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(57) Abstract: The present invention provides T cell receptors (TCRs) having the property of binding to SLLMWITQC-HLA-
A*0201, the SLLMWITQC peptide being derived from the NY-ESO-1 protein which is expressed by a range of tumour cel%s. ’{he
TCRs have a K, for the said that peptide-HLA complex of less than or equal to 1uM and/or have an off-rate (ko) of 1x10~ S~ or

slower.
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High Affinity NY-ESO T cell receptor

The present invention relates to T cell receptors (TCRs) having the property of binding
to SLLMWITQC-HLA-A*0201 and comprising at least one TCR @ chain variable
domain and/or at least one TCR f chain variable domain CHARACTERISED IN
THAT said TCR has a Kp for the said SLLMWITQC-HLA-A*0201 complex of less
than or equal to 1uM and/or has an off-rate (ko) for the SLLMWITQC-HLA-A*0201

complex of 1x102 S or slower.

Background to the Invention
The SLLMWITQC peptide is derived from the NY-ESO-1 protein that is expressed by

a range of tumours (Chen ef al., (1997) PNAS USA 94 1914-1918). The Class | HLA
molecules of these cancerous cells present peptides from this protein, including
SLLMWITQC. Therefore, the SLLMWITQC-HLA-A2 complex provides a cancer
marker that TCRs can target, for example for the purpose of delivering cytotoxic or
immuno-stimulatory agents to the cancer cells. However, for that purpose it would be
desirable 1f the TCR had a higher affinity and/or a slower off-rate for the peptide-HLA
complex than native TCRs specific for that complex.

Brief Description of the Invention
This invention makes available for the first time TCRs having high affinity (Kp) of the

interaction less than or equal to 1uM, and/or a slower off-rate (Kos) of 1x10~ S™ or
slower, for the SLLMWITQC-HILA-A*0201 complex. Such TCRs are useful, either

alone or associated with a therapeutic agent, for targeting cancer cells presenting that

complex

Detailed Description of the Invention
The present invention provides a T-cell receptor (TCR) having the property of binding

to SLLMWITQC-HLA-A*0201 and comprising at least one TCR o chain variable
domain and/or at least one TCR f chain variable domain CHARACTERISED IN
THAT said TCR has a Kp for the said SLLMWITQC-HLA-A*0201 complex of less
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than or equal to 1uM and/or has an off-rate (ko) for the SLLMWITQC-HLA-A*0201
complex of 1x107 S™or slower. The Kp and/or (kofr) measurement can be made by any
of the known methods. A preferred method is the Surface Plasmon Resonance

(Biacore) method of Example 5.

For comparison, the interaction of a disulfide-linked soluble variant of the native 1G4
TCR (see SEQ ID NO: 9 for TCR a chain and SEQ ID NO: 10 for TCR B chain) and
the SLLMWITQC-HLA-A*0201 complex has a Kp of approximately 10uM, an off-
rate (kog) of 1.28 x 10" S and a half-life of 0.17 minutes as measured by the Biacore-

base method of Example 5.

The native 1G4 TCR specific for the SLLMWITQC-HLA-A*0201 complex has the
following Valpha chain and Vbeta chain gene usage: :

Alpha chain - TRAV21

Beta chain: - TRBV 6.5

The native 1G4 TCR can be used as a template into which various mutations that
impart high affinity and/or a slow off-rate for the interaction between TCRs of the
invention and the SLLMWITQC-HLA-A*0201 complex can be introduced. Thus the
invention includes TCRs which are mutated relative to the native 1G4 TCR o chain
varlable domain (see Figure 1a and SEQ ID No: 1) and/or B chain variable domain
(see Figure 1b and SEQ ID NO: 2) in at least one complementarity determining region
(CDR) and/or variable domain framework region thereof. It is also contemplated that
other hypervariable regions in the variable domains of the TCRs of the invention, such
as the hypervariable 4 (HV4) regions, may be mutated so as to produce a high affinity

mutant. |

Native TCRs exist 1n heterodimeric a3 or y& forms. However, recombinant TCRs

consisting of a single TCR o or TCR B chain have previously been shown to bind to

peptide MHC molecules.
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In one embodiment the TCR of the invention comprise both an a chain variable

domain and an TCR B chain variable domain.

As will be obvious to those skilled in the art the mutation(s) in the TCR « chain
sequence and/or TCR [} chain sequence may be one or more of substitution(s),
deletion(s) or insertion(s). These mutations can be carried out using any appropriate
method including, but not limited to, those based on polymerase chain reaction (PCR),
restriction enzyme-based cloning, or ligation independent cloning (LIC) procedures.
These methods are detailed in many of the standard molecular biology texts. For
turther details regarding polymerase chain reaction (PCR) mutagenesis and restriction
enzyme-based cloning see (Sambrook & Russell, (2001) Molecular Cloning — A
Laboratory Manual (3" Ed.) CSHL Press) Further information on LIC procedures can
be found in (Rashtchian, (1995) Curr Opin Biotechnol 6 (1): 30-6)

It should be noted that any o TCR that comprises similar Valpha and Vbeta gene
usage and therefore amino acid sequence to that of the 1G4 TCR could make a
convenient template TCR. It would then be possible to introduce into the DNA
encoding one or both of the variable domains of the template ap TCR the changes
required to produce the mutated high affinity TCRs of the invention. As will be
obvious to those skilled in the art, the necessary mutations could be introduced by a

number of methods, for example site-directed mutagenesis. -

T'he TCRs of the invention include those in which one or more of the TCR alpha chain
variable domain amino acids corresponding to those listed below are mutated relative

to the amino acid occurring at these positions in the sequence provided for the native

1G4 TCR alpha chain variable domain in Figure 1a and SEQ ID No: 1.

Unless stated to the contrary, the TCR amino acid sequences herein are generally
provided including an N-terminal methionine (Met or M) residue. As will be known to
those skilled 1n the art this residue may be removed during the production of

recombinant proteins. Furthermore, unless stated to the contrary, the soluble TCR and
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TCR variable domain sequences have been truncated at the N-terminus thereof.
(Resulting 1n the lose of the N-terminal "K" and "NA" in the TCR alpha and beta
chain sequences respectively.). As will be obvious to those skilled in the art these
"missing" N-terminal TCR residues may be re-introduced into the TCRs of the present
invention. As will also be obvious to those skilled in the art, it may be possible to
truncate the sequences provided at the C-terminus and/or N-terminus thereof, by 1, 2,
3, 4, 5 or more residues, without substantially affecting the pMHC binding
characteristics of the TCR, all such trivial variants are encompassed by the present

invention.

As used herein the term “variable domain” is understood to encompass all amino acids
of a given TCR which are not included within the constant domain as encoded by the
TRAC gene for TCR o chains and either the TRBC1 or TRBC2 for TCR B chains. (T
cell receptor Factsbook, (2001) LeFranc and LeFranc, Academic Press, ISBN 0-12-
441352-8)

As 1s known to those skilled 1n the art, part of the diversity of the TCR repertoire is
due to variations which occur in the amino acid encoded by the codon at the boundary
between the variable domain, as defined herein, and the constant domain. For
example, the codon that is present at this boundary in the wild-type 1G4 TCR sequence
results in the presence of the Tyrosine (Y) residue at the C-terminal of the variable
domain sequences herein. This Tyrosine replaces the N-terminal Asparagine (N)

residue encoded by the TRAC gene shown in Figure 8A.

Embodiments of the invention include mutated TCRs which comprise mutation of one
or more of alpha chain variable domain amino acids corresponding to: 20V, 51Q, 528,
23S, 94P, 95T, 968, 97G, 98G, 998, 100Y, 1011 and 103T, for example the amino
acids:

20A

S1P/S/T or M
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52P/F or G
S33W/Hor T
94H or A
OSL/M/A/Q/Y/E/I/F/V/N/G/S/D or R
06L/T/Y/T/Q/V/E/X/A/W/R/G/H/D or K
97D/N/V/S/T or A
98P/H/S/T/W or A
99T/Y/D/H/V/N/E/G/Q/K/A/1 or R
100F/M or D
101P/T/ or M
103A

The numbering used above 1s the same as that shown in Figure 1a and SEQ ID No: 1

Embodiments of the invention also include TCRs which comprise mutation of one or
more of the TCR beta chain variable domain amino acids corresponding to those listed
below, are relative to the amino acid occurring at these positions in the sequence
provided for the native 1G4 TCR alpha chain variable domain of the nativé 1G4 TCR
beta chain in Figure 1b and SEQ ID No: 2. The amino acids referred to which may be
mutated are:18M, 50G, 51A, 52G, 531, 55D, 56Q, 70T, 94Y, 95V and 97N, for
example:

18V

508 or A

J1V orl

520

53T or M

S5R

S6R

701

94N or F

O5L

97Gor D
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The numbering used above is the same as that shown in Figure 1b and SEQ ID No: 2

Further preferred embodiments of the invention are provided by TCRs comprising one

of the mutated alpha chain variable domain amino acid sequences shown 1in Fig 6

(SEQ ID Nos: 11 to 83). Phenotypically silent variants of such TCRs also form part of

this invention.

Additional preferred embodiments of the invention are provided by TCRs comprising

one of the mutated beta chain variable domain amino acid sequences shown in Figures
7 or 13. (SEQ ID Nos: 84 to 99 or 117 to 121). Phenotypically silent variants of such

TCRs also form part of this invention.

Native TCRs exist in heterodimeric o or yd forms. However, recombinant TCRs
consisting of oo, or B homodimers have previously been shown to bind to peptide

MHC molecules. Therefore, one embodiment of the invention is provided by TCR aa

or TCR 3 homodimers.

Further preferred embodiments are provided by TCRs of the invention comprising the
alpha chain variable domain amino acid sequence and the beta chain variable domain
amino acid sequence combinations listed below, phenotypically silent variants of such

TCRs also form part of this invention:

Aipha chain variable domain : seqti-ence:_ “Beta chain variable domain Eeque}lce, B
SEQ ID NO: SEQ ID NO:
- 1 w_ - 84
1 85
1 - 8
1 -, - 8
1 - 8
- a8
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Preferred embodiments provide a TCR of the invention comprising:

the alpha chain variable domain shown in the SEQ ID NO: 49 and the beta chain
variable domain shown in the SEQ ID NO: 94, or phenotypically silent variants
thereof.

In another preferred embodiment TCRs of the invention comprising the variable

domain combinations detailed above further comprise the alpha chain constant region
10 amino acid sequence shown in Figure 8a (SEQ ID NO: 100) and one of the beta chain
amino acid constant region sequences shown in Figures 8b and 8¢ (SEQ ID NOs: 101

and 102) or phenotypically silent variants thereot.

As used herein the term “phenotypically silent variants” is understood to refer to those
TCRs which have a Kp for the said SLLMWITQC-HLA-A*0201 complex of less than
or equal to 1pM and/or have an off-rate (Kos) of 1x10~ S or slower. For example, as
is known to those skilled in the art, it may be possible to produce TCRs that
incoporporate minor changes in the constant and/or variable domains thereof
compared to those detailed above without altering the affinity and/or off-rate for the
interaction with the SLLMWITQC-HLA-A*0201 complex. Such trivial variants are
included in the scope of this invention. Those TCRs in which one or more

conservative substitutions have been made also form part of this invention.

In one broad aspect, the TCRs of the invention are in the form of either single chain

TCRs (scTCRs) or dimeric TCRs (dTCRs) as described in WO 04/033685 and WO
03/020763.
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A suitable scTCR form comprises a first segment constituted by an amino acid
sequence corresponding to a TCR a chain variable domain, a second segment
constituted by an amino acid sequence corresponding to a TCR 3 chain variable
domain sequence fused to the N terminus of an amino acid sequence corresponding to

a TCR B chain constant domain extracellular sequence, and a linker sequence linking

the C terminus of the first segment to the N terminus of the second segment.

Alternatively the first segment may be constituted by an amino acid sequence
corresponding to a TCR P chain variable domain, the second segment may be
constituted by an amino acid sequence corresponding to a TCR o chain variable
domain sequence fused to the N terminus of an amino acid sequence corresponding to

a TCR « chain constant domain extracellular sequence

The above scTCRs may further comprise a disulfide bond between the first and second
chains, said disulfide bond being one which has no equivalent in native o T cell

receptors, and wherein the length of the linker sequence and the position of the

disulfide bond being such that the variable domain sequences of the first and second

segments are mutually orientated substantially as in native af T cell receptors.

More specifically the first segment may be constituted by an amino acid sequence
corresponding to a TCR « chain variable domain sequence fused to the N terminus of
an amino acid sequence corresponding to a TCR a chain constant domain extracellular
séquence, the second segment may be constituted by an amino acid sequence
corresponding to a TCR P chain variable domain fused to the N terminus of an amino
acid sequence corresponding to TCR [ chain constant domain extracellular sequence,
and a disulfide bond may be provided between the first and second chains, said

disulfide bond being one which has no equivalent in native a3 T cell receptors.
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In the above scTCR forms, the linker sequence may link the C terminus of the first
segment to the N terminus of the second segment, and may have the formula -PGGG-
(SGGGG),-P- whereinn 1s 5 or 6 and P 1s proline, G 1s glycine and S 1s serine.

"PGGG-SGGGGSGGGGSGGGGSGGGGSGGGG-P (SEQ ID NO: 103)
PGGG-SGGGGSGGGGSGGGGSGGGGSGGGGSGGGG-P (SEQ ID NO: 104)

A suitable dTCR form of the TCRs of the present mmvention comprises

a first polypeptide wherein a sequence corresponding to a TCR o chain variable
domain sequence 1s fused to the N terminus of a sequence corresponding to a TCR «
chain constant domain extracellular sequence, and a second polypeptide wherein a
sequence corresponding to a TCR 3 chain variable domain sequence fused to the N
terminus a sequence corresponding to a TCR B chain constant domain extracellular
sequence, the first and second polypeptides being linked by a disulfide bond which has

no equivalent in native a3 T cell receptors.

The first polypeptide may comprise a TCR o chain variable domain sequence is fused

to the N terminus of a sequence corresponding to a TCR a chain constant domain
extracellular sequence, and a second polypeptide wherein a sequence corresponding to
a TCR [3 chain variable domain sequence is fused to the N terminus a sequence

corresponding to a TCR P chain constant domain extracellular sequence, the first and

second polypeptides being linked by a disulfide bond between cysteine residues
substituted for Thr 48 of exon 1 of TRAC*01 and Ser 57 of exon 1 of TRBC1*01 or

TRBC2*01 or the non-human equivalent thereof. (“TRAC” etc. nomenclature herein
as per T cell receptor Factsbook, (2001) LeFranc and LeFranc, Academic Press, ISBN
0-12-441352-8)

The dTCR or scTCR form of the TCRs of the invention may have amino acid

sequences corresponding to human af TCR extracellular constant and variable
domain sequences, and a disulfide bond may link amino acid residues of the said

constant domain sequences, which disulfide bond has no equivalent in native TCRs.
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The disulfide bond is between cysteine residues corresponding to amino acid residues

whose 3 carbon atoms are less than 0.6 nm apart in native TCRs, for example between
cysteine residues substituted for Thr 48 of exon 1 of TRAC*01 and Ser 57 of exon 1
of TRBCI*01 or TRBC2*01 or the non-human equivalent thereof. Other sites where
cysteines can be introduced to form the disulfide bond are the following residues in

exon 1 of TRAC*01 for the TCR o chain and TRBC1*01 or TRBC2*01 for the TCR B

chain:
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Tyr 10 Ser 17
Thr 45 Asp 59
Ser 15 Glu 15

In addition to the non-native disulfide bond referred to above, the dTCR or scTCR
form of the TCRs of the invention may include a disulfide bond between residues

corresponding to those linked by a disulfide bond in native TCRs.

The dTCR or scTCR form of the TCRs of the invention preferably does not contain a

sequence corresponding to transmembrane or cytoplasmic sequences of native TCRs.
Preferred embodiments of the invention provide a soluble TCR consisting of:

the alpha chain amino acid sequence of SEQ ID NO: 122 and beta chain amino acid
sequence SEQ ID NO: 123:

the alpha chain amino acid sequence of SEQ ID NO: 122 and beta chain amino acid
sequence SEQ ID NO: 124;
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SEQ ID NOs: 122, 123 and 124 have been provided in a form which includes the N-
terminal methionine (M) and the N-terminal "K" and "NA" in the TCR alpha and beta

chain sequences respectively.

PEGylated TCR Monomers

In one particular embodiment a TCR of the invention 1s associated with at least one
polyalkylene glycol chain(s). This association may be cause in a number of ways
known to those skilled in the art. In a preferred embodiment the polyalkylene chain(s)
is/are covalently linked to the TCR. In a further embodiment the polyethylene glycol

chains of the present aspect of the invention comprise at least two polyethylene

repeating units.

Multivalent TCR Complexes

Oﬁe aspect of the invention provides a multivalent TCR complex comprising at least
two TCRs of the invention. In one embodiment of this aspect, at least two TCR
molecules are linked via linker moieties to form multivalent complexes. Preferably the
complexes are water soluble, so the linker moiety should be selected accordingly.
Furthermore, 1t is preferable that the hinker moiety should be capable of attachment to
defined positions on the TCR molecules, so that the structural diversity of the
complexes formed i1s minimised. One embodiment of the present aspect 1s provided
by a TCR complex of the invention wherein the polymer chain or peptidic linker
sequence extends between amino acid residues of each TCR which are not located 1n a

variable region sequence of the TCR.

Since the complexes of the invention may be for use in medicine, the linker moieties

should be chosen with due regard to their pharmaceutical suitability, for example their

immunogenicity.

Examples of linker moieties which fulfil the above desirable criteria are known in the

art, for example the art of linking antibody fragments.
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There are two classes of linker that are preferred for use in the production of
multivalent TCR molecules of the present invention. A TCR complex of the invention
in which the TCRs are linked by a polyalkylene glycol chain provides one

embodiment of the present aspect.

The first are hydrophilic polymers such as polyalkylene glycols. The most commonly
used of this class are based on polyethylene glycol or PEG, the structure of which 1s

shown below.
HOCH,CH,0 (CH,CH;0),-CH,CH,OH

Wherein n is greater than two. However, others are based on other suitable, optionally
substituted, polyalkylene glycols include polypropylene glycol, and copolymers of
ethylene glycol and propylene glycol.

Such polymers may be used to treat or conjugate therapeutic agents, particularly
polypeptide or protein therapeutics, to achieve beneficial changes to the PK profile of
the therapeutic, for example reduced renal clearance, improved plasma half-life,
reduced immunogenicity, and improved solubility. Such improvements in the PK
profile of the PEG-therapeutic conjugate are believe to result from the PEG molecule
or molecules forming a ‘shell’ around the therapeutic which sterically hinders the
reaction with the immune system and reduces proteolytic degradation. (Casey et al,
(2000) Tumor Targetting 4 235-244) The size of the hydrophilic polymer used my in
particular be selected on the basis of the intended therapeutic use of the TCR complex.
Thus for example, where the product is intended to leave the circulation and penetrate
tissue, for example for use in the treatment of a tumour, 1t may be advantageous to use
low molecular weight polymers in the order of 5 KDa. There are numerous review
papers and books that detail the use of PEG and similar molecules in pharmaceutical
formulations. For example, see Harris (1992) Polyethylene Glycol Chemistry -
Biotechnical and Biomedical Applications, Plenum, New York, NY. or Harris &
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Zalipsky (1997) Chemistry and Biological Applications of Polyethylene Glycol ACS
Books, Washington, D.C.

The polymer used can have a linear or branched conformation. Branched PEG
molecules, or derivatives thereof, can be induced by the addition of branching moieties

including glycerol and glycerol oligomers, pentaerythritol, sorbitol and lysine.

Usually, the polymer will have a chemically reactive group or groups in its structure,
for example at one or both termini, and/or on branches from the backbone, to enable
the polymer to link to target sites in the TCR. This chemically reactive group or
groups may be attached directly to the hydrophilic polymer, or there may be a spacer
group/moiety between the hydrophilic polymer and the reactive chemistry as shown

below:
Reactive chemistry-Hydrophilic polymer-Reactive chemistry
Reactive chemistry-Spacer-Hydrophilic polymer-Spacer-Reactive chemistry

The spacer used in the formation of constructs of the type outlined above may be any

organic moiety that is a non-reactive, chemically stable, chain, Such spacers include,

by are not limited to the following:
-(CHy),- whereinn=21t0 5
-(CH;)sNHCO(CH3),

A TCR complex of the invention in which a divalent alkylene spacer radical is located
between the polyalkylene glycol chain and its point of attachment to
a TCR of the complex provides a further embodiment oi the present aspect.

A TCR complex of the invention in which the polyalkylene glycol chain comprises at

least two polyethylene glycol repeating units provides a further embodiment of the

present aspect.
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There are a number of commercial suppliers of hydrophilic polymers linked, directly
or via a spacer, to reactive chemistries that may be of use in the present invention.
These suppliers include Nektar Therapeutics (CA, USA), NOF Corporation (Japan),
Sunbio (South Korea) and Enzon Pharmaceuticals (NJ, USA).

Commercially available hydrophilic polymers linked, directly or via a spacer, to
reactive chemistries that may be of use in the present invention imnclude, but are not

limited to, the following:
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Higher order TCR multimers

15K, 3 arms, Mal; (for trimer) Nektar OJOONO3

20K, 4 arms, Mal, (for tetramer) Nektar OJOOPOA4

40 K, 8 afmg?__ Mals (for octamer) :_Neﬁal - 0JOOTOS

A wide variety of coupling chemistries can be used to couple polymer molecules to
protein and peptide therapeutics. The choice of the most appropriate coupling
chemistry is largely dependant on the desired coupling site. For example, the
following coupling chemistries have been used attached to one or more of the termini
of PEG molecules (Source: Nektar Molecular Engineering Catalogue 2003):.

N-maleimide

Vinyl sulfone

Benzotriazole carbonate

Succinimidyl proprionate :

Succinimidyl butanoate

Thio-ester

Acetaldehydes

Acrylates

Biotin

Primary amines

As stated above non-PEG based polymers also provide suitable linkers for
multimerising the TCRs of the present invention. For example, moieties containing
maleimide termini linked by aliphatic chains such as BMH and BMOE (Pierce,
products Nos. 22330 and 22323) can be used.

Peptidic linkers are the other class of TCR linkers. These linkers are comprised of
chains of amino acids, and function to produce simple linkers or multimerisation
domains onto which TCR molecules can be attached. The biotin / streptavidin system

has previously been used to produce TCR tetramers (see WO/99/60119) for mn-vitro
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binding studies. However, stepavidin is a microbially-derived polypeptide and as such

not 1deally suited to use in a therapeutic.

A TCR complex of the invention in which the TCRs are linked by a peptidic linker

derived from a human multimerisation domain provides a further embodiment of the

present aspect.

There are a number of human proteins that contain a multimerisation domain that
could be used 1n the production of multivalent TCR complexes. For example the
tetramerisation domain of p53 which has been utilised to produce tetramers of scFv
antibody fragments which exhibited increased serum persistence and significantly
reduced off-rate compared to the monomeric scFV fragment. (Willuda et al. (2001) J.
Biol. Chem. 276 (17) 14385-14392) Haemoglobin also has a tetramerisation domain
that could potentially be used for this kind of application.

A multivalent TCR complex of the invention comprising at least two TCRs provides a
final embodiment of this aspect, wherein at least one of said TCRs is associated with a

therapeutic agent.

In one aspect a TCR (or multivalent complex thereof) of the present invention may
alternatively or additionally comprise a reactive cysteine at the C-terminal or N-

terminal of the alpha or beta chains thereof.
Dz’c;gnostic and therapeutic Use

In one aspect the TCR of the invention may be associated with a therapeutic agent or

detectable moiety. For example, said therapeutic agent or detectable moiety may be

covalently linked to the TCR.

In one embodiment of the ivention said therapeutic agent or detectable moiety is

covalently linked to the C-terminus of one or both TCR chains.
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In one aspect the scTCR or one or both of the dTCR chains of TCRs of the present
invention may be labelled with an detectable moiety, for example a label that is
suitable for diagnostic purposes. Such labelled TCRs are useful in a method tor
detecting a SLLMWITQC-HLA-A*0201 complex which method comprises
contacting the TCR ligand with a TCR (or a multimeric high affinity TCR complex)
which is specific for the TCR ligand; and detecting binding to the TCR ligand. In
tetrameric TCR complexes formed for example, using biotinylated heterodimers,
fluorescent streptavidin can be used to provide a detectable label. Such a
fluorescently-labelled TCR tetramer is suitable for use in FACS analysis, for example
to detect antigen presenting cells carrying theSLLMWITQC-HLA-A*0201 complex
for which these high affinity TCRs are specific.

Another manner in which the soluble TCRs of the present invention may be detected 1s

by the use of TCR-specific antibodies, in particular monoclonal antibodies. There are

many commercially available anti-TCR antibodies, such as oF1 and BF1, which

recognise the constant domains of the o and B chains, respectively.

In a further aspect a TCR (or multivalent complex thereof) of the present invention
may alternatively or additionally be associated with (e.g. covalently or otherwise
linked to) a therapeutic agent which may be, for example, a toxic moiety for use in cell
killing, or an immune effector molecule such as an interleukin or a cytokine. A
multivalent TCR complex of the invention may have enhanced binding capability for a
TCR ligand compared to a non-multimeric wild-type or T cell receptor heterodimer of
the invention. Thus, the multivalent TCR complexes according to the invention are
pérticularly useful for tracking or targeting cells presenting particular antigens in vitro
or in vivo, and are also useful as intermediates for the production of further multivalent
TCR complexes having such uses. These TCRs or multivalent TCR complexes may

therefore be provided in a pharmaceutically acceptable formulation for use in vivo.
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The invention also provides a method for delivering a therapeutic agent to a target cell,
which method comprises contacting potential target cells with a TCR or multivalent
TCR complex in accordance with the invention under conditions to allow attachment
of the TCR or multivalent TCR complex to the target cell, said TCR or multivalent
TCR complex being specific for theSLLMWITQC-HLA-A*0201 complex and having

the therapeutic agent associated therewith.

In particular, the soluble TCR or multivalent TCR complex of the present invention
can be used to deliver therapeutic agents to the location of cells presenting a particular
antigen. This would be useful in many situations and, in particular, against tumours.
A therapeutic agent could be delivered such that it would exercise its efiect locally but
not only on the cell it binds to. Thus, one particular strategy envisages anti-tumour
molecules linked to TCRs or multivalent TCR complexes according to the invention

specific for tumour antigens.

Many therapeutic agents could be employed for this use, for instance radioactive
compounds, enzymes (perforin for example) or chemotherapeutic agents (cis-platin for
example). To ensure that toxic effects are exercised in the desired location the toxin
could be inside a liposome linked to streptavidin so that the compound 1s released
slowly. This will prevent damaging effects during the transport in the body and ensure
that the toxin has maximum effect after binding of the TCR to the relevant antigen

presenting cells.

Other suitable therapeutic agents include:

e small molecule cytotoxic agents, i.e. compounds with the ability to kill
mammalian cells having a molecular weight of less than 700 daltons. Such
compounds could also contain toxic metals capable of having a cytotoxic
effect. Furthermore, it is to be understood that these small molecule cytotoxic
agents also include pro-drugs, i.e. compounds that decay or are converted
under physiological conditions to release cytotoxic agents. Examples of such

agents include cis-platin, maytansine derivatives, rachelmycin, calicheamicin,
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docetaxel, etoposide, gemcitabine, 1fosfamide, irinotecan, melphalan,
mitoxantrone, sorfimer sodiumphotofrin I, temozolmide, topotecan,
trimetreate glucuronate, auristatin E vincristine and doxorubicin;

e peptide cytotoxins, 1.e. proteins or fragments thereof with the ability to kill
mammalian cells. Including but not limited to, ricin, diphtheria toxin,
pseudomonas bacterial exotoxin A, DNAase and RNAase;

e radio-nuclides, 1.e. unstable isotopes of elements which decay with the
concurrent emission of one or more of o or [ particles, or y rays. ipcluding but
not limited to, 10dine 131, rhenium 186, indium 111, yttrium 90, bismuth 210
and 213, actinium 225 and astatine 213; chelating agents may be used to
facilitate the association of these radio-nuclides to the high affinity TCRs, or
multimers thereof;

e prodrugs, including but not limited to, antibody directed enzyme pro-drugs;

e 1mmuno-stimulants, 1.e. moieties<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>