of the invention possess a single known main-chain conformation.

The single main-chain conformation that is chosen is preferably commonplace among
molecules of the immunoglobulin superfamily type in question. A conformation is
commonplace when a significant number of naturally occurring molecules are observed
to adopt it. Accordingly, in a preferred aspect of the invention, the natural occurrence of
the different main-chain conformations for each binding loop of an immunoglobulin

domain are considered separately and then a naturally occurring variable domain is
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chosen which possesses the desired gombination of main-chain conformations for the
different loops. If none is available, the nearest equivalent may be chosen. It is preferable
that the desired combination of main-chain conformations for the different Joops is
created by selecting germline gene segments which encode the desired main-chain
conformations. It is more preferable, that the selected germline gene segments are
frequently expressed in nature, and most preferable that they are the most frequently

expressed of all natural germline gene segments.

In designing dual specific ligands or libraries thereof the incidence of the different main-
chain conformations for each of the six antigen binding loops may be considered
separately. For H1, H2, L1, L2 and L3, a given conformation that is adopted by between
20% and 100% of the antigen binding loops of naturally occurring molecules is chosen-.'
Typically, its observed incidence is above 35% (i.e. between 35% and 100%) and, ideally,
above 50% or even ahove 65%. Since the vast majority of H3 loops do not have canonical
structures, it is preferable to select a main-chain conformation which is commonplace
among those loops which do display canonical structures. For each of the loops, the
conformation which is observed most often in the natural repertoire is therefore selected.
Tn human antibodies, the most popular canonical structures (CS) for each loop are as
follows: H1 - CS 1(79% of the expressed repertoire), H2 - CS 3 (46%), L1 - CS 2 of
Vi (39%), L2 - CS 1 (100%), L3 - CS 1 of Vi (36%) (calculation assumes a kA ratio of
70:30, Hood ef al. (1967) Cold Spring Harbor Symp. Quant. Biol., 48: 133). For H3 loops
that have canomical structures, a CDR3 length (Kabat et al. (1991) Sequences of proteins
of immunological interest, U.S.:Department of Health and Human Services) of seven
residues with a salt-bridge from residue 94 fo residue 101 appears to be the most
comumon, There are at least 16 human antibody sequences in the EMBL data library with.
the required H3 length and key residues to form this conformation and at least two
crystallographic structures in the protein data bank which can be used as a basis for
antibody modelling (2cgr and ltet). The most frequently expressed germline gene
segments that this combination of canonical structures are the Vy segment 3-23 (DP-47),
the Jy segment JHAb, the V, segment 02/012 (DPKY) and the Ji segment Jl1. Vy
segments DP45 and DP38 are also suitable. These segments can therefore be used in
combination as a basis to construct a library with the desired single main-chain

conformation.
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Alternatively, instead of choosing the single main-chain conformation based on the
natural occurrence of the different main-chain conformations for each of the binding
loops in isolation, the natural occurrence of combinations of main-chain conformations is
used as the basis for choosing the single main-chain conformation. In the case of
antibodies, for example, the natural occurrence of canonical structure combinations for
any two, three, four, five or for all six of the antigen binding loops can be determined.
Here, it is preferable that the chosen conformation is commonplace in naturally occurring
antibodies and most preferable that it observed most frequently in the natural repertoire.
Thus, in human antibodies, for example, when natural combinations of the five antigen
binding loops, H1, H2, L.1, L2 and L3, are considered, the most frequent combination-.ot_-‘
canonical structures is determined and then combined with the most popular

conformation for the H3 loop, as a basts for choosing the single main-chain conformation.

ii. Diversification of the canonical sequence

Having selected several known main-chain conformations or, preferably a single
known main-chain conformation, dual specific lgands according to the invention or

libraries for use in the invention can be constructed by varying the binding site of the

molecule in order to generate a repertoire with structural and/or functional diversity. This '

means that variants are generated such that they possess sufficient diversity in their
structure and/or in their function so that they are capable of providing a range of

activities.

The desired diversity is typicall§ generated by varying the selected molecule at one or
more positions. The positions to be changed can be chosen at random or are preferably
selected. The variation can then be achieved either by randomisation, during which the
resident amino acid is replaced by any amino acid or analogue thereof, natural -or
synthetic, producing a very large number of variants or by replacing the resident- amino
acid with one or more of a defined subset of amino acids, producing a more limited

number of variants.

Various metheds have been reported for infreducing such diversity. Error-prone PCR
(Hawkins et al. (1992) J. Mol. Biol., 226: 889), chemical mutagenesis (Deng er al. (1994)
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J. Biol. Chem., 269: 9533) or bacterial mutator strains (Low et al. (1996) J. Mol. Biol,,
260: 359) can be used to introduce random mutations into the genes that encode the
molecule. Methods for mutating selected positions are also well known in the art and
include the use of mismatched oligonucleotides or degenerate oligonucleotides, with or
without the use of PCR. For example, several synthetic antibody libraries have been
created by targeting mutations to the antigen binding loops. The H3 region of a human
tetanus toxoid-binding Fab has been randomised to create a range of new- binding
specificities (Barbas et al. (1992) Proc. Natl. Acad. Sci. USA, 89: 4457). Random or
semi-random H3 and L3 regions have been appended to germline V gene segments to
produce large libraries with unmutated framework regions (Hoogenboom ‘& Winter
(1992) J. Mol. Biol., 227: 381; Barbas ef al. (1992) Proc. Natl. Acad. Sci. US4, 89: 4457;
Nissim et al. (1994) EMBO J., 13: 692; Griffiths et al. (1994) EMBO J., 13; 3245; De
Kyuif et al. (1995) J. Mol. Biol., 248: 97). Such diversification has been extended to
include some or all of the other antigen binding loops (Crameri ef al. (1996) Nature Med.,
2: 100; Riechmann et al. (1995) Bio/Technology, 13: 475; Morphosys, W097/08320,

supra).

Since loop randomisation has the potential to create approximately more than 10"
structures for H3 alone and a similarly large number of variants for the other five loops, it
is not feasible using current transformation technology or even by using cell free systems
to produce a library representing all possible combinations. For example, in one of the
largest libraries constructed to date, 6 X 10%° different antibodies, which is only a fraction
of the potential diversity for a library of this design, were generated (Griffiths ef al.
(1994) supra). :

In a preferred embodiment, only those residues which are directly involved in creating or
modifying the desired function of the molecule are diversified. For many molecules, the
function will be to bind a target and therefore diversity should be concentrated in the
target binding site, while avoiding changing residues which are crucial to the overall

packing of the molecule or to maintaining the chosen main-chain conformation.
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Diversification of the canonical sequence as it applies to antibody domains

In the case of antibody dual-specific ligands, the binding site for the target is most
often the antigen binding site. Thus, in a highly preferred aspect, the invention provides
libraries of or for the assembly of antibody dual-specific ligands in which only those
residues in the antigen binding site are varied. These residues are extremely diverse in the
human antibody repertoire and are known to make contacts in high-resolution
antibody/antigen complexes. For example, in L2 it is known that positions 50 and 53 are
diverse in naturally occurring anfibodies and are observed to make contact with the
antigen. In contrast, the conventional approach would have been to diversify all the
residues in the corresponding Complementarity Determining Region (CDR1) as-defined
by Kabat et al. (1991, supra), some seven residues compared to the two diversified in the
library for use according to the invention, This represents a significant improvement in

terms of the functional diversity required to create a range of antigen binding specificities.

In nature, antibody diversity is the result of two processes: somatic recombination of
germline V, D and J gene segments to-create a naive primary repertoire (so called
germline and junctional diversity) and somatic hypermutation of the resulting rearranged
V genes. Analysis of human antibody sequences has shown that diversity in the primary
repertoire is focused at the cenire of the antigen binding site whereas somatic
hypermutation spreads diversity to regions at the periphery of the antigen binding site that
are highly conserved in the primary répertoire (see Tomlinson et al. (1996) J. Mol. Biol.,
256: 813). This complementarity has probably evolved as an efficient strategy for
searching sequence space and, although apparently unique to antibodies, it can easily be
applied to other polypeptide repértoires. The residues which are varied are a subset of
those that form the binding site for the target. Different (including overlapping) subsets of
residocs in the target binding site are diversified at different stages during selection, if

destred.

In the case of an antibody repertoire, an initial ‘naive’ reperioire is created where some,
but not all, of the residues in the antigen binding site are diversified. As used herein in
this context, the term “naive” refers to antibody molecules that have no pre-determined
target. These molecules resemble those which are encoded by the immunoglobulin genes

of an individual who has not undergone immune diversification, as is the case with fetal
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and newbomn individuals, whose immune systems have not yet been challenged by a
wide varisty of antigenic stimuli. This repertoire is then selected against a range of
antigens or epitopes. If required, further diversity can then be introduced outside the
region diversified in the initial repertoire. This matured reperfoire can be selected for

modified function, specificity or affinity.

The invention provides two different naive repertoires of binding domains for the
construction of dual specific ligands, or a naive library of dual specific ligands, in which
some or all of the residues in the antigen binding site are varied. The "primary" library
mimics the natural primary repertoire, with diversity restricted to residues at the centre of
the antigen binding site that are diverse in the germline V gene segments (germline
diversity) or diversified during the recombination process (junctional diversity). Those
residues which are diversified include, but are not limited to, H50, H52, H52a, H33, H3S,
H56, H58, HO5, H96, H97, H98, 50, L53, 191, 192, 193, L94 and 1L.96. In the "somatic”
library, diversity is restricted to: residues that are diversified during the recombination
process (junctional diversity) or are highly somatically mutated). Those residues which
are diversified include, but are not limited to: H31, H33, H35, H95, H96, H97, H98, 130,
L31, 132, L34 and L.96. All the residucs listed above as suitable for diversification in
these libraries are known to make contacts in one or more antibody-antigen complexes.
Since in both libraries, not all Et)f the residues in the antigen binding site are varied,
additional diversity is incorporated during selection by varying the remaining residues, if
it is desired to do so. It shall be apparent to one skilled in the art that any subset of any of
these residues (or additional residues which comprise the antigen binding site) can be

used for the initial and/or subseq{;ent diversification of the antigen binding site.

In the construction of libraries for use in the invention, diversification of chosen positions
is typically achieved at the nucleic acid level, by altering the coding sequence which
specifies the sequence of the polypeptide such that a number of possible amino acids (all
20 or a subset thereof) can be incorporated at that position. Using the IUPAC
nomenclature, the most versatile codon is NNK, which encodes all amino acids as well as
the TAG stop codon. The NNK codon is preferably used in order to introduce the

required diversity. Other codons which achieve the same ends are also of use, including
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the NNN codon, which leads to the production of the additional stop codong TGA and
TAA.

A feature of side-chain diversity in the antigen binding.site of human antibodies is a
pronounced bias which favours certain amino acid residues. If the amino acid
composition of the ten most diverse positions in each of the Vy, V. and V) regions are
summed, more than 76% of the side-chain diversity comes from only seven different
residues, these being, serine (24%), tyrosine (14%), asparagine (11%), glycme (9%),
alanine (7%), aspartate (6%) and threonine (6%). This bias towards hydrophilic residues
and small residues which can provide main-chain flexibility probably reflects the
evolution of surfaces which are predisposed to binding a wide range of antigens .or
epitopes and may help to explain the required promiscuity of antibodies in the primary

repertoire.

Since it is preferable to mimic this distribution of amino acids, the distribution of amino
acids at the positions to be varied preferably mimics that seen in the antigen binding site
of antibodies. Such bias in the substitution of amino acids that permits selection of certain:
polypeptides (not just antibody polypeptides) against a range of target antigens is easily
applied to any polypeptide repertoire. There are various methods for biasing the amino
acid distribution at the position to be varied (including the use of tri-nucleotide
mutagenesis, see W097/08320), of which the preferred method, due to ease of synthesis,
is the use of conventional degenerate codons. By comparing the amino acid profile
encoded by all combinations of degenerate codons (with single, double, friple and
quadruple degeneracy in equal ratios at each position) with the natural amino acid use it is
possible to calculate the most representative codon. The codons (AGT)AGC)T,
(AGTYAGC)C and (AGT)(AGC)(CT } - that is, DV'T, DVC and DVY, respectively using
IUPAC nomenclature - are those closest to the desired amino acid profile: they encade
22% serine and 11% tyrosine, asparagine, glycine, alanine, aspartate, threonine and
cysteine. Preferably, therefore, libraries are constructed using either the DVT, DVC or
DVY codon at each of the diversified positions.
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G: Antigens capable of increasing ligand half-life

The dnal specific ligands according to the invention, in one configuration thereof, are
capable of binding to one or more molecules which can increase the half-life of the ligand

in vivo. Typically, such molecules are polypeptides which occur naturally in vivo and

~ which resist degradation or removal by endogenous mechanisms which remove unwanted

material from the organism. For example, the molecule which increases the half-life of

the organism may be selected from the following:

Proteins from the extracellular mairix; for example collagen, laminins, integrins and

 fibronectin. Collagens are the major proteins of the extracellular matrix. About15 types

of collagen molecules are currently known, found in different parts of the body, egiypel
collagen (accounting for 90% of body collagen) found in bone, skin, tendon, ligaments,
cornea, internal organs or type I collagen found in cartilage, invertebral disc, notochord,

vitreous humour of the eye.

Proteins found in blood, including:

~ Plasma proteins such as fibrin, -2 macroglobulin, serum albumin, fibrinogen A,

fibrinogen B, serum amyloid protein A, heptaglobin, profilin, ubiquitin, uteroglobulin and

B-2-microglobulin;

Enzymes and inhibitors such as plasminogen, lysozyme, cystatin C, alpha-1-antitrypsin
and panéreatic trypsin inhibitor. i’lasmino gen is the inactive precursor of the trypsin-like
serine protease plasmin. It is normalty found circulating through the blood stream. When
plasminogen becomes activated and is converted to plasmin, it unfolds a potent enzymatic
domain that dissolves the fibrinogen fibers that enigangle the blood cells in a blood clot.
This is called fibrinolysis.

Immune system proteins, such as IgE, IgG, IgM.

Transport proteins such as retinol binding protein, o-1 microglobulin.
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Defensins such as beta-defensin 1, Neutrophil defensins 1,2 and 3.

Proteins found at the blood brain barrier or in neural tissues, such as melanocortin

receptor, myelin, ascorbate transporter.

Transferrin receptor specific ligand-neuropharmaceutical agent fusion proteins (see
US5977307),

brain capillary endothelial cell receptor, transferrin, transferrin receptor, insulin, insulin-
like growth factor 1 (IGF 1) receptor, insulin-like growth factor 2 (IGF 2) receptor,

insulin receptor.

Proteins localised to the kidney, such as polycystin, type IV collagen, organic anion
transporter K1, Heymann’s antigen.

Proteins localised to the liver, for example alcohol dehydrogenase, G250.
Blood coagulation factor X

ol antitrypsin

HNF 1o

Proteins localised to the lung, such as secretory component (binds IgA).

Proteins localised to the Heart, for example HSP 27. This is associated with dilated
cardiomyopathy. ’

Proteins localised to the skin, for example keratin.

Bone specific proteins, such as bone morphogenic proteins (BMPs), which are a subset of
the transforming growth factor § superfamily that demonstrate osteogenic activity.
Examples include BMP-2, -4, -5, -6, -7 (also referred to as osteogenic protein (OP-1) and
-8 (OP-2).
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Tumour specific proteins, including human trophoblast antigen, herceptin receptor,

oestrogen receptor, cathepsins eg cathepsin B (found in liver and spleen).

Disease-specific proteins, such as antigens expressed only on activated T-cells: including
LAG-3 (lymphocyte activation gene), osteoprotegerin ligand (OPGL) see Nature 402,
304-309; 1999, OX40 (a member of the TNF receptor family, expressed on activated T
cells and the only costimulatory T cell molecule known to be specifically up-regulated in
human T cell leukaemia virus type-I (HTLV-D)-producing cells.) See J Immunol. 2000
Jul 1;165(1):263-70;, Metalloproteases (associated with arthritis/cancers), including
CG6512 Drosophila, human paraplegin, human FisH, buman AFG3L2, murine fist;
angiogenic growth factors, including acidic fibroblast growth factor (FGE-1), basic
fibroblast growth factor (FGF-2), Vascular endothelial growth factor / vascular
permeability factor (VEGF/VPF), transforming growth factor-a (TGF a), tumor necrosis
factor-alpha (TNF-a), angiogenin, interleukin-3 (IL-3), interleukin-8 (IL-8), platelet-
derived endothelial growth factor (PD-ECGF), placental growth factor (PIGF), midkine
platelet-derived growth factor-BB (PDGF), fractalkine.

Stress proteins (heat shock proteins)

HSPs are normally found intracellularly. When they are found extracellularly, it is an
indicator that a cell has died and spilled out its contents. This unprogrammed cell death
(necrosis) only occurs when as a result of trauma, disease or injury and therefore in vivo,
extracellular HSPs trigger a response from the immune system that will fight infection
and disease. A dual specific which binds to extracellular HSP can be localised to a

disease site,

Proteins involved in Fe transport
Brambell receptor (also known as FcRB)
This Fe receptor has two functions, both of which are potentially useful for delivery
The functions are
(1) The transport of IgG from mother to child across the placenta
(2) the protection of IgG from degradation thereby prolonging its serum half life of
IgG. Ttis thought that the receptor recycles IgG from endosome.
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See Holliger ef al, Nat Biotechnol 1997 Jul;15(7):632-6.

Ligands according to the invention may designed to be specific for the above targets
without requiring any increase in or increasing half life in vivo. For example, ligands-
according to the invention can be specific for targets selected from the foregoing which
are tissue-specific, thereby enabling tissue-specific targeting of the dual specific ligand,
or a dAb monomer that binds a tissue-specific therapeutically relevant target, irrespective
of any increase in half-life, although this may result. Moreover, where the ligand or dAb
monomer targets kidney or liver, this may redirect the ligand or dAb monomer to an
alternative clearance pathway invivo (for example, the ligand may be directed awajf from

liver clearance to kidney clearance).

H: Use of multispecific ligands according to the second configuration of the

invention

Multispecific ligands according to the method of the second configuration of the present
invention may be employed in in vivo therapeutic and prophylactic applications, in vitro
and in vivo diagnostic applications, in vitro assay and reagent applications, and the like.
For example antibody molecules may be used in antibody based assay techniques, such as
ELISA techniques, according to methods known to those skilled in the art.

As alluded to above, the multispecific ligands according to the invention are of use in
diagnostic, prophylactic and therapeutic procedures. Multispecific antibodies according to
the invention are of use diagnostically in Western analysis and in situ protein detection by
standard immunohistochemical procedures; for use in these applications, the ligands may |
be labelled in accordance with techmiques known to the art. In addition, such antibody
polypeptides may be used preparatively in affinity chromatography procedures, when
complexed to a chromatographic support, such as a resin. All such techniques are well

known to one of skill in the art.

Diagnostic uses of the closed conformation multispecific ligands according to the
invention include homogenous assays for analytes which exploit the ability of closed

conformation multispecific ligands to bind two targets in competition, such that two
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targets cannot bind simultaneously (a closed conformation), or alternatively their ability

to bind two targets simultaneously (an open conformation).

A true homogenous lmmunoassay format has been avidly sought by manufacturers of
diagnostics and research assay systems used in drug discovery and development. The
main diagnostics markets include human testing in hospitals, doctor's offices and clinics,
commercial reference laboratories, blood banks, and the home, non-human diagnostics
(for example food testing, water testing, environmental testing, bio-defence, and
veterinary testing), and finally research (including drug development; basic research and

academic research).

At present all these markets utilise immunoassay systems that are built around :
chemiluminescent, ELISA, fluorescence or in rare cases radio-immunoassay
technologies. Each of these assay formats requires a separation step (separating bound
from un-bound reagents). In some cases, several separation steps are required. Adding
these additional steps adds reagents and automation, takes time, and affects the ultimate
outcome of the assays. In human diagnostics, the separation step may be automated,
which masks the problem, but does not remove it. The robotics, additional reagenis,
additiopal incubation times, and:the like add considerable cost and complexity. In-drug
development, such as high throughput screening, where literally millions of samples are
tested at once, with very low levels of test molecule, adding additional separation steps
can eliminate the ability to perform a screen. However, avoiding the separation creates
too much noise in the read out. : Thus, there is a need for a true homogenous format that
provides sensitivities at the range obtainable from present assay formats. Advantageously,
an assay possesses fully quantitative read-outs with high sensitivity and a large dynamic
range. Sensitivity is an important requirement, as is reducing the amount of sample
required. Both of these features are features that a homogenous system offers. This is
very important in point of care testing, and in drug development where samples are
precious. Heterogenous systems, as currently available in the art, require large quantities

of sample and expensive reagents

Applications for homogenous assays include cancer testing, where the biggest assay is

that for Prostate Specific Antigen, used in screening men for prostate cancer. Other
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applications include fertility testing, which provides a series of tests for women
attempting o conceive including beta-hcg for pregnancy. Tests for infectious diseases,
including hepatitis, HIV, rubella, and other viruses and microorganisms and sexually
transmitted diseases. Tests are used by blood banks, especially tests for HIV, hepatitis A,
B, C, non A non B. Therapeutic drug monitoring tests include monitoring levels of
prescribed drugs in patients for efficacy and to avoid toxicity, for example digoxin for
arthythmia, and phenobarbital levels in psychotic cases; theophylline for asthma.
Diagnostic tests are moreover useful in abused drug testing, such as testing for cocaine,
marijuana and the like. Metabolic tests are used for measuring thyroid function, anaemia

and other physiological disorders and functions.

The homogenous immunoassay format is moreover useful in the manufacture of standard.~
clinical chemistry assays. The inclusion of immunoassays and chemistry assays on the
same instrament is highly advantageous in diagnostic testing. Suitable chemical assays

include tests for glucose, cholesterol, potassium, and the like.

A further major application for homogenous immunoassays is drug discovery and
development: high throughput screening includes testing combinatorial chemistry
libraries versus targets in ultra high volume. Signal is detected, and positive groups then
split into smaller groups, and eventually tested in cells and then animals. Homogenous.
assays may be used in all these types of test. In drug development, especially animal
studies and clinical trials heavy use of immunoassays is made. Homogenous assays
greatly accelerate and simplify these procedures. Other Applications include foed and:
beverage testing: testing meat and other foods for E. coli, salimonella, etc; water testing,
including testing at water plants for all types of contaminants including E. coli; and

veterinary testing,.

In a broad embodiment, the invention provides a binding assay comprising a detectable
agent which is bound to a closed conformation multispecific ligand according to the
invention, and whose detectable properties are altered by the binding of an analyte to said
closed conformation multispecific ligand. Such an assay may be configured in several
different ways, each exploiting the above properties of closed conformation multispecific

ligands.
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The assay relies on the direct or indirect displacement of an agent by the analyte, resulting
in a change in the detectable properties of the agent. For example, where the agent is an
enzyme which is capable of catalysing a reaction which has a detectable end-point, said.
enzyme can be bound by the ligand such as to obstruct its active site, thereby inactivating
the enzyme. The analyte, which is also bound by the closed conformation multispecific
ligand, displaces the enzyme, rendering it active through freeing of the active site. The
enzyme is then able to react with a substrate, to give rise to a detectable event. In an
alternative embodiment, the ligand may bind the enzyme outside of the active site,
influencing the conformation of the enzyme and thus altering its activity. For example,
the structure of the active site may be constrained by the binding of the ligand, or the

binding of cofactors necessary for activity may be prevented.

The physical implementation of the assay may take any form known in the art. For
example, the closed conformation multispecific ligand/enzyme complex may be provided
on a test strip; the substrate may be provided in a different region of the test strip, and a
solvent containing the analyte allowed to migrate through the Ligand/enzyme complex,
displacing the enzyme, and camrying it fo the substrate region to produce a signal.
Alternatively, the ligand/enzyme complex may be provided on a test stick or other solid
phase, and dipped into an analyte/subsirate solution, releasing enzyme into the solution in -

response to the presence of analyte.

Since each molecule of analyte potentially releases one enzyme molecule, the assay is
quantitative, with the strength of the signal generated in a given time being dependent on

the concentration of analyte in the soltion.

Further configurations using the analyte in a closed conformation are possible, For
example, the closed conformation multispecific ligand may be configured to bind an
enzyme in an allosteric site, thereby activating the enzyme. In such an embodiment, the
enzyme is active in the absence of analyte. Addition of the analyte displaces the enzyme

and removes allosteric activation, thus inactivating the enzyme.



10

15

20

25

30

WO 2004/003019 ' PCT/GB2003/602804

76

In the context of the above embodiments which employ enzyme activity as a measure of
the analyte concentration, activation or inactivation of the enzyme refers to an increase or
decrease in the activity of the enzyme, measured as the ability of the enzyme to catalyse a.
signal-generating reaction. For example, the enzyme may catalyse the conversion of an
undetectable substrate to a detectable form thereof. For example, horseradish peroxidase
is widely used in the art together with chromogenic or chemiluminescent substrates,
which are available commercially. The level of increase or decrease of the activity of the
enzyme may between 10% and 100%, such as 20%, 30%, 40%, 50%, 60%, 70%, 80% or
90%; in the case of an increase in activity, the Increase may be more than 100%, i.e.
200%, 300%, 500% or more, or may not be measurable as a percentage if the baseline

activity of the inhibited enzyme is undetectable.

In a further configuration, the closed conformation multispecific ligand may bind the
substrate of an enzyme/substrate pair, rather than the enzyme. The substrate is therefore
unavailable to the enzyme until released from the closed conformation multispecific
ligand through binding of the analyte. The implementations for this configuration are as
for the configurations which bind enzyme.

Moreover, the assay may be configured fo bind a fluorescent molecule, such as a.
fluorescein or another fluorophore, in a conformation such that the fluorescence is
quenched on binding to the ligand. In this case, binding of the analyte to the ligand will
displace the fluorescent molecule, thus producing a signal. Alternatives to fluorescent
molecules which are useful in the present invention include lnminescent agents, such as
Iucifel'influciferase, and chromogenic agents, including agents commonly used in

immunoassays such as HRP.

Therapeutic and prophylactic uses of multispecific ligands prepared according to the
invention invelve the administration of ligands according to the invention to a recipient
mammal, such as a human. Multi-specificity can allow antibodies to bind to multimeric
antigen with great avidity. Multispecific ligands can allow thecross- linking of two
antigens, for example in recruiting cytotoxic T-cells to mediate the killing of tumour cell

lines.



10

15

20

25

30

WO 2004/603019 PCT/IGB2003/002804
T

Substantially pure ligands or binding proteins thereof, for example dAb monomers, of at
Jeast 90 to 95% homogeneity are preferred for administration to a mammal, and 98 to
99% or more homogeneity is most preferred for pharmaceutical uses, especially when the
mammal is 2 human. Once purified, partially or to homogeneity as desired, the ligands
may be used diagnostically or therapeutically (including extracorporeally) or in
developing and performing assay procedures, immunofluorescent stainings and the like
(Lefkovite and Pemis, (1979 and 1981) Immunological Methods, Volumes I and 11,
Academic Press, NY).

The ligands or binding proteins thereof, for example dAb monomers, of the present
invention will typically find use in preventing, suppressing or treating inflammatory
states, allergic hypersensitivity, cancer, bacterial or viral infection, and autoimmune
disorders (which include, but are not Limited to, Type 1 diabetes, asthma, multiple
sclerosis, theumatoid arthxitis,: systemic lupus erythematosus, Crobn's disease and

myasthenia gravis).

In the instant application, the term “prevention” involves administration of the protective
composition prior to the induction of the disease. “Suppression” refers to administration

" of the composition after an inductive event, but prior to the clinical appearance of the

disease. “Treatment” involves adminisiration of the protective composition after disease

symptoms become manifest.

Animal model systems which can be used to screen the effectiveness of the antibodies or
binding proteins thereof in pr;ibtecting against or ireating the disease are available.
Methods for the testing of systemic lupus erythematosus (SLE) in susceptible mice are
known in the art (Knight et al. (1978) J. Exp. Med., 147: 1653; Reinersten ez al. (1978)
New Eng. J. Med., 299: 515). Myasthenia Gravis (MG) is tested in STL/J female mice by
inducing the disease with soluble AchR protein from another species (Lindstrom e al.
(1988) Adv. Immunol., 42: 233). Arthritis is induced in a susceptible strain of mice by
injection of Type II collagen (Stuart et al. (1984) Ann. Rev. Immunol., 42: 233). A model
by which adjuvant arthritis is induced in susceptible rats by injection of mycobacterial
heat shock protein has been described (Van Eden et al. (1988) Nature, 331: 171).
Thyroiditis is induced in mice by administration of thyroglobulin as described (Maron &t
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al. (1980} J. Exp. Med., 152: 1115). Insulin dependent diabetes mellitus (IDDM) oceurs
naturally or can be induced in certain strains of mice such as those described by
Kanasawa ef al. (1984) Diabetologia, 27: 113. EAE in mouse and zrat serves as a model
for MS in human. In this model, the demyelinating disease is induced by administration
of myelin basic protein (see Paterson (1986) Zextbook of Immunopathology, Mischer et
al., eds., Grune and Stratton, New York, pp. 179-213; McFarlin et al. (1973) Science,
179: 478: and Satoh et al. (1987) J. Immunol., 138: 179).

Generally, the present ligands will be utilised in purified form together with
pharmacologically appropriate ‘carriers. Typically, these carriers include -agqueous or
alcoholic/aqueous solutions, emulsions or suspensions, any including saline and/or
bufféred media. Parenteral vehicles include sodium chloride solution, Ringer's dextrose;
dextrose and sodium chloride and lactated Ringer's. Suitable physiologically-acceptable
adjuvants, if necessary to keep a polypeptide complex in suspension, may be chosen from

thickeners such as carboxymethyloellulose, polyvinylpyrrolidone, gelatin and alginates.

Intravenous vehicles include fluid and nutrdent replenishers and electrolyte replenishers,
such as those based on Ringer's dextrose. Preservatives and other additives, such as
antimicrobials, antioxidants, chelating agents and inert gases, may also be present (Mack
(1982) Remington's Pharmaceutical Sciences, 16th Edition).

The ligands of the present invention may be used as separately administered compositions
or in conjunction with other agents. These can include various immunotherapeutic drugs,
such as cylcosporine, met}mtref;ixate, adriamycin or cisplatinum, and immunotoxins.
Pharmaceutical compositions can inctude "cocktails” of various cytotoxic or other agents
in conjunction with the ligands of the present invention, or even combinations of lignds
according to the present invention having different specificities, such as ligands selected
using different target antigens or epitopes, whether or not they are pooled prior to

administration.

The route of administration of pharmaceutical compositions according to the invention
may be any of those commonly known to those of ordinary skill in the art. For therapy,

including without limitation immunotherapy, the selected ligands thereof of the invention
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can be administered to any patient in accordance with standard techniques. The
administration can be by any appropriate mode, including parenterally, mtravenously,
intramuscularly, intraperitoneally, transdermally, via the pulmonary route, or also,
appropriately, by direct infusion with a catheter. The dosage and frequency of
administration will depend on the age, sex and condition of the patient, concurrent
administration of other drugs, counterindications and other parameters to be taken into

account by the clinician.

The ligands of this invention can be lyophilised for storage and reconstifuted in a suitable
carrier prior to use. This technique has been shown to be effective with conventional
immunoglobulins and art-known lyophilisation and reconstitution technigques can be
employed. It will be appreciated by those skilled in the art that lyophilisation and
reconstitution can lead to varying degrees of antibody activity loss (e.g. with conventional
immunoglobulins, IgM antibodies tend to have greater activity loss than [gG antibodies)

and that use levels may have to be adjusted upward to compensate.

The compositions containing the present ligands or a cocktail thereof can be administered
for prophylactic and/or therapeutic treatments. In certain therapeutic applications, an
adequate amount to accomplish at least partial inhibition, suppression, modulation,
killing, or some other measurable parameter, of a population of selected cells is defined as
a "therapentically-effective dose”. Amounts needed to achieve this dosage will depend
upon the severity of the disease and the general state of the patient’s own immune system,
but generaﬂy range from 0.005 to 5.0 mg of ligand, e.g. antibody, receptor (e.g. a T-cell
receptor) or binding protein thereof per kilogram of body weight, with doses of .05 to
2.0 mg/kg/dose being more commonly used. For prophylactic applications, compositions
containing the present ligands or cocktails thereof may also be administered in similar or

slightly lower dosages.

Treatment performed using the compositions described herein is considered “effective™ if
one or more symptoms is reduced (e.g., by at least 10% or at least one point on a clinical
assessment scale), relative to such symptoms present before treatment, or relative to such
symptoms in an individual (human or model animal) not treated with such composition.

Symptoms will obviously vary depending upon the disease or disorder targeted, but can
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be measured by an ordinarily skilled clinician or technician. Such symptoms can be
measured, for example, by monitoring the level of one or more biochemical indicators of
the disease or disorder (e.g., levels of an enzyme or metabolite correlated with the
disease, "affected cell numbers, etc.), by monitoriﬁg physical manifestations (e.g.,
inflammation, tumor size, etc.), or by an accepted clinical assessment scale, for example,
the Expanded Disability Status Scale (for multiple sclerosis), the Irvine Inflammatory
Bowel Disease Questionmaire (32 point assessment evaluates guality of life with respect
to bowel function, systemic symptoms, social function and emotional status - score ranges
from 32 to 224, with higher scores indicating a better guality of life), the Quality of Life
Rheumatoid Arthritis Scale, or other accepted clinical assessment scale as known in the-
field. A sustained (e.g., one day or more, preferably longer) reduction in-disease or
disorder symptoms by at least 10% or by one or more points on a given clinical scale is
indicative of “effective” treatment. Similarly, prophylaxis performed using a composition
as described herein is “effective” if the onset or severity of one or more symptoms is
delayed, reduced or abolished relative to such symptoms in a similar individual (human or

animal model) not treated with the composition.

A composition containing a Higand or cocktail thereof according to the present invention

~ may be utilised in prophylactic and therapeutic settings to aid in the alteration,

inactivation, killing or removal of a select target cell population in a mammal. In addition,
the selected repertoires of polypeptides described herein may be used extracorporeally or
in vitro selectively to kill, deplete or otherwise effectively remove a target cell population
from a heterogeneous collection of cells. Blood from a mammal may be combined
extracorporeally with the liganids, e.g. antibodies, cell-surface receptors or binding
proteins thereof whereby the undesired cells are killed or otherwise removed from the

blood for return to the mammal in accordance with standard techniques.

I: Use of half-life enhanced dual-specific lizands according to the invention

Dual-specific ligands according to the method of the present invention may be employed
in in vivo therapeutic and prophylactic applications, in vivo diagnostic applications and
the like.
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Therapeutic and prophylactic uses of dual-specific ligands prepared according to the
invention involve the administration of ligands according to the invention to a recipient
mammal, such as a human. Dual specific antibodies according to the invention comprise
at least one specificity for a half-life enhancing molecule; one or more further specificities
may be directed against target molecules. For example, a dual-gpecific IgG may be
specific for four epitopes, one of which is on a half-life enhancing molecule, Dual-
specificity can allow antibodies to bind to multimeric antigen with great avidity. Dual-
specific antibodies can allow the cross-linking of two antigens, for example in recrutting

cytotoxic T-cells to mediate the killing of tumour cell lines.

Substantially pure ligands or binding proteins thereof, such as dAb monomers, of at least
90 to 95% homogeneity are preferred for administration to a mammal, and 98 to 99% or
more homogeneity is most preferred for pharmaceutical uses, especially when the
mammal is a human. Once purified, partially or to homogeneity as desired, the ligands
may be used diagnostically or therapeutically (including extracorporeally) or in
developing and performing assay procedures, immunofluorescent stainings and the like
(Lefkovite and Pernis, (1979 and 1981) Immunological Methods, Volumes [ and I,
Academic Press, NY).

The ligands of the present invention will typically find use in preventing, suppressing or
treating inflammatory states, allergic hypersensitivity, cancer, bacterial or viral infection,
and autoimmune disorders (which include, but are not Lmited to, Type 1 diabetes,
multiple sclerosis, theumatoid érth:ritis, systemic lupus erythematosus, Crohn's disease-

and myasthenia gravis).

Tn the instant application, the term “prevention” involves administration of the protective
composition prior to the induction of the disease. “Suppression” refers to administration
of the composition after an inductive event, but prior to the clinical appearance of the
disease. “Treatment” involves administration of the protective composition after disease

symptoms become manifest.
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Animal mode] systems which can be used to screen the effectiveness of the dual specific
ligands in protecting against or treating the disease are available. Methods for the testing
of systemic lupus erytheratosus (SLE) in susceptible mice are known in the art (Knight
et al. (1978) J. Exp. Med., 147: 1653; Reinersten et al. (1978) New Eng. J. Med., 299:
515). Myasthenia Gravis (MG) is. tested in SJL/J female mice by inducing the disease
with soluble AchR protein from another species (Lindstrom et al. (1988) Adv. Immunol.,
42: 233). Arthritis is irduced in a susceptible strain of mice by injection of Type II
collagen (Stuart er al. (1984) Ann. Rev. Immunol., 42: 233). A model by which adjuvant
arthritis is induced in susceptible rats by injection of mycobacterial heat shock protein has
been described (Van Eden et al. (1988) Nature, 331: 171). Thyroiditis is induced in mice
by administration of thyroglobulin as described (Maron ef al. (1980) J. Exp. Med., 152:
1115). Insulin dependent diabetes mellitus (IDDM) occurs naturally or can be induced in
certain strains of mice such. as those described by Kanasawa et al, (1984) Diabefologia,
27: 113. EAE in mouse and rat serves as a model for MS in human. In this model, the
demyelinating disease is induced by administration of myelin basic protein (see Paterson
(1986) Textbook of Immunopathologj, Mischer et al., eds., Grune and Stratton, New
York, pp. 179-213; McFarlin et al. (1973) Science, 179: 478: and Satoh et al. (1987) J.
Immunol., 138: 179).

Dual specific ligands according to the invention and dAb monomers able to bind to
extracellular targets involved in endocytosis (e.g. Clathrin) enable dual specific ligands to
be endocytosed, enabling another specificity able to bind to an intracellular target to be
delivered to an intracellular environment. This strategy requires a dual specific ligand
with physical properties that ensble it to remain functional inside the cell. Alternatively,
if the final destination intracellular compartment is oxidising, a well folding ligand may
not need io be disulphide free.

Generally, the present dual specific ligands will be utilised in purified form together with
pharmacologically appropriate carriers. Typically, these camiers include aqueous or
alcoholic/aqueous solutions, emulsions or suspensions, any including saline and/or
buffered media. Parenteral vehicles include sodinm chloride solution, Ringer's dextrose,

dextrose and sodium chloride and lactated Ringer's. Suitable physiologically-acceptable
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adjuvants, if necessary to keep a polypeptide complex in suspension, may be chosen
from thickeners such as carboxymethylcellulose, polyvinylpyrrolidone, gelatin and

alginates.

Intravenous vehicles include fluid and nutrient replenishers and electrolyte replenishers,
such as those based on Ringer's dextrose. Preservatives and other additives, such as
antimicrobials, antioxidants, chelating agents and inert gases, may also be present (Mack

(1982) Remington's Pharmaceutical Sciences, 16th Edition).

The ligands of the present invention may be used as separately administered compositions
or in conjunction with other agents. These can include various immunotherapeutic-drugs,
such as cylcosporine, methotrexate, adriamycin or cisplatinum, and immunotoXins.
Pharmaceutical compositions can inclnde "cocktails” of various cytotoxic or other agents

in conjunction with the ligands of the present invention.

The route.of administration of pharmaceutical compositions according to the invention
may be any of those commonly known to those of ordinary skill in the art. For therapy,
including without Limitation immunotherapy, the ligands of the invention can be
administered to any patient in accordance with standard techniques. The administration
can be by any appropriate mode, including parenterally, intravenously, intramuscularly,
intraperitoneally, transdermally, via the pulmonary route, or also, appropriately, by direct
infusion with a catheter. The dosage and frequency of administration will depend on the
age, sex and condition of the patient, concurrent administration of other drugs,

counterindications and other parameters to be taken into account by the clinician,

The ligands of the invention can be lyophilised for storage and reconstituted in a suitable
carrier prior to use. This technique has been shown to be effective with conventional
immunoglobulins and art-known lyophilisation and reconstitution techniques can be
employed. It will be appreciated by those skilled in the art that lyophilisation and
reconstitution can lead to varying degrees of antibody activity loss (e.g. with conventional
immunoglobulins, IgM antibodies tend to have greater activity loss than IgG antibodies)

and that use levels may have to be adjusted upward to compensate.
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The compositions containing the present ligands or a cocktail thereof can be
administered for prophylactic and/or therapeutic treatments. In certain therapeutic
applications, an adequate amount to accomplish at least partial inhibition, suppression,
modulation, killing, or some other measurable parameter, of a population of selected cells
is defined as a "therapeutically-effective dose”. Amounts needed to achieve this dosage
will depend upon the severity of the disease and the general state of the patient’s own
immune system, but generally range from 0.005 to 5.0 mg of ligand per kilogram of body
weight, with doses of 0.05 to 2.0 mg/kg/dose being more commonly used. For
prophylactic applications, compositions containing the present ligands or cocktails thereof

may also be administered in similar or slightly lower dosages.

A composition containing a ligand according to the present invention may be utilised in
prophylactic -and therapeutic settings to aid in the alteration, inactivation, killing or

removal of a select target cell population in a mammal.

In addition, the selected repertoires of polypeptides described herein may be used
extracorporeally or in vitro selectively to kill, deplete or otherwise effectively remove a
target cell population from a heterogeneous collection of cells. Blood from a mammal
may be combined extracorporeally with the ligands, e.g. antibodies, cell- surface
receptors or binding proteins thereof whereby the undesired cells are killed or otherwise
removed from the blood for return to the mammal in accordance with standard
techniques.

The invention is further described, for the purposes of illustration only, in th‘é following
examples. As used herein, for the purposes of dAb nomenclature, human TNFo is

referred to as TAR1 and human TNFo receptor 1 {(p55 receptor) is referred to-as TAR2.

Example 1. Selection of a dual specific scFv antibody (K8) directed against human
serum afbumin (HSA) and B-galactosidase (§§ -gal)

This example explains a method for making a dual specific antibody directed against B~

gal and HSA in which a repertoire of V. variable domains linked to a germline (dummy)



10

15

20

25

30

WO 2004/603019 PCT/GB2003/002804
85
Vy domain is selected for binding to B-gal and a repertoire of Vy variable domains
linked to a germline (dummy) V, domain is selected for binding to HSA. The selected
variable Vg HSA and V, B-gal domains are then combined and the antibodies selected for

binding to B-gal and HSA. HSA is a half-life increasing protein found in human blood,

Four human phage antibody libraries were used in this experiment.

Library 1 Germline V,/DVT Vi 8.46 x 107
Library2  Germline Vi/NNK Vg 9.64 % 107
Library3  Germline Vi/DVT Vi 1.47x% 108
Library4  Germline Vi/NNK Vi 1.45x 108

All libraries are based on a single human framework for Vi (V3-23/DP47 and Jy4b) and
Vi (012/02/DPK9 and Ji 1) with side chain diversity incorporated in complementarity

determining regions (CDR2 and CDR3).

Library 1 and Library 2 contain.a dummy V. sequence, whereas the sequence of Vy is

diversified at positions H50, H52, H52a, H53, H55, H56, HS8, H95, H96, H97 and HO8

(DVT or NNK encoded, respectively) (Figure 1). Library 3 and Library 4 contain a
dummy Vy sequence, whereas the sequence of Vi is diversified at positions L50, 153,
191, 192, 193, 1.94 and 196 (DVT or NNK encoded, respectively) (Figure 1). The
libraries are in phagemid pIT2/ScFv format (Figure 2) and have been preselected for
binding to generic ligands, Protein A and Protein L, so that the majority of clones inthe
unselected libraries are functional. The sizes of the libraries shown above correspond to
the sizes after preselection. Library 1 and Library 2 were mixed prior to selections on

antigen to yield a single Vy/dummy V¢ library and Library 3 and Library 4 were mixed
to form a single V,/dummy Vy library.

Three rounds of selections were performed on B-gal using V,/dummy Vy library and

three rounds of selections were performed on HSA using Vy/dummy Vi library. In the
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case of B-gal the phage titres went up from 1.1 x 100 in the first round to 2.0 x 108 in the
third round. In the case of HSA the phage titres went up from 2 x 104 in the first round to

1.4 x 109 in the third round. The selections were performed as described by Griffith ef al.,
(1993), except that KM13 helper phage (which contains a pIII protein with a protease
cleavage site between the D2 and D3 domains) was used and phage were eluted with 1
mg/m! trypsin in PBS. The addition of trypsin cleaves the pIlI proteins derived from the
helper phage (but not those from the phagemid) and elutes bound scFv-phage fusions by
cleavage in the c-myc tag (Figure 2), thereby providing a further enrichment for phages
expressing functional scFvs and a corresponding reduction in background (Kristensen &
Winter, Folding & Design 3: 321-328, Jul 9, 1998). Selections were performed using
immunotubes coated with either HSA or B-gal at 100pg/ml concentration.

To check for binding, 24 colonies from the third round of each selection were screened by
monoclonal phage ELISA. Phage particles were produced as described by Harrison et al.,
Methods Enzymol. 1996;267 :83:1 09. 96-well ELISA plates were coated with 100ul of
HSA or B-gal at 10pg/ml concentration in PBS overnight at 4°C. A standard ELISA
protocol was followed (Hoogenboom et al., 1991) using detection of bound phage with
anti-M13-HRP conjugate. A selection of clones gave ELISA signals of greater than 1.0
with 50ul supernatant.

Next, DNA preps were made from Vy/dummy Vi library selected on HSA and from
V,/dummy Vy library selected on B-gal using the QIAprep Spin Miniprep kit (Qiagen).
To access most of the diversity, EDI*{A preps were made from each of the three rounds .of
selections and then pulled togethm‘er for each of the antigens. DNA preps were - then
digested with Sall/Notl overnight at 37°C. Following gel purification of the fragments,
Vi chains from the Vy/dummy Vg library selected on B-gal were ligated in place of a

dummy V. chain of the Vi/dummy V library selected on HSA creating a library of 3.3

x 109 clones.

This library was then either selected on HSA (first round) and B-gal (second round),
HSA/B-gal selection, or on B-gal (first round) and HSA (second round), B-gal/HSA
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selection. Selections were performed as described above. In each case afler the second
round 48 clones were tested for binding to HSA and P-gal by the monoclonal phage
ELISA (as described above) and by ELISA of the soluble scFv fragments. Soluble
antibody fragments were produced as described by Harrison ef al., (1996), and standard
ELISA protocol was followed Hoogenboom et al. (1991) Nucleic Acids Res., 19: 4133,
except that 2% Tween/PBS was used as a blocking buffer and bound scFvs were detected
with Protein L-HRP. Three ciones (B4, E5 and E8) from the HSA/B-gal selection and two
clones (K8 and K10) from the B-gal/HSA selection were able to bind both antigens. scFvs

from these clones were PCR amplified and sequenced as described by Ignatovich et al.,

(1999) J Mol Biol 1999 Nov 26;294(2):457-65, using the primers LMB3 and pHENseq.
Sequence analysis revealed that all clones were identical. Therefore, only one clone

encoding a dual specific aniibody (K8) was chosen for further work (Figure 3).

Example 2. Characterisation of the binding properties of the K8 antibody.

Firstly, the binding properties of the K38 antibody were characterised by the monoclonal
phage BLISA. A 96-well plate was coated with 100p1 of HSA and B-gal alongside with
alkaline phosphatase (APS), bovine sernm albumin (BSA), peanut agglutinin, lysozyme
and cyiochrome c (to check for cross-reactivity) at 10pg/ml concentration in PBS
overnight at 4°C. The phagemid from K8 clone was rescued with KM13 as described by
Harrison et al., (1996) and the supernatant (50ul) containing phage assayed directly. A
standard ELISA protocol was f;allowed (Hoogenboom et al., 1991) using detection of
bound ﬁhage with a:1ti—M13-HR%’ conjugate. The dual specific X8 antibody was found to
bind to HSA and PB-gal when displayed on the surface of the phage with absorbance
signals greater than 1.0 (Figure 4). Strong binding to BSA was also observed (Figure 4).
Since HSA and BSA are 76% homologous on the amino acid level, it is not surprising
that K8 antibody recognised both of these structurally related proteins. No cross-reactivity
with other proteins was detected (Figure 4).

Secondly, the binding properties of the K8 antibody were tested in a soluble scFv ELISA.
Production of the soluble scFv fragment was induced by IPTG as described by Harrison
et al., (1996). To determine the expression levels of K8 scFv, the soluble antibody
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fragments were purified from the supernatant of 50ml inductions using Protein A-
Sepharose columms as described by Harlow and Lane, Antibodies: a Laboratory Manual,

(1988) Cold Spring Harbor. OD9gg was then measured and the protein concentration

calculated as described by Sambrook ef al., (1989). K& scFv was produced in supematant

at 19mg/l.

A soluble scFv ELISA was then performed using known concentrations of the K8
antibody fragment. A 96~-well plate was coated with 100ul of HSA, BSA and f-gal at
10pg/ml and 100wl of Protein A at 1pg/ml concentration. 50ul of the serial dilutions of
the K8 scFv was applied and the bound antibody fragments were detected with Protein L-
HRP. ELISA results confirmed the dual specific nature of the K8 antibody (Figure 5).

To confirm that binding to B-gal is determined by the Vi domain and binding to
HSA/BSA by the Vi domain of the K& scFv antibody, the V. domain was cut out from
K8 scPv DNA by Sall/Not/ digesﬁon and ligated info a Sall/Not/ digested pIT2 vector

containing dummy Vy chain (Figures 1 and 2). Binding characteristics of the resulting

clone K8V /dummy Vi were analysed by soluble scFv ELISA. Production of the soluble

scFv fragments was induced by IPTG as described by Harrison ef al., (1996) and the
supernatant {50p) containing sc}fvs assayed directly. Soluble scFv ELISA was performed
as described in Example 1 and the bound scFvs were detected with Protein L-HRP. The
ELISA results revealed that this clone was still able fo bind B-gal, whereas binding to
BSA was abolished (Figure 6).

Example 3. Selection of single Vyy domain antibodies antigens A and B and single .

Vi domain antibodies directed against antigens C and D.

This example describes a method for making single Vg domain antibodies directed
against antigens A and B and single V. domain antibodies directed against antigens C

and D by selecting repertoires of virgin single antibody variable domains for binding to

these antigens in the absence of the complementary variable domains.
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Selections and characterisation of the binding clones is performed as described
previously (see Example 5, PCT/GB 02/003014). Four clones are chosen for further
work:

VHI - Anti A Vi
VH2 — Anti B Vg
VK1 - Anti C Vi
VK2 - Anti D Vi

The procedures described above in Examples 1-3 may be used, ina similar manner as that
described, to produce dimer molecules comprising combinations of Vy domains (i.e., Vy-

Vy ligands) and cominations of Vi domains (Vi-Vy, ligands).

Example 4. Creation and characterisation of the dual specific ScFv antibodies:
(VH1/VH2 directed against antigens A and B and VK1/VK2 directed against
antigens C and D). '

This example demonstrates that dual specific ScFv antibodies (VH1/VH2 directed against
antigens A and B and VK1/VK2 directed against antigens C and D) could be created by
combining V. and Vy single domains selected against respective antigens in a ScFv

vector.

To create dual specific antibody VH1/VH2, VH1 single domain is excised from variable
domain vector 1 (Figure 7) by Neol/Xhol digestion and ligated into Neol/Xhol digested
variable domain vector 2 (Figure 7) to create VHL/ variable domain vector 2. VH2 single

domain is PCR amplified from variable domain vector 1 using primets to introduce Sall

 restriction site to the 5’ end and Notl resiriction site to the 3’ end. The PCR product is

then digested with Sall/Notl and ligated into Sall/NofI digested VH1/ variable domain

vector 2 to create VH1/VH2/ variable domain vector 2.

VE1/VK?2/ variable domain vector 2 is created in a similar way. The dual specific nature

of the produced VH1/VH2 ScFv and VK1/VK2 ScFv is tested in a soluble ScFv ELISA
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as described previously (see Example 6, PCT/GB (2/003014). Competition ELISA is
performed as described previously (sec Example 8, PCT/GB 02/003014).

Possible outcomes:

-VH1/VH2 SCFV is able fo bind antigens A and B simultaneously

-VK1/VK2 ScFv is able to bind antigens C and D simuitaneously

-VH1/VH2 ScFv binding is competitive (when bound to antigen A, VH1/VH2 ScFv
cannot bind to antigen B)

-VK1/VK2 ScFv binding is competitive (when bound to antigen C, VK1/VK2 ScFv

cannot bind to antigen D)

Example 5. Censtruction of dual specific VHI/VH2 Fab and VEK1/VK2 Fab and

analysis of their binding properties.

To create VH1/VH2 Fab, VH1 single domain is ligated into Ncol/Xhol digested CI1
vector (Figure 8) to create VHI/CH and VHZ single domain is ligated info Sall/Notl
digested CK vector (Figure 9) to create VH2/CK. Plasmid DNA. from VH1/CH and
VH2/CK is used to co-transform competent £. coli cells as described previously (see
Example 8, PCT/GB02/003014).:

The clone containing VH1/CH and VH2/CK plasmids is then induced by IPTG to
produce soluble VH1/VH2 Fab as described previously (see Example 8, PCT/GB
02/003014).

VK1/VK2 Fab is produced in a similar way.

Binding properties of the produced Fabs are tested by competition ELISA as described
previously (see Example 8, PCT/GB 02/003014).

Possible outcomes:

~ -VH1/VH2 Fab is able to bind antigens A and B simultaneonsly

-VK1/VK2 Fab is able to bind antigens C and D simultaneously
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-VH1/VH2 Fab binding is competitive (when bound to antigen A, VH1/VH2 Fab cannot
bind to antigen B)
-VK1/VK2 Fab binding is competitive (when bound to antigen C, VK1/VKZ2 Fab cannot
bind to antigen D)

Example 6
Chelating dAb Dimers

Summary

VH and VK homo-dimers are created .in a dAb-linker-dAb format using flexible
polypeptide linkers. Vectors were created in the dAb linker-dAb format containing
glycine-serine linkers of different lengths 3U:(GlysSer)s, SU:(GlysSer)s, 7TU(GlysSer)s.
Dimer libraries were created using guiding dAbs upstream of the linker: TAR1-5 (VK),
TAR1-27(VK), TAR2-5(VH) or TAR2-6(VK) and a library of corresponding second
dAbs after the linker. Using this method, novel dimeric dAbs were selected. The effect of
dimerisation on antigen binding was determined by ELISA and BlAcore studies and in
cell neutralisation and receptor binding assays. Dimerisation of both TAR1-5 and TAR1-

27 resulted in significant improvement in binding affinity and neutralisation levels.

1.0 Methods

1.1 Library generation

1.1.1 Vectors

pEDA3U, pEDASU and pEDAJU vectors were designed to introduce different linker
lengths compatible with the dAb-linker-dAb format. For pEDA3U, sense and-anti-sense
73-base pair oligo linkers were annealed using a slow annealing program (95°C-5mins,
80°C—10mins, 70°C-15mins, 56°C-15mins, 42°C until use) in buffer containing
0.1MNaCl, 10mM Tris-HCl pH?7.4 and cloned using the Xho! and Notl restriction sites.
The linkers encompassed 3 (GlysSer) vmifs and a stuffer region housed between Sall and
Notl cloning sites (scheme 1), In-order to reduce the possibility of monomeric dAbs

being selected for by phage display, the stuffer region was designed to include 3 stop

- codons, a Sacl restriction site and a frame shift mutation to put the region out of frame

when no second dAb was present. For pEDASU and 7U due to the length of the linkers.
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required, overlapping oligo-linkers were designed for each vector, annealed and
elongated using Klenow. The fragment was then purified and digested using the

appropriate enzymes before cloning using the Xho/ and Notl restriction sites.

Linker:
3u
Ncol —— Xhol Sall Noti
TU
Stuffer 1 Stuffer 2
Scheme 1

1.1.2 Library preparation

The N-terminal V gene corresponding to the guiding dAb was cloned upstream of the
linker using Ncol and Xhol restriction sites. VH genes have existing compatible sites,
however cloning VK genes required the introduction of suitable restriction sites. This was
achieved by using modifying PCR primers (VK-DLIBF: 5° cggccatggegicaacggacat;
VKXholR: 5’ atgtgcgcicgagegtitgaitt 3%) in 30 cyeles of PCR amplification using a 2:1
mixture of SuperTag (HTBiotechnology Ltd)and pfis turbo (Stratagene). This maintained
the Ncol site at the 5° end while destroying the adjacent Sall site and introduced the
Xhol site at the 3* end. 5 guiding dAbs were cloned into each of the 3 dimer vectors:
TARI-5 (VK), TAR1-27(VK), TAR2-5(VH), TAR2-6(VK) and TAR2-7(VK). All

constructs were verified by sequence analysis.

Having cloned the guiding dAbsmupstream of the linker in each of the vectors (pEDA3U,
SU and 70): TAR1-5 (VK), TAR1-27(VK), TAR2-5(VH) or TAR2-6(VK) a library of
corresponding second dAbs were cloned after the linker. To achieve this, the
complimentary dAb libraries were PCR amplified from phage recovered from round 1
selections of either a VK library against Human TNFa (at approximately 1 x 10° diversity
after round 1) when TAR1-5 or TAR1-27 are the guiding dAbs, or a VH or VK library
against human p55 TNF receptor (both at approximately 1 x 10° diversity after round 1)
when TAR2-5 or TAR2-6 respectively are the guiding dAbs. For VK libraries PCR
amplification was conducted using primers in 30 cycles of PCR amplification using a 2:1

mixture of SuperTaq and pfu turbo. VH libraries were PCR mpliﬁed using primers in
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order to introduce a Salf restriction site at the 5° end of the gene. The dAb library PCRs
were digested with the appropriate restriction enzymes, ligated into the corresponding
vectors down stream of the linker, using Sall/Notl restriction sites and electroporated

into freshly prepared competent TG1 cells.

The titres achieved for each library are as follows:

TARI-5: pEDA3U = 4x10°, pEDASU = 8x10’, pEDA7U = 1x10°
TAR1-27: pEDA3U = 6.2x10%, pEDASU = 1x10%, pEDA7U = 1x10°
TAR2h-5: pEDA3U = 4x107, pEDASU =2 x 10%, pEDATU = 8x10’
TAR2h-6: pEDA3U = 7.4x10%, pEDASU = 1.2 x 10%, pEDATU =2.2x10°

1.2 Selections

1.2.1 TNFo

Selectons were conducted using human TNFo passively coated on immunotubes.
Briefly, Immunotubes are coated ovemnight with 1-4mls of the required antigen. The
immunotubes were then washed 3 times with PBS and blocked with 2%milk powder in
PBS for 1-2hrs and washed a further 3 times with PBS. The phage solution is diluted in
2%milk powder in PBS and incubated at room temperature for 2hrs. The tubes are then
washed with PBS and the phage eluted with Img/ml trypsin-PBS. Three selection
strategies were investigated for'the TAR1-5 dimer libraries. The first round selections
were carried out in immunotubes. using human TNFa coated at 1pg/ml or 20pg/ml with
20 washes in PBS 0.1%Tween. TG1 cells are infected with the eluted phage and the titres
are determined {eg, Marks et al'J Mol Biol. 1991 Dec 5;222(3):581-97, Richmann et al
Biochemistry. 1993 Aug 31;32(34):8848-55).

The titres recovered were:

pEDA3U = 2.8x107 (1pg/ml TNF) 1.5x10° (20pg/mITNF),
pEDASU = 1.8x107 (1ug/ml TNF), 1.6x10° (20pg/m) TNF)
pEDATU = 8x10° (1ug/ml TNF), 7x107 (20pg/ml TNF).

~ The second round selections were carried out using 3 different methods.

1. In immunotubes, 20 washes with overnight incubation followed by a further 10

washes.
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2. In immunotabes, 20 washes followed by lhr incubation at RT in wash buffer
with (1pg/ml TNFa) and 10 further washes.

3. Selection on streptavidin beads using 33 pmoles biotinylated human TNFa
(Henderikx et al., 2002, Selection of antibodies against biotinylated antigens.
Antibody Phage Display : Methods and protocols, Ed. O'Brien and Atkin, Humana

Press). Single clones from round 2 selections were picked into 96 well plates and
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crude supernatant preps were made in 2ml 96 well plate format.

Reound 1 Round 2 Round 2 Round 2

Human selection selection selection

TNFoimmuno | method 1 method 2 method 3

tube coating

concentration
pEDA3U 1pg/ml 1x10° 1.8 x 10° 2.4x 10"
pEDA3U 20ug/ml 6 x 10° 1.8x 10" 8.5x 107
pEDASU | 1pg/ml 9x 10° 14x10° 2.8x 10"
pEDASU 20pg/ml 19.5x%x 10° 8.5 x 10° 2.8x 107
pEDATU 1pg/ml 7.8 x 10° 1.6 x 10° 4x10"
pEDATU 20pg/ml 1x 10" 8x 10° 1.5x10"°

For TAR1-27, selections were carried out as described previously with the following
modifications. The first round selections were carried out in immunotubes using human
TNFo coated at 1ug/mi or 20pg/ml with 20 washes in PBS 0.1%Tween. The second
round selections were carried out in immunotubes using 20 washes with overnight

incubation followed by a further 20 washes. Single clones from round 2 selections were

picked into 96 well plates and crude supernatant preps were made in 2ml 96 well plate

format,

TARI1-27 titres are as follows:
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Human Round 1 Round 2

TNFoaimmunotube

coating conc
pEDA3U 1pg/ml 4% 10° 6x 10°
pEDA3U 20pg/ml 5x10° 4.4x 10"
pEDASU 1ug/ml 1.5x10° 1.9x 10"
pEDASU 20ug/mi 3.4x10° 3.5x 10"
pEDA7U 1ug/mi 2.6 x 10 5x10°
pEDATU 20pg/ml 7% 10° 14x 10"

1.2.2 TNF RECEPTOR 1 (p55 RECEPTOR; TAR2)

Selections were conducted as described previously for the TARZh-5 libraries only. 3
rounds of selections were carﬁed out in immunotubes using either Ing/ml human p55
TNF receptor or 10pg/ml human .p55 TNF receptor with 20 washes in PBS 0.1%Tween
with overnight incubation followed by-a further 20 washes. Single clones from round 2

and 3 selections were picked into 96 well piates and crude supematant preps were made

in 2ml 96 well plate format.
TAR2h-5 titres are as follows:

Round 1 human..| Round 1 Round 2 Round 3

p55 TNF '

receptor

immunotube

coating

concentration .
pEDA3U 1 iug/mi - 124%10° 1.2 x 10 1.9x% 10°
PEDA3U 10pg/ml 13.1x 10 7x 10" 1x10°
pEDASU | lpg/ml 2.5x10° 1.1x 10 57x10°
pEDASU 10ug/ml 3.7x 107 23x10° 29x10°
pEDATU Ing/ml 13x10° 1.3x 10 14x10°
pEDATU 10pg/ml 1.6x 10 1.9x 10 3x 10"

1.3 Sereening

Single clones from round 2 or 3 selections were picked from each of the 3U, 5U and 7U
libraries from the different selections methods, where appropriate. Clones were grown in
2xTY with 100pug/ml ampicillin and 1% glucosé overnight at 37°C. A 1/100 dilution of
this culture was inoculated into 2mis of 2xTY with 100ug/ml ampicillin and 0.1%
ghucose in 2ml, 96 well plate format and grown at 37°C shaking until OD600 was
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approximately 0.9. The culture was then induced with ImM IPTG overnight at 30°C.
The supernatants were clarified by centrifugation at 4000rpm for 15 mins in a sorval plate

centrifuge. The supernatant preps the used for initial screening.

1.3.1 ELISA

Binding activity of dimeric recombinant proteins was compared to monomer by Protein
A/L ELISA or by antigen ELISA. Briefly, a 96 well plate is coated with antigen or
Protein A/L overnight at 4°C. The plate washed with 0.05% Tween-PBS, blocked for Zhrs
with 2% Tween-PBS. The sample is added to the plate incubated for 1 hr at room
temperature. The plate is washed and incubated with the secondary reagent for lhr at
room temperature. The plate is washed and developed with TMB substrate. Protein A/L-
HRP or India-HRP was used as.a secondary reagent. For antigen ELISAs, the antigen
concentrations used were 1pug/ml in PBS for Human TNFo and human THF receptor 1.
Due to the presence of the guiding dAb in most cases dimers gave a positive ELISA

signal therefore off rate determination was examined by BIAcore.

1.3.2 BIAcore _

BlAcore analysys was conducted. for TAR1-5 and TAR2h-5 clones. For screening,
Human TNFawas coupled to a’CMS5 chip at high density (approximately 10000 RUs).
56 pl of Human TNFo(50 pg/ml) was coupled to the chip at Sul/min in acetate buffer -
pHS5.5. Regeneration of the chip following analysis using the standard methods is not
possible due to the instability of Human TNFo, therefore after each sample was analysed,
the chip was washed for 10mins with buffer.

For TAR1-5, clones supematantg from the round 2 selection were screened by BIAcore:
48 clones were screened from each of the 3U, 5U and 7U libraries obtained: using-the
following selection methods:

R1: 1pg/ml human TNFo immunotube, R2 1pug/ml human TNFa immunotube, overnight
wash.

R1: 20pg/ml human TNFe immunotube, R2 20ug/ml human TNFe immunotube,
overnight wash.

RI: 1pg/ml human TNFo immunotube, R2 33 pmoles biotinylated human TNFo, on
beads. j

R1: 20pg/m] human TNFa immunotube, R2 33 pmoles biotinylated human TNFq beads.



10

15

20

25

30

WG 2004/003019 PCT/GB2003/002804

97

For screening, human p55 TNF receptor was coupled to a CMS chip at high density
(approximately 4000 RUs). 100 pl of human p55 TNF receptor (10 pg/ml) was coupled
to the chip at Sul/min in acetate buffer - pH5.5. Standard regeneration conditions were
examined ( glycine pH2 or pH3) but in each case antigen was removed from the surface
of the chip therefore as with TNFo, therefore after each sample was analysed, the chip
was washed for 10mins with buffer.

For TAR2-5, clones supernatants from the round 2 selection were screened.

48 clones were screened from each of the 3U, 5U and 7U libraries, using the following
selection methods:

R1: 1pg/ml human p55 TNF receptor immunotube, R2 1pg/ml human p55 TNF receptor
immunotube, overnight wash.

R1: 10pg/ml human pS5 TNF receptor immunotube, R2 10pg/ml human p55 TNF

receptor immunotube, overnight ‘wash.

1.3.3 Receptor and Cell Assays

The ability of the dimers to neuiralise in the receptor assay was conducted as follows:

Receptor binding

Anti-TNF dAbs were tested for the ability to inhibit the binding of TNF to recombinant
TNF receptor 1 (p55). Briefly, Maxisorp plates were incubated overnight with 30mg/ml
anti-human Fc mouse monoclonai antibody (Zymed, San Francisco, USA). The wells
were washed with phosphate buffered saline (PBS) containing 0.05% Tween-20 and then
blocked with 1% BSA in PBS Pefore being incubated with 100ng/ml TNF receptor 1 Fc
fusion protein (R&D Systems, Minneapolis, USA). Anti-TNF dAb was mixed with TNF
which was added to the wasﬁed wells at a final concentration of 10ng/ml. TNF binding
was detected with 0.2mg/ml biotinylated anti-TNF antibody (HyCult biotechnology,
Uben, Netherlands) followed by 1 in 500 dilution of horse radish peroxidase labelled
streptavidin (Amersham Biosciences, UK) and then 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 decrease in TNF binding and

therefore a decrease in absorbance compared with the TNF only control.
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L929 Cytoroxicity Assay

Anti-TNF dAbs were also tested for the ability to nentralise the cytotoxic activity of TNF
on mouse 1929 fibroblasts (Evans, T. (2000) Molecular Biotechnology 15, 243-248).
Briefly, 1.929 cells plated in microtitre plates were incubated overnight with anti-TNF
dAb, 100pg/ml TNF and 1lmg/ml actinomycin D (Sigma, Poole, UK). Cell viability was
measured by reading absorbance at 490nm following an incubation with [3-(4,5-
dimethylthiazo1—2—y1)—5-(3~car_bboxymethoxyphenyl)«2—(4-sulfopheny1)—2H—tetrazolium
(Promega, Madison, USA). Anti-TNF dAb activity lead to a decrease in TNF cytotoxicity

and therefore an increase in absorbance compared with the TNF only control.

In the initial screen, supernatants prepared for BIAcore analysis, described above, were
also used in the receptor assay. Further analysis of selected dimers was also conducted in

the receptor and cell assays using purified proteins.

HelLa IL-8 assay

Anti-TNFRY or anti-TNF alpha dAbs were tested for the ability to neutralise the
induction of IL-8 secretion by TNF in Hela cells (method adapted from that of Akeson,
L. et al (1996) JYournal of Biological Chemistry 271, 30517-30523, describing the
induction of IL-8 by IL-1 in HUVEC; here we look at induction by human TNF alpha and
we use Hela cells instead of the HUVEC cell line). Briefly, Hela cells plated- in
microtitre plates were incubated overnight with dAb and 300pg/ml TNE. Post incubation
the supernatant was aspirated. off the cells and IL-8 concentration measured via a
sandwich ELISA (R&D Systems). Anti-TNFR1 dAb activity lead to a decrease in IL-8-
secretion into the supernatant coripared with the TNF only control.

The 1929 assay is used throughout the following experiments; however, the use of the
Hela IL-8 assay is preferred to measure anti-TNF receptor 1 (p55) ligands; the presence

of mouse p55 in the 1.929 assay poses certain limitations in its use.

1.4 Sequence analysis
Dimers that proved to have interesting properties in the BIAcore and the receptor assay

screens were sequenced. Sequences are detailed in the sequence listing.
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1.5 Formatting

1.5.1 TAR1-5-19 dimers

The TAR1-5 dimers that were shown to have good neutralisation properfies were re-
formatted and analysed in the cell and receptor assays. The TARI-5 guiding dab was
substituted with the affinity matured clone TAR1-5-19. To achieve this TAR1-5 was
cloned out of the individual dimer pair and substituted with TAR1-5-19 that had been
amplified by PCR. In addition, TAR1-5-19 homodimers were also constructed in the 3U,
5U and 70U vectors. The N terminal copy of the gene was amplified by PCR and cloned as
described above and the C-terminal gene fragment was cloned using existing Sae// and

Notl restriction sites.

1.5.2 Mutagenesis
The amber stop codon present in dAb2, one of the C-terminal dAbs in the TARI-5 dimer

pairs was mutated to a glutamine by site-directed mutagenesis.

1.5.3 Fabs

The dimers containing TAR1-5 or TAR1-5-19 were re-formatted into Fab expression
vectors. dAbs were cloned into expression vectors containing either the CK or CH genes
using SfiJ and Not! restriction sites and verified by sequence analysis. The CK vector is
derived from a pUC based ampicillin resistant vector and the CH vector is derived from a
pACYC chloramphenicol resistant vector. For Fab expression the dAb~-CH and dAb-CK.
constructs were co-transformed into HB2151 cells and grown in 2xTY containing 0.1%

glucose, 100ug/ml ampicillin and '10gg/ml chloramphenicol.

1.5.3 Hinge dimerisation |

Dimerisation of dAbs via cystine bond formation was examined. A short sequence of
amino acids EPKSGDKTHTCPPCP a modified form of the human IgGCl hinge was
engineered at the C telﬁinal region on the dAb. An oligo linker encoding for this
sequence was synthesised and annealed, as described previously. The linker was cloned
into the pEDA vector containing TAR1-5-19 wsing Xhol and Notl restriction sites.

Dimerisation occurs in situ in the periplasm.

1.6 Expression and purification
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1.6.1 Expression
Supernatants were prepared in the 2ml, 96-well plate format for the initial screening as
described previously. Following the initial screening process selected dimers were -
analysed further. Dimer constructs were expressed in TOP10F" or HB2151 cells as
supernatants. Briefly, an individual colony from a freshly streaked plate was grown
overnight at 37°C in 2xTY with 100pg/ml ampicillin and 1% glucose. A 1/100 dilution
of this culture was inoculated into 2xTY with 100ug/ml ampicillin and 0.1% glucose and
grown at 37°C shaking until OD600 was approximately 0.9. The culture was then induced

- with ImM IPTG ovemight at 306°C. The cells were removed by centrifugation and the

supernatant purified with protein A or L agarose.

Fab and cysteine hinge dimers were expressed as periplasmic proteins in HB2152 cells.
A 1/100 dilution of an ovemnight culture was inoculated into 2xTY with 0.1% glucose
and the appropriate antibiotics. and grown at 30°C shaking until OD600" was
approximately 0.9. The culture was then induced with 1mM IPTG for 3-4 hours at 25°C.
The cells were harvested by cenirifugation and the pellet resuspended in periplasmic
preparation buffer (30mM Tris-HC! pH8.0, imM EDTA, 20% sucrose). Following
cenirifugation the supernatant was retained and the pellet resuspended in SmM MgSO,,

The superflatant was harvested again by centrifugation, pooled and purified.

1.6.2 Protein A/L purification

Optimisation of the purification of dimer proteins from Protein I, agarose (Affitech,

- Norway) or Protein A agarose (Sigma, UK) was examined. Protein was eluted byz-batch or

by column elution using a peristaltic pump. Three buffers were examined. 0.1IM
Phosphate-citrate buffer pH2.6, 0.2M Glycine pH2.5 and 0.1M Giycine pH2.5, The
optimal condition was determined.to be under peristaltic pump conditions using 0.1M
Glycine pH2.5 over 10 column volumes. Purification from protein A was conducted

peristaltic pump conditions using 0.1M Glycine pH2.5.

1.6.3 FPLC purification , ‘

Further purification was carried out by FPLC analysis on the AKTA Explorer 100 system:
(Amersham Biosciences Ltd). TAR1-5 and TAR1-5-19 dimers were fractionated by
cation exchange chromatography (1ml Resource S — Amersham Biosciences Ltd) eluted
with a 0-1M NaCl gradient in 50mM acetate buffor pHA4. Hinge dimers were purified by



10

15

- 20

a5

30

WO 2004/603619 PCT/GB2003/002804

101

ion exchange (1ml Resource Q Amersham Biosciences Ltd) eluted with a 0-1M NaCl
gradient in 25mMTris HCI pH 8.0. Fabs were purified by size exclusion chromatography
using a superose 12 (Amersham Biosciences Ltd ) column run at a flow rate of 0.5mVmin
in PBS with 0.05% tween. Following purification samples were concentrated using

vivaspin 5K cut off concentrators (Vivascience Ltd).

2.0 Results

2.1 TAR1-S dimers

6 x 96 clones were picked from the round 2 selection encompassing all the libraries and
selection conditions. Supernatant preps were made and assayed by antigen and Protein L
ELISA, BlAcore and in the receptor assays. In ELISAs, positive binding clones were
identified from each selection method and were distributed between 3U, 5U and 7U
libraries. However, as the guiding dAb is always present it was not possible to
discriminate between high and low affinity binders by this method therefore BlAcore

analysis was conducted.

BlAcore analysis was conducted wsing the 2m} supernatants, BIAcore analysis revealed
that the dimer Koff rates were vastly improved compared to monomeric TARI-5.
Monomer Koff rate was in the ;ange of 10"M compared with dimer Koff rates  which
were in the range of 107 - 10*M. 16 clones that appeared to have very slow off rates
were selected, these came from the: 3U, 5U and 7U libraries and were sequenced. In
addition the supernatants were analysed for the ability to neutralise human TNFq in: the

receptor assay.

6 lead clones (d1-d6 bélow) that neuiralised in these assays and have been sequenced.
The results shows that out of the 6 clones abtained there are only 3 different second dAbs
(dAbI, dAb2 and dAﬂbS) however where the second dAb is found more than once th;ay are
linked with different length linkers.

TAR1-5d1: 3U linker 2 dAb=dAb1 — 1pg/ml Ag immunotube overnight wash
TARI-5d2: 3U linker 2™ dAb=dAb2 - 1pg/ml Ag immunotube overnight wash
TAR1-5d3: 5U linker 2™ dAb=dAb2 - 1pg/ml Ag immunotube overnight wash
TARL-5d4: 5U linker 2 dAb=dAb3 - 20pg/ml Ag immunotube overnight wash
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TAR1-5d5: 5U linker 2™ dAb=dAb1 - 20pg/mt Ag immunotube overnight wash
TAR1-5d6: 7U linker 2™ dAb=dAbl- Rl:lpg/ml Ag immunotube overnight wash,
R2:beads

The 6 lead clones were examined further. Protein was produced from the periplasfn and
supernatant, purified with protein L agarose and examined in the cell and receptor assays.
The levels of neutralisation were variable (Table 1). The optimal conditions for protein
preparation were determined. Protein produced from HB2151 cells as supernatants gave
the highest yield (approximately 10mgs/L of culture). The supernatants were incubated
with protein L agarose for 2hrs at room temperature or overnight at 4°C. The beads were
washed with PBS/NaCl and packed onto an FPLC column using a peristaltic pump. The
beads were washed with 10 column volumes of PBS/NaCl and eluted with 0.1M glycine

pH2.5. In general, dimeric protein is eluted after the monomer.

TARI1-5d1-6 dimers were purified by FPLC. Three species were obtained, by FPLC
puriﬁcation and were identified by SDS PAGE. One species corresponds to monomer and
the other two species corresponds to dimers of different sizes. The larger of the two
species is possibly due to the presence of C terminal tags. These proteins were examined
in the receptor assay. The dat:a presented in table 1 represents the optimum results

obtained from the two dimeric species (Figure 11)

The three second dAbs from the dimer pairs (ie, dAbl, dAb2 and dAb3) were cloned as
monomers and examined by ELISA and in the cell and receptor assay. All three dAbs
‘bind speciﬁcaliy to TNF by antigén ELISA and do not cross react with plastic or BSA. As -

monomers, none of the dAbs neuiralise in the cell or receptor assays.

2.1.2 TAR1-5-19 dimers

TAR1L-5-19 was substituted for TAR1-S in the 6 lead clones. Analysis of all TAR1-5-19
dimers in the cell and receptor assays was conducted using total protein (protein L
purified only) unless otherwise stated (Table 2). TAR1-5-19d4 and TAR1-5-19d3 have
the best NDsp (~5nM) in the cell assay, this is consistent with the receptor assay results
and is an improvement over TARI1-5-19 monomer (NDsy~30nM). Although purified

-~ TARI-5 dimers give variable results in the receptor and cell assays TAR1-5-19 dimers
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were more consistent. Variability was shown when using different elution buffers during
the protein purification. Elution using 0.1M Phosphate-citrate buffer pH2.6 or 0.2M
Glycine pH2.5 although removing all protein from the protein I agarose in most cases

rendered if less functional.

TAR1-5-19d4 was expressed in the fermenter and purified on cation exchange FPLC to
yield a completely pure dimer. As with TAR1-5d4 three species were obtained, by FPLC
purification corresponding to monomer and two dimer species. This dimer was amino
acid sequenced. TARI1-5-19 monomer and TAR1-5-19d4 were then examined in the:
receptor assay and the resulting IC50 for-monomer was 30nM and for dimer was 8nM.
The results of the receptor assay comparing TAR1I-5-19 monomer, TAR1-5-19d4-and
TARI1-5d4 is shown in figure 10.

TAR1-5-19 homodimers were made in the 3UJ, 5U and 7U vectors, expressed and purified
on Protein L. The proteins were examined in the cell and receptor assays and the resulting

ICsps (for receptor assay) and NDsgs (for cell assay) were determined (table 3, figure 12).

2.2 Fabs |
TARI1-5 and TARI-5-19 dimers were also cloned into Fab format, expressed and purified
on protein L agarose. Fabs were assessed in the receptor assays (Table 4). The results
showed that for both TARI-5-19 and TARI-5 dimers the neutralisation levels were
similar to the original GlysSer linker dimers from which they were derived. A TAR1-5-19
Fab where TARI-5-19 was diéplayed on both CH and CK was expressed, protein L
purified and assessed in the recéiator- assay. The resulting IC50 was approximately 1nM.

2.3 TAR1-27 dimers

3 x 96 clones were picked from the round 2 selection encompassing all the libraries and
selection conditions. 2ml supernmatant preps were made for analysis in ELISA. and
bioassays. Antigen ELISA gave 71 positive clones. The receptor assay of crude
supernatants yielded 42 clones with imhibitory properties (ITNF binding 0-60%). In the
majority of cases inhibitory properties correlated with a strong ELISA signal. 42 clones
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were sequenced, 39 of these have unique second dAb sequences. The 12 dimers that

gave the best inhibitory properties were analysed further.

The 12 neutralising clones were expressed as 200mi supernatant preps and purified on
protein L. These were assessed by protein L and antigen ELISA, BIAcore and in the
receptor assay. Strong positive ELISA signals were obtained in all cases. BlAcore
analysis revealed all clones to have fast on and off rates. The off rates were improved
compared to monomeric TAR1-27, however the off rate of TAR1-27 dimers was faster
(Koff is approximately it the range of 10" and 10”M) than the TAR1-5 dimers examined
previously (RKoff is approximately in the range of 10° - 10°*M). The stability of the
purified dimers was questioried and therefore in order to improve stability, the addition on
5%glycerol, 0.5% Triton X100 or 0.5% NP40 (Sigma) was included in the purification of-
2 TAR1-27 dimers (d2 and d16). Addition of NP40 or Triton X100™ improved the yield
of purified product approximately 2 fold. Both dimers were assessed in the receptor
assay. TAR1-27d2 gave IC50 of ~30nM under all purification conditions. TAR1-27d16
showed no neutralisation effect when purified without the use of stabilising agents but
gave an IC50 of ~50nM when purified under stabilising conditions. No further analysis

was conducted.

2.4 TAR2-5 dimers

3 x 96 clones were picked from the second round selections encompassing all the libraries
and selection conditions. 2ml supernatant preps were made for analysis. Protein A and
antigen ELISAs were conducted. for each plate. 30 interesting clones were identified as
having good off-rates by BIAco;.;e (Koff ranges between 107 — 10°M). The clones were .

sequenced and 13 unique dimers were identified by sequence analysis.

Table 1: TAR1-5 dimers

Dimer Cell | Purification | Protein Elution Receptor/
- type Fraction conditions Cell assay
TAR1-5d1 HB2151 | Protemm L + | small dimeric | 0.1IM glycine | RA~30nM
FPLC species pH2.5 '
TAR1-5d2 HB2151 | Protein L -+ | small dimeric [ 0.1M glycine | RA~50nM
FPLC species pH2.5
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FPLC species pH2.5 M
TARI1-5d3 HRB2151 | Protein I +{large dimeric | 0.IM glycine | RA~300
FPLC species pH2.5 e
TARI-5d4 HB2151 | Protein L +|small dimeric|0.1M glycine | RA~3n
FPLC species pH2.5 M
TAR1-5d5 HB2151 | Protein L +|large dimeric | 0.IM glycine | RA~200
FPLC species pH2.5 nM
| TAR1-5d6 HB2151 | Protein L { Large dimeric | 0.IM glycine | RA~100
' +FPLC species pH25 oM '

*note dimer 2 and dimer 3 have the same second dAb (called dAb2), however have
different linker lengths (d2 = (GlysSer);, d3 = (GlysSer)s). dAbl is the pariner dAb to
- dimers 1, 5 and 6. dAb3 is the pariner dAb to dimerd4. None of the partner dAbs R.:}
5 neutralise alone, FPLC purification is by cation exchange unless otherwise stated. The

optimal dimeric species for each dimer obfeined by FPLC was determined in these

assays.
i0  Table2; TAR1-5-19 dimers
Dimer Cell type Pyrification; Profein Elution conditions Recept
. : Fraction orf Celt
assgy
TARI-5-19 41 TOPIOF* Protein L Totul protsin 0.1M glycine pH 2.0 RA~135
- . M
TARL-5-19 42 (mo | TOPIOE" Protein L. - Total protein 0.1M glycine pH 2.6 + | RA~2n
stop coden) . 0.05%NP40 M
TARLS-1983 ] roPioE Protein L | Tetal protein 0.1M giycine pH 2.5+ | RA~8n % )
{no stop codon) " i 0.05%NP40 M =
| TARI-5-19d4 TOP10F* Protein L+ | FPLC  pnified | 0.5M glycine RA~2~
FRLC frnction ph2.¢ SnM
CA~12
TARI-5-19dS ‘TOP10F Protein L, Total protein 0.0M glycine pH2Z.0 + | RA~8n
' NP40 M
CA~16
TARI-5-19 d6 TOP1OF* Protein L. - Total protein 0.IM glycine pH 2.0 RA~I0
- o
‘Table 3: TAR1-5-19 homodimers
‘15 _
Dimer i Celt type Purification Protein Fraction Elution conditionsz Rece;;t
or/ Cell
- ‘A5548Y.
o ‘ ARENDED o .
SUBSTITUTE SHEET (RULE 26) RS SHERY
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TARI-5-19 30 | HB2I51 Prowein L Total protein 0.1M glycine pH2.5 mm
homodiner oM
CA-30
M
TARI-5-19 50 | HB2151 | Protein L Total protein UM glyone pH2.S | RA~In
Lomodimer M
CA~3n
: M
TARIS-19 7O | HB2IS] Protein L Total protain 0.1M plycine pH2S RA~I0
homodimer oM
CA-13
oM
TARIS19  cys | HEA151 | ProonL~FPLC | FPLC ~ purified | 0.1M giycine pHZ.5 | RA-2a
hinge dimer fraction M
TARI-5-19CHS HB2151 Protein Total protein 0.1M plycine pH2.5 Ra~In
TARL-5-19CK M
Table 4: TAR1-5/TAR1-5-19 Fabs
Dimer Cell Purification | Protein Elution Rece
type ¥raction conditions ptor/
Cell
assay |
TARI-SCH/ HB2151 Frotein L Total protein C0.1M citrate pH2.6 RA~B0
dAbL CK nM
TARI-3CH/ Hp2151 Protein L ‘Total profein 0.1M glycine pH2.5 RA~30
dAb2 CK. 514
CA~60
- M
GAbICH/ HE2151 Protein L Total protoin 0,IM cifrate pH2.6 RA~10
TARL-SCE {nM
TARL-5-19CH/ HEZiST | ProteinL Total protein G.1M glycmne pH2.0 | RA~6n
dAbi CK, [
dAbt CH/ HB2151 ProteinL o.M glyclne | Myc/ilag RaA~6n
TAR1-5-18CK ph20 M
TARISA9CH WB2151 | Protein L Total protein OiM gyeine pi20 | RA-%a
danz CK ' M
CA~12
™M
TARI-5-19CH/ HB2151 ProfeinlL Total protein 0.1M glycine pii20 RA~SR
dAIICK M
Txample 7

dAb dimerisation by terminal cysteine linkage

Summary

For dAb dimerisation, a fiee cyste

protein. When expressed the protein forms a dimer

purification method.

ine has boen enpgineered at the C-iorminus of the
which can be purified by a two step
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PCR censtruction of TARI-5-19CYS dimer
See example & describing the dAb trimer. The trimer protocol gives rise to a mixture of

monomer, dimer and trimer.

Expression and purification of TARI-5-19CYS dimer
The dimer was purified from the supemnatant of the culture by capture on Protein L

agarose as outlined in the example 8.

Separation of TARI1-5-19CYS monomer from the TAR1-5-19CYS dimer

Prior to cation exchange separétion, the mixed monomer/dimer sample was buffer
exchanged into 50 mM sodium acetate buffer pH 4.0 using a PD-10 column {Amersham
Pharmacia), following the manufacturer’s guidelines. The sample was then applied to 2
ImL Resource S cation exchange column (Amersham Pharmacia), which had been pre-
equilibrated with 50 mM sodium _;fetcetate pH 4.0. The monomer and dimer were separated

using the following salt gradient in 50 mM sodinm acetate pH 4.0:

150 to 200 mM sodium chloride over 15 column volumes
200 to 450 mM sodium chloride over 10 column volumes

450 to 1000 mM sodium chloridé aver 15 column volumes

Fractions containing dimer only were identified using SDS-PAGE and then pooled and
the pH increased to 8 by the addition of 1/5 volume of 1M Tris pH 8.0,

In vitro functional binding assa';f: TNF receptor assay and cell assay

The affinity of the dimer for human TNFa was determined using the TNF receptor and
cell assay. IC50 in the receptor assay was approximately 0.3-0.8 nM; ND50 in the cell
assay was approximately 3-8 nM.

Other possible TAR1-5-19CYS dimer formats
PEG dimers and custom synthetic maleimide dimers

Nektar (Shearwater) offer a range of bi-maleimide PEGs [mPEG2-(MAL)2 or mPEG-
{MAL)2} which would allow the monomer to be formatted as a dimer, with a small linker
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separating the dAbs and both being linked to a PEG rangiﬁg in size from 5 to 40 kDa. Tt
has been shown that the 5kDa mPEG-(MAL)2 (ie, [TAR1-5-19]-Cys-maleimide-PEG x
2, wherein the maleimides are linked together in the dimer) has an affinity in the TNF
receptor assay of ~ 1-3 nM. Also the dimer can also be produced using TMEA (Tris[2-
maieimidoethyljamine) (Pierce Biotechnology) or other bi-functional linkers.

It is also possible to produce the disulphide dimer using a chemical coupling procedure

using 2,2’-dithiodipyridine (Sigma Aldrich) and the reduced monomer.

Addition of a polypeptide linker or hinge to the C-terminus of the dAb.

A small linker, either (GlysSer), where n=1 to 10, eg, 1, 2, 3, 4,5, 6 or 7, an
immunoglobulin (eg, IgG hinge region or random peptide sequence (eg, selected from a
library of random peptide sequences) can be engineered between the dAb and the terminal

cysteine residue. This can then bé used to make dimers as outlined above.

Example 8
dADb trimerisation

Summary

For dAb trimerisation, a free cysteine is required at the C-terminus of the protein, The
cysteine residue, once reduced to.give the free thiol, can then be used to specifically
couple the protein to a trimeric m@?éleimide molecule, for example TMEA (Tris[2-

maleimidoethyi]amine).

PCR construction of TARI1-5-19CYS
The following oligonucleotides were used to specifically PCR TAR1-5-19 with a Sa/l and

BamH]I sites for cloning and also to introduce a C-terminal cysteine residue:

Trp Sex Ala Ser Thr Asp* Ile Glnm Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val
1 TGG AGC GGG TCG ACE GAC XATC CAG ATG ACC CAG TCT CCA TCC TCT TG TCT GCA TCT GTA
ACC TCG CGC AGC TGC CTG TAG GTC TAC TCGG GTC AGA GGT AGGE AGA GAC AGA CET AGH CAT

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Asp Ser Tyr Leu His Trp
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GGA GAC CGT GTC ACC ATC ACT TGC CGG GCA AGT CAG AGC ATT GAT AGT TAT TTA CAT TGG
CCT CTG GCA CAG TGG TAG TGA ALG GCC CGT TCA GTC TCG TAA CTA TCA ATA ALT GQTA ACC

Tyr
TAC
ATG

Ser
AGT
TCA

ger

AGC
TCGE

Phe

Gln
CAG
Gre

Gly
GGG
cca

Ser
AGT
TCA

Thr
ACG
TCGC

Gln
CRG
ST

val

GTC

ChG

Leu

CIG.

GAC

Phe
e
ARG

Lys
AAN
TTT

Pro

CCA

GET

Gln

GTT

Gly

GGC
cce

Pro
cca
GaT

Sexr

TCA

AGT

Pro

cCcT

GGA

Gln

GIT

Gly
GGG
cco

arg
CGT

GCA.

Glu
GAA
CTT

cly

GGa -

coc

Lys Ala Pro Lys Leu Leu

ARR
TTT

Phe
Tre
ARG

Asp.

GAT

CTA

Thr
ACC
TG

GCC
cied

Ser
AGT

TCA

Phe

Lys

ARG

e

{* start of TAR1-5-19CYS sequence)

Forward primer

cCT
GGA

Gly
GGC

CCG

Ala

GCT

CGA

Val
GT6
CAC

ARG
T

Ser
AGT
TCA

Thr
ALCG
TGO

Glu
GAR
cTT

CTC
GAG

qly
GGA
CCT

Tyr
TAC
ATG

Iie
ATC
TRG

CcTG
GAC

sex
TCT
AGH

Tyr

TAC
ATG

Lys

Ile
ATC
TAG

Gly
GGG
cce

Cys
TGT
ACH

Arg
CGG
GCC

Tyr
TAT
RTA

Thr
ACA
TGT

Gln
CAR
arTT

Cys
TAC
ACG

Ser
AGT
TCA

hsp
GAT
OTA

Gln
ChG
GTC

Ak
‘TAR
ATT

Ala
GCA
CGT

Fhe
TTC
ARG

val
GIT

*kk

TAR
AL

Ber Glu
TCC Ea6
AGG CEC

Thr Leu
LACT CTC
TGA GAG

Leu Gin
TTG CAA
ARC GTT

Thr Ile
ACC ATC
TEE TAG

Arg ¥Pro
CGT Qor
GCA GaEa -

Gly Ser
GEA TCC
CCT AGG

5’-TGGAGCGCGTCGACGGACATCCAGATGACCCAGTCTCCA-3

Reverse primer

5 ’m’I'I‘AGCAGCCGGATCCTTA;TTTAGCACCGTTTGATTTCCAC% ’

The PCR reaction (50uL voiumé) was set up as follows: 200uM dNTPs, 0.4pM of ¢ach
primer, 5 pL of 10x PfuTurbo buffer (Stratagens), 100 ng of template plasmid (encoding
TAR1-5-19), 1uL of FfiTurbo enzyme (Stratagene) and the volume adjusted to 50uL
using sterile water. The following PCR conditions were used: initial denaturing step 94
°C for 2 mins, then 25 cycles of 94 °C for 30 secs, 64 °C for 30 sec and 72 °C for 30 sec.
A final extension step was also included of 72 °C for 5 mins. The PCR product was
purified and digested with Sall and BamHI and ligated into the vector which had also
been cut with the same restriction enzymes. Correct clones were verified by DNA

sequencing,.
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Expression and purification of TAR1-5-19CYS
TAR1-5-19CYS vector was transformed into BL21 (DE3) pLysS chemically competent
cells (Novagen) following the manufacturer’s protocol. Cells carrying the dAD plasmid
were selected for using 100ug/ml carbenicillin and 37 pg/mL chloramphenicol. Cultures
were set up in 2L baffled flasks containing 500 mL of terrific broth (Sigma-Aldrich),
100ug/mL carbenicillin and 37 pg/mL chloramphenicol. The cultures were grown at 30
°C at 200rpm to an 0.D.600 of 121.5 and then induced with ImM IPTG (isopropyl-beta-
D-thiogalactopyranoside, ftom Melford Laboratories). The expression of the dAb was
allowed to continue for 12-16 hrs at 30 °C. It was found that most of the dAb was present
inthe culture media. Therefore, the cells were separated from the media by centrifugation
(8,000xg for 30 mins), and the supernatant used to purify the dAb. Per litre of"
supernatant, 30 mL of Protein L agarose (Affitech) was added and the dAb allowed to
batch bind with stirring for 2 hours. The resin was then allowed fo settle under gravity for
a further hour before the supernatant was siphoned off. The agarose was then packed into
a XK 50 column {Amersham Phamacia) and was washed with 10 column volumes of
PBS. The bound dAb was eluted with 100 mM glycine pH 2.0 and protein containing
fractions were then neutralized by the addition of 1/5 volume of 1 M Tris pH 8.0. Per litre
of culture supernatant 20 mg of pure protein was isolated, which contained a 50:50 ratio

of monomer to dimer,

Trimerisation of TAR1-5-19CYS _

2.5 ml of 100 uM TAR1-5-19CYS was reduce with 5 mM dithiothreitol and left at room
temperature for 20 minutes. Thef,sample was then buffer exchanged using a Pb—lO
column {Amersham Pharmacia). “l‘he column had been pre-equilibrated with'S mM -
EDTA, 50 mM sodium phosphate pH 6.5, and the sample applied and eluted following
the manufactures guidelines. The sample was placed on ice until required. TMBA (Tris[2-
maleimidoethyl]amine) was purchased from Pierce Biotechnology. A 20 mM stock
solution of TMEA was made in 100% DMSO (dimethyl sulphoxide). It was found-that a
concentration of TMEA greater than 3:1 (molar ratio of dAb:TMEA) caused the rapid
precipitation and cross-linking of the protein. Also the rate of precipitation and cross-
linking was greater as the pH increased. Therefore using 100 pM reduced TARI-5-
19CYS, 25 pM TMEA was added to trimerise the protein and the reaction allowed to

proceed at room temperature for two hours. It was found that the addition of additives
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such as glycerol or ethylene glycol to 20% (v/v), significantly reduced the precipitation
of the trimer as the coupling reaction proceeded. After coupling, SDS-PAGE analysis

showed the presence of monomer, dimer and trimer in solution.

Purification of the trimeric TARI-5-19CYS

40 pL of 40% glacial acetic acid was added per mL of the TMEA-TAR1-5-19cys reaction
to reduce the pH to ~4, The sample was then applied to 2 1mL Resource S cation
exchange column (Amersham Pharmacia), which had been pre-equilibrated with 50 mM
sodium acetate pH 4.0. The dimer and trimer were partially separated using a salt gradient.
of 340 to 450 mM Sodium chloride, 50 mM sodium acetate pH 4.0 over 30 column
yolumes. Fractions containing trimer only were identified using SDS-PAGE and then
pooled and the pH increased to 8 by the addition of 1/5 volume of 1M Tris pH 8.0. To
prevent precipitation of the trimer during concentration steps (using 5K cut off Viva spih

concentrators; Vivascience), 10% glycerol was added to the sample.

In vitro functional binding assay: TNF receptor assay and cell assay

The affinity of the trimer for human TNFa was determined using the TNF receptor and
cell assay. IC50 in the receptor assay was 0.3nM; ND50 in the cell assay was in the range
of 3 to 10nM (eg, 3nM).

Other possible TAR1-5-19CYS trimer formats
TAR1-5-19CYS may also be for;:{_'natted into a trimer using the following reagents:

PEG trimers and custom synthetic maleimide trimers

Nektar (Shearwater) offer a range of multi arm PEGs, which can be chemically modified
at the terminal end of the PEG. Therefore using 2 PEG trimer with a maleimide functional
group at the end of each arm would allow the trimerisation of the dAb in a manner similar
to that outlined above using TMEA.. The PEG may also have the advantage in increasing
the sotubility of the trimer thus preventing the problem of aggregation. Thus, one could-
produce a dAb trimer in which each dAbhasa C-terminal cysteine that is linked to a
maleimide functional group, the maleimide functional groups being linked to a PEG
trimer.
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Addition of a polypeptide linker or hinge to the C-terminus of the d4b
A small linker, either (GlysSer), wheren=11t0 10, eg, 1,2,3,4,5,60r7 , an
immunoglobulin (eg, IgG hinge region or random peptide sequence (eg, selected from a
library of random peptide sequences) could be engineered between the dAb and the
terminal cysteine residue. When used to make multimers (eg, dimers or trimers), this
again would introduce a greater degree of flexibility and distance between the individual
monomers, which may improve the binding characteristics to the target, eg a multisubunit

target such as human TNFo.
Example 9.

Selection of a collection of single domain antibodies (dAbs) directed against human

serum albumin (JISA) and mouse serum albumin (MSA).

This example explains a method for making a single domain antibody (dAb) directed
against serum albumin. Selection of dAbs against both mouse serum albumin (MSA) and
human serum albumin (HSA) is described. Three human phage display antibody libraries
were used in this experiment, each based on a single human framework for Vy (see
Figure 13: sequence of dummy Vg based on V3-23/DP47 and JH4b) or Vi (see Figure
15: sequence of dummy Vk based on 012/02/DPK$ and Jk1) with side chain diversity
encoded by NNK codons incorporated in complementarity determining regions (CDR1,
CDR2 and CDR3).

Library 1 (Vio):

- Diversity at positions: H30, H31, H33, H35, H50, F52, H52a, H53, H35, H56, H58, H95,

H97, H98.
Library size: 6.2 x 10°

Library 2 (Vu):

Diversity at positions: H30, H31, H33, H35, H50, H52, I_-I52a, H53, H55, H56, H58, HI5,
H97, H98, 99, H100, H100a, H100b.

Library size: 43x10°
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Library 3 (Vi)
Diversity at positions: L30, L31, 1.32, L34, L50, L53, 191,1.92,1.93,1.94, L9
Library size: 2x 10°

The Vi and Vi libraries bave been preselected for binding to generic ligands protein A
and protein L respectively so that the majority of clones in the unselected libraries are
finctional. The sizes of the libraries shown above correspond to the sizes after

preselection.

Two rounds of selection were performed-on serum albumin using each of the libraries
separately. For each selection, antigen was coated on immunotube (func) in 4ml of PBS
at a concentration of 100ug/mlL In the first round of selection, each of the three libraries
was panned separately against HSA. (Sigma) and MSA (Sigma). In the second round of
selection, phage from each of the six first round selections was panned against (i) the
same antigen again (eg 1" round MSA, 2™ round MSA) and (ii) against the reciprocal
antigen (eg 1** round MSA, 2% round HSA) resulting in a total of twelve 2™ round
sclections. In each case, after the second round of selection 48 clones were tested for
binding to HSA and MSA. Soluple dAb fragments were produced as described for scFv
fragments by Harrison ef al, Methods Enzymol. 1996;267:83-109 and standard ELISA
protocol was followed (Hoogenboom ef al. (1991) Nucleic Acids Res., 19: 4133) except
that 2% tween. PBS was used as a blocking bu%fer and bound dAbs were detected with
either protein L-HRP (Sigma) (for the Vis) and protein A —HRP (Amersham Pharmacia
Biotech) (for the Vys). :

dAbs that gave a signal above background indicating binding to MSA, HSA or both w;vere
tested in ELISA insoluble form for binding to plastic alone but all were specific for serum
albumin. Clones were then sequenced (see table below) revealing that 21 unique dAb
sequences had been identified. The minimum similarity (at the amino acid level) between
the Vk dAb clones selected was 86.25% ((69/80)x100; the result when all the diversified
residues are different, eg clones 24 and 34). The minimum similarity between the Vi dAb
clones selected was 94 % ((127/136)x100).
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Next, the serum albumin binding dAbs were tested for their ability to capture

biotinylated antigen from solution. ELISA protocol (as above) was followed except that

ELISA plate was coated with 1ug/ml protein L (for the Vi clones) and 1pg/ml protein A

(for the Vy clones). Soluble dAb was captured from solution as in the protocol and
detection was with biotinylated MSA or HSA and streptavidin HRP. The biotinylated

MSA and HSA had been prepared according to the manufacturer’s instructions, with the

aim of achieving an average of 2 biotins per serum albumin molecule. Twenty four
clones were identified that captured biotinylated MSA. from solution in the ELISA. Two
of these (clones 2 and 38 below) also captured biotinylated HSA. Next, the dAbs were
tested for their ability fo bind MSA coated on a CMS5 biacore chip. Eight clones were-
found that bound MSA on the biacore. |

dAb (ali
capture

biotinylated H

MSA)

Vi Library 3
template
(durmmy)
2,4,7,41,
38, 54
46,47, 52, 56
13,15
30,35

19,

22,

23,

24,

31,

33,

34,
53,
11,
12,
17,
18,
16, 21
25,26
217,
55,

Vy library 1
(and 2)
template
(dummy)
8,10

34,

or k CDR1

AR ARSERIRARRAR AR RAR®RRRESEAR

H
H
H

XXXLX
SSYLN
SSYLN
FROLX

RRYLX
YHWLK
LWHLR
FRYLA
FYHLA
IWHLN
YRYLR
EXYLK
LRYLR
LRSLK
FRHLK
REYLR
RRYLN
TRHLK
YYHLK
YKBLX
FRELK

XXYXXX
WYYQUD
WBYQMT

CDR2

XASKLOS
RASPLOS
RASFPLOS
NASYLOS
KASTLOS
QASVLOS
RASSLOS
EBASLLOS
HASHLOS
PASKLQS
RASRLOS
EASSLOS

NASHLQS
KASWLOS
ARSRLOS
AASRLOS
TASSLOS
AASSLOS
GASRLOS
KASTLOS

NASHLOS.

NASYLOS

XIXAXGXXTXYRDESVES
SISAFCAKTLYADSVKG
SISSFESSTLYADSVEG

CDR3

QOXAXKPXT
QOTYSVEPT
QUTYRIPPT
QOVVYWPVT
QOVREVPRT
OOGLYPPIT
QONVVIPRT
QQBAVYPKT
QORLLYPET

QORARWPRT

QQVARVERT
QOYVGYPRT

QOTTYYPIT
QOVLYYPQT
QOVVYWPAT
QOVALYPRT
QONLEWPRT
QOMLEYPET
QQGARWPOT
QQVREVPRT
QOVERYPXT
QOVVYWPVT

Binds
MSA
i

Captures
biotinylated

biacore? HSA?

ARNANNSSNN

XXX (XXXX) FDY

LEGKFDY

GRIENYSLFDY

vall 4 bind
v" both bind
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In all cases the frameworks were identical to the frameworks in the corresponding

dummy sequence, with diversity in the CDRs as indicated in the table above.
Of the eight clones that bound MSA. on the biacore, two clones that are highly expressed
in E. coli (clones MSA16 and MSA26) were chosen for further study (see example 10).

Full nucleotide and amino acid sequences for MSA16 and 26 are given in figure 16.

Example 10.

" Determination of affinity aud serum half-life in mouse of MSA binding dAbs MSA16

and MSA26.

dAbs MSA16 and MSA26 were expressed in the periplasm of E. coli and purified using
batch absorbtion to protein L-agarose affinity resin (Affitech, Norway) followed by
elution with glycine at pH 2.2. The purified dAbs were then analysed by mbhibition
biacore to determine K. Briefly, purified MSA16 and MSA26 were tested to determine
the concentration of dAb required to achieve 200RUs of response on a biacore CMS5 chip
coated with a high density of MSA. Once the required concentrations of dAb had been
determined, MSA antigen at a range of concentrations around the expected K4 was
premixed with the dAb and incubated overnight. Binding to the MSA coated biacore chip
of dAb in each of the prer;nixes was then measured at a high flow-rate of 30 ptl/minute.
The resulting curves were used to create Klotz plots, which gave an estimated K4 of
200nM for MSA16 and 70nM for MSA 26 (Figure 17 A &B).

Next, clones MSA16 and MSA26 were cloned into an expression vector with the HA tag
(nucleic acid sequence: TATCCTTATGATGTTCCTGATTATGCA and amino- acid
sequence: YPYDVPDYA) and 2-10 mg quantities were expressed in E. coli and purified
from the supernatant with protein L-agarose affinity resin (Affitech, Norway) and eluted
with glycine at pH2.2. Serum half life of the dAbs was determined in mouse. MSA26
and MSA16 were dosed as single i.v. injections at approx 1.5meglkg inte CD1 mice.
Analysis of serum levels was by goat anti-HA (Abcam, UK) capture and protein L-HRP
(invitrogen) detection ELISA which was blocked with 4% Marvel. Washing was with
0.05% tween PBS. Standard curves of known concentrations of dAb were set up in the
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presence of Ixmouse serum to ensure comparability with the test samples. Modelling
with a 2 compartment model showed MSA-26 had a t1/2« of 0.16hr, a t1/28 of 14.5hr and
an area under the curve (AUC) of 465hr.mg/m! (data not shown) and MSA-16 had a t1/2¢
of 0.98hr, a t1/28 of 36.5hr and an AUC of 913hr.mg/ml (figure 18). Both anti-MSA
clones had considerably lengthened half life compared with HEL4 (an anti-hen egg white
lysozyme dAb) which had a t1/2«of 0.06hr, and a t1/25 0f 0.34hr.

Example 11.
Creation of V-V and Vk- Vi dual specific Fab like fragments

This example describes a method for making Vi~ Vi and Vi~V dual specifics as Fab
like fragments. Before constructing each of the Fab like fragments described, dAbs that
bind to targets of choice were first selected from dAb libraries similar to those described
mn example 9. A Vy dAb, HELA4, that binds fo hen egg lysozyme (Sigma) was isolated
and a second Vy dAb (TAR2h-5) that binds to TNF receptor (R and D systems) was also
isolated. The sequences of these are given in the sequence listing. A Vi dAb-that binds
TNFo (TAR1-5-19) was isolated by sclection and affinity maturation and the sequence is
also set forth in the sequence listing. A second Vi dAb (MSA 26) described in example 9

whose sequence is in figure 17B was also used in these experiments.

DNA from expression vectors containing the four dAbs described above was digested-
with enzymes Sall and Notl to excise the DNA coding for the dAb. A band of the
expected size (300~400bp) was purified by running the digest on an agarose gel and-
excising the band, followed by gel purification using the Qiagen gel purification kit -
(Qiagen, UK). The DNA coding for the dAbs was then inserted into either the Cy or Cx

vectors (Figs 8 and 9) as indicated in the table below.
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The Vi Cy and Vy Ck constructs were cotransformed into HB2151 cells. Separately, the
Vi Cy and Vi Cx constructs were cotransformed into HB2151 celis. Cultures of each of
the cotransformed cell lines were grown overnight (in 2xTy containing 5% glucose,
10psg/m] chloramphenicol and 100pg/ml ampicillin to maintain antibiotic selection for
both Cy and Ck plasmids). The ovemight cultures were used to inoculate fresh media
(2xTy, 10pg/ml chloramphenicol and 100pug/ml ampicillin} and grown to OD 0.7-0.9
before induction by the. addition of IPTG to express their Cy and Ci constructs.
Expressed Fab like fragment was: then purified from the periplasm by protein A
purification (for the contransformed Vy Cu and Vg Cx) and MSA affinity resin
purification (for the contransformed Vk Cyand Vi Ck).

Vi-Vy dual specific

Expression of the Vi Cyand Vy Ck dual specific was tested by running the protein on a
gel. The gel was blotted and a:band the expected size for the Fab fragment could be
detected on the Western blot via both the myc tag and the flag tag, indicating that both the
Vy Cy and Vg Ck . parts of the Fab like fragment were present. Next, in order to
determine whether the two halves of the dual specific were present in the same Fab-like
fragment, an ELISA plate was coated overnight at 4°C with 100 pl per well of hen egg
lysozyme (HEL) at 3 mg/ml in sodiam bicarbonate buffer. The plate was then blocked
(as described in ex.ample 1)-with 2% tween PBS followed by incubation with the Vi Cu
/Vu Cx dual specific Fab like fragment. Detection of binding of the dual specific to the
HEL was via the non: cognate chain using 9e10 (a monoclonal antibody that binds the
myc tag, Roche) and anti mouse';rIgG—HRP (Amersham Pharmacia Biotech). The signal
for the Vg Cu /Vy Ck dual’ ;épeoiﬁc Fab like fragment was 0.154 compared to a

- background signal of 0.069 for the Vi Ck chain expressed alone. T his demonstrates that

the Fab like fragment has binding specificity for target antigen.

V-V, dual specific

After purifying the contransformed Vi Cyand Vi Ck dual specific Fab like fragment on
an MSA affinity resin, the resulting protein was used to probe an ELISA. plate coated with
1pg/ml TNFe and an BELISA plate coated with 10pg/ml MSA. As predicted, there was
signal above background when detected with protein L-HRP on bot ELISA. plates (data

ot shown). This indicated that the fraction of protein able to bind to MSA (and therefore
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purified on the MSA affinity column) was also able to bind TNF« in a subsequent
ELISA, confirming the dual specificity of the antibody fragment. This fraction of protein
was then used for two subsequent experiments. Firstly, an ELISA plate coated with
Ipg/ml TNFo was probed with dual specific Vi Cyand Vi Ck Fab like fragment and
also with a control TNFu binding dAb at a concentration calculated to give a similar
signal on the BLISA. Both the dual specific and control dAb were used to probe the
ELISA plate in the presence and in the absence of 2mg/ml MSA. The signal in the dual
specific well was reduced by more than 50% but the signal in the dAb well was not
reduced at all (see figure 19a). The same protein was also put into the receptor assay with
and without MSA and competition by MSA was also shown (see figure 19¢). This
demonstrates that binding of MSA to the dual specific is competitive with binding to
TNFe

Example 12.

Creation of a Vi- Vg dual specific cys bonded dual specific with- specificity for

mounse serum albumin and TNFa

This example describes a method for making a dual specific antibody fragment specific
for both mouse serum albumin and TNFo by chemical coupling via a disulphide bond.
Both MSA16 (from example 1) and TAR1-5-19 dAbs were recloned into a pET based
vector with a C terminal cysteine and no tags. The two dAbs were expressed at 4-10 mg
levels and purified from the supernatant using protein L-agarose affinity resin (Affitiech,
Norway). The cysteine tagged dAbs were then reduced with dithiothreitol. The TAR1-5-
19 dAb was then coupled with dithiodipyridine to block reformation of disulphide bonds
resulting in the formation of PEP 1-5-19 homodimers. The two different dAbs were then
mixed at pH 6.5 to promote disulphide bond formation and the generation of TARI-5-19,
MSA16 cys bonded heterodimers. This method for producing conjugates of two unlike
proteins was originally described by King e al. (King TP, Li Y Xochoumian L
Biochemistry. 1978 vol17:1499-506 Preparation of protein conjugates via intermolecular
disulfide bond formation.) Heterodimers were separated from monomeric species by

cation exchange. Separation was confirmed by the presence of a band of the expected
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size on a SDS gel. The resulting heterodimeric species was tested in the TNF receptor
assay and found to have an IC50 for neutralising TNF of approximately 18 nM. Next,
the receptor assay was repeated with a constant concentration of heterodimer (18nM) and
a dilution series of MSA and HSA. The presence of HSA at a range of concentrations (up
to 2 mg/ml) did not cause a reduction in the ability of the dimer to inhibit TNF« .
However, the addition of MSA caused a dose dependant reduction in the ability of the
dimer to inhibit TNFe (figure 20).This demonstrates that MSA and TNFa compete for
binding to the cys bonded TAR1-5-19, MSA16 dimer.

Data Summary
A summary of data obtained in the experiments set forth in the foregoing examples is set
forth in Annex 4.

All publications mentioned in the present specification, and references cited in said
publications, are herein inéorporaied by reference. Various modifications and variations
of the described methods and system of the invention will be apparent to those skilled in
the art without departing from the scope and spirit of the invention. Although the
invention has been described in connection with specific preferred embodiments, if
should be understood that the invention as claimed should not be unduly limited to such.
specific embodiments. Indeed, various modifications of the described modes for carrying
out the invention which are obvious to those skilled in molecular biology or related fields

are intended to be within the scope of the following claims.
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Anpex 1; polypeptides which enhance half-life In vivo.

Alpha-1 Glycoprotein (Orosomucoid) (AAG)
Alpha-1 Antichyromotrypsin (ACT)
Alpha-1 Antitrypsin (AAT)

Alpha-1 Microglobulin (Protein HC) (AIM)
Alpha-2 Macroglobulin (A2M)
Antithrombin IIT (AT III)

Apolipoprotein A-1 (Apo A-1)
Apoliprotein B (Apo B)
Beta-2-microglobulin (B2M)
Ceruloplasmin (Cp)

Complement Component (C3)

Complement Component (C4)

C1 Esterase. Inhibitor (C1 INH)
C-Reactive Protein (CRP)

Cystatin C (Cys C)

Ferritin (FER)

Fibrinogen (FIB)

Fibronectin {(FN)

| Haptoglobin (Hp)

Hemopexin (HPX)
Immunoglobulin A (IgA)

Immunoglobulin D (IgD)

Immunoglobulin E (IgE)

Immunoglobulin G (1gG)

Immunoglobulin M (IgM)

Tmmunoglobulin Light Chains (kapa/lambda)
Lipoprotein(a) {Lp(a}]

Mannose-bindign protein (MBP)

Myoglobin (Myo)

Plasminogen (PSM)

Prealbumin (Transthyretin) (PAL)

PCT/GB2003/602864
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Retinol-binding protein (RBP)
Rheomatoid Factor (RF)
Serum Amyloid A (SAA)
Soluble Tranferrin Receptor (sTR)
Transferrin (Tf)

121
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Pairing

Therapeutic relevant references.

TNF
ALPHA/TGF-8

TGF-b and TNF when injected into the ankle joint of collagen induced
arthritis model significantly enhanced joint inflammatien. In non-collagen
challenged mice there was no effect,

TNF ALPHA/IL-
1

TNF and IEL-1 synergize in the pathology of uveitis.

TNF and IL-1 synergize in the pathology of malaria (hypoglycaetmia, NO).
TNF and IL-1 synergize in the induction of polymorphonuclear (PMN)
cells migration ix inflarnmation.

IL-1 and TNF synergize to induce PMN infiltration into the peritoneuin.

" JL-1 and TNF synergize to induce the secretion of IL-1 by endothelial cells.

Important in inflammation.

IL-1 or TNF alone induced some cethilar infiltration into knee synovivm.
Ii.-1 induced PMNs, TNF — monocytes. Together they induced 2 more
severe infiltration due to increased PMNs.

Circulating myocardial depressant substance (present in sepsis) is low
levels of IL-1 and TNFacting synergistically.

TNF ALPHA/IL-2

Most relating to synergisitic activation of killer T-cells,

TNF ALPHAAL-3

Synergy of interleukin 3 and tumor necrosis factor alpha in stimulating
clonal growth of acute myelogenous leukemia blasts is the result of
induction of secondary hematopoietic cytokines by tumor necrosis factor
alpha.

Cancer Res, 1992 Apr 15,52(8):2197-201.

TNF ALPHAML -4

11.-4 and TNF synergize to induce VCAM expression on endothelial cells.
Implied to have a role in asthma. Same for synovium -~ implicated in RA.
INF and IL-4 synergize to induce IL-6 expression in keratinocytes.
Sustained elevated levels of VCAM-1 in cultured fibroblast-like
synoviocytes can be achieved by TNF-alpha in combination with either IL-
4 or IL-13 through increased mRNA stability. 4m J Pathol. 1939 -
Apr;154(4):1149-58

TNF ALPHA/L-5

Relationship between the tumor necrosis factor system and the serum
interleukin-4, interleukin-5, interleukin-§, eosinophil cationic protein, and
immunoglobulin B levels in the bronchial hyperreactivity of adults and
their children. Allergy Asthma Proc. 2003 Mar-Apr;24(2):111-8.

TNF ALPHA/IL-6

TNF and IL-6 are potent growth factors for OH-2, a novel human myeloma
cell line. Fur J Haematol. 1994 Jul;53(1):31-7.

TNF ALPHA/L-8

TNF and IL-8 synergized with PMNa to activate platelets. Implicated in
Acute Respiratory Distress Syndrome.

See IL-5/TNF (asthmn). Synergism between interleukin-8 and tumor
neciosis factor-alpha for neutrophil-mediated platelet activation. Eur
Cytokine Netw. 1994 Sep-Oct;5(5):455-60. (adult respiratory distress
syndrome (ARDS))

CINF ALPHA/ML-9

TNF ALPHA/L-
10

T1-10 induces and synergizes with TNF in the induction of HIV expression
in chronically infected T-cells.

TNF ALPHA/ML~
11

Cytokines synergistically induce osteoclast differentiation: support by
irmmortalized or normal calvarial cells. dm J Physiol Cell Physiol. 2002
Sepi283(3):C679-87. (Bone loss)

TNF ALPHA/L-
12
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TNF ALPHA/IL-
13

Sustained elevated levels of VCAM-1 in cultured fibroblast-like
synoviocytes can be achicved by TNF-alpha in combination with either IL-
4 or IL-13 through increased mRNA stability. AmJ Pathol. 1999

Apr; 154(4):1149-58.

Interleitkin-13 and tumour necrosis factor-alpha synergistically induce
eotaxin production in human nasal fibroblasts. Clin Exp Allergy. 2000
Mar;30(3):348-55.

Interleukin-13 and turnour necrosis factor-alpha synergistically induce
eotaxin production in human nasal fibroblasts. Clin Exp Allergy. 2000
Mar;30(3):348-55 (allergic inflammation)

Implications of serum TNF-beta and IL-13 in the treatment response of
childhood nephrotic syndrome. Cytokine. 2003 Feb 7:21(3):155-9.

TNF ALPHA/IL-
14

Effects of inhaled tumour necrosis factor alpha in subjects with-mild
asthrna, Thorax. 2002 Sep;57(9):774-8.

TNF ALPHANL-
15

Effects of inhaled tumour necrosis factor alpha in subjects with mild-
asthuma. Thorax. 2002 Sep;57(9):774-8.

TNF ATPHAMNL-
16

Tumor necrosis factor-alpha-induced synthesis of interleukin-16-in airway
epithelial cells: priming for serotonin stimulation. Am J Respir Cell Mol
Biol. 2003 Mar;28(3):354-62. (airway inflamrnation)

Correlation of circulating interleukin 16 with proinflammatory cytokines in
patients with theumatoid arthritis. Rheumatology {Oxford). 2001
Apr;40(4):474-5. No abstract available.

Interfeukin 16 is up-regulated in Crohn's disease and participates in TNBS
colitis in mice. Gastroenterology. 2000 Oct;119(4):972-82.

TNF ALPHA/IL-
17

Tuhibition of interleukin-17 prevents the development of arthritis:in
vaccinated mice challenged with Borrelia burgdorferi. Infect Immun. 2003
Jun;71(6):3437-42.

Interleukin 17 synergises with tumour necrosis factor alpha to induce
cartilage destruction in vitro. Ann Rheum Dis. 2002 Oct;61(10):870-6.

A role of GM-CSF in the accumulation of neutrophils in the airways caused |
by IL-17 and TNF-alpha. Eur Respir J. 2003 Mar;21(3):387-93. (Atrway
inflammation}

Abstract Interlenkin-1, tumor necrosis factor alpha, and interieukin-17
synergistically up-regulate nitric oxide and prostaglandin E2 production in
explants:of human osteoarthritic knee menisci. Arthritis Rheum. 2001
Sep;44(9):2078-83,

TNF ALPHA/L-
i8

Associafion of interleukin-18 expression with enhanced levels of bath
interleukini-1beta and tumor necrosis factor alpha in knee synovial tissue of
patients with theumatoid arthritis. Arthritis Rheum. 2003 Feb;48(2):339-
47.

Abstract Elevated levels of interleukin-18 and tumor necrosis. factor-alpha
in serum of patients with type 2 diabetes mellitus: relationship with diabetic
nephropathy. Metabolism. 2003 May;52(5):605-8.

TNF ALPHA/L-
19

Abstract IL-19 induces production of IL-6 and TNF-alpha and results in
cell apoptosis through TNF-alpha. J Fmmunol. 2002 Oct 15;169(8):4288-
97. : :

TNF ALPHA/IL-
20

Abstract Cytokines: IL-20 - a new effector in skin inflammation. Curr Biol.
2001 Jul 10;11(13)3:R531-4

TNF
ALPIA/Complem
ent

Inflanumation and coagulation: implications for the septic patient. Clin
Infect Dis. 2003 May 15;36(10):1259-65. Epub 2003 May 08. Review.-

TNF
ALPHA/IFN-y

MHC induction in the brain.

Synergize in anti-viral response/IFN- induction. -
Neutrophil activation/ respiratory burst.
Endothelial celi activation

_ Toxicities noted when patients treated with TNE/IEN-y as anti-viral therapy
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Fractalkine expression by human astrocytes.

Many papers on inflamratory responses — i.e. LPS, also macrophage
activation.

Anti-TNF and anti-TFN-y synergize to protect mice from lethal
endotoxemia.

TGF-B/L-1

a * & O

Prostaglndin synthesis by osteoblasts

11.-6 production by intestinal epithelial cells (inflammation model}
Stimulates [L-11 and TL-6 in lung fibroblasts {inflammation model}
11.-6 and IL-8 production in the retina

TGE-B/IL-6

L 2

. Chondrocarcoma proliferation

L-11L-2

o & & »

B-cell activation

LAK cell activation

T-cell activation

1L-1 synergy with IL-2 in the generation of lymphokine activated killer
cels is mediated by TNF-zlpha and beta (lymphotoxin). Cytokine. 1992
Nov;A(6):479-87.

TAAL3

IL-1A1L-4

* &

B-cell activation
7L-4 induces IL-1 expression in endothelial cell activation.

IL-1/1L-5

L-111-6

|l & & B 6 @

B cell activation

‘F cell activation {can replace accessory cells)

IL.-1 induces IL-6 expression

C3 and serum amyloid expression (acuie phase response)
HIV expression

Cartilage collagen breakdown.

IL-11L-7

1L -7 is requisite for IL-1-induced thymocyte proliferation. Invelvement of
I1.-7 in the synergistic effects of granulocyte—macrophagc colony-
stimulating factor or tumor necrosis factor with IL-1. J Immunol. 1992 Jan
1;148(1):99-105,

| IL-1/11-8

IL-1/IL-10

IL-1/1L-11

Cytokines synergistically induce osteoclast differentiation: support by
immeortalized or norwa) calvarial cells. Am J Physiol Cell Physiol. 2002
Sep;283(3):C679-87. (Bone loss)

TL-171L-16

Correlation of circulating interleukin 16 with proinflammatory cytokines in
patients with rheumatoid arthritis. Rheumatology (Oxford). 2001
Apr;40{4):474-5. No abstract available.

IL-1/ML-17

Inhibition of interleukin-17 prevents the development of arthritis-in
vaccinated mice challenged with Borrelia burgdorferi. Infect Immun. 2003 .
Jun;71(6):3437-42.

Contribution. of interleukin 17 to human cartilage degradation and synovial
inflammation in ostecarthsitis. Ostecarthritis Cartilage. 2002
Oct;16(10):799-807.

Abstract Interleukin-1, tumor necrosis factor alpha, and interlenkin-17
synergistically up-regulate nitric oxide and prcsta,giandm E2 production in -
explants of human osteoarthritic knee menisci. drthritis Rhewm. 2001
Sep;44(9):2078-83.

IL-1/10-18

Association of interleukin-18 expressmn with enhanced levels of both
interleukin-1beta and tumor necrosis factor alpha in knee synovial tissue of
patients with theumatoid arthritis. Arthritis Rhenm. 2003 Feb;48(2):339-47.

O-1IFN-g

L-2/0-3

T-cell proliferation
B cell proliferation
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IL-2/11-4 - s  B-cell proliferation
) +  T-cell proliferation
(selectively inducing activation of CD8 and NK lymphocytes)IL-2R beta
. agonist P1.30 acts in synergy with 1L-2, IL-4, IL-9, and IL-15: biclogical
and melecular effects. J Jmmuneol 2000 Oct 15;165(8): 4312-8.
IL-2/IL-5 s B-cell proliferation/ Ig secretion
¢ -5 induces 112 receptors on B-cells
1L-2/IL-6 s Development of cytotoxic T-cells
IL-2/IL-7
1 TL-2/I1-9 e See IL-2/IL-4 (NK-cells)
1L-2/IL-10 » B-cell activation
L2112 JL-12 synergizes with IL-2 to induce lymphokine-activated cytotoxicity
and perforin and granzyme gene expression in fregh human NK celis. Cell
: Immunol. 1995 Qct 1;165(1):33-43. (T-cell activation)
1 IL-2/IL-15 o See IL-2/TL-4 (NK cells)
» - (T cell activation and proliferation) 1L-15 and I1-2: a matter of life and
. ._death for T cells in vivo, Nat Med. 2001 Jan;7(1):114-8.
TL-2/1L-16 *  Synergistic activation of CD4+ T cells by TL-16 and 1L-2, J Immunol. 1998
Mar 1;160(5):2115-20.
IL-2/1-37 ¢ Evidence for the early involvement of interleukin 17 in human and
experimental renal allograft rejection. J Parhol, 2002 Jul;197(3):322-32.
IL-2/1L-18 ¢ - Interfeukin 18 (I1.-18) in sypergy with IL-2 induces lethal lung injury in
mice: a potential rote for cytokines, chemokings, and natural Idiler cells in
the pathogenesis of interstitial pneumonia. Blood. 2002 Feb 15;99(4):1289-
98.
1L-2/TGE- &  Control of CD4 effector fate: transforming growth factor beta'1 and
-interieukin 2 synergize to prevent-apoptosis and promote effector
expansion. J Exp Med, 1995 Sep 1;182(3):699-709.
IL-2MFN-y o g secretion by B-cells
¢ JL-2 induces IFN-y expression by T-cells
IL-2/IFN-¢/B » None
IL-3/1L-4 s  Sypergize in mast cell growth
+  Syneigistic effects of -4 and either GM-CSF or IL-3 on the induction of
CID23 expression by httman monocytes: regulatory effects of IFN-alphaand
IFN-ganmma, Cytokine. 1994 Jul;6(4);407-13.
IL-3/IL-5 i
TE-3/1L-6 - :
IL-3/IFN-y & -4 and TFN-gamma synergistically increase total polymeric IgA receptor
: ‘levels in human intestinal epithelial cells, Role of protein tyrosine kinases.
JImmunol. 1996 Jun 15:156(12):4807-14,
IL-3/GM-CS¥ + Differential reguiation of human eosinophil IL-3, IL-5, and GM:=CS¥F
: receptor alpha-chain expression by cytokines: IL-3, IL-5, and GM-CSF
down-regulate JL-5 receptor alpha expression with loss of 11.-5
responsiveness, but up-regulate IL-3 receptor alpha expression.’ J fmmumiol
2003 Jun 1;1706(11}:5359-66. (aliergic inflammation)
1E-4AL-2 e IL-4 synergistically enhances both I1-2- and IL-12-induced IFN-{gamma}
expression in mutine NK cejls. Blood. 2003 Mar 13 [Epub ahead of print]
IL-4/1L-5 Eohanced mast cell histamine etc. secretion in response to Igh
A Th2-like cytokine response is involved in bullous pemphigoid. the role of
IL.-4 and I1-5 in the pathogenesis of the disease. Int J Immunopaihol
Pharmacol. 1999 May-Aug;12(2):55-61.
L-4/10-6 :
IL-441~-10
IL-4/11~11 ¢  Synergistic inferactions between interlewkin-11 and interlenkin-4 in support
of proliferation of primitive hematopoietic progenitors of mice. Blood.
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1997 Sep 15:78(6):1448-51.

IL-4/1L-12

Synergistic effects of IL-4 and IL-18 on IL-12-dependent IFN-gamma
production by dendritic cells, J fmmunol. 2000 Jan 1;164{1):64-71.
(increase Thi/Th2 differentiation)

114 synergistically enhances both HL.-2- and IL-12-induced IFN-{gamma}
expression in murine NK cells. Blood. 2003 Mar 13 [Epub ahead of print]

IL-4/11.-13

Abstract Interlenkin-4 and interleukin-13 signaling connections maps.
Science. 2003 Jun 6;300(5625%:1527-8. (allergy, asthma)

Inhibition of the IL-4/IL-13 receptor system prevents allergic sensitization
without affecting established allergy in a mouse model for allergic asthrna.
J Allergy Clin Inmunol. 2003 Jun;3111(6):1361-1369.

IL-4/1L-16.

{asthma) Interleukin (IL}-4/I1L-9 and exogenous IL~-16 induce IL-16

- production by BEAS-2B cells, a bronchial epithelial cell tine. Cell

Dumunel. 2001 Feb 1;207(2):75-80

IL-4/1L-17

Interleukin (IL)-4 and IL-17 synergistically stimulate IL-6 secretion in
humian colonic myefibroblasts. fuf J Mol Med. 2002 Nov;16(5):631-4.
(Gut inflammation)

L4124

- JL-24 is expressed by rat and human macrophages. Immunobiology. 2002

Jul:205(3):321-34.

IL-4/H.-25

Abstract New IL-17 family members promote Thl or Th2 responses in the
ung: in vivo function of the novel cytokine IL-25. J fmmunol. 2002 Jul
1;169(1):443-53. (allergic inflammation)

Abstract Mast cells produce interleukin-25 upon Fcepsilon RI-mediated
activation. Blood. 2003 May 1;101(9):3594-6. Bpub 2003 Jan 02. (allergic
inflarnmation)

TL-4/TFN-y

Abstract Interleuldn 4 induces interleukin 6 production by endothelial cells:

. synergy with interferon-gamma. Ewr J Immunol, 1991 Tan21(1)%.97-101,

IL-4/SCF

Regulation of human intestinal mast cells by stem cell factor and 1L-4.
Imnunol Rev. 2001 Feb:;179:57-60. Review,

-5/1L-3

Differential regulation of human eosinophil IL-3, 1L-5, and GM-CSF
receptor alpha-chain expression by cytokines: 11.-3, IL-5, and GM-CSF
down-regulate IL-5 receptor alpha expression with loss of IL-5
responsiveness, but up-regulate IL-3 receptor alpha expression. J mmumol,

2003 Jun 1;170{11):5359-66. (Allergic inflamnmation see abstract)

IL-5/1L.-6

IL-5/1L-13

Inhibition of allerpic airways inflarnmation and airway

“hyperresponsiveness in mice by dexamethasone: role of eosinophils; IL-3,

eotaxin, and IL.-13. J Allergy Clin Immunol. 2003 May;111(5):1049-61.

H-5AL-17

Interlewkin-17 orchesirates the granulocyte influx into airways after

allergen inhalation in a mouse model of aliergic asthma. Am J Respir Cell-

Mol Biol. 2003 Jan;28(1):42-50.

H-5/1L-25

" Absiract New IL-17 family membets promote Thl or Th2 responses in the .

hung: invivo function of the novel cytokine IL-25. J Immunol. 2002 Tul
1;169(1):443-53. (allergic inflamymation)

Abstract Mast cells produce interleukin-25 upon Feepsilon Rl-mediated
activation. . Blood. 2003 May 1;101(9):3594-6. Epub 2003 Jan 02, (allergic
inflammation)

IL-S/AFN-y

IL-5/GM-CSF

Differential regulation of hwman eosinophil IL-3, IL-5, and GM-CSF
receptor alpha-chain expression by cytokines: IL-3, IL-5, and GM-CSF
down-regulate IL-5 receptor alphia expression with loss of IL-3
responsiveriess, but up-regulate IL-3 receptor alpha expression. J mmunol.
2003 Jun 1;170{11):5359-66, (Allergic inflamnmation}

HL.-6/11.-10

IL-6/1L-11

IL-6/11~16

Interleukin-16 stimulates the expression and production of pro-
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inflammatory cytokines by buman monocytes. fmmunology. 2000
May;1068(1):63-9.

IL-6/[1-17

Stimulation of airway mucin gene expression by inferleukin (IL)-17
through IL-6 paracrine/autocrine loop. J Biol Chem. 2003 May
9;278(19):17036-43. Epub 2003 Mar 06. (airway inflammation, asthma)

IL-6/IL-19

Abstract IL-19 induces production of I1.-6 and TNF-alpha and results in
cell apoptosis through TNF-alpha. J fmmunol. 2002 Oct 15;169(8):4288-
97.

TL-6/TFN-g

IL-7/M1-2

Interlenkin 7 worsens graft-versus-host disease. Blood. 2002 Oct
1:100(7):2642-9.

L~71L-12

Synergistic effects of IL-7 and JL-12 on human T cell activation. J

Immunol, 1995 May 15;154(10):5093-102.

TL7AL-15

Interlenkin-7 and interleukin-15 regulate the expression of the bel-2 and c-

myb genes in cutaneous T-cell lymphoma cells. Blood. 2001 Nov
1;98(9):2778-83. (growth factor)

JL-8AL-11

- Abnormal production of interleukin (IL)-11 and IL-8 in polycythaemia

vera. Cyiokine, 2002 Nov 21;20¢4):178-83.

IL-B/M-17

The Role of 1.-17 in Yoint Destruction. Drug News Perspect. 2002
Jan;15(1):17-23. (arthritis)

Abstract Tnterleukin-17 stimulates the expression of interleukin-8, growth-
related oncogene-alpha, and granulocyte-colony-stimulating factor by
human airway epithelial cells. Am J Respir Cell Mol Biol. 2002
Tun;26(6):748-53. (nirway inflammation)

IL-8/GSF

Interleukin-8: an autocrine/paracrine growth factor for human

. hematopoietic progenitors acting in synergy with colony stimulating factor-

1 to promote monocyte-macrophage growth and differentiation. Exp
Hematol, 1999 Jan,27(1):28-36,

IL-8/VGEER

Intracavitary VEGF, bFGF, IL-8, IL-12 levels in primary and recurrent
malignant glioma. J Neurooncol, 2003 May;62(3):297-303.

IL-9/1L-4

Anti-interleukin-¢ antibody treatment inhibits airway inflammation and
hyperreactivity in mouse asthma model. Am J Respir Crit Care Med. 2002
Aug 1;166(31:409-16.

B-9/IL-5

Pulmonary overexpression of IL-9 induces Th2 cytokine expression,
leading to immune pathology. J Clin Invest. 2002 Jan;109(1):29-39.

Th2 cytokines and asthma. Interleukin-9 as-a therapeutic target for asthma.
Respir Res. 2001;2(2):80-4. Epub 2001 Feb 15. Review.
AbstractInterleukin-9 enhances interleukin-5 recepior expression,
differenfiation, and survival of human eosinophils. Bleod. 2000 Sep
15;96(6):2163-71 (asthma)

L9113

Anti-interleukin-9 antibody treatment inhibits airway inflammation and

© hyperreactivity in mouse asthma model. Am J Respir Crit Care Med. 2002 -

Aung 1;166(3):409-16.

Direct effects of interleukin-13 on epithelial cells canse airway
hyperreactivity and mucus overproduction in asthma. Nat Med. 2002
Aug;B(8):885-9, :

LOIL-16

See IL-4/TL-16

IL-101L-2

Thie interplay of interlenkin-10 (IL-10) and interleukin-2 (JL-2) in humoral

' jmnmune responses: 11-10 synergizes with IL-2 to enhance responses of

humaz B lymphocytes in a mechanism which is different from upregulation
of CD25 expression. Cell Immunol. 1994 Sep;157(2):478-88,

0-101L-12

JL-10/TGE-$

TL-10 and TGF-beta cooperate in the regulatory T cell response to mucosal
allergens in normal immunity and specific ivomunotherapy. EurJ
Tmmunol, 2003 May;33(5):1205-14,

IL-10/FN-y
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IL-1 VIL-6

Interleukin-6 and interleukin-11 support human osteoclast formation by a
RANKL-independent mechanism. Bone. 2003 Jan;32(1):1-7. (bone
resorption in inflarmation)

IL-1UIE-17

Polarized in vivo expression of IL-11 and I11-17 between acute and chronic
skin lesions. J Alergy Clin [mmunol. 2003 Apr;111(4):875-81. (allergic
dermatitis)

IL-17 promotes bone erosion in murine collagen-induced arthritis through
loss of the receptor activator of NF-kappa B ligand/osteoprotegerin

11 1/TGF-B

balance. J Fanunol, 2003 Mar 1;178{3):2655-62.

Polarized in vive expression of IL-11 and YL-17 between acute and chronic

© skin lesions. J Allergy Clin Immunol. 2003 Apr;111{4):875-81. (allergic

dermatitis)

IL-12/11-13

Relationship of Interleukin-12 and Interleukin-13 imbalance with class-
specific rheumatoid factors and anticardiolipin antibodies in systemic lupus
erythematosus. Clin Rheumatol. 2003 May;22(2):107-11.

IE-12/10.-17

Upregulation of interleukin-12 and -17 in active inflammmatory bowel
disease. Scand J Gastroenterol. 2003 Feb:38(2):180-5.

H.-12/IL-18

Synergistic proliferation and activation of natural killer cells by interleukin
12 and inferleukin 18, Cyfokine. 1999 Nov;11(11):822-30.

Inflarnmatory Liver Steatosis Caused by IL-12 and IL-18. J Inferferon
Cytokine Res. 2003 Mar;23(3):155-62.

IL-12/11-23

nterlenkin-23 rather than interlevkin-12 is the critical cytokine for
autoimmune inflamymation of the brain. Nefure. 2003 Feb
13:421(6924):744-8.

Abstract A unique role for IL-23 in promoting cellular immunity. J Leukoc
Biol. 2003 Jan;73(1):49-56. Review,

1L-12/10-27

Ahstract 1L-27, a heterodimeric cytokine composed of EBI3 and p28
protein, induces proliferation of naive CD4(+) T cells. Immunity. 2002
Tun;16(6):779-90.

IL-12/IEN-y

YL.-12 induces [FN-y expression by B and T-cells as part of immune
stimulation.

T35

Sec IL-5/11.-13

IL-13/AL-25

Abstract New 1L-17 fanily members promeote Thi or Th2 responses in the
lung: in vivo fanction of the novel cytokine IL-23. J Immunol. 2002 Tul
1;169(1):443-53. (allergic inflamamation)

Abstract Mast cells produce interleukin-25 upon Feepsilon RI-mediated
activation. Blood. 2003 May 1;101(9):3594-6. Epub 2003 Jan 02. (allergic -
inflarnmation)

TL-15/IL-13

Differential expression of interleukins (IL)-13 and fL.-15 in ectopic-and-
eutopic endometrium of women. with endometriosis and normal fertile:
women. Am J Reprod Immunol. 2003 Feb;49(2):75-83,

TL-15/0-16

1L-15 and TL-16 overexpression in cutancous T-cell lymphomas: stage-
dependent increase in mycosis fungoides progression. Exp Dermatol: 2000
Aug;9(4):248-51.

IL-15/IL-17

Abstract IL-17, produced by lymphocytes and neutrophils, is necessary for
lipopolysaccharide-induced airway neutrophilia: IL-15 as a possible trigger.
J Immumol. 2003 Feb 15;176(4):2106-12, (airway inflammation)

IL~154L-21

IL-21 in Synergy with IL-15 or I1-18 Enhances [FN-gamma Production in |
Human NE and T Cells. J Immunol 2003 Jun 1;170(11):5464-0.

TL-17/1L-23

Interleukin-23 promotes a distinct CD4 T cell activation state characterized
by the production of interleukin-17, J Biol Chem. 2003 Jan
17;278(3):1910-4. Epub 2002 Nov 03 _

IL-17/TGF-B

Polarized in vivo expression of IL-11 and IL-17 between acute and.chronic
skin lesions. J 4llergy Clin Fmmunol, 2003 Apr;111(4):875-81. (allergic
dermatitis)

H-18/L-12

Synergistic proliferation and activation of natural killer cells by interlenkin
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12 and interleukin 18, Cytokine. 1999 Nov;11(11):822-30.

Abstract Inhibition of in vitro immunoglobulin production by IL-12 in
murine chronic graft-vs.-host disease: synergism with IL-18. Fur J
Immunol. 1998 Jun;28(6):2017-24.

TL-18/1L-21 1L-21 in Synergy with IL-15 or IL-18 Enhances IFN-gamma Production in
Truman NK and T Cells, J Immunol. 2003 Jun 1,170(11):5464-9.

1L~ 18/TGF-B Interleukin 18 and transforming growth factor betal in the serum of
patients with Graves' ophthalmopathy treated with corticosteroids. Int
Trmmunopharmacol. 2003 Apr;3(4):549-52.

1L-18/IFN-y .

Anti-TNF Synergistic therapeutic effect in DBA/I arthritic mice.

ALPHA/anti-CD4
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Target

Disease

Pair with

CDEo*

Use as cytotoxic cell recruiter

all

CD19

B cell lympbomas

HLA-DR
CDSs

HLA-DR

B cell lymphomas

CDE9
D19
CDs

CD38

Multiple myeloma

CD138
CD356
HLA-DR

D138

Multiple myeloma

CD38
CDs6
HLA-DR

CD13g

Lung cancer

CDs6
CEA

CD33

Acute myelod lymphoma

D34
HLA-DR

CD56

Lung cancer

D138
CEA

CEA

Pan carcinoma

MET receptor

VEGF

Pan carcinoma

MET receptor

VEGF
receptor

Pan carcinoma

MET receptor

IL-13

Asthma/pulmonary
inflammation

{14
-5
Eotaxin(s)
MDC
TARC
TNFa
L9
BGFR
CD40L
IL-25
MCP-1
TGFB

L4

Asthma

11-13
IL-5
Eotaxin{g)
MDC
TARC
TNFo.
IL-8
BGFR
CD40L
IL-25
MCE-1
TGFR

Botaxin

Asthma

-5
Eotaxin-2
Eotaxin-3

EGFR

cancer

HER2/neu

"HMER3

1ER4

cancer

HER3
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TNFR1

HER4

RA/Crohn’s disease

IL-IR
IL-6R
IL-18R

TNFo

RA/Crohn’s discase

IL-1o/B
IL-6
IL-18
ICAM-1
IL-15
117

IL-1R

RA/Crohn's disease

H-6R
IL-18R

I1-18R

RA/Crohn’s disease

TL-6R.
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Annex 4

Data Summary
TARGET [ dAb Equilibrinm dissocation | Koff 1C50 for ligand assay NIDS6 for celf baged neutralisn
constant (<4 = Koffi/Kon) asgay .
TARI TAR] 300nM to S5pM ' 5x107to1x 107 500nM to 160pM S00nM to S0pM
: monomers (ie, 3 x 10710 :
5% 107, preferably
S0uM to 20pM
TARI dimers | As TAR} monomer As TAR] monomer As TARL monomer As TAR] monomer
TAR] trimers | As TAR] monomer As TARI monomer As TARL monomer _As TAR! monomer
TARI-5 ' '
TARI-27
TAR1-5-19 30oM SR
Jisisisleyniioy
TARI-5-19 With (Gly,Ser); linker = 20nm
bomodimer With (GlvsSet)s linker = 2nm =30nM
With (Gly,Ser}; linker = 10nm
=15nM
TARI-5-19 With (Gly,Ser), linker
heterodirmers TAR]-5-15 42 = 2nM
' TARI-5-12d3 =8pM -
3.5.19 dd =2 = }InM
TAR1-5-19 d5 = 8nM = 100M
In Fab format
TAR1-5-19CH diCK = 6nM
TAR1-5+19CK d1CH = 6nM
TAR1-5-19CH d2CK = 8nM
TARI1-5-19CH d3CK. = 3pM
) = 12

‘‘‘‘‘‘

el

T """‘“'Eﬁﬁﬁﬂﬁ'"ﬁ't““"“’““"“‘“"“““”‘“‘“‘“-" e

i
.
Sl

08700/ 800299/10



s

4

et

—

=S g3

{
!

foz 34nM) 133HS ILNLILSENS

oy

TARL-3 With {Gly,Ser), linker
heterodimers TARI-5d1 = 30nM
TARL-5d2 = 50nM
TARL-5d3 = 3000M
TARL-5d4 = 3nM
TARI-5d5 =200nM
TAR1-5d6 = 100nM
In Fab format
-5CH d3CK =30 = G0nlvi
TAR1-SCK d3CH = 100nM
TAR1-5-19 0.35M T3-100M (eg, 30M)
homotrimer
TARZ TARZ As TAR] monomer . ... | As TART monomex 300nM to 100pM S00nM to S0pM
THOnOmers
TAR2-10
TARI-5
Serum Anti-SA inM to 500uM, 1M to 500pM,
Albumin TmoNGMmers preferably 100nM to 10 preferably 100nM to 10 M
LI
In Dual Specific format, target
In Dual Specific format, affinity is 1 to 100,000 x affinity
target affinity s 1 to of SA dAb affinity, eg 100pM
100,000 x affinity of SA (target) end 10 M SA affinity.
-dAD affinity, g 100pM
{targef) and 10 pM SA
. affinity.
MSA-16 200nM
MEA-26  TO0sM
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CLAIMS

1. A multi-specific ligand comprising, preferably consisting of a multiple of antigen binding
sites, each binding site being provided by a single first binding domain, each binding site having
binding specificity for a first antigen and a second binding domain/s having binding specificity for
a second antigen, wherein the second binding domain is a non-immunoglobujin (Ig) domain and
wherein the binding of the second binding domain to the second antigen increases the half-life of

the lipand in vivo.

2. A multi-specific ligand of claim 1 wherein the second binding domain is a bacterial
receptor.

3. The ligand of claim 1, wherein the second binding domain comprises an affibody scaffold.
4, The ligand of claim 1, wherein the second binding domain is an affibody.

5. A ligand according to claim 1, wherein the second binding domain comprises an SpA
scaffold,

6. A ligand according to claim 1 wherein the first binding domain comprises an
affibody scaffold.

7. The ligand of claim 1, wherein the first binding domain is an affibody.

&. A ligand according to claim 1, wherein the first binding domain comprises an SpA
scafiold.

9. The ligand according to any preceding claim wherein the first antigen is selected from the

group consisting of EPO receptor, ApoE, Apo-SAA, BDNF, Cardiotrophin-1, EGF, EGF receptor,
ENA-78, Eotaxin, Eotaxin-2, Exodus-2, EpoR, FGF-acidic, FGF-basic, fibroblast growth factor-
10, FL'T3 ligand, Fractalkine (CX3C), GDNF, G-CSF, GM-CSF, GF-B1, insulin, IFN-y, IGF-I,
IGF-II, 1L-Fex, TL-1B, -2, TL-3, IL-4, TL-5, IL-6, IL-7, IL-8 (72 a.a.), 1L-8 (77 a.a.), IL-9, IL-10,
IL-11, IL-12, JL-13, TL~15, IL-16, 11.-17, TL-18 (IGIF), Inhibin ¢, Inhibin B, IP-10, keratinocyte
growth factor-2 (KGF-2), KGF, Leptin, LIF, Lymphotactin, Mullerian inhibitory substance,
monocyte colony inhibitory factor, monocyte attractant protéin, M-CSF, MDC (67 a.a.), MDC (69
a.a.), MCP-1 (MCAF), MCP-2, MCP-3, MCP-4, MDC (67 a.a.), MDC (69 a.a.), MIG, MIP-Iq,
MIP-IB, MIP-30, MLP-38, MIP-4, myeloid progenitor inhibitor factor-1 (MPIF-1), NAP-2,
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Neurturin, Nerve growth factor, B-NGF, NT-3, NT-4, Oncostatin M, PDGF-AA, PDGF-AB,
PDGF-BB, PF-4, RANTES, SDF1¢, SDF18, SCF, SCGF, stem cell factor (SCF), TARC, TGF-o,
TGE-8, TGF-B2, TGF-B3, tumour necrosis factor (TNF), TNF-¢, TNF-B, TNF receptor 1, TNP
receptor II, TNIL-1, TPO, VEGF, VEGF receptor 1, VEGF receptor 2, VEGF receptor 3, GCP-2,
GRO/MGSA, GRO-B, GRO-y, HCCI1, 1-309, HER 1, HER 2, HER 3 and HER 4.

10. The multispecific ligand 9, wherein the first antigen is HER 2.

il. The multispecific ligand of any preceding claim wherein the first antigen is
selected from the group consisting of human or animal proteins, cytokines, cytokine

receptors, enzymes, enzyme co-factors and DNA binding proteins.

12. A multi-specific ligand according to any preceding claim wherein each first

binding domain shares the same epitope binding specificity.

13. A multi-specific ligand according to any preceding claim wherein the first antigen binding
domains bind a first antigen having inultiple copics of an epitope, the first binding domains being

specific for said epitope.

i4. A multi-specific ligand according to claim 13 wherein the first binding domain binds to a
target -selected from the group consisting of any of the following: IL-5, PDGF-AA, PDGF-BB,
TGF beta, TGF beta2, TGF beta3 and TNFa, human TNF Receptor 1 and human TNFalpha.

15. The multispecific ligand according to any preceding claim wherein the first antigen is a

receptor for a éytok:ine listed in claim 9.

- 16. The multispecific ligand according to any preceding claim wherein the second

binding domain binds to serum-albumin.

17. The multispecific ligand according to any preceding claim which comprises
multiple second epitope binding domains having binding specificity for a second
antigen, wherein ecach second epitope binding domain is a non-lg domain and
‘wherein the binding of the second epitope binding domain to the second antigen

increases the half-life of the ligand in vivo.

18. The use of a multi-specific ligand according to any preceding claim in the preparation of a

medicament for the use in therapy.
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19. The use of a multspecific ligand comprising, preferably consisting of a multiple of
antigen binding sites, each binding site being provided by a single first binding domain, each
binding site having binding specificity for a first antigen and a second binding domain/s having
binding specificity for a second antigen, wherein the second binding domain is a non-Ig domain
which binds to a serum protein, in the preparation of a medicament for use in therapy wherein
binding of the second binding domain to the serum protein increases the half-life of the

multispecific ligand in vivo.

20. The use of a multispecific ligand comprising, preferably consisting of a first
binding domain having binding specificity for a first antigen and a second binding
domain having binding specificity for a second antigen, wherein the second binding
domain is a non-Ig domain which binds to a serum protein and wherein the first binding domain in
isolation binds a first antigen, in the preparation of a medicament for use in therapy wherein
binding of the second binding domain to the serum protein increases the half-life of the

multispecific ligand in vivo.

21. The use of a multispecific ligand comprising, preferably consisting of a first binding
domain having binding specificity for a first antigen and a second binding domain having binding
specificity for a second antigen, wherein the second binding domain is a non-Ig domain which
binds to serum protein and wherein the first binding domain comprises an affibody scaffold, in the
preparation of a medicament for use in therapy wherein binding of the second binding domain to

the serum protein increases the half-life of the multispecific ligand in vive.

22, The use of a multispecific ligand according to claim 21 which comprises
multiple second binding domains having binding specificity for a second antigen,
wherein the second binding domain is a non-Ig domain which binds to a serum

protein.

23, The use according to any of claims 20, 21 and 22 wherein the serum protein is

serum albumin.

24. The use according to any of claims 20 to 23 wherein the mulispecific lipand has any of the

features of claims 2t0 18,

25.  The use aécording to any of claims 21 to 24 wherein the multispecific ligand

comprises a multiple of first binding domains.
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26. The use of a lgand according to any of claims 1 to 18 in the preparation of a

medicament for use in therapy.

27. A pharmaceutical composition comprising a multispecific ligand according to

any of claims 1 to 18 and a pharmaceutically acceptable excipient, carrier or diluent.

28.  Nucleic acid encoding a multispecific ligand according to any one of claims 1 to 18.

29, A vector comprising nucleic acid according to claim 28.
30. A host cell comprising the vector according to claim 30.
31. . The use of a multispecific ligand according to any one of claims 1 to 18 in the

manufacture of a medicament fo provide superior avidity binding to the first antigen

and to increase the half-life of the muitispecific ligand or multimer.

32, A dual-specific ligand comprising a first, heavy chain immunoglobulin single variable
domain having a binding specificity to a ﬁrst epitope or antigen and a second, light chain singie
variable domain having a binding activity to a second epitope or antigen, herein binding to one or
both of said antigens or epitopes acts (o increase the half-life of the ligand in vivo and wherein saﬁd
first and second domains are not a heavy chain variable domain and light chain variable domain
which share the same specificity, provided that said dual specific ligand does not consist of an

anti-HSA Vi domain and an anti-B galactosidaseVy domain.

33, A dual specific ligand according to claim 32 wherein the variable domains are provided as

an antibody scFv fragment.
34, A dual-specific ligand according to claim 32 wherein the variable domains are provided as

an antibody Fab region.

3s. A four chain IgG immunoglobulin comprising a dual specific ligand of any preceding

claim.

36. A four chain IgG immunoglobulin according to claim 35, wherein said IgG
comprises two dual specific ligands, said dual specific ligands being identical in their variable

domains.
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37, A four chain IgGG immunoglobulin according to claim 35, wherein said IgG comprises two

dual specific ligands, said dual specific ligands being different in their variable domains.

38. A ligand comprising a first immunoglobulin single variable domain having a first antigen
or epitope binding specificity and a second immunoglobulin single vanable domain having a
second antigen or epitope binding specificity wherein one or both of said first and second variable
domains bind to an antigen or epitope which increases the half-life of the ligand in vivo, and either
{1) the first and the second immunoglobulin variable domains are heavy chain
variable domains; or
(i1) the first and the second immunoglobulin variable domaing are light chain variable
domains.
provided that when the first and second immunoglobulin variable domains are Camelid VHH
domains, the VHH domain which is specific for an antigen which increases the half-life of the
ligand in vivo does not bind hen egg white lysozyme (HEL), porcine pan.cfeatic alpha-amylase;
NmC-A, heg, BSA-linked RR6 azo giye or 5. mutans HG982 cells.

39. A ligand according to claim 38, wherein the ligand comprises first and second Camelid
VHH domains.

40. A ligand according to claim' 38, wherein the first and/or second variable domain is human.
41 The dual-specific ligand according to claim 39 or 40, wherein the single variable domains

are identical.

42, A ligand according to cihirn any preceding claim, wherein the first and second
domains bind independently, such that the dual specific ligand may simultaneously bind both the

first and second epitopes or antigens.
43. A ligand according to claim 42, wherein the dual specific ligand comprises a first form
and a second form in equilibrium in solution, wherein both epitopes or antigens bind to the first

form independently but compete for binding to the second form.

44. A ligand according to -any preceding claim, wherein said first and second epitopes are

present on separate antigens.

45. A ligand according to any one of claims 32 to 43, wherein said first and second epitopes
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are present on the same antigen.

40. A dual-specific ligand according to any preceding claim wherein the variable

domains are non-covalently associated.

47. A dual-specific ligand according to any one of claims 32 to 45 wherein the variable

regions are covalently associated.

48. A dual-specific ligand to claim 47 wherein the covalent association is mediated by
disulphide bonds.
49, A ligand according to any preceding claim, comprising a single variable domain specific

for TNFao, which has a dissociation constant (Kg) of 1x10°® M or less for human TNFo, and a Ko

rate constant of Tx10~ s or less, as determined by surface plasmon resonance.
50. A ligand according to claim 49 wherein the domain specific for TNFouis a V.

51. A ligand according to any one of claims 32 to 48, comprising a single variable domain
specific for TNF receptor 1 (p55), which has a dissociation constant (K) of 1x10® M or less for
‘human TNF receptor 1, and a Kg rate constant of 1x107 s or less, as determined by surface

plasmon resonance.

52. A ligand according to any one of claims 49 to 51, wherein the TNFa or p55-specific
domain neutralises human TNFo. or TNF receptor 1 in a standard cell assay with a ND50 of 50nM

or less.

53. A ligand according to any one of claims 32 to 48, comprising a single variable domain
specific for TNF receptor 1 (p55), wherein the dAb antagonises the activity of the TNF receptor 1
in a standard cell assay with an NDsg of >100nM and at a concentration of 210uM the dAb
~ agonises the activity of the TNF receptor 1 by <5% in the assay.

54. A ligand according to any preceding claim, comprising a single variable domain specific
for serum albumin (SA) which has a dissociation constant (K) of 1nM to 500uM for SA, as

determined by surface plasmon resonance.

55. A ligand according to claim 54, where the SA-specific domain binds SA in a
standard ligand binding assay with an 1C50 of 1nM to SO0pM.
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56. A Hgand according to any one of claims 32 to 48 compnsing a single variable
domain specific for TNFe, and which comprises the amino acid sequence of TAR1-5-19 identified
by its sequence on pages 2 and 3 of the sequence listing or a sequence that is at least 80%

homologous thereto.

57 A ligand according to any one of claims 32 to 48, comprising 2 single vanable
domain specific for TNFe, and which comprises the amino acid sequence of TAR1-5 identified by
its sequence on pages 2 and 3 of the sequence listing or a sequence that is at least 80%

homologous thereto.

58. A ligand according to any one of claims 32 to 48, comprising a single variaBle
domain specific for TNFe; and which comprises the amino acid sequence of TARI-27 identified
by its sequence on page 4 of the sequence listing or a sequence that is at least 80% homologous

thereto.

59. A ligand ajccording to anyione of claims 32 to 48, comprising a single variable domain
specific for TNF receptor 1, and which comprises the amino acid sequence of TAR2- 10 identified
by its sequence on page 2 of the sequence listing or a sequence mat is at least 80% homologous

thereto.

60, A ligand according to any one of claims 32 to 48, comprising a single variable domain
specific for TNF receptor 1, and which comprises the amino acid sequence of TAR2-10 identified
by its sequence on page 2 of the sequence listing or a sequence that is at least 90% homologous

thereto.

61. A ligand according to-an'y one of claims 32 to 48, comprising a single variable
* domain specific for TNE receptor 1, and which comprises the amino acid sequence of TAR2-5
identified by its sequence on page 1 of the sequence listing or a sequence that is at least 80%

homologous thereto.

62. A ligand according to any one of claims 32 to 48, comprising a single variable domain
specific for TNF receptor 1, and which comprises the amino acid sequence of TAR2-5 identified
by its sequence on page 1 of the sequence listing or a sequence that is at least 90% homologous

thereto.
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63. A ligand according to any one of claims 32 to 48, .comprising a single variable domain
specific for SA, and which comprises the amino acid sequence of MSA-16 identified by its
sequence in figure 16 or a sequence that is at least 80% homologous thereto.
64, A ligand according to any one of claims 32 to 48, comprising a single variable
domain specific for SA, and which comprises the amino acid sequence of MSA-26 identified by

its sequence in figure 16 or a sequence that is at last 80% homologous thereto.

63. A ligand according to any one of claims 56 to 62, comprising an SA specific

single variable domain as defined in claim 54 or 55.

66. A ligand according to any one of claims 49 to 65, wherein the TNFa, TNF

receptor 1 or SA is in human form.
67. A dual-specific ligand comprising an anti-human TNF alpha dAb and an anti-SA dAb.
68. The ligand according to claim 67, wherein the dAbs are Camelid Vyy domains.

69. The ligand according to claim 68, wherein the anti-TNF alpha dAb is a TNFuo

specific domain as defined in any one of claims 49, 50, 52 and 56 to 58.

70. The ligand according to -claim 68, wherein the anti-SA dAb is an SA-specific

domain as defined in any one of claims 54, 55, 63 and 64.
71. A ligand according to any preceding claim, which comprises a universal framework. -

72. A ligand according to any preceding claim comprising a Vy framework selected from the

group consisting of DP47, DP45 and DP38; and/or a Vi framework which is DPKO.

73, A ligand according to any preceding claim which comprises a binding site for a generic
ligand.
74. The ligand of claim 73, wherein the generic ligand binding site is selected from the group

consisting of protein A, protein I, and protein G.

75. A ligand according to any preceding claim wherein the ligand comprises a variable

domain having one or more framework regions comprising an amino acid sequence that is the
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same as the amino acid sequence of a corresponding framework region encoded by a human
germline antibody gene segment, or the aminoe acid sequences of one or more of said framework
regions collectively comprises up to 5 amino acid differences relative to the amino acid sequence

of said corresponding framework region encoded by a human germline antibody gene segment.

76. A ligand according to any one of claims 32 to 74, whercin the ligand comprises a variable
domain, wherein the amino acid sequences of FW1, FW2, FW3 and FW4 are the same as the
amino acid sequences of corresponding framework regions encoded by a human germline
antibody gene segment, or the amino acid sequences of FW1, FW2, FW3 and FW4 collectively
contain up to 10 amine acid differences relative to the amino acid sequences of corresponding

framework regions encoded by said human germline antibody gene segment.

77. The ligand according to claim 75 or claim 76, which comprises an antibody
variable domain comprising FW1, FW2 and FW3 regions, and the amino acid sequences of said
FW1, FW2 and FW3 arc the same as the amino acid sequences of corresponding framework

regions encoded by human germline antibody gene segments.

78. The ligand according to any of claims 75 to 77, wherein said human germline antibody
gene segment is selected from the group consisting of DP47, DP45, DP48 and DPKO.

79. A ligand according to claim 32 or 38 wherein the or each heavy chain variable domain is

not a Camelid immunoglobulin varizble domain.

80. The ligand according to claim 32 or 38 comprising at least one heavy chain variable
domain that does not contain one or more amino acids that are specific to Camelid

immunoglobulin Vaﬁable domains as compared to human Vy domains.

81. A method for producing a ligand according to any preceding claim, comprising a first
immunoglobulin single variable domain having a first binding specificity and a second single
immunoglobulin single variable domain having a second binding specificity, one or both of the
binding specificities being specific for a protein which increases the half-life of the Hgand in vivo,
the method comprising the steps of:
(a) selecting a first variable domain by its ability to bind to a first epitope,
(b) selecting a second variable region by its ability to bind to a second epitope,
(c) combining the variable regions; and

. {d) selecting the ligand by its ability to bind to said first and second epitopes; wherein, when said

variable domains are a heavy and a light chain variable domain, the heavy chain variable domain
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is not a Vyy domain specific for HSA.

82. A method according to claim 81, wherein said first variable domain is selected for binding

to said first epitope in absence of a complementary variable domain.

83. A method according to claim 82, wherein said first variable domain is selected for binding
to said first epitope in the presence of a third complementary variable domain in which said third

variable domain is different from said second variable domain.

84. Nucleic acid encoding at least a dual-specific ligand according to any one of
claims 32 to 80.

85. A nucleic acid according to claim 84, comprising the nucleic acid sequence of TAR1-5-19
identified by its sequence on pages 2 and 3 of the sequence listing or a sequence that is at least

70% homologous thereto.

86. A nucleic acid according to claim 84, comprising the nucleic acid sequence of TARI-5
identified by its sequence on page 3 of the sequence listing or a sequence that is at least 70%

homologous thereto.

87. A nucleic acid according to claim 84, comprising the nucleic acid sequence of TAR1-27
identified by its sequence on page 4 of the sequence listing or a sequence that is at least 70%

homologous thereto.

88. A nucleic acid according to claim 84, comprising the nucleic acid sequence of

TAR2-10 identified by its sequenceion page 2 of the sequence listing or a sequence that is at least
70% homologous thereto.

89. A nucleic acid according to claim 84, comprising the nucleic acid sequence of
TAR2-10 identified by its sequence on page 2 of the sequence listing or a sequence that is at least

80% homologous thereto.
90. A nucleic acid according to claim 84, comprising the nucleic acid sequence of
TAR2-5 identified by its sequence on page 1 of the sequence listing or a sequence that is at least

70% homologous thereto.

91. - A nucleic acid according to claim 84, comprising the nucleic acid sequence of
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TARZ2-5 identified by its sequence on page 1 of the sequence listing or a sequence that is at least

80% homologous thereto.

92. A nucleic acid according to claim 84, comprising the nucleic acid sequence of MSA-16

identified by its sequence in figure 16 or a sequence that is at least 70% homologous thereto.

93, A nucleic acid according to claim 84, comprising the nucleic acid sequence of MSA-26

identified by its sequence in figure 16 or a sequence that is at least 70% homologous thereto.
94, A vector comprising nucleic acid according to any one of claims 84 to 93.

95. A vector according to claim 94, further comprising components necessary for the

expression of a dual-specific ligand.

96. A host cell comprising a vector according to ¢laim 95,
97. A ligand according to any one of claims 32 to 80 for use in therapy.
9%. A pharmaceutical composition comprising a ligand according to any one of claims 32 to

80, and a pharmaceutically acceptable excipient, carrier or diluent.

99, A dual-specific ligand comprising a first immunoglobulin single variable domain having
binding specificity for serum albumin (SA), and a second immunoglobulin single variable domain
having binding specificity for an antigen selected from the group consisting of EPO receptor,
ApoE, Apo-SAA, BDNF, Cardiotrophin-1, EGF, EGF receptor, ENA-78, Fotaxin, Eotaxin-2,
Exodus-2, EpoR, FGF-acidic, FGE:basic, fibroblast growth factor-10, FLT3 ligand, Fractalkine
(CX3C), GDNF, G—CSF, GMaCSF,.GF-ﬁl, insulin, IFN~y, IGF-I, IGFIL, [I.-1q, IL-18, IL-2, 1L.-3,
| IL-4, IL-5, IL-6, IL-7, 1L-8 (72 a.a.), TL-8 (77 a.a), IL-9, IL-10, IL-11, IL-12, IL-13, IL-15, IL-16,
IL-17, IL-18 (IGIF), Inhibin o, Inhibin B, IP-10, keratinocyte growth factor-2 (KGF-2), KGF,
Leptin, LIF, Lymphotactin, Mullerian inhibitory substance, monocyte colony inhibitory factor,
monocyte attractant protein, M-CSF, MDC (67 a.a), MDC (69 a.a.), MCP-1 (MCAF), MCP-2,
MCP-3, MCP-4, MDC (67 a.a.}, MDC (69 a.a.), MIG, MIP-la, MIP-1B, MIP-3a, MIP-3B, MIP-4,
myeloid progenitor inbibitor factof—l {MPIF-1), NAP-2, Neurturin, Nerve growth factor, B-NGF,
NT-3, NT-4, Oncostatin M, PDGF-AA, PDGF-AB, PDGF-BB, PF-4, RANTES, SDFia, SDF1§,
SCF, SCGF, stem éell factor (SCF), TARC, TGF-«, TGF-B, TGF-2, TGF- 3, tumour necrosis
factor (TNF), TNF-a, TNF- B, TNF receptor I, TNF receptor I, TNIL-1, TPO, VEGF, VEGF . |
receptor 1, VEGF receptor 2, VEGF receptor 3, GCP-2, GROfMGSA, GRO- B, GRO-y, HCCI, i-
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309, HER 1, HER 2, HER 3 and HER 4.

100. A dual-specific ligand comprising a first imununoglobulin single variable domain having
binding specificity for serum albumin (SA), and a second immunoglobulin single variable domain
having binding specificity for an antigen selected from the group consisting of human or animal

proteins, cytokines, cytokine receptors, enzymes, enzyme co-factors and DNA binding proteins.

101. A dual-specific ligand comprising a first immunoglobulin singfe variable domain having
binding specificity for serum albumin (SA), and a second single immunoglobulin variable domain

having binding specificity for a receptor for a cytokine listed in claim 99.
102.  The ligand of claim 99, 100 or 101, where each of the first and second domains is
(i) a heavy chain variable domain or

(ii) a light chain variable domain.

103.  The ligand of any one of claims 99 to 102, wherein the anti-SA domain is as defined in

any one of claims 54, 55, 63 and 64.

104. Nucleic acid comprising said nucleic acid sequences as defined in any one of

claims 84 to 93.

105. A vector comprising nucieié’ acid according to claim 104.

106. A host cell comprising a vector according to claim 105.

107.  A'ligands according to any (‘)ﬁ“ne of claims 99 to 103 for use in therapy.

108. A pharmaceutical composition comprising a ligand according to any one of claims 99 to

103 and a pharmaceutically acceptable excipient, carrier or diluent.

109. A ligand comprising a VH3 immunoglobulin single variable domain, wherein
said domain specifically serum albumin with an equilibrium dissociation constant (Kd) of less than
or equal to 300 nM.

110. A ligand comprising a Vk _immunoglobulin single variable domain, wherein said domain
specifically binds serum albumin with an equilibrium dissociation constant (Kd) of less than or
equal to 300 nM.
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111.  The ligand of claim 109 or claim 110, wherein said ligand has a T beta half-life greater

than or equal to 2.5 hours in vive.

112, The ligand of claim 109 or claim 110, wherein said ligand has a T beta half-life less than

or equal to 21 days in vive.
113.  The ligand of claim 109 or claim 110, wherein said Kd ranges from 300 nM to 5 pM.

114.  The ligand of claim 109 or claim 110, wherein said Kd ranges from 5 x 10* M to 1 x 107
115.  The ligand of claim 109 or claim 110, wherein said Kd ranges from 5 x 10* M to 1 x 10”

116.  The ligand of claim 109 or claim 110, wherein said Kd is less than 107 M.

117. The Lgand of claim 109, or claim. 110, wherein said domain dissociates from serum
albumin with a Ky rate constant of less than or equal to 5 x 10" §7, as determined by surface

plasmon resonance.

118.  The ligand of claim 109, wherein said domain has an amino acid sequence that is at least

80% identical fo the ammo acid sequence of MSA-16 or MSA-26.

119.  The ligand of claim 109 or claim 110, wherein said domain specifically binds human

serum albumin and mouse serum albumin.

120.  The ligand of claim 109 or claim 110, wherein said domain and or said ligand has a C-

terminal cysteine.

121, The ligand of claim 109 or claim 110, wherein said ligand further comprises one or more

entities selected from the group consisting of a label, a tag and a drug.

122. A ligand comprising an immunoglobulin single variable domain, wherein said
domain specifically binds serwmn albumin and wherein said domain comprises a set of
four Kabat framework regions (FRs), said set being encoded by a VH3 framework

germline antibody gene segment.



147

123. The ligand of claim 122, wherein said VH3 framework is selected from the group
consisting of DP47, DP38 and DP45.

124. A ligand comprising an immunoglobulin single variable domain, wherein said
domain specifically binds serum albumin and wherein said domain comprises a set of
four Kabat framework regions (FRs), said set being encoded by a Vkappa framework

germline antibody gene segment.
125.  The ligand of claim 124, wherein said Vkappa i1s DPKS.

126.  The ligand of claim 122, wherein said set of four Kabat framework regions encoded by a
mammalian germline antibody gene segment comprises up to five amino acid substitutions and/or

deletions.

127.  The ligand of claim 122, wherein said set of four Kabat framework regions encoded by a
mammalian germline antibody gene segment comprises up to ten amino acid substitutions and/or

deletions.

128.  The ligand of claim 122, wherein said ligand has a T beta half-life of less than or equal to

21 days in vivo.

129.  The ligand of claim 122, wherein said ligand has a T beta half-life greater than or equal to

2.5 hours in vivo.

130.  The ligand of claim 122, wh;érein said domain has an area under the curve (AUC) which 1s

less than or equal to 600 mg/min/ml in a mouse.

131.  The ligand of claim 122, wherein said domain specifically binds serum albumin with an

equilibrium dissociation constant (Kd) ranging from 300 nM to 5 pmol.

132,  The ligand of claim 122, wherein said domain specifically binds serum albumin

with an equilibrium dissociation constant (Kd) ranging from 5 x 104Mto 1x 10° M.

133.  The ligand of claim 122, wherein said domain specifically binds serum albumin with an

equilibrium dissociation constant (Kd) ranging from 3 x 10* M to 10° M.
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134,  The ligand of claim 122, wherein said domain specifically binds serum albumin with an

equilibrium dissociation constant (Kd) is less than 1077 M.

135.  The ligand of claim 122, wherein said domain dissociates from serum albumin with a Ko

rate constant of less than or equal to 5 x 10" S, as determined by surface plasmon resonance.

136.  The ligand of claim 124, wherein said set of four Kabat framework regions encoded by a
mammalian germline antibody gene segment comprises up to five amineo acid substitutions and/or

deletions.

137.  The ligand of claim 124, wherein said set of four Kabat framework regions encoded by a
mammalian germline antibody gene segment comprises up to ten amimo acid substitutions and/or

deletions.

138.  The ligand of claim 124, wherein said ligand has a T beta half-life of less than or equal to

21 days in vivo.

139.  The ligand of claim 124, wherein said ligand has a T beta half-life greater than or equal to

2.5 hours in vivo.

140.  The ligand of claim 124, whercin said domain has an area under the curve (AUC) which is

less than or equal to 600 mg/min/ml:in a mouse.

141.  The ligand of claim 124, wherein said domain specifically binds serum albumin with an

equilibrium dissociation constant (Kdj ranging from 300 oM to 5 pmol.

142.  The ligand of claim 124, wherein said domain specifically binds serum albumin with an

equilibrium dissociation constant (Kd) ranging from $ x 10* M to 1 x 10°5 M.
143.  The ligand of claim 124, wherein said domain specifically binds serum albumin with an
equilibrium  dissociation” constant (Kd) ranging from 5 x 10 M to

1x 107 M.

144, The ligand of claim 124, wherein said domain Speciﬁc.ally binds serum albumin with an

equilibrium dissociation constant (Kd) is less than 10° M.

145, The ligand of claim 124, wherein said domain dissociates from serum albumin with a Koff
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rate constant of less than or equal to 5 x 107 87, as determined by surface

plasmon resonance.

146.  The ligand of claim 122, wherein said domain has an amino acid sequence that is at least

80% identical to the amino acid sequence of MSA-16 or MSA-26.

147. The ligand of claim 122, wherein said domain specifically binds human serum

albumin and mouse serum albumin.

148. The ligand of claim 122, wherein said domain and/or said ligand has a C-terminal

cysteine.

149.  The ligand of claim 122, wherein said ligand further comprises one or more entities

selected from the group consisting of a label, a tag and a drug.

150. A ligand comprising an epitope binding domain, wherein said epitope binding
domain specifically binds serum albumin and comprises a non-immunoglobulin scaffold and
comprises CDR1, CDR2 and CDR3 regions, wherein wherein at least one of said CDR1, CDR2

and CDR3 regions is from a human immunoglobulin single variable domain.

151.  The ligand of claim 156, wherein said non-immunoglobulin scaffold is selected from the

eroup consisting of CTLA-4, lipocallin, SpA, GroEL and fibronectin.

152.  The ligand of claim 150, wherein said non-immunoglobulin scaffold is the B

domain of staphylococeal protein A.

153.  The ligz-md of claim 150, wherein said non-immunoglobulin scaffold is
- CTLA-4.

154.  The ligand of claim 150, wherein said CDR1, CDR2 and CDR3 regions are each from a

human immunoglobulin single variable domain.

155.  The ligand of claim 154, wherein said human immunoglobulin single variable

domain is a VH3 domain.

156.  The ligand of claim 150, wherein said ligand has a T beta half-life greater than or equal to

2.5 hours in vivo.
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157. The ligand of ciaim 150, wherein said ligand has a T beta half-life less than or equal to 21

days in vivo,

158.  The ligand of claim 150, wherein said epitope binding domain specifically binds serum

albumin with an equilibrium dissociation constant (Kd) of is less than or equal to 300nM.

159.  The ligand of claim 150, wherein said epitope binding domain specifically binds serum

albumin with an equilibrium dissociation constant (Kd) ranging from 300 nM to 5 pM.

160. The ligand of claim 150, wherein said epitope binding domain specifically binds serum

albumin with an equilibrium dissociation constant (Kd) ranging from 5 x 10 M to 1 x 10™° M,

161.  The ligand of claim- 150, wherein said epitope binding domain specifically binds serum

albumin with an equilibrium dissociation constant (Kd) ranging from 5 x 10° M to | x 10° M.

162.  The ligand of claim 150, wherein said epitope binding domain specifically binds serum

albumin with an equilibrium dissociation constant (Kd) of less than 10 M.

163, The ligand of claim 150, wherein said domain dissociates from serum albumin
with a K,y rate constant of less-than or equal to 5 x 10" S, as determined by surface

plasmon resonance.

164. The ligand of claim 150, wherein said domain specifically binds human serum

albumin and mouse serum albumin.

165. The ligand of claim 150, wherein said domain and/or said ligand has a C-terminal

cysteine.

166.  The ligand of claim 150, wherein said lipand further comprises one or inore entitics

selected from the group consisting of a label, a tag and a drug.

167.  The ligand of any one of claims 109, 122, 124 and 150, further comprising one or-more

domains capable of specifically binding a ligand other than serum albumin.

168.  The ligand of claim 167, wherein at least one of said one or more domains capable of

specifically binding a ligand other than serum  albumin is an immunoglobulin single variabie
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domain.

169, The ligand of claim 167, wherein each of said one or more domains capable of
specifically binding a ligand other than serum albumin is an immunoglobulin single

variable domain.

170.  The ligand of claim 167, wherein each of said domains capable of specifically

binding a Hgand other than serum albumin binds a distinct epitope.
171.  The ligand of claim 170, wherein each distinct epitope is on the same antigen.
172.  The ligand of claim 170, wherein each distinct epitope is on a different antigen.

173. The ligand of claim 167, wherein said ligand further comprises one or more entities

selected from the group consisting of a label, a tag, and a drug.

174.  The ligand of claim 167, wherein one of said one or more domains binds CID89, and

wherein another of said one or more domains binds a tumor associated antigen.
175. The ligand of claim 167, wherein one of said one or more domains binds TNFa.

176.  The ligand of claim 168, wherein said at least two of said immunoglobulin single variable
domains are in a closed conformation such that the binding of one of said immunoglobulin single
variable domains by its cognate epitope causes the inhibition of the binding of another of said

immunogiobtﬂin single variable domains by its cognate epitope,

177.  The ligand of claim 168, wherein said at least two of said immunoglobulin single variable
domains are in a open conformation such that the binding of one of said immunoglobulin single
variable domains by its cognate epitope does not inhibit binding of another of said

immunoglobulin single variable domains by its cognate epitope.

178.  The lgand of any one of claims 109, 122, 124 and 150, further comprising at least one

additional immunoglobulin'single variable domain capable of specifically binding serum albumin.

179.  The ligand of claim 178, further comprising at least one additional immunoglobulin single

variable domain capable of specifically binding TNFa.
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180. A multi-specific ligand comprising two or more inununoglobulin single variable domains,
wherein at least one of said two or more immunoglobulin single variable domains specifically
binds a first antigen, and wherein at least one of said two or more imumnunoglobulin single variable
domains specifically binds a second antigen, wherein the specific binding of the second antigen to

said immunoglobulin single variable domain increases the half-life of the ligand in vivo.

181. A multi-specific ligand comprising two or more non-immunoglobulin domains, wherein at
least one of said two or more non-immunoglobulin domains specifically binds a first antigen, and
wherein at least one of said two or more non-immunocglobulin single variable domains specifically
binds a second antigen, wherein the specific binding of the second antigen to said non-

immunoglobulin domain increases the half-life of the ligand in vivo.

182. The multi-specific ligand of claim 181, wherein the non-Ig domain comprises a non-
immunoglobulin scaffold selected from the group consisting of, CTLA-4, lipocallin, SpA, GroEL

and fibronectin.

183.  The multispecific ligand of claim 181, wherein said non-immunoglobulin scaffold is the B

domain of staphylococcal protein A.

184. The mulii-specific ligand of claim 180, wherein said second antigen is serum
albumin, and wherein one of said two or more domains specifically binds an epitope of serum

albumin with an equilibrium dissociation constant (Kd) of less than or equal to 300 oM.

185. The multi-specific ligand of claim 180, *&herein said ligand comprises three
immunoglobulin variable domains, wherein one of said immunoglobulin variable domains
specifically binds. serum albumin with an equilibrium dissociation constant (Kd) of less than or
equal to 300 nM.

186.  The multi-specific ligand of claim 184, wherein at least two of said variable domains are

linked by a peptide linker.

187.  The multi-specific ligand of claim 186, wherein said peptide linker is (Gly4Ser)n, and
wherein n is selected from the group consisting of 1, 2, 3, 4, 5, 6, 7 and 8.

188.  The muiti-specific ligand of claim 184, wherein said multi-specific ligand comprises one

polypeptide chain.
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189.  The multispecific ligand of claim 184, wherein said multi-specific ligand comprises more

than one polypeptide chain.

190. The multispecific ligand of claim 184, wherein two of said two or more
immunoglobulin single variable domains specifically bind an epitope of serum albumin with an

equilibrium dissociation constant (Kd) of less than or equal to 300 nM.

191.  The multispecific ligand of claim 190, wherein two of said two or more immunoglobulin
single variable domains are identical and specifically bind serum albumin with an equilibrium

dissociation constant (Kd) of less than or equal to 300 nM.

192.  The multispecific of claim 184, wherein said Kd ranges from 300 nM to 5 pM.

193.  The multispecific ligand of claim 184, wherein each of said two or more domains is
identical and specifically binds serum albumin, dissociating with a K, rate constant of less than or
equal to 5 x 10" S, as determined by surface plasmon resonance.

194.  The ligand of claim 184, wherein said Kd ranges from 5 x 10" Mto 1 x 10° M.

195.  The ligand of claim 184, wherein said Kd ranges from 5 x 10" Mto 1 x 107 M.

196.  The ligand of claim 184, wherein said Kd is less than 10° M.

197.  The multispecific ligand of claim 184, wherein at least one of said domains which
specifically binds serum albumin has an amino acid sequence that is at least 80%

identical to the amino acid sequence of MSA-16 or MSA-26.

198. The multispecific ligand of claim 184, wherein at least one of said domains

specifically bind human serum albumin and mouse serum albumin.

199.  The multispecific ligand of claim 184, wherein at least one of said domains which
specifically binds serum albumin comprises a set of four Kabat framework regions (FRs), said set

being encoded by a VH3 germline antibody gene segment.

200. The ligand of claim 199, wherein said VH3 framework is selected from the group
consisting of DP47, DP38 and DP45.
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201.  The multispecific ligand of claim 184, wherein at least one of said domains which

specifically binds serum albumin comprises a set of four Kabat framework regions (FRs), said set

being encoded by a VKappa germline antibody gene segment.
202.  The ligand of claim 201, wherein said Vkappa framework is DPK9.

203.  The ligand of claim 199, wherein said set of four Kabat framework regions encoded by a
mammalian germline antibody gene segment comprises up to five amino acid substitutions and/or

deletions.

204.  The ligand of claim 201, wherein said set of four Kabat framework regions encoded by a
mammalian germline antibody gene segment comprises up to five amino acid substitutions and/or

deletions.

205.  The ligand of claim 188, wherein said set of four Kabat framework regions encoded by a
mammalian germline antibody gene segment comprises up to ten amino acid substitutions and/or

deletions. _

206.  The ligand of claim 201, wherein said set of four Kabat framework regions encoded by a
mammalian germline antibody gene segment comprises up to ten amino acid substitutions and/or

deletions,

207.  The ligand of claim. 180, wherein said ligand has a T beta half-life of less than or equal to

21 days in vivo.

208.  The ligand of claim 180, wherein said ligand has a T beta half-life greater than or equal to

2.5 hours in vivo.

-209.  The ligand of claim 180, wherein at least one of said domains which specifically binds the
second antigen has an area under the curve (AUC) which is less than or equal to 600 mg/min/ml in
a mouse.

210, The ligand of claim 180, wherein said ligand has a C-terminal cysteine.

211.  The ligand according to any one of claims 109, 122, 150, 167 or 180, wherein said domain

does not comprise a camelid VHH immunoglobulin variable domain.
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212.  The ligand according to any one of claims 109, 122, 124, 150, 167 or 180, wherein said

ligand does not comprise a camelid immunoglobulin ight variable domain.

213.  The ligand of claim 180, wherein said at least two of said immunoglobulin single variable
domains are in a closed conformation such that the binding of one of said immunoglobulin single
variable domains by its cognate epitope causes the inhibition of the binding of another of said

“immunoglobulin single variable domains by its cognate epitope.
214.  The ligand of claim 180, wherein said at least two of said immunoglobulin single variable
domains are in a closed conformation such that the binding of one of said immunoglobulin single
variable domains by its cognate epitope does not inhibit binding of another of said

immunoglobulin single variable domains by its cognate epitope.

215. A polynucleotide encoding the ligand of any one of claims 109, 122, 124, 150, 167 or 181,

or composition thereof.
216. A vector, or composition thereof, comprising the nucleic acid according to claim 214,

217. A vector according to claim 216, further comprising components necessary for

the expression of said ligand.
218. A host cell or composition thereof, comprising the vector of claim 217.

219. A composition comprising a ligand of any one of claims 109, 122, 124, 150, 167 or 180,

and an excipient, carrier or diluent. :

220. A pharmaceutical composition comprising a ligand of any one of claims 109, 122, 124,

150, 167 or 180, and a pharmaceutically acceptable excipient, carrier or diluent.
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CREGCTCCAGCGARCGETCTACGAGTEGETCICAGCTATTAGTGCTAGTGETEETAGCACATACTACCCAGACTCCATIGAAGGACCEETTCACCATCTCCCGUBACARNTTCCAAGA
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TAR-1 dAH DHA and amlne =zold segquénces,
dabs 1, 2 snd 3 ars the partner sequences from TARI-5 dimexrs 1.8, 42kl is the partnew 42b to dimerz 1, 5 and &
the sscond dabs are the samo buk bthe linker lengths arve different, likewise, A&b2Z 4s the partner dAdb to dimars
2 and 3, dAb3 is the partner dib ko dimer 4. * indicates the presence »f an ambey stop codon.feqguence homelogy
between, TARL1-5,TARL-5~13 and the unique pegond dibs 1s BB%

TARL~5~1% . . .

D I g M TQsS§ P S8 S5 L 8 A S VG D RYVYT I TCR ASQ 8 I B 8§ Y L H

GCACATCCAGRA TAACCOAGTC TOCATCCTCT CTGTCTGCAT CTGTAGGAGA CCRTETCACC ATCACTTGCC GGUCAAGTCA GAGCATTGAT AGTTATTTAC

CTETAGETOT ACTOOGTCAG AGGETACGAGA GACAGACOTA GACATCCOTCT GGCACAGTGGE TRGTGAACGE CCCOTTCAGT CTCGTAACTA TCRATAAATE
®" Y Q@ @ X ¥» 6 R A P K L L I ¥ 8 A 8 BE L @ 8 ¢& ¥ P 8§ R P B G 8 @ 5
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ATTGGTACCA GCAGAARCTA GUGAARGCCC CTARGUTOCT GATCTATAGT GUATCCGAGT TGCARRGTGE GATCCCATCA COTTTCAGTS GCAGTGGATC
TAACCATGET CGTCTTTUST CCCTTTCGGG GRTTCGAGGA CTAGATATCA COTAGGCTCA ACGTTTCACC CCRAGGGTAGT GCARRGTCAL CUTCACCTAG
¢ ¥ b ¥ TLT I &85 L QP BDFA TYY Q4 VYVVWERE RFT F & g
TOCGACAGAT TICACTCTCA CCATCAGCAG TCTGCAACCT GARGRTTITG CTACGTACTA CTGTCAACAG GITSTETGESC GTCCTTITAC GTTCSGCOAR
ACCCTGTCTA AAGTGAGAGT GGTACTCSTC AGACGTTGGA CTTCTAMMAC GATGCATGAT GACAGTTGTC CAACACACCS CAGCARAATE CAAGCCGGTT
G T KV EBE I K R
GUGACCARGE TGGRAATCAA ACGC
CCCTEGTICC ACCTITAGIT Tere

TARL~5

Honomer ~

P I gM T Q@B P 8 8 L 8 A S8 V@D RVT I TCECHRE A S Qg 8 I F M NILIL
CACATCCAGA TGACCCAGTC TCCATCOTCO CTGTCTGOAT CIUTAGGAGA CCOSTGTCACC ATCACTTECC GAGCAAGTCA GAGCATTTTT ATUAATTTAT
CTOTAGETCT ACTGCOTOAG AGEIAGGAGE OACAGACGTA GACATCOTCT GGCACAGTAG TAGTGAACGSE CCCOTYCAGT CTCUTARARA TACTTAAATA

WY Q Q K P 6 KA P KL L 1T ¥XN A 8 Y L 8588 Vv B 8 R ¥ 8 ¢ s 6 8
TETEOTACCA GCAGAANCCA GGGARAGOCC CTARGCTCCT GATOTATAAT GUATCOGTOT THCAAAGTUG CUTCCOATCA COETTTOAGTE GCAGTGEATC
ACACCATGGET CGTCTTTGET CECTITOGRSC GATTCGAGAA CTAGATATTA COTAUGCACA ACGTITCACC CCAGGGTAUT CCAAAGTCAC CETCACOTAG

G *Dh P T LT I 8 8 L QP ¥ DFA TY Y CQQ VVWR P FT F G 0
TEOGACAGAT TTCACTCICH CCATCAGCAU TCTGCAMCCT GAACATTTIG CTACGTACTA CTGTCAACAG GTTIGTATGGC GTCCTTTITAC GTTCGECCAA
ACCCTOTCTA AAGTGAGAGT GGTRGTCATC AGACGTTGGEA CTTCTAAAAC GATGCATGAT GACAGITOTC CRACACACCE CAGUAARATG CAAGCCGATT

e T KV E I X R
GUGACCAAGS TEAAAATUAN ACGE
COCTEGITCS ACCTTTAGIT TGECC

Honomer - dabl: Paxitmer dAS in TAR1-BAl {3Ulinker), 45 (5U linker), 45 {7U lisnker)
DIQMTQSPSSIJSASVGDRVTITCRHSQSIYDAI:E
GACATCCAGA TGACCCAGTC TCCATCCTCC CTGICIGCAT CTGTAGGAWA CCGTETCACC ATCACTTGOD GGECAARGTCA GAGCATTTAT GATCCETTAG
CTGTAGGTCT ACTOGGETCAG AGGTAGEAGG GACAGACGTA GACATCCTCT GECACAGTAG TAGTEAACGE CCCGTTCAGT CTOQTRARTA CTACGUARTC
WYQQKPGKAPKLLIYTRSRLQSGVPSRFSGSGS
AGTAATACCA GCAGAAACCA GOGAAAGCCC CTAAGCTCCT CATCTATACT CUATCCCGST TECAAAGTUG GGTOCCATCR COTIICASTO GOAGTUGATC
TCACCATGAT COTUTITTEST CCCTTTOGGS GATTCHAGGA CTAGATATEA CUTAGGGUCA ACGTITCACC CCAGGEGTAGT GCAAAGTCAC CGTCACCTAL
GTDPTLTIBSDQPEDF&TYYCQQVHQRPVTFGQ
TGGGACAGAT TTCACICICA CCATCAGCRG TCTGCAACCT GARGATTTTG CTACCTACTA CTOTCAACAG GTTATECAGC GTCCTATTAC GTTCGRCCAA
ACCOTGTOCTA AAGTOAGAGT GATAGTCATC AGACGTIGGA CTTCTARAAC GATGCATGAT GACAGTTOTC CAATACGTCS CAGGACAATG CARGCCEETT
G T X Vv E I K R
GGUACCRAGG TGGAAATCAA ACGE
CCCTICETTCC ACCETIAGTT TECC

dAb2y Partner dab inm TARi~Sd2 (30 linker), d3 {50 linker)

D I Q@® TGS P S S L & ANS V6D RVT I TCR ASOQO 8§ I Y DAL w
GACRTCCASA TGACCCAGTC TCCATCCTCC CTGTCTGCAT CTGTAGGAGA CCOTGTCACE ATCACTTOCC GGUCAAGTCA GAGCATITAT GATGCTTTAC
CTGTAGGTCT ACTGUGTCAG AGGTAGUAGS GACAGACHTA QACATCCTCT GACACAGTGE TAGTGAARCGE CCCGTTCAGT CTCOTAAATA CTACCAAATG

W Y & Q K°P & KA P X L L I ¥ T AERL Q 8CG Vv ? & RF S G 5068
AGTGATACCA GCAGARATCA GUGRAAGCCC CTAAGCTCCT GATCTATACT GCATCCOCGGT TOCARRGTEG GATCOCATCRA COTTTCAGTG GCAGTEGATE
TORCCATGET COTCTTIGET COOTTTONGE OATTCOAGEA CTAGATATSA CGTAGGGCCA ACGTTTCACC CCAGGGETAGT GUAAAGTCAC COTCACCTAG
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. ‘g TP F T LT I 5B § % QP EDFAR TYH CQQ VMQR PVT ¥GEQ

TEEGACAGAT TTCACTCICA CCATCAGCAG TCTGCAACCT GRAGATTTTG CTACGTACCHE CTUTCARCAG GTTATGCAGC GICCTIGITAC GTTCGECCAA
ACCOTGTCTA ARGTGAGAGT GOTAGTORTC AGRCGTTGGEA CTTCTAAAAC GATGCUATGGT CGACAGTIGIC CAATACGTCH CAGGACARTE CAAGCCESTT
@ T Ky EI K R
GEGACCAAGE TUGAANTCAM ACGH
. COCTUETTCC ACCTTTAGYY TGOS

Monofmer ~ 4ab3: Partner dib in TARI~-Ed4 (5U linkex}

D I QM TQS P B S L SAS VGD RVTIT I TOCR ASQ 8V K EBEF L U
GACATCUAGA TEACCCAGTC TCCATCOTCC CTGTCTECAT CTGTAGGRGA CCATATCACC ATCACTTGCC GAGCAAGTCA CGAGCUTIAAG GAGTTITTAT
CTGTAGGTCT ACTEGGETCAS AGATAGGAGG GACAGACGTA GACATCCTCT GGCACAGTGE TAGTGAACGE CCCGTICRGT CTCACAATTC CTCARRAATA

¥ Y Q QX P 8B KA P KL L I ¥YM A SNIL Q8 € VP S RY¥ B G 8 6 5
SETGETACCA GUAGABACCA GUGARAGCCC CTARGCTCCT GATCTATATG GCATCCAATT TUCARAGTEC GOTCCCATCA CETTTCAGTE GUAGTUGATC

' CORCCATERT COTOTTTEET COCTTTCEGE SATTCGAGGA CTAGATATAC CGTAGGTTAA ACGTTTCACS CCAGGATAGT GCAAAGTCAC CATCACCTAG
¢g TP T LT I 8 8 LGP BEPDPFA TYY COQQ R¥ KL PRT ¥ 64

TUEGACAGAT TTCACTCTUA COATCAGCAG TCTECRACCT GARGATTTTG CTACGTACTA CTGTCARCAG ARAGTTITAAGC TOCCICATAC GTTCGEACCAA

ACCOTETCTA AAGTGAGAGT GETAGTCATC AGACETICUA CTTCTAARAC GATGUATEAT GACAGTIGTU TTCABATICS ACGGAGCATE CAAGCTGGTT

¢ T K Vv '8 I K R
GAGACCARGG TEGARATCAA ACEG
COCTEETTCC ACCTTTAGTT TGECC

soe

TAR1-27 and related partner dab amine acid and DNA deguences (* indicaten the presences of an ambey atop uodan) .
Bagwenge homology bstwean TAR1-27 and the unique secvad dibha is 30.4%.

TARLI~27
DIQMTQSESSLSASVGDRVTITCRASQSIWTKLR
GACATCCAGR TGACCCAGTC TCCATOCTCD CTGTOTGCAT CTUTAGGAGA CCGIGTCACC ATCACTTECC GEGCARGTCA GAGCATTTES ACGAAGTTAC
CTYTAGETOT ACTCCGTCAG AGGTAGUAGE GACAGACGTA GACATCCTCT GECACAGTEG TAGTGAACGE CCCGTTCAGT CTCGTAMARCS TACTICAATG
¥ Y@ Q K P @ KA P KL XYM A 8 8 L Q8 ¢ ¥ P 8§ RPF 8 ¢ 8 G 8
ATTESTACCOA GUAGAAACCA GEGAMAGCCT CTAMGSCTUOCT GATCTATATE GUATCCAGTT TECAMAGTEE GBTCCCATCA COTTICAGIG ZCARTBGATC
TAACCATEOT COTCTTRIEET COCTITCGOS GATTUGAGGA CLAGATATAC COTAGGTCAA ACGTTTCACC CCAGGGTAGT GCAMGTICAT CUTCACCTAG
¢ " D FPTLT I 88 1LQ P EDPFPA TYY €CQQ WP S N P ST F G Q
TAGEACAGAT TTCACTCTCA CCATCAGCAG TCTECAACCT GAAGATTTTG CTACGTACTA CTGTCRACAG TGGTTITAGTA ATCCTAGTAC STTUUGCCAA
ACCOTETOTA AAGTGAGAGT GGTAGTCATS AGAUGTTEGA CTTCTARRAC GATGCATCAT GACAGTIGTC ACCARATCAT TAGEATCATE CARGCCEGTT
¢ T K v B I X R
GGEGACCARGE TEGAAATCAA ACEC
COCTGETTCC ACCTITAGTT TGCG

Partner dAb monomer in TARL-274L (3T linke;') . .

D I @ M T O B ¥ 8 8 L 8 A8 VG D» RV T I TCR A S8 83 >+ p I L
GACATCCASA TOACCCAGTC TOCATLOTCS CTUTCTECAT CTGTAGGAGA CCATGTCACC ATCACTITGCC GRACAAGTCA SAGCATTTAG CCOATTTITAT
OTETAGSTOT ACTEGOTCAG AGGTAGCAGE CGACAGACGTA GACATCCTCT GECACAGTEE TAGTSAACLGEE CCCETITUAGT CTCETRAATC GECTAARATA

W ¥Y Qg Q K P 8 K A P KLL I YA A B B L Q&6 VPESE RP 5 686 8 ¢ 8
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-GTTUGTACCA GUAGAAACCA GUGAAAGCCC CTARGCTCCT GATCTATGCT GCATCCAGTT TGCARAUTEG GUTCCCOATCA CGTTTCAGTS GCAGTGGEATC
CAACCATGST CGTCTTTEGT CCOTTTOGUC GATTCGAGEA CTAGATACGA CGTAGGTCAA ACGTTTCACC CCANGUTAGT GCAARGTICAC COTOACCTAS
¢ TP PTLT IS & L QP EDFA TYY €CQ@g IQHI PVT F G o

TGEGACAUAT TTCACTCTCA COATCAGCAG TCTGCARCCT GRAGATITTG CTACGTACTA CTGTCAACAG ATTCAGCATA TTCCTGTOAC GTTCOGCCAA

ACCCTGTCTA PAGTGAGAGT GOTAGTCOTC AGACGTTEGA CTTCTAMAAC GATGCATGAT GACAGTIGTS TAAGTCGTAT ANIGACACTG CARGCCGRTT
@ T KV E £ K R :

GEGACCARGG TGUAAATCAR ACHS

CCOTEGTICE ACCTTTAGIT TGCC

Partner dAb monomer in TARL-Z7d2 (3U linker)

LD I g M T g s P S B L EF A S V@D RV T I TR ASOQ & I G * pu u
CGACATCCRGA TEACCCAGTC TUCATCCTCC CIGTCTSCAT CTOTAGGAGA CCUTGTCACC ATCACTTGCC GGGCARGTCA GAGCATTGET TAGGATTTAC
CTGTAGETICT ACTGGETCAG AGUTAGGAGG GAUAGACQTA GACATCCTCT GGCACAGTGG TAGTGAACGEG CCCOTTCAGT CTCGTARCCC ATCOTAAATA

W ¥ Q Q K2 @ KA P KL L I Y¥9% A8L L Q858G V $ B8 R ¥ 3 ¢ &§ 08 8
ATTAGTACCA GCAGAARCCA GAGARAGCCC CTARGCICCT GATCTATACS GCATCCCTTT TECAAAGTEG GATCCCATCA COTTTCAGYTC CCAGTOGATC
TAACCATAAT COTCITTIRET COCTTITCEEG GATTCGAGEA CTAGATATSEC CGTAGGGAAR ACGTTTCACC CCAGGGTAGT WCAAAGTCAC CETCACCTAG

@ * o FTLT 1 &858 L QP EDF A T Y Y CQfQ Q85 AF PX¥T L G O
TEGGACAGAT TTCACTCTCA CCATCAGUAG TCTGCARICT GRAGATITTH CTACGTACTA CTISTCAACAG CAGAGTAECTT TTCCOTAATAC GOTCGQCCAA
ACCOTETCTA ANGTGAGAGT GUTAGTCETC AGARCGTTGGA CTICTAMAAC GATCCATEAT GACAGLYSTC OTCTCACGAA ARGEATTATE CGAGLCGEGTT

@ T'K ¥V EBE I KX R
GGUACCARGE TUGARATCAR ACGG
CCOTGETTCC ACCTITAGIT TACC

yartner 4Ab moncmer in TARL-2747  (3Ulinker)

D IT gM T Qg8 P 8 8 L 8 A& VE&D BRYT I TCR A Qg £ TT KNTL L
GACATCORGA TGRCCCAGTC TCCATCCTCC CTETCIGCAT CCGTAGRAARGR CCETGTCACC ATCACTTSCC GEGCAAGYCA GAGCATARCE AAUARTTTAC

" CTGTAGHTCT MUTGGYTCAG AGGTAGOAGE GRCAGACOTA GUGATUCTCT GUCACAGTEC TAGIGAACGE CCCGTTCAGT CICHIATTGC TTCITAARTG

WYQ @ XP 8 KXKAP KL L XY * AS S L Q 8G VPSE& RF E G 8§ G 8
TTICEIACCA GUAGRARCCA GGGAAAGCCC CTAAGCTCCT GRTCTATTAG GCATCCTCTT TGCARAGTGS GGTCCCATCA COTTTCAGTS GCAGTGGATC.
AAACCATEGT CGTCTTTGET COCTTTCGEG GATTCGAGGA CTAGATAATC CGTAGGAGAA ACGTTTCACC CCAGAGTAGT GCAAAGTCAC COTCACCTAG

GTD?TLTISSLQEE'DFAT?Y'CQQLRHKEPTE’GQ
TEGEACAGAT TICACTCTCA COATCAGCAG TCTGUCAACCT GAAGATITTG CTACGTACTA CTGTCAACAT CTTCGTOATA RGCCTCCRAC GTTCERRCCAA
ACCCTGTCTA AAGTEAGAGT GOTAGTCAETC AGACGTIGGA CTTCTAAAAS CGATGCATHAT GACAGTTUTC GAASCAGTAT TCCGAGGCT CAARGCCEATT

G TXYVY %I K R '
GGGACCRAGE TEUAARTUAR ACGE
COCTGETTCC ACCTTTAGTT TGCC

Partner dib monomer -in TARL-37d8 (30’11!-;}:3:)

P I oM TQSE P S & L 8A Y VER RVYT I TCR ASO0O € * K &1L R
GACATCCAGA TGACCCAGTC TCCATCCTCC CIGTCTUCAT CTQTAGGAGA COGIGTCACC ATCACTTGUC GOGCAAGTCA GAQCNITTAG AAGTCTTTAA
CTOTAGETCT ACTGUOGTOAG AGGTAGGAGE GACUAGACOTA GACATCCTCT GGCACAGTUC TAGTGAACGO CCOOTTCAGT CTCOTAAATC TTCAGARATT

W ¥ ©+-Q K P § KA P K L L I Y¥YH A SDSL ¢ 8$G6 VP 8 R Y EBE G B G 8
GUTGETACCA GUAGAAACCA GGGAARGCOCC CTAAGCTCCT GATCTATCAT GCATCCOATT TOCARAGTUS GUTCCCATOA COTITCAGTS GCASTGGATC
CCACCATGGT COTCTTTGET CCOOTTTCRGE GAYTCORGGA CTAGATAGTA COTAGACTAA ACGITICACC CCAGGETAGT GCAAAGTCAC CORTCACCTAG

.
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@ D F T LT I 86§ L QP EDPFA TYY €QQ MVNS FVT FGQ
TGEGACAGAT TTCACTCTCA CCATCAGCRG TCYGUAACCT GARGATTTIE CTACGTACTA CTGTCAACAG ATGGTTAATA GTCCTGTTAC GTTCGUCCAR
ACCCTOTOTA ARGTGAGAGT GETAGTCOTC AGACGTTGGA CTTCTARAAC GATGCATGAT GACAGTTGTC TACCAATTAT CAGCACANTG CAAGCCGGTT
e T KV E I K =B
CEGACCAACGE TGGARATCAA ACGS
COCTGITTCC ACCTTTIAGTT TECC

Partner dAd monomer in TARLI-27412 (3Ulinker)

D I § M ** 8 P& S8 L 8§ A E VEGD RVT I TOCR A S Qg B I ¢ T AL H
GACATCCAGA TOACCCAGTC TCCATCOTEC CTETCTGECAT CTGETRGEACA CCSTETIACC ATCACTTECC GEGCARGTCA GAGCATTTAG ACGUECGTTAC
CTGTAGOTCT ACTEGGTCAG ACGTAGGAGCHE GACAGACGTA GACATCCTCT GOGCACAGTEE TAGTGAACGE CCOCGTTICAGT CICGTARATC TAOCGCAATE

¥ Y Q g X P € K AP KL L I ¥Y¥SE5 A8 S L Q8 G VvV PS8 R P S 4G 8 ¢ 8
ATTGGTACCA GCAGAARCCA GGGAAAGCCC CTARGCTCCT GATCIATEICT GCATCCAGTT TGCARAGTGE GGTCCCATCA CGTTTCAGTG GCAUTGGATC
TAACCATERT COTCTITOGT CCOTTTCERG GATTCCASGA CTREATAAGA CATAGGTCAA ACGTTTCACC CCAGGETART GCAAASTCAC CGTCOACCTAG

g * h P T R T T 8 8 L g P EDFA T Y Y CQQ 8 B F L P FT F G Q
TEEGACAGAT TTCACTCTCA CCATCAGCAG TCTGCAACCT GAAGATIITIG CTACGTACTA CTGTCAACAG TCGAGTTITT TECCTTTITAC GTTCGGCCAA
ACCCTGTCTA AAGTGAGAGT QGTAGTCATC AGACHTIEGA CTTCTAAAAC GATGCATGAT GACAGITGTC AGCTCAAARA ACGGAAMATGE CAMAGCCGGTT

¢ T KV E I K R
CEGACCAAGE TEBAAATCAA ACGO
COQTEETTCC ACCTTTAGTT TACC

Partnar dAb monomer in TARI-27414§ {3U lipkaer)

DI M Qe 2P g&s LB Asg VEeD RVT I TCHER ASQ 8 I 66 P NILE
GACATCCUAGA TCEACCCAGTC TCCATCOTCC CTGTCTGCAT CTETAGGAGA CCUTETCACC ATCACTTECC GOGCAAGTCA GAGCATTRGG CCUAATTTAG
CTGTAGGTCT ACTUGGTCAG AGGTRGGAGSY GACAGACOTA GACATCCTCT GGCACAGTER TAGTGAACHE COCGTTCAGT CTCGTAACCC GECTTRAATC

WY § 0 XK P @8 KA P X L L I ¥A A S S L Qs &8 WP E RP B S 8 ¢ 58
AGTEGTACCA GCAGAAACCA GGEAAAGCCC CTRAGCTCCT GATCTATZCT GCRYCCAGTT TGCAAAGTGS GGTUCCATCA COTTICAGTG GUAGTGESATC
TCACCATSET COTCITIGRT CCCTTTCOOEC GATTCORGGA CTAGATACGA COTAGSTCAA ACGTTTCACT CCAGSGTAGT GSCAARGTCAC CATCACUTAG

g T™DpD P TLT I B S L Q PP EDPFA T YY €40 g MGEGR PRT P Qg
TSUGACAGAT TICACTCTCA CCATCAGCAG TCTGCAACCT CRAGATTITG CTACGTACTA CYGTCAACAY CAGATEGEHC GTCCTCGGAC GITCGGCUMA
ACCOTGTCTA AAGTGAGRGT GATAGTCGIC AGACGYTTAGA CTTCTAAAAC GATCCATGAT QACAGTICTC GICTACCCCGE CAGGAGRCTG CAAGCCGATT

@ T KVv BEI K R
GAEGACCAAGE WHEGARATCAR AQGE
COCTEATICC ACCTTTAGTY TOACC

Partner dib menemer in TARI-27423 (5U linker)

D I oM TTGQgQ S P B S L 83 A B Vv 4GD R VY T I T CER A S Q 8585 I XK H * L 2
GACATCCAGA TGACCCAGTC TCCATCCTCC CTGTCTGCAT CTGTAGGAGA CCETETCACC ATCACTTGOC GEGCAAGTCA GAGCATTARG CATTAGTTAG
CTOTAGGTCT ACTGGOTUAG AGCTAGGEAGS QACAGACETA GRCATCCTCT GGCACAGTIGE TAGTGARCEE CCCGTTCAGT CTCGTAATTC GTAATCAATC

¥ ¥ Qg Q R P 6 KA P KL kB I Y K A SV L gQa8aa V P S RP &8 G 8 G 8
CTTGETACCA QCAGARACUA GUGAAAGCCC CTAAUCTCCT GATCUTATAAG GCATCCOTET TGCAARGTEE GOTCCCATCA COTTTUAUTG GCAGTGGATC
GAACCATGET CGTCTTTOGY CCCTTTLGEE GRATTCEAGGA CTAGATATTIC CETAGGTACA ACGITTCACC CCAGGATAGT GCARRGTCAC CGTCACCTAR

G T D P T LT I 58 8 L QP EpPpFA T YY Q4R LRRR PTT ¥ 86 @
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Partnsr dAb ‘monomer in TAR1-27330 (70 Linker)

TEAGACAGAT TTCACHUTCA CCATCAGCAG TCTGCARCCT GARGATTTTG CTACGTACTA CTGTCAACAG CTTAGGUGTC GTCCTACTAC GTTCERCCAA
ACCCTGTCTA ARGTGRGAGT QGTAGTCETC ACACSTTGOA CTITCTAAAAC GATGCATUAT GACAGTTETC GAATCCGCRAG CAGGATGATE CAAGCOGGTT
G T XKV B I K R

GEEACCAAGGE TGGAAATCAA ALGH
CCCTEETITRC ACCTTTAGTT TGCC

L
“ "

-DIQ!’T'}'QSPSSLS_ASVGDRV'I‘ITCRASQSVKA*LT
GACATUCAGR TGACCCAGTC TCCATOOTCC CTGTCTGCAT CTUTACGAGA COGTOTCACS ATCACTIRCC CEECARGTCA GAGCGTTAAR GOTTAGSTTAR
CTOTAGETCT ACTGGGTCAC AGATAGGAGS GACAGACGTA GACATCCTCT GGCACRAGTES TAGIGAARCHEE CCCGTTCAGT CTCGCAATTC COAATCAATT

WYQQKEGKAP‘KLIJIYKASTLQBGVPSRE‘SGQGS
CTTGETACCA GCAGAAACCA GGEGRARGCCC CTAAGOTCOCT GATCTATAAG GCATCCACTT TGCAMAGTEE GUTCCCATON COTTTCAGTE GCAGTRGATC
GAACCATEST CGTCTTIGET CCOTTTCOGG GATTCAAGEA CTAGATATTC CGTAGUTCAR ACGOTTTCACC CCAGGUTAGT GCAAAGTCAC CGTCACCTAG

G'IEDFTLTISSLQ?EDFRTYYCQQHSSRP‘!TFGQ
TGGEACAGAT TTCACTCTCA CCATCAGUAG TCTGCARCCT GAAGATTTTG CTACGTACTA CTGTCAACAG CATAGTTCTA GGCCTTATAC GTTCEGCCAR
ACCCTGTCTA AAGTGAGAGT GGTAGTLETC AGACGTTGGA CTTCTARAAC GATGCATGAT GACAGTIGIC GTATCAAGAT CCGEAATATS CARQCCGGTT

¢ T X ¥ ¥ LI X R ’
GEGACCAAGGE TGGAAATCAA ACGGE
CCCTURETTCL ACCTTTAGTT TECL

Partner dib monomer in TARL-27d31 (7'0 Iinkesr)

bt oK TOS8 B3 g LEAS VED RVT I TCR ASBQ 8T8 NRGL G
GACATOCAGA TOACCCAGTC TCCATCOTCC CTGTCIGCAT CTGTAGOAGR CCGTGTCACC ATCACITECC GRGCAAGTCA GAGCATIOAG AATCGETTAG
CTUTAGGTCT ACTGGGTCAG AGATAGGAGE GACAGACGTA GACATCCTICT GACACAGTES TAGTGAACGE CCCGTTCAGT CTCATAACTC TTAGCOARTC

HYQ QKP G6KXKAP KL L IY¥Y* A 8LEL Q8¢ ¥ PSS R F E G 8'6§ 8
GITOETACCA GCAGARACCA GGGAARGCCC CTARGCTCCT GATGTATTAG GCUTCCTICT TUCAARGTGE GWTCCCATCA COTTTCAGTE GORSTGGATC
CARCCATEET COTCTTIRGT CCCTITCOUG GATTUGAGGA CTAGATAATC CGCRGEAACA ACGTTTCACC CCAGGOTAGT GCARAGTCAC COTOACCTAG

g r b FT LT IS8 LQP EDFATYY €GO DEYF PRT F G O
TOQGACAGAT TTCACTCTCA CCATCRGCAG TCTGCARCCT GRAGRTITTG CTACGTACTA CTGTCARCAG GATTCGTATT TTCCTCUTAC GTTCAGCCRA
ACCCTGTCTA ARGTGAGAGT GUTAGTCGTC AGACGTTGGA CTTCTAAMAC GATGCATGAT GACAGITGTC CTAAGCATAA AAGGAGCATG CAAGCCGGTT

& " K ¥ EI X R
GGOACCARGS TOGAAATOAA ACCR
CCCTBYTTCC ACCTTTAGTT TGCC

Partner dAb monemer in TARL-27436 (7Y linker)

DIQMTQSPSSLSASVGDRVTITCRASQSIMDKLK
GACATCCAGA TGACCCAGTC TCCATCOTCC CIGTCTGCAT CTGTAGSAGRA CCOTGTCACT ATCACTTIGECS GRECAAMGTCA GAGCATTATGE GATAAGTTAA
CTGTRUGTCT ACTGUGTUAG AGGTAGEAGS GACAGACTTA GACATCCOTCT GECACAGTES TAGTGAACGE CCCGTTCAGT CTCETAATAS CTATTCAATT

HYQQKPGKAPKLLIY*ASIL'QSGVPSRFSGSGE
AGTGGTACCA GCAGAARCCA GUGARRGCCC CTAAGCTICCT GATCTATTAG GCATCCATIT TGCARAGTGE GUTCCCATCA CETTTCAGTE GUAGTIGGATC
TCACCATEAT COTCTITQAT CCCTTTCHGE GATTCUAGGA CTAGATAATC CGTACUTAAL ACGITTCACC CCAGGGTAGT GCAAAGTCAC CGTCACCTAG

G’I‘DFTDTISSLQPEDFATYYCQQI)SGGPNTFGQ




5

10

15
=

, ?‘3 .20
%
i

o 25
g e
T
i

M 30

35

40

45

G | O

TGUGACAGAT TTCACTCTCA CCATCAGCAG TCTGCAACCT GAAGATTTTO CTACGTACTA CTGTCAACAG GATAGTGEGE GTCCTAATAL GTTCAUCCAA
ACCCTGTCTA AAGTGAGAGT GGTAGTCGTC AGACOTTGGA CTTCTARAAC GATGCATGAT GACAGTTGTC CTATCACCCC CAGGATTATG CAAGCCOGTT
G T K Vv EB'", K R . L
GGGACCAAGS TGUARATCAA ACCE 3
CCCTGGYTCC ACCTTTAGTT TECC

Partner dAb monomer in TARL-27437 {70 linkex)

DI QMM T QeS8 P EBE S L 8 A8 VGEGD RYT I TCZR A 8 @ 8T @ RN L E
GACATCCAGA TOACCCAGTC TCQCATCCTUC CTGTCTUCAT CTGTACAAGA CCRTATCACT ATCACTITOCC GEGCAAGTCA GAUCATTEEE AGGAATTITAG
CTETAGETOT ACTUGETCAC AUGGTAGGAGH GACAGACATA CGACATCCTCT GGCACAGTGE TAGTGAACGH CCCUTTCAGT CTCGTAACCC TCOCTTARATO

¥ ¥Q QK P G KA P ¥ L L I YD A S8 ERL Q8¢ Vv P 8§ R P S G 86 8
AGTEGTACCA GCAGAAACCA GEGAAAGCCC CTAAGCICCT GATCTATGAT GUATCCCATT TGCAAMITUG GATCCCATCA COTTTCAGTS CCAGTUEGATC
TCACCATGET COTCITIGGT CCCTTTCOGE GATTCGAGGA CTAGATACTA COTAGGGTAR ACGTTTCACC CCAGGGTAGT GUAAAGTCAC CGTCACCTAG

¢ T P F T L 7T

¥ 8 8 L QP B DPFA T Y Y C Qg g B R WL P RT F G Q
TQEGACAGAT TTCACTUTCA CCATGABUARG TCTICAACCT GAAGATTITTS CTACATACTA CTOTCRACAG TLGECUTTEEC TTCCTCGTAC GTTCEUECCAR

ACCCTGTCTA ARGICAGAGTY QUTAGTCHTC AGACGTIGSA CTICTAARAC GATGCATGAT CACAGTIGTC AGCACAACCS AAGGAGCATE CAASCCGGTT
T XK Vv B I K R .

GGGACCANGE TOGAAATCAR ACGG
COCTEETTCC  ACCTTTAGTT TOCC

Parbner dib monomer in TRR1-2743% {70 linker)

P I QM QB8 PS5 B L 8 A S§ VED BY T I TCR A S Q 8 I R XKMLV
GACATCCAGA TEACCCAGTC TCOATCCTCC CTGTCTGCAT CTGTAGGAGA CCOTGTCACC ATCACTTGCC GCOCAAGTCA GAGCATTAGG AMGATOTTAC
CIGIARGTCT ACTGUGTCAG AGGTAGGAGG GACRGACGETA GACATCCOTCY GOUACAGTGUE TAGTGAALGE CUCGTTCAGT CTCGTAATUC TTUTACAATC

¥ ¥ ¢ @ K P 6 KA P XKL L I YR A SY L ¢ 8 a v P 8 RF & @ 8 4 5
TITGETACCA GCRGARACCA GOGAARGTCC CTAAGUTCCT GATCTATCGE GCATCCTATT TGUAARGTGE GETCOCCATCA COTTTCAGTG QCAQTEGATC
ARRCCATUOY CUTOTITOUT CCOTTICEUC GATTCCAGUA CTAGATAUCC CGTAGGATAA ACCTITCACC CUASGATAGT GCAAAGTCAC CETCACCTAG

¢ p T L T I B8 L QP BEDFA TYY CQ@g AFRER PRT F G Q

TEEEACAPAT TICACTCTCA CCATCAGCAY TCTGCARCCT GARGATITIC CTACGTACTA CTGTCAACAG GCTITICGGT QUCCTAGGAC GTTCUGCCAR

ACCCTOTOTA AAGTOAGAGT QGTAUTCOTC AGACGTTEOA CTTCTARMAC GATECATGAT GACAGTIGTC CEAMRAGCCS CCUBATSCTG CARGCCAGTT
g T K Vv BE I X R

GGOACCAAGE TSGRAATCAR ACGE
GCCTUGTTCC ACCTTTAGTT TGO

TARZ 4Ab aming acid and DNA pegusnees (* indicates the presences of an awber stop coder) seguencs homology
babkwesn TARZh-5 and the uwnique segond dAbe is 83.5%

TARZR~E -

EVAQL L E S 666G @& LV QP 6 85 LR L 8 CAA B GPF TFDP L Y N M
GAGGTACAGC TETTECAGTE TEGEECAGGC TTEATACAGC CTGGEGEETC CCOTECOTCTC TCCTETECAS COTCOGRATT CACCTITGAT CTTTATARTA
CTCCACGTCE ACAACCTCAG ACCCCLTCOG AACCATETOG GACCCCCCAG GOACGCAGAG AGRACACOTC GGAGGCCTAA GTGGARACTA GAAATATTAT

P WV RQ@QA 2 ¢ K G »BEW Vv 8 F I B QT Q@R GL T™WUY A DSV KOG T=rR
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TGTITIWEET CCECCAGELT CUAGGEANGG GTCTAGAGTS GGTCTCCA’I:T‘I‘ ATTAGTCAGHE CTGUTAGECT TACATGGTAC GCAGACTCCG TEAAGGRECOS
ACARAACCCUA, GGCAGTCCEA GOTCCCTTCC CAGATUTCAC CCAGAGTAAA TAATCAGTCT GACCATCCEA ATETACCATE CUTCTUAGGC ACTTCCCGREC

¢ I & R DN 8 KK T LY L QM
GTTCACCATC TCCCACAACA ATTCCAAGAA CACGUIGTAT CITACAANTGA
CARGTUGTACG AGUGCACTET TAAGETTCOTT GTGCEACATA GACHTTTACT
E oL FD ¥YWE g8 T YV TV 38
GAGGATTITE ACTACTGGEG CCAGGGAACC CTGETUACLG TCICE
CPCCTARARG TEATUACCCC GETTOCTTEE GACCAGTEAC AGAGC

Partoar dAb moncomer in TARZR-541 (3U linkex)

£ vy gL L BE &8 @ 8 G L VvV QP & & B
GAGUTGECAGC TGITGGAGTC TEGEEGASGC TTEGTACAGE CTGIGRGATS
CPOCACHTCS ACARCCTOAG ACCCCCTOCG ARCOATGTCE GACCCCCUAG

4 WY R QA P @ KG L EW V 8 8
TECGTTEGET COGCCAGECT CCAGEUAAGE GTCTAGAGTE GOTCTICATCG
ACCCAACCCA GGLSGTCOGA GUTCCCTICE CAUATCTCAC CCAGAOTAGC

¥ T I S R DN S KN TL Y L @ M X
GTTCACCATC TCCCGCGACA ATTCCARGAR CACGCTOTAT CTGCARRTGR
CARGTEOTAS ACSCOECTGT TAAGGTTOTT GTGCGACATA GACGTTTACT

8 N T E TP D YW 6 QG T L Vv T
TCGANTAAGA COCATACOTT TOACTACTGR GEUCAGCOAR CCOTUGTCAS
AGCTTATTET CCUTATGCRA ACTGATUACC CCHSTCCOTT GGGACCAGTG

Partner 4dAb monomer in TARZh-542 (3T liankex)

E V. L L B & 8 8 LV EgP 6 G 8
GAGGIGCAGC TGTTEGAGTC TOGEGGAGEC TTCGTACAGC CTGGGEEGETC
CTCCACRTOO ACAACUTCAG ACCCOCTOCE AACCATGETCE GACCOCCCAG

T WY RQA P G6FKG L EW VB §
TGACTTEEET CCGCCAGACT CCAGGGAAGG GTCTAGASTE GGICTCARGT

¥ 8 L R A B D ¥ AV Y¥ ¥ &€ A KT L
ACRGCCTGCG TOCCGAGEAC ACCOCEGTAT ATTACTOTAC GAARACGCTG
TETCEEACEC ACGECTCCTE TEECGCCATA TAATGACACE CTTTITACHAC

L R L 58 CA A 8 G F T F F VvV ¥ MH
CCTACATCTE TCCTGTRCAG COTCCGEATT CACCTITCCG GTTTATATGA
GEACGCAGAG AGGACACGTC GGAGGCCTAA GTGGAAAGGC CAAATATACT

I AL & &8R TGETY ADSB YV KGR
ATTGATGCTC TTGRTEGGCG GACAGGTTAC GBCAGACTCCE TAARGGECCA
TAACTACGRG AACCACQCAC CTGTCCAATGS COTCTGAGEC ACTTCLCGGC

§ LR A BEDR TAVY Y C A KXKTM
ACAGCUTBCG TOCCOAGGAC ACCGCGETAT ATTACTOTEC GRAMACTATG
TETCREACCC ACGECTCOTE TGOCGCCATA TARTGACACH CTTITGATAC

v g
CaTCTCa
GCAGAGC

L R L 8 ¢C'A A 8 Qg F T FV A Y RN
CCTECETICTC TCCTGTECAG CCTOLEEATT CACCTTITATE GCTTATAATA
GOACGCAGRG AGUACACGTC GGAGGCCTAA GTGGARACAC CGAATATTAT

I ¥ T F @GN * T RY A BBV X @R
ATTAATACTT TUGGTAATTA GACARGGTAC GCAGACTCCG TEAAGCECCE

ACTGAACCCA, GGCUGTCCHA GUTCCCTTCC CRGATCTCAC CCAGAGTTCA TAATTATGAR AARCCATTAAT CTGITCCATE CETCTEAGRC ACTICOUSGE
FP T I 8 R PN £ K ¥ TLY L QMN 8L R AR TAVY Y A K G 8
GTTCACCATC TCCCGCEACA ATTCCARGAR CACGCTATAT CTGCAAATCA ACAGCCIGCE TECUGAGGRC ACCGCGETAT ATTACTOTGC GAALGGTAGT
CAAGTGGTAG AGUGCGCTCT TAAGQTICTT UTGCGACATA GACGTTTACT TETCGEACEC ACCGCTCCTE TGGCGCCATA TAATGACACE CITYCCATCEA
R P FD ¥YWGE Q7T L VTV 8
AGGCCTTTTE ACTACTGEUE CCAGEEAACC CTUGTCACCE TCTCG
TCCGGARAAC TEATSACCCT QETCCCTIOE GACCAGTGEC AGAGC

Partner dabh monomer in TARZh-BAZ (307 linker!

E Vv QgL L EBES @ @ LVQP 64§88 LRIL B CaAA €7 TF * G Y R M
GAGETECAGC TETIGEAGTC TEGEGEACEC TTEGTACAGC CTGUGGGETC COTGCETCTC TCCTGTGCAG CCTCCEGATY CACLTITTAG GGGTATCETA
CITCCACGTCE ACAACCITAG ACCCCCTCCE AACCATOTCG GACCCCCURG GGACGCAGAG AGGACACGTC GGAGGCCTAA GTGGAMRATC CCCATAGCAT

6 W Vv R A P @ Koo L B W Vv g8 W I ®TRT G GT T Y AD S Y K &R
TEEWTIEEET CCOCCAGECT CCAGGUAAGE GTTTAGAGTE GWRTCTCATAR ATTACGUATA CTRGETGGGAC GRCACAGTAC GCAGACTCCE TGAAGGECCS
ACCCANCCCA GROGUTCOCGEA GUTCCCTICC CAGATCTCAC CCAGAGTACCT TAATICACAT GACUACCCTS CTGTGTCATG CATCTGAGAR ACTTCCCUGS
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¥ TT 8 R DN B8 KN T L Y L @ MN 8 LR AEBED TAYVY Y LA KPA
GTTCACCATC TCCCGCEACR ATTCCARGAR CACHOTGTAT? CTUCKRAATGA ACAGCCTGCA TGCUGAGOAC ACCGCGUTAT ATTACTGTGL GARACCEGCS
CANGTEGTAG ACGUGCECTET TAAGUTTCIT GTGCGACATA GACGTTTACT TETCGUACUC ACJUGCTCCTG TGEUGCCATA TAATGACACG CTITAGCCGC
¥ L ¥ 8 V& r » YW 6Q T LVT VS5
AAGCTTOTTS GAOTTIGETT TEACTACTES GECCAGEGAR CCUTGETCAC CETCTCG
TTCGRACAAC CCCARCCCAR ACTRATUACC CCEGTCCCTT GGOACCAGTS GUAGAGC

" partner dib monomex in TARZh.S5d4 (3U linkex)

E v oL L E¥ES 6CGG L VeE?P ¢S L RL B¢AA &8 F T FR KY + N
GRAGTGOAGE TOTTEEAGTC TOGGGGAGRC TTGSTACAGE CTGEGGAGTC CCTICHTCTC TCCTRTOCAG COTCCESATT CACCTTICGE AAGTATTAGR
CTCOACGTES ACAACCTCAT ACCCCCTCOT AACCATGTOS GACCCCCCAG GORCGCAGAG AGGACACGTC GURGECCTAN GTEGAAAGCC TTCATAATCT

3 W Vv R QO A r @ K G L B W ¥ 8 § I @ A K @ g 8 T D ¥Y A D &V K 2 R
TREAGTEEET CCOCCAGEET CCAGGOARGG GTCTAGAGTG GGTCTCACAG ATTGGTGCGA AGGETCAGTC TACAGATTAC GCAGACTLCE TEAREGECCS
ACCCCACCCA GGLUGTCOGA GETCCOTTOC CAGATCTCAC CCAGASTGTC 'TAACCACECT TCCCRGTCAG ATGTCTARTG COTCIGAGEC ACTTCCORGR

F T * 8 R U N 8 KN¥ % L Y L QMN¥ g L R A EDP TAVY ¥ COA K KK
GTTCACCATC TOCCGCGACA ATICCARGAA CACGCTGTAT CTGCARATGA ACAGCCTOCE TGCCGAGGAC ACCGCGOTAT ATTACTGIGC CARARAGRAG
CAAGYGGTAG AGUECGCTET TAAUGTTCTT GTECGACATA GACGTTTACT TETCGGACGC ACCGCTCCTS TGGCECCATA TAATGACACE CTTITTCITC

R 8 EN ¥YPFPP¥ D Y¥YW 06T L VT VB
AGUGGHGACA ATTATTITIT TGACTACTGE GGCCABGERA CCCIRGTCAC CATSTCE
TCCCCCCTCT TAATAAAAAA ACTGATGACC CCGETCCCTT GEEACCRGTG SCAGAGC

Partner dAb mencmer in TAR2h-585 {3V linkerx)

EVQLLE'SGGGLVQPGGSLRLSCAASGE'TFRRYSM
GAGCTOCOAGE TEYTEGAGTC TOUGEEEAGHET TTGETACAUC CTGEEGEGEETC CCTOCETCTC TCCTGTECAR COTCCEAATT CACCTITCRSE CAGTATAGTA
CTCOACGTOG ACARACCTOAG ACCCCCTCOE AACCATOTCS GACCCCCCAG GOACGCAGRG AGGACACGTU GGAGGCCTAR GTGEARRGCC GCCATATCAT

SWVRQP-P‘,GKGLBWV'EQIERSGRYTH?ADSVKGR
TETCLTENWY CORQOAGECT CCAGGUARGGE GTCTAGAGTG GUTCTCAGAT ATTTCTCEIYT CTUGTCEGTA TACACATIAC GLAGACTCCS TEAAGGECCS
ACRGCACCCA GGUGGTCCGA GUTECOTTCC CAGATCTCAC CCAGAUTCTA TAARGAGCAA GACCAGCCAT ATATGTAATG COTCTGAGEC ACITCCCOGT

F T I 8 R B N.8 R ¥ T HHY LQMHWH 858 LE AEDB TAVY ¥ CA KRIZJ
GTTCACCATC TCCCOCGACK ATTCCARGAA CRCOGCTGTAT CTGCARATGA ACAGUCIGCG TGCCGARGAC ACCGCGGTAT ATTACTGICC GAAMCATATT
CAAUTGOTAG AGGRCHOTEN TARGGETTOTT GTGCGACATA CGACCTTTACT TSTCUOBACSC ACHGETCCTG TGECICCATA TAATUACACG CTTTRCATAR

P 8§ 84 0 N gp P YW 4 QGG LVT V3
GATTCTICTC AGAATGGGTT TUACTACTSS GGCCAGEEAA CCCTGGICAC COTCTCG
CTAAGAAGAG TOTTACCCAA ACTOATEACC CCEETOCCIT GGGACCAGTE GCAGAGC

Partner dAb monemer, in TARZh.E4S {30 linker)

EV-QI:LES_GGGI;VQPGGSLRI:SCAASGPTF*GYKM
CAGGTCORGE TOTTIGCAST? TGERGEARUGC TICGTACAGC CTGGEGGETC CCTGCGTOTC TCCTGIGCRG CCTCCREATT CACCTITITAG GEGTATARGA
CTCCACGTOS ACAACCTCAG ACCCCCTOOG AACCATGTCE GACCCCCCAG GGACGCAGAG AGGACACGTC GGAGGCCTAA GIGGARAATC CCCATATICT

F W VvV R OA P &ROG L EW VvV B8 A I 8 G 5§ G @ 8 7T ¥Y ¥ ADSV K R
TETTTIEEET CCUUCAGACT CCAGGGAAGE GTCTAGAGTG GETCTCAGUT ATTAGTGETA GTAGTGGTAG CACATACTAC GCAGACTCCSE TGAAGCECCS
ACALRRCOCA GOCOGTCCOA GEYCCCTTCOC CAGATOTCAS CCAGAGTCEA TAATCACCAT CACCACCATC GIGTATGATE CGTCTGAGGC ACITCCCGRC

o
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F T I & R DN 8 KN T %Y » @ MH¥ 8 %X R A ED 9 AV Y Y CA X Q X
GTTICACCATC TCCCACGACA ATTCCAAGAM CACGUTGTAT CTGCAAATGA AUAGCCTGCA TUCCSAGGAC ACCOCOGTAT ATTACTGTGC GRAACAGAAS
CARGTGETAG AGQRECECTET TAAGGTTICTT GTGCOACATA GACGTITACT TOTCGGACHC ACGUCTCCTE TEGECECCATA TARTGACACE CTTTGTCTIC
ENFD ¥YWE QG T L VYTV 5§

GAGRATTITG ACTACTGGEE CUAGRGAACT CTEGTCACCE TOTCS
CTCTTAAARC TEATAACCCC GETCCCTTEE GACCAGTESC AGAGC

Partner dhb monomex in YARZh-5A7 {37 linker}

E v Q! ueges & &g L ¥QP € &% L RL 8 CAA §GPF T P& DYAM
GAGATECAGC TGETTGGAGTC TEGUGAAGGC TTCGTACAGC CTeugGEERTe CCTECGTCTC TCOTATECAG COTCCGAATT CACCTIIMANG GATTATGOTA

 CTCCACGTCE ACARUCTCAG ACCCOCITCG AACCATATCE GACUCOCCAG GOACGUAGAU AGGACACOTC GGAGUCOTAA GTGOAAACCT CTAATACGAT

¥ WV R QA P @ K@@ L B W Vv B VY I 8 88 @G ¢ & T ¥ ¥ A DS Y K &R
TETGATEEET CCOCCAGSCT CCAGESARASGE GTCTAGAGTE GUTCPCAGTE ATTAGTICGR ATEGTGGLEAG TACATITTAC GCAGACTUCR TOAAGSGECCE
ACACCACCCA GECGGTOCGA GGTCCCTTIOC CAGATCICAL CCAGAGTCAC TAATCAAGLCT TACCACCCTIC ATSTAAAATE COTCTGAGEC ACTIOUCGEC

F TI B RDPEK B KXK¥ 7T L Y Qg MN 8 LR AEDPD TAVY ¥YCA KERrRY
GTTCACCATE TCCCGCGACA ATTCCARGAR CACGCTGTAT CTOCAAATGA ACAGCCTECG TGCCRAGEAC ACCOCGRTAT ATTACTGTAC GARACSTGLT
CAAGTAGTAG AGGUCECIUT TAAGGITCIT GTAECEACATA GACATITACT TOTCAGACEC ACGECTCCTO TGECHCCATA TAATOACACG CTTTECACAA

R XK R T P EF DY W @ Q@ 7T L ¥ T Vv 8
COTARGAGGA CTCCTEAGTT TEACTACTGE GGCCAGAGAA CCCTEGTCAC COTCTLS
GUATTCTCCT GAGUACTCAA ACTGATBACC CCUGTOCCTT GEEACCAGTC GCAGRGC

Partner dAb monomer in TARZH-5E8 (39 linker)

E ¥Y ¢ L L 2B &8 €3¢ L VgP €L L RIL 8 €A A 8§ @& F T PR R Y K M
GROGTUCAGC TGTTGEAGTE THOUGEARGUC TTEGTACASC CTGERGHGTC CCTECETCIC TCCTEIGCAG COTCCUGATT CACCTTTAGE AGGTATANGA
CTCCACGTCEG ACAACCTCAG ACCCCCTCCG AMCCOATOTCG GACCCOCCAG GORCUTAGAG AUGACACGTC GGAGGCCTAA GTEGARATCC TCCOATATTOT

¢ WV R A P 4 KG L EW VvV 8§28 T GRSN €T THNVY ADSVY ¥ 6 R
TEEATTERGY CCGCCAGECT CCAGUERAGG GTCTAGAGTG GEICICAGLE ATTGECAGEA ATGOTACGAR GACAAATTAC GCAGACTOLS TOARGGGCOCG
ACCCAACCCA QGQEETCCEA GETCCCTTCC. CAGATCTCAC CCAGAGTCEC TAACCCTCCT TACCATACTT CTATTITAATS COSTCIGRUEGC ACTTCOOGLC

F®TI S RPN B XKN¥ TLY¥Y L GgMN 8L R ABD TAV Y YCA R IY

SPTCACCATC TCCCGCEACA ATTOCAAGAR CACCCTOTAT CTGCRAATOA ACAGUCIGCG TGCCGAGHAC ACUGCGUTAT ATTACTUTOC GRARNTTTAT

CARGTEGTAG AGGACEOTET TARGETICTT GIGCGACATA GACGTTTACT
T & K P A A PF D YW G Q68 T L VT
ACGUGGAARC CQTIGCTECEIT TUACTACTGS GUUCAGUEAR CCCTGGTCAC
TECCCCTTCR GACGACGCAA ACTGATGACC CCEGTCCOIT GGERCCAGTG

Partner. dib monomsr in TARIN-54% (31 linker)

B VgL L BB 6 ¢ @ LV QF G G 8
GAGGTBCAGC TGTTGUAGTC TGEGEEAGEC TIGGTACAGC CIGRAEGAGTC
CTCCACGTICE ACANCCTCAG ACCCCCTCOE ARACCATETCH GACCCCCCAG

8 W VvV R QA P @& K G L E W ¥ 8 R
TGTCTTCCET CCOCCAGGCT CCAGGOARGH GICTAGAGTE GGTCTCAGCT
ACAGAAQCCA GGCOGTCCER GGTCCCTTCC CAGATCTCAC CCAGAGTLGR

TOTCGEACEER ACAGCICCTE TERCGCCATA TAATGACACS CTIITAAATA
vV 8

CGTCTICG

GCAGAGS

L RL 8 C AR 8 G F T F X K Y *» M
COTECGTETC TOCTATGCAG CCTCCGOATT CACCTTTALG ARGTATTAGA
GEACGCAGAG AGGACACGTC GUAGGACCTAR GTGSARATTC TTCATAATCT

I 8 ¢ 8 G ¢ 8 T Y Y A DEV KGR
ATTAGTGGTA GTGGIGETAG CACATACTAC GCAGACTCLG TRARGRGCCE
TAATCACCAT CACCACCATC GTUTATGATG COTCTIGRGEAC ACTTCOCGHC

I
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FP T I &8 RDN 8 KW T L ¥ L Q@ MN¥ 8 L R A3 EBD 7TAV Y ¥ CA KM I
GTTCACCATC TCCCECGRCR ATTCCARGAR CACHECTGTAT CTGCABATEA ACAACCTOCC TGCURAGRAC AUCACGAETAT ATTACTATGS GAAAATGCTG
CARGTGUTAG AGBOUOCTGET TARGUTTCTIT CGYGCOACATA GAQATTTACT TGTCEEACAC ACGECTCCTIG TGGCGCCATA TAATGACACGE CTTTTACGAC
R T ¥ R Y ¥ » ¥ W 66 g7 L V1T Vv 8 -

AGGACTARGA ATARGSTGTY THACTACTAG GGCCAGUEAA CCCTRUTCAC COTCTCE
TCCTEATTET TATTCCACAA ACTGATGACC CCGITCCCTT GUGACCAGTE QCAGASC

Paxrtnar dAh monomar in TARZh-541¢ (507 iinpker}

E v Qg & L E 88 G G 66 »V QP 666G 8 LR L B8 CAA 5§ @ ¥ T F R RY KK
GAGETGCAGT TETYGUAGTC TOGSUERGAC TICUTACAGC CTQGAGIETT COTGCRTUTC TOOTATECAT COTOCGEATT CACCTITAGS AGGTATAAGA
CTOCACGTOE ACARCCTOAG ACCCCCTCOY ARCCATOTCS GACCHCOCAG GUACGCAGAG AGGACACETC GUAGGCCTAR OTGGAAATCC TCCATATICT

g ¥ vV R g A P € X @ L EW ¥V 8A I @ RN @ 7T X ©® NY ADSYVY KGR
TGHETTEGCT (CECCAGACT CCAGGUARGE GTUTAGAGTE COTCTCAGLE ATTGGOAGGA ATGGTACGAA GACAMATTAC GCAGACTCCA TGAAGRACOG
ACCCAACCOA GGCEGTSCGA GOTCCCTTOC CAGATCITAC CCAGAGTICGC TAACCCTOCT TACCATECTT CISTTITAATE CETCTGAGEC ACTICCCRGC

F T I & R D ¥ 8§ K N§¥ T L ¥ L g HN 8 L R AEBRB TAVY Y ¥ CA K I Y
GTTCACCATE TCCCRCIACA ATTCCARAGAR CACGCTETAT CTGCARARTGA ACAGUCTIGLG TARCCGEABEAC ACCECAGTAT ATTACTEIGL. BARARTTTAT
CARGTGGTAR AGGGCGCTET TAAGGTTCTT GTGCGACATA GACGTTTACT TGTCEGACEL ACGHECICCTE TGUCBCCATA TAATGACACGE CTITTAAATR

T & K P A AF P YW ¢ QG T L VT V B
ACCGGACAASC CTGCTEOGTT TCACTACTEE GRCCAGUEAA CCCTAGTCAC COTOTCG
TGCCCCTTCN GACGACGCAR AQTCGATEACC CCUGTCCCTT GGUACCRGTE GCAGARC

Partner dib monomer inm TARZh-5411 (5T linkex)

E ¥vY¥ ¢ L L B S @ 6 G LV Q?P 686 8 LRL 8 C.AA 8 GVF T F * s5-Y R M
GAGGTECAGC TCTTGCAGTC TCERIGHAGRC TTEETACACGC CTUGGEEGTC CCTECETCTC TCOTGTGCAG COTCCCIATT CACCTTITAG AGTTATOGSGA
CTCCACOTCE ACAACCTCAG ACCCCOTCCS ARCCATSICE GACCCCCCAG GAACCCACAC AGGACACUTC GGAGGCCTAA GTEGARAATC TCAATAGCCY

4 wvVv RQA » 8 K6 L EW Vv 8 8 I 8 8 R ¢ RH T 8Y A DSV K a=r
TEEETTEEET CCOCUCAGELCY CCAGGURAGS GTCTAGAGTG JUTCRCAAGT ATTTCUTCGA GOGETAGHCA TACATOTTAC GCAGACTCCOR TGARGHUCCE
ACCCAACCCA GGCGETCUGA G@GTCCCTTCC CAGATCTOAC CCAGRGTTCA TAAAGCAGCT CCCCATCCGT ATGTAGAATG COTCTGAGGU ACTTOLCGEC

FoT I 8 R P ¥ § KN TLY L QMN 8 LR AEBED TAVY ¥ COA K2V
GTTCACCATC TCCOGCEACA ATTCCARGAR CACGCIGTAT CTGTAAATUA ACAGCCTSCE TGCCGAGGAC ACCGCRGTAT ATTACTOTAC GAAAAGEGTT
CANSTEGTAG AGGCCECTET TAAGGTTCIT GTGCEACATA CGACGTTTIACT TOTCGGACGC ACGGCTCCTG TOQUGCCATA TARTGACACE CTTTTCCCAR

P @ RG& R & F P Y W @8 ¢ 7 L VT V8
CCORGTCSEE GGCATICTITT TEACTACTRE GUCCAGGGAA CCCTGATCAC CETCTCS
QECCCAGCCC COGCARGARA ACTGATUACC COGRTCCOTT GAGACCAGTCE GCAGAGC

Partnex dab menemer in TAR2h-5d1Z (5T linker)

EV Q3L L BE S G €66 LV QP 66668 LR L 8 CADANM B G F P FR R YBRM
GAGGTUCAGC TETIGERAGTC TEGUEGAGAET TTGETRCAGC CTGGGEGATC CCIECHICTC TLCTSTRCAG CCTOCGGATT CCCCTTTCET CGGTATCEIA
CTCCACGTCE ACARCCTCAG ACCCCCTCCS AACCATATCG GACCCCCCAG GGACGCAGAS AGGACACGTC GBAGGCCTAN GGGGARAGCA GCCATAGCCT

®R WV R QA PG K G L B W Vv 8 6@ I 82 G @ KH TTY ADSYV KGR
TGAYGTEEET COGCCAERCT CCAGCEAAGE GTCTAGAGTG GITCICAGGET ATTTCTCCHG GIGETAAGCA TACAACGTAC GCAGACTCCG TGAARGAGCCH
ACTCCACCCA GGCGEATCCEA GGTCCCTTCC CAGATETCAC CCAGAGTCCA TAARGRGHCC CACCATICNT ATGITGCATE COTCTIGAGGL ACTICLCAEGC

Al
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F T I 38 R DN & KN T L Y L QM¥ 28 LR A ED T AV Y Y CA'K G B
GITCACCATC TCCQACGACA ATTCCARGAA CACGCTIGTAT CTGCAARTGA ACAGCCTGCE TECCOAGUAC ACCGCGGETAT ATTACTGTEC GAAMIGTOIAG
CRAGTGOTAG AGGGCGCTOT TARGUITUTT GIGCEACATA GACOTITTACT TGTCGGACGC ACGGCTCCTO TOGCSCCATA TARTSACACH CTTTCOACTC
¢ 6 A 8 8 AF DYWYW QQeET LWVT V8 -

GRGEEEGCEA GITCTECETT WEACTACTCER GUCCAGGGAA CCOTSATCAC COTCTCR
CCCCCCadlT CAAGACGCAR ACTOATGACC COGGTCCCTT GUOACCAGTE GCAGROC

Partner dAb monomar in WARZh.5d13 (50U linker}

EV QLY L EEB& €666 L VYV QP 68 L B L 8 CAA &8 GF T P * RY G N
GAGGTECAGC TOTTGGAGTC TGGCGGAGEC TTGATACAGC CTGAGGGETC COTGOETCTC TCOCTUTAUAY COTCCUGATT CACCTTTTAG COUTRTOGGA
CTCCACOTOE ACAACCTCAG ACCCCCTCCE AACCATGTCR GACCCCOCAG BCGACGCAGAG ASAACACOTS GGAGGCCTAN UTCRAMATC GOUATACCCT

Yyw¥°VvV R QA PE KG L YW VvV BA I 5085 G666 S8 TYY¥Y ADSVYVY ¥ 6T&R
TEETTTEEET CCECCAGECT CCAGEGAAGGE GTCTAGAGTG GGTCTCASCT ATTAGTGGTA GTEGTGGTAG CACATACTAC GCAGACTCCS TOAAGGRLCS
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