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T Cell Receptors 

The present Invention relates to T cell receptors (TCRs) which bind the HLA~A*02 restricted 

peptide GLYDGMEHL {SEQ ID NO: 1} derived from the MAGE-A10 protein, The TCRs of .the 

5 invention demonstrate excellent specificity profiles for this MAGE epitope. 

Background to the invention 

The GLYOGMEHL (SEQ .'ID No: 1} peptide corresponds to amino acid residue numbers 254-262 of 

10 the'known MAGE-A10 protein which is expressed in many tumour types. 

MAGE-A10 is one of the most immunogenic members of a large number of sequence-related 

MAGE cancer-testis antigen proteins, ft is expressed by between one third to two thirds of a range 

of common solid tumour types (e.g., lung, 'liver and gastric metastases), in addition if is expressed 

by several less common tumour types {e.g., various squamous cell carcinomas}. 

15 
Normal adult MAGE-A10 tissue expression is restricted to the immune-privileged sites of the 

placenta and sperm ceiis/tesfes. 

AMAGE-A10 T ceil antigen peptide GLYPGME.HL has been confirmedas being presented by 

20 HLA-A2 positive tumour cell lines via Mass Spectrometry: 

Some MAGE gene family proteins are 'only expressed in germ cells and cancer (MAOE-A to 

SVLAGE-C families). Others are widely expressed in normal tissues {MAGE-D through to MAGE-H}. 

Ail these MAGE protein families have a homologous region that is closely matched to the sequence 

25 of the MAGE-A10 GLYDGMEHL peptide. Hence., it is important tp select TCR clinical candidates 

that are highly specific for the MAGE-A1Q pepMe/HLA-A2 antigen or at least bind to other MAGE 

family antigens with complementary normal tissue and tumour dlstrlhutions. 

In a first aspect, the present invention provides a T cell receptor (TOR) having the property pf 

30 binding to GLYOGMEHL (SEQ ID No: 1) in complex with HLA-A*Q2 with a dissociation constant of 

from about 0,05 pM.tcr about 1.0.0 pM when measured with surface piasmon resonance at 2S°C 

and at a pH between 7.1 and 7,5 using a soluble form of the TCR, wherein the TGR comprises a 

TCR alpha chain variable domain and a TOR.beta chain variable domain, and wherein the TCR 

variable domains form contacts with at least residues Y3 and E7 of GLYDGMEHL (SEQ ID No; 1}, 

35 
In some embodiments, the alpha chain variable domain of the TCR comprises an amino acid 

sequence that has at feast 80% identify to the sequence of amino acid residues 1-111 of SEQ ID 

No: 4. and/or the beta chain variable domain comprises an amino acid sequence that has at ieast 

80% identity to the sequence of amino acid residues 1 -111 of SEQ ID No: 5. 

40 
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In s further aspect the presentinvention provides a T celi receptor {TCR} having the property of 

binding to GLYDGMEHL {SEQ: ID No: 1} in complex with HLA-A*02 and comprising a TCR alpha 

chain variable domain and a TCR beta chain variable domain, 

the alpha chairs variable domain comprising an amino acid sequence that has at least 80% 

5 identity to the sequence of amino acid residues 1-111 of SEQ ID No: 4, and/or 

the beta chair? variable domain comprising an amino acid sequence that has at feast 80% 

identity to the sequence of amino acid residues i-111 of SEQ ID No: 5, 

The GLYOGMEHL H LA-A2 complex provides a cancer marker that the TCRs of the invention can 

10 target. The present invention provides such TCRs useful for the purpose of delivering cytotoxic or 

imm u ne effector agents to the cancer ceils and/or useful for use in adoptive therapy, 

TCRs are described using the International immuoogenetics |!MGT) TCR nomenclature, and links 

to the 1MGT pubiic database of ICR sequences. Native alpha-beta beterodimehc TCRs have an 

i 5 alpha chain and a beta chain. Broadly, each chain comprises variable, joining and constant 

regions, and the beta chain aiso usually contains a short diversity region between the variable and 

joining regions, but this diversity region is often considered as part of the joining region:. Each 
variable region comprises three CDRs (Complementarity Determining Regions} embedded in a 

framework sequence, one being the hyparvariabie region named CDR3. There are several types of 

20 alpha chain variable {Va} regions and several types of beta chain variable {VP) regions 

distinguished by their framework, CORI and CDR2 sequences, and by a partly defined CDR3 

sequence. The Vet types are referred to in IMGT nomenclature by a unique TRAV number. Thus 

TRAV21K defines a TCR Va region having unique framework and CDR1 and CDR2 sequences, 

and a CDR3 sequence which is partly defined by an amino acid sequence which is preserved from 

25 TCR tp TCR but which aiso includes an amino acid sequence which varies from TCR to TCR. in. 

the same way, '"TRSV5-T* defines a TCR vp region having unique framework and CDR1 and 

CDR2 sequences, but with only a partly defined CDR3 sequence. 

The joining regions of the TCR are similarly defined by the unique 1SVSGT TRAj and TRBJ 

30 nomenclature, and the constant regions by the IMOT TRAC and TRBC nomenclature. 

The beta chain diversity region is referred to In IMGT nomenclature by the abbreviation TRBD, and, 

as mentioned, the concatenated TRBD/TRBj regions are often considered together as the joining 

region, 

35 
The a and p chains of op ICR's are generally regarded as each having two "domains", namely 

variabie and constant domains. The variabie domain consists of a concatenation of variable region 

and joining region, in the present specification and claims, the term TCR alpha variable domain'1 

therefore refers to the concatenation of TRAV and TRAJ regions, and the term TCR alpha constant 

40 domain refers to the .extracellular TRAC region, or to a C-terminat truncated TRAC sequence. 
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Likewise the terra "TCR beta variable domain" refers to fhe concatenation of TRBV and 

TRBDfFRBJ regions, and the term TCR beta constant domain refers to the extracellular TRBC 

region, or to a C-terminal truncated TRBC sequence. 

5 The unique sequences defined by the IMGT nomenclature are widely known and accessible to 

those working in the TCR field, for example, they can be found in the MOT public database. The 

"T eel Receptor Factsbook", (2001) LeFnanc and LeFrane, Academic Press, ISBN 0-12-441352-8 

aiso discloses sequences defined by the |MGT nomenclature, but because of its publication date 

and consequent time-fag, the information therein sometimes needs to be confirmed by reference to 

10 the IfVlGT database. 

One TCR in accordance with the invention comprises an alpha chain extracellular domain as 

shown in SEQ ID No: 2 and a beta chain extraceiiufar domain as shown in SEQ: ID No: 3. The 

terms "parental TCR", :iparentaf MAGE-A10 TCR", are used synonymously herein to refer to this 

i 5 TCR comprising the extracellular alpha and beta chain of SEQ ID Nos: 2 and 3 respectivefy, It is 

desirable to provide ICRs that are mutated or modified relative to the parental TCR that have a 

higher affinity and/or a slower off-rate for the pepfide-H LA complex than the parental TCR, 

For the purpose of providing a reference TOR against which the binding profile of such mutated or 

20 modified TCRs may be compared, it is convenient to use a soluble TCR in accordance with the 

invention having the extracellular sequence of the parenfai MAGE-A10 TOR alpha chain given in 

Figure 2a (SEQ ID Ho: 4} and the extracellular sequence of the pareniai MAGE-A1G TCR beta 

chain given in Figure 2b {SEQ ID No: 5}. ThatTCR Is referred to herein as the sthe reference TCR" 

or "the reference MASE-A10 TCR". Note that SEQ ID No: 4 Is the parental alpha chain 

25 exfraceiiuiar sequence of SEQ so No: 2 except that C182: has been substituted for T182 (I.e. TAB of 

TRAC), Likewise SEQ ID No: 5 is the parents! beta chain extracellular sequence of SEQ ID No: 3 

except that C16S has been substituted for $163 (i.e, S57 of TRBC2), AT87 has been substituted 

for C187 and D201 has been substituted for N20i, These cysteine substitutions relative to the 

parental alpha and beta chain extraeelluiar sequences enable the formation of an interchain 

30 disulfide bond which stabilises the refolded soluble TCR, i.e. the TCR formed by refolding 

exfraceiiuiar alpha and beta chains. Use pf the stable disulfide linked; soiubie TCR es the reference 

TCR enables more convenient assessment of binding affinity and binding haif life. TCRs of the 

invention may comprise the mutations described above, 

35 TCRs of the Invention may be non-naturaiiy occurring and/or purified and/or engineered. TCRs.of 

the invention may have more than one mutation present In the alpha chain variabie domain and/or 

the beta chain variable domain relative to the parental TGR. '"Engineered TGR" and "mutant TGR" 

are used Synonymously herein and generally mean a TCR which has one or more mutations 

Introduced relative to the parental TCR, In particular in the alpha chain variable domain and/or the 

40 beta chain variable domain thereof. These mutation{s} may improve the binding affinity for 
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OLYDGMEHL (SEQ ID No: 1) in complex with HLA-A*02. In certain embodiments, there are 1, 2, 

3.. 4, 5, 8, 7 or 8 mutagens in alpha chain variable domain, for example 4 or 8 mutations, and/or 1, 

2, 3, 4 or 5 -mutations in the beta chain variabie domain, for example 5 mutations, in some 

embodiments, the a chain variable domain of the TGR of the invention may comprise an amino 

5 acid sequence- that has at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at 

least 95%, at least 98%; at least 97%, at least 98 % or at least 39% identity to the sequence of 

amino acid residues 1-111 of SEQ iD No: 4. in some embodiments, the p chain variable domain 

of the TCR of the invention may comprise an amino acid sequence that has at least 90%, at least 

91%>. at least; 82%, -at-least 93%, at least- 94%, at least 95%, at least 96%, at least 97%, at least 98 

10 % or at least 99% identity to the sequence of amino acid residues 1-111 of SEQ ID No: 5, 

The alpha chain variable domain of.a TCR of the invention may have the following mutation; 

Q31 A or S 

with reference to the numbering shown in SEQ ID No: 4, and/or 

the beta chain variable domain may have at least one of the following mutations: 

E30 D 

651 S. A or F 

15 with reference to the numbering shown in SEQ ID No: 5, 

The alpha chain variabie domain of a TGR of the invention may comprise the amino acid sequence of 

amino acid residues 1-111 of SEQ ID No: 6 or. 12 

or an amino acid sequence in which amino acid residues 1 -28,33-49,55-89 and 94-111 

£0 thereof have at least 90% or 95% identity to the sequence of amino acid residues 1-26,33-49, 55-89 

and 94-111 respectively of SEQ ID No: & or 12 and in which amino acid residues 27-32, 50-54 and 90-

93 have at least 90% or 95% identity to the sequence of amino acid residues 27-32,50-54 and 90-93 

respectively of SEQ ID No: B or 12. 

25 Alternatively, the alpha chain variabie: domain may comprise the amino acid sequence of amino acid 

residues 1-111 SEQ ID No: 7 or 13 

or an amino acid sequence in which amino acid residues 1 -28,33-49, 55-89 and 94-111 

thereof have at least 90% or 95% identity to the sequence of amino acid residues 1-26,33-49, 55-89 

and 94-111 respectively of SEQ ID No: 7 or 13 and in which amino acid residues 27-32, 50-54 and 90-
30 93 have at least 90% or 95% identity to the sequence of amino acid residues 27-32,50-54 and 90-93 

respectively of SEQ ID No: Tor 13. 

in the alpha chain variable domain, the sequence of 

(i) amino acid residues 1-26 thereof may have (a) at least 98% identity to the sequence of 

35 amino add residues 1-26 of SEQ !D No: 4 or fb} may have one, two or three amino acid; residues 

inserted or deleted relative to the sequence of (a); 

{ii} amino acid residues 27-32 may be DRGSQS, DRGSAS or DRGSSS; 
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pi) amino acid residues 33-49 thereof may have (a) at ieast 90% 'identity to the sequence of 

amino acid residues 33-49 of SEQID NO: 4 or (b) may have one, two or three amino acid residues 

inserted or deleted relative: to fee sequence of (a); 

(iv) amino acid residues §0-54 may be iYSNG 

5 (v) amino acid residues 55-89 thereof may have at least 90% identity to: the sequence of 

amino acid residues 55-89 of SEQ iD No; 4 or may have one, two or three insertions, deletions or 

substitutions relative thereto; 

(vi) amino acids 90-93 may be AVRG; and 

(vii) amino acid residues 94-111 thereof has at least 99% identity to the sequence of amino 

10 acid residues 94-11 i of SEQ SD No; 4 or may have one, two or three insertions, deletions or 

substitutions relative thereto. 

The beta chain variabie domain of a TCR of the invention may comprise the amino acid sequence, of 

SEQ SD No; 8 or 14 

i 5 or an amino acid sequence in which amino acid residues 1 -28,32-48, 54-90 and 98-111 

thereof have at least 90% or 95% identity to the sequence of amino acid residues 1-26, 32-48, 54-90 

and 96-111 respectively of SEQ 'ID No: 8 or 14 and in which amino acid residues 27-31, 49-53 and 91 -
95 have at least 90% or 85% identity to the sequence of amino acid residues 27-31, 49-53 and 91-95 

respectively of SEQ ID No: S or 14 

20 
Alternatively, the beta chain variable domain of a TCR pf the invention may comprise the amino acid 

sequence of SEQ SO Ha: 9 or 15 

or an amino acid sequence in which amino acid residues 1-26, 32-48, 54-90 and 98-111 

thereof have at least 90% or 95% identity to the sequence of amino acid residues 1-28. 32-48, 54-90 

25 and 98-111 respectively of SEQ ID No: 9 or 15 and in which amino acid residues 27-31, 49-53 and 91 -

95 have at least 90% or 85% identity to the sequence of amino acid residues 27-31,49-53 and 91-95 

respectively of SEQ ID No: 9 or 15 

Alternatively, the beta chain variable domain of a TCR of the invention may comprise the amino acid 

30 sequence of SEQ SO Ho 10 or 16 

or an amino acid sequence in which amino acid residues 1-26, 3.2-48, 54-90 and 98-111 

thereof have at least 90% or 85% identity to the sequence of amino acid residues 1-28, 32-48, 54-90 

and 96-111 respectiveiy of SEQ ID No: 10 or 16 and in which amino acid residues 27-31, 49-53 and 

91 -95 have at ieast 90% or 95% identity to the sequence of amino aeid residues 27-31,49-53 and 91 -

35 95 respectively of SEQ ID No; 10 or 16. 

Alternatively, the beta chain variabie domain of a TCR of the invention may comprise the amino acid 

sequence of SEQ ID No: 11 or 17 

or an amino: acid sequence in which amino acid residues 1-26, 32-48, 54-90 and 96-11.1 

40 thereof have at ieast 90% or 95% identity to the sequence of amino acid residues 1-28,32-48, 54-90 
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and 96-111 respectively of SEQ ID No: 11 or 17 and in which amino acid residues 27-31,49-53 and 
§1-95 'have at least .90% or 95% identity tc the sequence of amino acid residues 27-51,49-53. and 91-
95 respectively of SEQ ID No: 11 or 17. 

5 in the beta chain variable domain, the sequence of 
(i) amino acid residues 1-28 thereof may have (a) at ieast 30%^ identity to the amino acid 

sequence of residues 1-26 of SEQ ID No: 5 or (b) may have one, two or three amino acid residues 
inserted or deleted relative to the sequence of {a}; 

(ii) amino acid residues 27-31 may be MNHEY or MNHDY; 
10 (iil) am ino acid residues 32-48 thereof may have (a) at ieast 90% identity to the sequence of 

amino acid residues 32-48of SEQ iD NO: 5 or (b) may have one, two or three amino acid residues 
inserted or deleted relative to the sequence of {a}; 

(iv) amino acid residues 49-53 may be SVG EG, SVSEG, SVAEG or SVFEG, 
(v) amino acid residues .54-90 thereof may have (a) at least 90% identity to the sequence of 

i 5 amino acid residues 54-90 of SEQ iD NO: 5 or (b) may have one, two or three amino acid residues 
inserted or deleted relative to the sequence of {a}; 

(vi) amino acids 31-95 may be CASSR 
(vif) amino acid residues 96-111 thereof may have at least 90% identity to the sequence of 

amino acid residues 98-111 of SEQ ID No:. 5 or may have one, two or three insertions, deletions or 
20 substitutions relative thereto. 

A TCR of the invention may have one of the following combinations of alpha and beta chain variable 
domains: 

Alpha Chain SEQ iD No Beta Chain SEQ ID No 

2 3 

5 

2 8 

9 

2 10 

2 11 

£ 14 

2 15 

2 18 

e 
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Alpha Chain SEQ ID No Beta Chain SEQ SD No 

17 

4 3 

4 5 

4 8 

4 9 

4 10 

4 11 

4 14 

4 15 

4 16 

4 17 

8 3 

8 5 

8 8 

8 9 

8 10 

8 11 

6 14 

8 15 

6 18 

8 17 

7 3 

7 5 

7 8 
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Alpha Chain SEQ ID No Beta Chain SEQ SD No 

f' 9 

7 10 

7 11 

7 14 

7 15 

7 16 

7 17 

12 3 

12 5 

12 S 

12 9 

12 10 

12 11 

12 14 

12 15 

12 18 

12 17 

13 3 

13 5 

13 8 

13 9 

13 10 

13 11 

13 14 
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Alpha Chain SEQ ID No Beta Chain SEQ ID No 

1.3 1:5 

1:3 18 

13 17 

Within She scope of the invention are phenotyplcaliy silent variants of any TCR of the invention 

disclosed, herein, As used; herein the term "phenotypieaily silent variants" is understood to refer to a 

5 TCR, which incorporates one or more further amino acid changes in addition to those set out above 

which TCR has a similar phenotype to the corresponding TCR without said ehange{s), For the 

purposes of this application, TCR phenotype comprises antigen binding specificity (Kv and/or 

binding half We) and antigen specificity, A phenotypicaiiy silent variant may have a and/or 

binding half-life- for the. O'LYpGMEHL. (SEQ ID No: 1) HLA~A*02 compiex: within 10% of the 

10 measured KR and/or binding half-life of the corresponding TCR without said change(s}5 when 

measured under identical conditions (for example at 25 C and on the same SPR chip). Suitable 

conditions are further defined in Example 3, Antigen specificity is further defined below. As is 

Known to those skilled in the art, it; may'be possible to produce. TCRs that; incorporate changes in 

the constant and/or variabie domains thereof compared to those detailed above without altering the 

15 affinity for the interaction with the GtYDGJvlEHL (SEQ ID No: t) HtA-A*02: complex, In particular, 

such silent mutations may be incorporated within parts of the sequence that are known not to be 

directly involved in antigen binding (e.g. outside the CDRs), 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. 

20 
Mutations can be carried out using any appropriate method including, but not limited to, those 
based on polymerase chain reaction .(PGR), restriction' enzyme-based cloning, or ligation 

independent cloning (LIC) procedures. These methods are detailed in many of the standard 

molecular biology texts: For further details regarding polymerase chain reaction (PCR) and 

25 restriction enzyme-based cloning, see Sam brook & Russell. (2001) Molecular Cionlng - A 

Laboratory Manual (3f<t Ed.} CSHL Press. Further information on ligation independent cloning (LIC) 

procedures can be found In Rashtchian, {1995} CurrOpm Btaimbnoi 6(1): 30-6. 

The TCRs of the invention have the property of binding thelMGE-AIQ peptide, GLVDOMEHL 

30 (S'EQ ID Mo: 1) HIA-A2 complex. The TCRs of the invention have been found to be highly specific 

for those MAGE epitopes relative to other, irrelevant epitopes, and are thus particularly suitable as 

targeting vectors for delivery of therapeutic agents- or detectable labels to cells and tissues 

displaying those epitopes. Specificity in the context of TCRs of the invention relates to their ability 

to recognise MLA-A*02. target ceils that are positive for the peptide GLYOGMEH'L, whilst, having 
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minima! ability to recognise HLA-A*02- target ceiis that are negative for the peptide. To test 
specificity, the ICRs may be in soiubie form,and/or may be expressed on the surface of J ceils. 
Recognition may be determined by measuring the-level of.T.cell activation in the presence of a 
TCR and target celis. in this case, minima! recognition of peptide negative target cells is defined as 

5 a ieve! of T ceil activation of less than 10%, preferably less than 5%- and more preferably less than 
1%: of the level produced in the presence of peptide positive target ceils, when measured under 
the same conditions. For soiubie ICRs of the invention, specificity may be determined at a 
therapeutically relevant TCR concentration. A therapeutically relevant concentration may be 
defined as a TCR concentration of 10"* M or beiow, and/or a concentration of up to 100. preferably 

10 up to 1000, fold greater than the corresponding EC50 value. Peptide positive cells may be 
obtained by peptide-pulsing or, more preferably, they may naturally present said peptide. 
Preferably, both peptide positive and peptide negative cells are human cells. 

Certain TCRs of the invention have been found to be highly suitable for use in adoptive therapy, 
i 5 Such TCRs may have a KD for the complex' of less than the 200 \iM> for example from about 0.05 

pM to about i oo pM and/or have a binding half-iife CT&3 for the complex in the range of from about 
0,5 seconds to about 12 minutes. In some embodiments, TCRs of the invention may have a K'B for: 
the complex of from about 0.05 pM to about 10 p&i about 8.1 pM to about 5 p!V1 or about 0.1 pM to 
about £ M:M. Without wishing to be hound by theory, there seems to be an optimum window of 

20 affinity for TCRs with therapeutic use- in adoptive ceil therapy. Naturally occurring TCRs 
recognising epitopes from tumour antigens are generally of too low affinity {£0 mscroM to SO 
microM) and very high affinity ICRs (in the nanomolar range or higher) suffeir from cross reactivity 
issues (Rpbhins etai (£008) J.. immunoi. 180 8118-8131; Zhao eta! (2007) J. Immunol. ITS 5845-
5854; Scmid-et ai {2010} J. Immunol 1844936-4946) 

25 
The-TCRs of the invention may be ap hete-rodime-rs or may be in single chain format. Singie chain 
formats include op TCR polypeptides of the Va-L-Vp, Vj5-L-Va, Va-Ca-L-Vp or Va-L-Vp-Cfj types, 
wherein Va and Vp are TOR as and p variable regions respectively, Co and Gp are TCR a and p 
constant regions respectively, and L is a linker sequence. For use as a targeting agent for 

30 delivering therapeutic agents to the antigen presenting cell the TCR may be in soluble form (i.e. 
having np transmembrane or cytoplasmic domains). For stability, soluble ®p heterodimehc TCRs 
preferably have an introduced disulfide bond between residues of the respective constant domains, 
as described, for example, in WO 03/020763! One or both of the constant domains present in an 
op heterodimer of the invention may be truncated at the C terminus or C termini, for example by up 

35 to 15,. or up to 10 or up to 8 or fewer amino acids. For use in adoptive therapy, an ap 
heterodimerie TCR may, for example, be transfectod as full length chains having both cytoplasmic 
and transmembrane domains, TCRs for use in adoptive therapy may contain a disulphide bond 
corresponding to that found in nature between the respective alpha and beta constant domains, 
additionally or alternatively a non-native disulphide bond may be present 

40 
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As will be obvious to those skilled In the art. it may be possible to truncate the sequences provided 
at the C-termines and/or N-terminus thereof, by 1 s 2, 3. 4, 5 or more residues, without, substantially 
affecting the binding characteristics of the TCR. All such trivia! variants are encompassed fey the 
present invention. 

5 
Alpha-beta heterodsrnene TCRs of the invention usually comprise an alpha chain TRAC constant 
domain sequence- and a beta chain T.RBC'1 or TR8C2 constant domain sequence. The alpha and 
beta chain constant domain sequences may be modified by truncation or substitution to delete the 
native disulfide bond between Cys4 of exon 2-of TRAC and Cys2 of exon 2 of TRBC1 or TRBC2, 

10 The alpha and beta chain constant domain sequences may also be modified by substitution of 
cysteine residues for Thr 48 of TRAC and Ser 57 of TRBCi or TRBC2. the said cysteines forming 
a disulfide bond between the alpha and beta constant domains of the TCR. 

Some TCRs of the in vention have a binding affinity for, and/of a binding half-iife for, the 
i 5 QLYDCMES-IL-HLA-A2 complex substantially higher than that of the reference MAGE-A1G TCR. 

Increasing the binding affinity of a native TCR often reduces the specificity of the TCR for its 
peptide-MHC Hgand, and this is demonstrated in Zhao Yangbing et al,, The Journal of immunology, 
The American Association of Immunologists,. US, vol, 176. No §, 1 November 2007, 5845-5854.. 
However, the TCRs of the invention which are derived from the parental TCR remain specific for 

20 the GLYDGMEHL-HLA-A2 complex, despite having substantially higher binding affinity than the 
parental TCR 

Binding affinity (inversely proportional to the equtiibrium constant KB) and binding half-life 
(expressed as TM?} can be determined using the Surface Piasmon Resonance (BSAcore) method of 

25 Example 3 herein. Measurements may be carried out at 25aC and at a pH between 7.1 and 7.5 
using a soluble version of the TCR. It will be appreciated that doubling the affinity of a TCR results 
in halving the Kc T*4 is .calculated as In2 divided by the off-rateSo doubling of 7% results in a 
halving in k^. and k,?» values for TCRs are usually measured for soluble forms of the TCR,. i.e. 
those forms which are truncated to remove hydrophobic transmembrane domain residues . 

30 Therefore if Is to be understood that a given TCR meets the requirement that if has a binding 
affinity for. anchor a binding haif-iife for. the GLYDGf^EHL-HLA-AZ complex If a soiubie form of that 
TCR meets that requirement. Preferably the binding affinity or binding half-iife of a given TCR is 
measured-several times, for example'3 or more times, using the same assay protocol, and an 
average of the results is taken. The reference MAGE-A10 TCR has a K;> of approximately 2 pM as 

35 measured fey that method, and its k^ is approximately} 0,73 s'1 (i,e tl4 is approximately o;95 s). 

In a further aspect, the present invention provides nucleic acid encoding a TCR of the invention. In 
some embodiments, the nucleic acid is cDNA. in some embodiments, the invention provides 
nucleic acid comprising a sequence encoding; an a chain variable domain of a TCR of the 

40 invention. In some embodiments, the invention provides nucleic acid comprising a sequence 
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encoding a p. chain variabie domain of a TCR of the invention. The nucleic acid may be non-

naturally occurring and/or purified and/or engineered. 

16 another aspect, the invention provides a vector which comprises nucieic- acid of the invention, 

5 Preferably the vector is a TCR expression vector. 

The invention aiso provides a coil harbouring a vector of the: invention, preferably a TCR expression 

vector. The vector may comprise nucleicacid of the invention encoding in a single open reading 

frame, or two distinct open reading frames, the alpha chain and the beta chain respectively. 

10 Another aspect provides a ceil harbouring a first expression vector which comprises nucieic acid 

encoding the alpha chain of a TCR of the invention, and a second expression vector which 

comprises nucieic acid encoding the beta chain of a TCR of the invention. Such ceils are 

particularly useful in adoptive therapy. The ceils of the invention may be isolated and/or 

recombinant and/or non-naturaiSy occurring and/or engineered. 

15 
Since the TCRs of the invention have utility in adoptive therapy, the invention includes a non-
naturally occurring and/or purified and/or or engineered ceil, especially a T-celi, presenting a TCR 
of the invention. The invention also provides an expanded population of T ceils presenting a TCR 

of the invention. There are a number of methods suitable for the transection of T cells with nucleic 

20 acid (such as DNA. cDNA or R'NA) encoding the TCRs of the invention (see for example Bobbins 

ef si., (2008) J Immunol 180: 6116-8131). T cells expressing the TCRs of the invention will be 

suitable for use in adoptive therapy-based treatment of cancer. As will be known to those skilled in 

the art, there are a number of suitable methods by which adoptive therapy can be carried out (see 

for example Rosenberg era/., (2808) Nat Rev Cancer 8(4}:, 239-308}. 

25 
Soluble TCRs of the invention are useful for delivering detectable labels or therapeutic agents to 

the antigen presenting ceils and tissues containing the antigen presenting celis. The may therefore 

be associated (covalently or otherwise) with a detectable label (for diagnostic purposes wherein the 

TCR Is used to detect the presence of ceils presenting the 6LYDG1V1EHL-HLA-A2 complex); a 
30 therapeutic agent; of a PK modifying moiety (for example by PEGylation). 

Detectable labels for diagnostic purposes include for instance, fluorescent labels, radioiabels, 

enzymes, nucieic acid probes and contrast reagents. 

35 Therapeutic; agents which may be associated with the TCRs of the invention include 

immunomodulatory, radioactive compounds, enzymes (perforin for example) or ehemetherapeutic 

agents (cispfertin for example). To ensure that toxic effects are exercised In the desired location the 

toxin couid be inside a liposome linked to TCR so that the compound is released siowiy. This will 

prevent damaging effects during the transport in the body and ensure that the toxin has maximum 

40 effect after binding of the TCR to the relevant antigen presenting ceils. 

12 
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Other suitable therapeutic agents include: 
« small molecule cytotoxic agents, I.e. compounds with the ability to kill mammalian cells 

having a molecular weight of less than 700 Qaltons. 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 con verted under .physiological conditions to release cytotoxic agents. Examples of such 
agents include cis-plafin, maytansine derivatives, racheimycin, calicheamicin, docetaxei, 
etoposide, gemoitabine, Ifosfamide. irinoteean.. roetphaian, mstoxantrone, sprfimer 
sodium photofrin ll/temozoiomide, fopoteoan, trlmetreais glucuronate, auristaiin E 
vincristine and doxorubicin; 

« peptide oytotoxins, i.e. proteins pr fragments thereof with the ability to kill mammalian celis. 
For example, ridn:. diphtheria toxin , pseudomonas bacteria! exotoxin A, DNase and BNase: 

• radio-iiuciides, i.e. unstable isotopes of elements which decay with the concurrent 
emission of one or more of a or p particles, or ^ rays. For example, iodine 131, rhenium 
188, 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 mutimers thereof;. 

« Immuno-sffmuiants, i.e. immune effector molecules which stimulate immune response. For 
example, cytokines such as 1L-2 and iFN-y, 

9 Superantigens and mutants thereof; 
• TCR-H LA fusions; 
• chemokmes such as it.-8. platelet factor 4, melanoma growth stimuiatory protein, etc: 
9 antibodies or fragments thereof including anti-T ceil or NK cell determinant antibodies (e.g. 

anti-0D3, anti-CD2S or anti-CDl6}: 
• alternative protein scaffolds with antibody like binding characteristics 
• complement activators: 
9 xenogeneic protein domains, allogeneic protein domains, vlrai/bactena! protein domains, 

viral/bacterial peptides. 

One preferred embodiment is provided by a TCR of the invention .associated (usually by fusion to 
an N-or C-termlnus pf the alpha or beta chain} with an anti-CD3 antibody, or a functional fragment 
or variant of said antl-CDS antibody. Antibody fragments and variants,(anaiQgues which are suitable 
for use in the compositions and methods described: herein include minibodies, Fab fragments.. 
F(ab')2 fragments, dsFv and scFv fragments, Nanobodies™ (these constructs. marketed by Ablynx 
(Belgium), comprise syn thetic single Immunoglobulin variabie heavy domain derived from a 
camelid (e.g. camel or llama) antibody"} and Domain Antibodies (Domantis (Belgium), comprising 
an affinity matured single immunoglobulin variabie heavy domain or Immunoglobulin variabie light 
domain} or alternative protein scaffolds that exhibit antibody like binding characteristics such as 
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Affsbodies {Affsbody (Sweden), com prising engineered protein A scaffold) or Anticalins (Pierls 
(German), comprising engineered anticalins) to name but a few. 

For some purposes, the TCRs of the invention may be aggregated into a complex comprising 
5 several TCRs to: form a multivalent TCR complex. There are a number of human proteins that 

contain a multimerisation domain that may be used in the production of multivalent TCR 
complexes. For example the tetranierisation domain of pS3 which has been utilised to produce 
teiramers of scFv antibody fragments which exhibited increased serum persistence and 
significantly reduced off-rate compared to the monomeric scFv fragment. (Wiliuda &t a/. {2001} J. 

10 Biol. Chem. 27® (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 may 
have enhanced binding capability for the GLYDGMEHL HLA-A2 complex compared to a non-
muitimerio wild-type or T cell receptor heterodimer of the invention. Thus, multivalent complexes of 
TCRs of. the invention are also included within the invention. Such multivalent TCR complexes 

15 according to the invention are particularly useful for tracking or targeting calls presenting particular 
antigens in vitro or in vivo; and are aiso usefui as intermediates for the production of further 
muitivaientTCR complexes having such uses. 

As is weii-known in the art, TCRs may be sub)ect to post transnational: modifications. Glycosyiation 
20 Is one such modification, which comprises the oovaien! attachment of oligosaccharide moieties to 

defined amino acids in the TCR chain. For example, asparagine residues, or serine/threonine 
residues afe well-known locations for oligosaccharide attachment The giycosylation status of a 
particular protein depends pn a number of factors, Including protein sequence, protein 
conformation and the availability of certain enzymes. Furthermore, glycosyiation status (i.e. 

25 oligosaccharide type, covaient linkage and total number of attachments) can Influence protein 
function. Therefore:, when producing recombinant proteins, controlling giycosyiation Is often 
desirable. Controlled glycosyiation has been used to improve antibody based therapeutics {Jefferis 
R., Nat Rev Drug Discov. 2Q0S Mar,8(3);228-34,)> For soluble TCRs of the invention glycosyiation 
may be controlled in vivo, by using particular ceil lines for example, or in vitro, by chemical 

30 modification. Such modifications are desirable, since glycosyiation can improve phamacoklnetics. 
reduce immunogenlcity and! more closely mimic a native human protein (Sinclair AM and; Elliott S., 
Pharm Sol 2005 Aug: 94{S}':162B-35). 

For administration' to patients, the TCRs, nucleic acids and/or cells of the invention {usually 
35 associated with-a detectable label or therapeutic agent), may be provided in a pharmaceutical 

composition together with a pharmaoeuticaily acceptable carrier or excipient Therapeutic or 
imaging TCRs in accordance with the invention will' usually be supplied as part of a sterflia, 
pharmaceuticai composition which will normally include a pharmaceutical' acceptable carrier. This 
pharmaceutical composition may be in any suitable form, {depending upon the desired method of 

40 administering it to a patient}. It may be provided in unit dosage form, will generally be provided in a 

14 
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seated container and may be provided as part of a kit Such a kit would normally (although not 
necessarily) include instructions for use. ft may include a plurality of said unit dosage forms. 

The pharmaceuticai composition may be adapted for administration by any appropriate route, 
5 preferably a parenteral (including subcutaneous, intramuscular, or preferably intravenous} route. 

Such compositions may be prepared by any method known in the art of pharmacy, for example by 
mixing the active ingredient with the carriers) or excSpient(s) under sterile conditions. 

Dosages of the substances of the: present invention can vary 'between-.wide: limits, depending upon 
10 the disease or disorder- to foe treated, the age and condition of the Individual to foe treated, etc. and 

a physician will ultimately determine appropriate dosages to be used. 

TCRs, pharmaceutical compositions, -vectors, nueieic acids and ceils of the invention may be 
provided in substantially pure form, for example at least 80%, at feast 85 %, at ieast 90%, at least 

15 91%, at feast 82%, -at-ieast 93%, at ieast 94%, at least 95%, at least 36%, at ieast 97%, at least 
98%, at least 99% or 100% pure. 

Aiso provided by the invention are: 
* A TCR, nucleic acid or cell of the invention for use in medicine, preferably for use in a method 

£0 of treating cancer, such as solid tumours (e.g.. lung, liver and gastric metastases)-and/or 
squamous cell carcinomas. 

• the use of a TGR, nucleic acid or cell of the invention in the manufacture of a medicament for 
treating cancer. 

« a method of treating cancer In a patient, comprising administering to the patient a TOR, 
25 nucieic acid or eel of the invention, 

Preferred features of each aspect of the invention are as for each of the other aspects mutatis 
mutandis, The prior art documents mentioned herein are incorporated to the fullest extent 
permitted by law. 

30 
The invention is further described in the following non-limiting examples. Reference is made to the 
enclosed drawings in which: 

Figure l a shows the amino acid sequence (SEQ ID No: 2.) of the extracellular part of the aipi 
35 chain of a parental MAGE-1G-specifie TCR, and Figure 1b showsjhe amino acid sequence (SEQ 

SD No: 3) of the extracellular part of the beta chain of a parental MAC5E-Al0-specific TCR beta 
chain amino acid sequence. 

Figure 2a shows the amino acid sequence (SEQ .ID No: 4) of the alpha chain of a soiufoie TCR 
40 (referred to herein as the "reference TCR). The sequence is. the same as that of Figure 1 except 

15 
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that a cysteine (bold and underlined) is substituted for T1S2 of SEQ SD No: 1 {i.e, T48 of the TRAC 
constant region). Figure 2b shows the amino acid sequence {SEQ SO No: 5) of the beta chain of a 

soiubie TGR {referred to herein as the "reference TCR). The sequence is the same as that of 

Figure'2 except that a_cysteine (bold and underlined) is substituted for S169 {i.e.. S57 oftheTRBC2 

5 constant region) and At87 is substituted for C187 and D201 is substituted for N2G1. 

Figure 3 shows the respective amino acid sequences (SEQ ID Nos: 8 and 7) of alpha chains which 

may be present in TCRs of the invention. The subsequences forming the CDR regions, or 

substantia! parts of the CDR regions, are underlined. 

10 

Figure 4 shows the respective amino acid sequences (SEQ ID Nos: 8, 9. to and 11) of beta chains 

which may be present in TCRs of the snvention. The subsequences forming the CDR .regions, or 

substantia! parts of the CDR regions are underlined. 

15 Figure 5 shows the respective amino acid sequences (SEQ ID Nos: 12 and 13) of alpha chains 

which may be present in TCRs of the invention.: Relative to the sequences shown in Figure 3, 

introduced cysteines are shown bold and underlined. 

Figure 6 shows the respective amino acid sequences (S£Q ID Nos: 14 and 15) of beta chains 

20 which may be present in TCRs of the invention. Relative to the sequences shown in Figure 4, 

Introduced cysteines are shown boid and underlined. Also relative to Figure 4.0187 has been 

mutated to A187 to eifminate an unapired cysteine in any alpha-beta TGR having these beta 

chains:. 

25 Figure 7 (SEQ ID No: i 8} gives the DMA sequence for the parental MAGE A10 TOR gene {alpha 

ohain-.2A-heta chain construct with the Porcine tescho virus-1 2A sequence) 

Figure 8 (SEQ ID No: 19) gives the amino acid sequence of the parental MAGE A/10 TCR for T-cell 

transduction produced from the DNA sequence of Figure 7. The Porcine teschovirus-i 2A 

sequence is bold and undefined. 

30 Figure 9 is a graph showing the results of the activation of T ceils in accordance with the invention, 

Examples 

Example 1 - Cloning of the reference MAGE-A10 TCR alpha and beta chain variabie region 

35 sequences into pGfifiT7-based expression pi asm Ids 

The parental MAGE-A1.Q TCR variable alpha and TCR variable beta domains of SEQ ID NOS: 2 

and 3 respectively were cloned into pGMT7-based expression piasmids containing either Co or G|J 

by standard methods described in (Molecular Cloning a Laboratory Manual Third edition by 
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Sambrook and Russell). Piasmids were sequenced using, an Applied Biosystems 3730*1 DMA 

Analyzer. The reference MA0E-A10 ICR variable alpha and TCR variable beta domains of SEQ 

iD NOS: 4 and 5 respective!'/ ware cloned -n the same way. 

5 The DNA sequence encoding the. TCR alpha chain variable region was "Hgated into pEX95S. which 

was cut with Nidel and Xho1. The DNA sequence encoding the TCR beta chain variable region 

was ligated into pEXb2i . which was also out with Ndel and Xhot. 

Ugated piasmids were transformed into competent E,ca!} strain xm-bfue:cells and plated cut on 

10 LB/agar plates containing 100 jjg/trsL ampicsliin. Following incubation overnight at 3?°C? single 

colonics were picked and grown in SmLLB containing 100 pg/mL ampicsflin overnight at 37°C with 

shaking, Cloned piasmids were purified using a Miniprep kit (Qiagen) and the piasmids were 

sequenced using an Applied Biosystetns 3730xi DNA Analyzer. 

15 Example 2 - Expression, refolding and purification of soiubie reference MAGE-A10 TCR 

|Tbe expression piasmids containing the reference TCR a-chain and p-chain respectively, as 

prepared in Example 1, were transformed separately into Ecali strain BL21pLys8.: and single 

ampiciiiin~resistant colonies were grown at 37°C in fYF (ampiciliin 100 s-ig/mi) medium to ODsao of 

20 ~-0.6:-0,8 before inducing protein expression with 0.5 mM IPTG. Celis were harvested three hours 

post-induction by centrifugation for 30 minutes at 4000rprn in a Beckman J-BB. Ceil pellets were 

lysed with 25 ml Bug Buster (NovaGen) in the presence of MgCl3 and DNasel. inclusion body 

pellets, were recovered by centrifugation for 30 rrnnutes at l 3G00rpm in a Beckman J2-21 

centrifuge. Three: detergent washes -were then earned out to remove ceil debris and membrane 

25 components. Each time the inclusion body pellet was homogenised in a Triton buffer (50 rnM Tris-

H€! pH .8.0, 0.5% Triton-X108, 200 mM NaCt, 10 mM NaEDTA,) before being pelleted by 

centrifugation for 15 minutes at 1 SGOOrprn in a Beckman J2-21. Detergent and salt was then 

removed by a similar wash in the following buffer: 5Q mM Tris-HCi pH 8,0; 1 mM NaEDTA. Finally, 
the inclusion bodies were divided into 30 mg aliquots and frozen at -?Q'C. Inclusion body protein 

30 yield was quantified; by soiubiifsing with 6 M guantdine-HCI and an OD measurement was taken on 

a Hitachi U-2001 Spectrophotometer. The protein concentration was then calculated using the 

extinction coefficient: 

Approximately 15mg of TCR a chain and ISmg of TCR p chain soiubilised inclusion bodies were 

35 thawed from frozen stocks and diluted Into 1 Oral of a guanidine solution (8 M Guanidine-

hydrochlpride, 50 mM Iris HCi pH 8.1, I CS rnM NaCi, 10 mM EDTA, 1 p mM DTT), to ensure 

complete chain denaturation. The guanidine solution containing fully reduced and denatured TCR 

chains was then injected into 0 .5 litre of the following refolding buffer: 100 mM Tris pH 3.1, 400 mM 

L-Arginine, 2 mM EDTA, 5 M Urea. The redox coupie (cysteamlne hydrochloride and cystamine 

40 dihydrochlpride) to final concentrations of 6.6 mM and 3.7 mi respectively, were added 
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approximately 5 minutes before addition of the denatured ICR chains. The solution was Sett for ~3Q 

minutes. The refolded TCR was dialysed in Speetrapor 1 membrane (Spectrum; Product No. 

132670} against 10 I H:J0 for 18-20 hours. After this time, the.dialysis buffer was changed twice te 

fresh 10 mM Tris pH 8.1 (10 L) arid dialysis was continued at 5 ®C ± 3 ®C for another ~8 hours. 

5 
Soluble TCR was separated .from degradation products and impurities by loading the dialysed 

refold onto a PQRQS 50HQ anion exchange column and elating bound protein with a gradient of 0-

500mM NaCI in 10 m&l Tris pH 8.1 over 50 column volumes using an ARta purifier (GE 

Healthcare). Peak fractions were pooled and a cocktail of protease inhibitors (Caibioefiem) were 

10 added. The pooled fractions were then stored at 4 ; C and analysed by Goomassse-stained SOS-

PAGE before being pooled and concentrated. Finally, the soiubie TCR was purified and 

characterised using a GE Healthcare Superdex 75HR gel filtration column pre-equsllbrated in PBS 

buffer (Sigma), The peak elutlog at a relative molecular weight of approximately 50 k.Da was pooled 

and concentrated prior to characterisation by BIAcore surface plasmors resonance analysis. 

15 
Example 3 - Binding characterisation 

BIAcore Analysis 

A surface plasmon resonance biosensor (BIAcore 300Gm) can be used to analyse the binding of a 

20 soluble TCR to its pepfida-SyiHC ligand. This is facilitated by producing soluble biotSnyiated peptide-

HLA f'pHLA") complexes which can be immobilised to a streptavidin-coated binding 

surface {sensor chip). The sensor chips comprise four individual flow cells which enable 

simultaneous measurement of T-celi receptor binding fp four different pHLA complexes, Manual 

injection of pHLA complex allows the precise level of immobilised class i molecules to be 

25 manipulated easily, 

Blptinylated class i HLA-A*02 molecules were refolded in vitro from bacteriaity-expressed Inclusion 

bodies containing the constituent subunit proteins and synthetic peptide, followed by purification 

and in vitro enzymatic biotinylation {OvCa!laghan ®i at. (1989) Anal. Biochem. 266: 9-15). HLA-

30 A*02-heavy chain was expressed with a C-termlnal biotinylaiion tag which replaces the 

transmembrane and cytoplasmic domains of the protein In an appropriate construct, inclusion body 

expression levels of ~75 mg/IStre bacterial culture were obtained. The MHC light-chain or 02-

microglobuiin was also expressed as inclusion bodies in E.coii from an appropriate construct at a 

level of -500 mg/litre bacteria! culture. 

35 
E. co//cells were lysed and inclusion bodies are purified to approximately 80% purity. Protein from 

inclusion bodies was denatured in 6IVI guanidine-HCL 50 mM Tris pH 8.1S ISO mM NaCI, 10 mM 

DTT, 10 mM EDTA, and was refolded at a concentration of 30 mg/litre heavy chain, 30 mg/litre 

p2rn into 0.4 M L-Arglnine, 100 mM Tris pH 8.1, 3,7 mM cystamine dihydrochloride, 6.6 mM 

40 cysteamlne hydrochloride, 4 mg/L of the MAGE-3 EVDPIGHLY peptide required to be loaded by 
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the HLA-A*01 molecule, by addition of a single piyise of denatured protein into refold buffer at < 

S*C, Refolding was allowed to reach completion at 4°C for at least 1 hour. 

Buffer was exchanged by dialysis in 10 volumes of 10 mMTris pH 8.1. Two changes of buffer were 

5 necessary to reduce the ionic strength of the solution sufficiently. The protein solution was then 

filtered through a. 1 .5M;TO cellulose acetate filler and loaded onto a POROS 50HQ anion exchange 

column (8 ml bed volume). Protein was eiuted with a linear 0-5G0 mM MaOi gradient in 10 mM Iris 

pH 8.1 using an Akta purifier (GE Healthcare), HLft-A"*02-peptid® complex eiuted at approximately 

250 mM NaCI, and peak fractions were collected, a cocktail of protease Inhibitors (Galbiochem} 

10 was added and the fractions, were chilled on ice. 

Biotln-tagged pHLA molecules were buffer exchanged into 10 mM Tris pH S.I, 5 mM NaCI using a 

GE Healthcare fast desalting column equilibrates* in the same buffer, immediately upon eiution, the 

protein-containing: fractions were chilled on Ice and protease inhibitor cock&ll'(Calbtochem) was 

15 added. Blotinyiation reagents were then added: 1 mM biotln, 5 mM ATP (buffered to pH -8), 7.5 mM 

MgCijj, and 5 tig/ml BlrA enzyme {purified; according to G'Cailaghan et a/. {1999} Ansti Biochem. 

266; 9-15).:the mixture was then allowed to incubate at room temperature overnight. 

The blotinylated pHLA-A*02 molecules were purified using gel filtration chromatography, .A GE 

20 Healthcare-Superdex 75 HR 1S/3Q column was pre-eQuilibrated with filtered PBS and 1 mi of the 

biotlnylation reaction mixture was loaded and the column was developed with PBS at 0.5 mi/rnin 

using an Akta purifier (GE Healthcare). Blotinylated pH,LA-A*02' molecules eiuted as a single peak 

at approximately 15 mi. Fractions containing protein were pooled, chilled on Ice, and protease 

Inhibitor cocktail was added. Protein concentration was determined using a Coomassie-binding 

25 assay (PerBlo) and allquots of biotinylated pHLA-A*0l molecules were stored frozen at -20ftC. 

Such Immobilised complexes are capable of binding both T-oell receptors and the coreceptor 

CD8«.i.i, both of which may be Injected in the soluble phase. The pHLA. binding properties of 

soiu&te ICRs are observed to be qualitatively and quantitatively similar if the TCR is used either in 

30 the soiubie or immobilised phase. This is an important control for partial activity of soluble species 

and also suggests that biotlnylated pHLA complexes are. biologically as active as non-bsofinylated 

complexes. 

The-BIAcore 30G0™ surface piasmon resonance (SPR) biosensor measures changes in refractive 

35 index expressed In response units {RU) near a sensor surface within a small flow cell, a principle 

that can be used to detect receptor ilgand interactions and to analyse their affinity and kinetic 

parameters. The BIAcore experiments were performed at a temperature of 254C, using PBS buffer 

(Sigma, pH 7.1-7,5) as the running puffer and in preparing dilutions of protein samples. Sfreplavidin 

was immobilised to the flow cells by standard amine coupling methods. The pHLA complexes were 

19 



WO 2016/055785 PCT/GB2015/052938 

immobilised via the foiofin tag. The assay was then performed by passing soiubie TGR. aver the 
surfaces of the different flow ceils at a constant flow rate, measuring the SPR response in doing so. 

Equilibrium binding constant 
5 

The above B'lAcore analysis methods were used to determine equilibrium binding constants. Serial 
dilutions of the disulfide linked soiubie heterodirneric form of the reference EV1AGE-A10 TCR were 
prepared and injected at consfantfiow rate of 5 yi mih" over two different fiow ceils; one coated 
with -1-008' RU of specific .(3LYDGMEHL •HLA-A*P2.'complex-, the second coated with -1OOP RU of 

10 non-specific complex. Response was normalised for each concentration using the measurement 
from the control cell. Normalised' data response was plotted versus concentration of TCR sample 
and fitted to a non-linear curve fitting mode! in-order to calculate the. equilibrium binding constant, 
Kp.. (Price &-DweH, Principles and Problems in Physical Chemistry for Biochemists {2s* Edition) 
1979, Clarendon Press, Oxford), The disulfide linked soluble form of the reference MAGE-1.0 TCR 

15 (Example .2) demonstrated a Kc of approximately 2:00 pM, From the same BIAcore data the TVa 
was approximately 0.S5 s. 

Kinetic Parameters 

20 The above BIAcore analysis methods were also used to determine equilibrium binding constants 
and off-rates. 

For high affinity TCRs (see Example 4 below) K0 was determined by experimentally measuring the 
dissociation rate constant. k0«., and the association rate constant, k^. The equilibrium constant Ka 

25 was calculated as k.-.«'k.-..,. 

TCR was injected over two different cells one coated with ~l GOO RU of specific GLYDGMEHL 
HLA-A*G2compiex; the second coated with -10GQ' RU of non-specific complex. Flow rate was set at 
50 pl/mih, Typically 250 pi of TCR at ~ 1 pM concentration was .injected. Buffer was then flowed 

30 over until the response had returned to baseline or >2 hours had elapsed. Kinetic parameters were 
calculated using BlAevaluation software. The dissociation phase was fitted to a single exponential 
decay equation enabling calculation, of half-iife 

Example 4 - Preparation of high affinity TCRs of the invention 
35 

Expression piasmids containing the TCR a-chain and g-chain respectively were prepared as in 
Example 1: 
TCR ID Alpha Chain SEQ ID No Beta Chain SEQ ID No 

TCR1 (parental} 4 5 
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TCR2 4 14 

TCR3 4 IS-

TCR4 4 18 

TCRS 4 17 

TCR6 12 5 

TCR7 13 5 

TCRS 13 15 

The plasm ids were transformed separately into E.caU strain BL21pLysS, and single ampicililn-
resistant colonies grown at 37"C in TYP (ampiciiiin 10Q «g/mi) medium to ODw of ~0-..6T0V8 before 
inducing protetn expression with 0,5 mM IFTG. Celis were- harvested three hours post-induction by 

5 centrifugation for 30 minutes at 4000rpm in a Beckman J-88. Ceil pellets were iysed with 25 ml 
Bug Buster {Novagen} in the presence of MgC!:> and DNasei. inclusion body pellets were 
recovered by centrifugation for 30 minutes at 1300Grpm in a Beckman J2-21 centrifuge. Three 
detergent washes were then carried out to remove cell debris and membrane components, Each 
time the inclusion body peiiet was homogenised in a Triton buffer (50 mM Tris-HCf pH 8,0, 0,5%: 

10 Tfiton-X1DO, 200 mM NaCt 10 inM NaEDTA,) before being pelleted by centrifugation for 15 
minutes at I3000rpm in a Beckman J2-21... Detergent and salt was then removed by a similar wash 
in the following buffer: 50 mM Tris-BCi pH 8.0, 1 mM NaEDTA, Finaliy, the Inclusion bodies were 
divided into 30 mg aliquots and frozen at -70"C. Inciusion body protein yield was quantified by 
soiubilising with 6 M guanidine-HCi and an QD measurement was taken on a Hitachi U-2D01 

i 5 Spectrophotometer. The protein concentration was then calculated using the extinction coefficient. 

Approximately 1Omg of TCR a chain and 10mg of TCR |3 chain solubilised inclusion bodies for 
each TCR of the invention were diluted into 10ml of a guanidine solution (6 M Guanidtne-
hydrochipride, 50 mM Tris HCi pH 8.1, I CS mM NaCI, 10 rnfvl EDTA, 10 mM DTT); to ensure 

20 complete chain denaturatian. The guanidine solution containing fully reduced and denatured TCR 
chains was then injected Snip 0 5 litre of the fallowing refolding buffer: 100 mM Tris pH 8.1; 400 mM 
L-Arginine, 2 mM EDTA, 5 M Ursa. The redox couple (cysteamine hydrochloride and cystamine 
dihydrochlpride} to final concentrations of 6.6 mM and 3,7 mM respectively, were added 
approximately 5 minutes before addition of the denatured TCR chains. The solution was left for ~30 

25 minutes. The refplded TOR. was dialysed in Spectrapor 1 membrane (Spectrum:; Product No, 
132670} against 10 L H?0 for 18-20 hours. After this time, the dialysis buffer was changed twice to 
fresh 10 mM Tris pH S.I ftO L) and dialysis was continued at 5 "C,± 3 *0 for another ~8 hours. 
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Soiubie TCR- was separated from degradation products and impurities by loading the dialysed 
refold onto a POROS 50HG anion exchange column and eiuting bound protein with a gradient of G-
50QmM NaCI in 10 mM Tris pH 8.1 over 15 column volumes using an Akta purifier (GE 
Healthcare). The pooled fractions were then stored at 4 "C and analysed by Coomassie-stained 

5 SOS-PAGE before being pooled and-.concentrated. Finally;, the soluble TCRs were purified and 
characterised using a GE Healthcare Superdex 75HR gel filtration column pre-equilibrated in PBS 
buffer {Sigma}, The peak eluting at a relative molecular weight of approximately 50 kDa was pooled 
and concentrated prior to characterisation by BIAcore surface plasmon resonance analysis. 

10 The affinity profiles of the thus-prepared TCRs for the fsMGE-AI 0 epitope were assessed using the 
method of Example 3, and compared with the reference TCR. The results are set forth in the 
following table: 

T1/2 Kg (uM) 

Reference (TCR1) 0.95s 2.00 

TCR2 1.3S 1,5-1 

TCR3 2.0 s 0,98 

TCR4 2.2s 0.83 

TCR 5 5.5 s 0.37 

TCR6 3:3s 0.34 

TCR 7 4,2 s 0,28 

TCR8 8.4 s Q.I 4 

15 

Example 5 - Trartsf action of T-ceils with parental and variant MAGE-ATQ TCRs 

(a) Lentiviral vector preparation by Express-In mediated transient transection of 2.93T cells 
20 

A 3rd generation ienfiysrai- packaging system was used to package ientiviral vectors containing the 
gene encoding the desiredTOR. 293T ceils were transfected with 4 plasm ids (one ientiviral vector 
containing the TGR alpha chas.n-F2A-XCR.beta ehain single ORF gene described in Example 5c 
(beiow}, and 3 plasm ids containing the other components necessary to construct infective but non-

25 repiieative Ientiviral particles) using Express-in mediated transfectlon (Open Biosystems). 
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For transaction one T150 flask of 293T cells in exponential growth phase was taken, with celis 
evenly distributed on the plate, and slightly more than 60% confluent Express-In acquets were 
brought to room .temperature. 3 art Serum-Free Medium (RPMI 1640 + 10'mjy HEPES) were 
placed in a sterile 15 mi conical tube, 174 pi of Express-In Reagent were added directly into the 

5 Serum-Free Medium (this provides for a 3.8:1 weight ratio of Reagent to DNA). This was mixed 
thoroughly by inverting tubes 3-4 times and incubated at room temperature for §-20 minutes. 

ID a separate 1.5 m! micrptube was added 15 pg ptesroid DNA to premixed packaging mix aiiquots 
(containing 18 pg pRSV REV (Rev expression piasmjd}. 18 pg pPDtg/p,RR£ (Gag/Poi expression 

10 plasm id), 7 pg pVSV-G (VSV glycoprotein expression piasmid), usually ~22 pi and pipetted up and 
down to ensure homogeneity of the: DNA mix. Apprcx 1 mL of Express-In/Serum-Free Medium was 
added to the DNA mix dropwise then pipetted up and down gently before transferring back to the 
remainder of the Express-! n/Serum-Free Medium. The tube was inverted ufoe 3-4 times and 
incubated at room temperature for 15-30 minutes. Old culture medium was removed from the fiasR 

i 5 of ceils, Express-in/medlum/DNA (3mL) complex was added directly into the bottom of an upright 
flask of 2S3T celis. Slowly, the flask was placed fiat to cover the celis and very genfiy rocked to 
ensure even .distribution. After: 1 minute 22 mi fresh cuiture medium (R1Q+HEPES: RPSvli 1640, 
10% heat-inactivated FB$, 1% Pen/Strep/t-glutamsne, 10 rnftS HEPES} was added and the fiask 
carefully returned to the incubator. This was incubated overnight at 37aC/5%: C02. After 24 hours. 

20 the medium containing packaged iehtiviral vectors was harvested. 

To harvest the packaged Ientiviral vectors, the ceii culture supernatant was filtered through a 
0.45mieron nylon syringe filter, the culture medium centrifuged at 10,000 g for 18 hours (or 112,000 
g for 2 hours), most of the supernatant removed {faking care not to disturb the pellet) and the pellet 

25 resuspended in the remaining few ml of supernatant (usually about 2 mi. from a 31 ml: starting 
volume per tube). This was snap frozen on dry ice in 1 ml aliguofs and stored at -8Q°C, 

(b) Transduction Of T celis with packaged ienfivirai vectors containing gene of interest 

30 Prior to-transduction with the packaged ientiviral vectors. Human T ceiis (CDS or CD4 or both 
depending pn requirements) were isolated from the biood of healthy volunteers. These ceils were 
counted and ihcubated overnight In R.1G containing 50 U/mL IL-2. at. 1x10* cells per m! (0,5 mUweli) 
in 48 weli plates with pre-washed anti-CD3/CQ28 antibody-coated microbeads (Pynabeads® T cell 
expander, invitrogen) at a ratio of 3 beads per ceii. 

35 
After overnight stimulation, G.s mi of neat packaged ientiviral vector was added to the desired ceiis. 
This was incubated at 37°C/5% CQ2 for 3 days, 3 days post-transduction the ceils were counted 
and diluted, to o.5xto':'eeiis/mi. Fresh medium containing lt-2 was added as required. Beads were 
removed 5-7 days post-fransduofion. Cells were counted and fresh medium containing IL-2 

40 replaced or added at 2 day intervals. Ceils were kept between 0.5x10s and ixto® ceiis/mL, Ceils 
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10 

15 

were analysed by Sow cytometry from day 3 and used for functional assays (e.g EUSpot for IFMy 

release, see Example 8} from day 5. From day 10, or when celis are slowing division and reduced 

In size, ceife am frozen in allquots of at 'least 4*1 o6 ceJ.is/viai fat i.xio; ceiisrmfin 90% FBS/I O% 

DMSO) for storage. 

(c) Parents: TCR gene for T-cail transfection by methods (a) and (b) above 

Figure 7 is a DNA sequence (SEQ ID No; 18} encoding the parental MAGE A10 TCR (codon-

optimised for maximal human cell expression). it is a full length alpha chain - Porcine feschovirus-1 

2A - fuSi length beta chain single open reading frame construct. The 2A sequence is underlined, 

and is preceded 'by nucleotides encoding a furin cleavage site to assist proteolytic removal of the 

2A sequence (discussed further below in relation to Fig 8 (SEQ ID No; 19). Peptide bond skipping 

during protein translation of the rnRNA at the 3' end of the 2A sequence pwduees two proteins: 1) 

alpha TCR chain-2A fusion, 2} beta TCR chain. 

Figure 8 is the amino acid sequence (SEQ SD No: 19} corresponding to Figure 7. In Figure 8: 

20 

30 

:M i~ Q22 is ,a: leader sequence which is removed on maturation of the parental 
alpha chain TCR; 

Q23-S274 corresponds to the parental alpha chain sequence; 

G23-N247 corresponds to the parental alpha chain extracellular domain; 

L24S-T288 is the alpha chain transmembrane region of the mature TGR; 

L2S3-S274 is the alpha chain intracellular region of the mature TCR; 

R277-R280 is the furln cleavage site to assist proteolytic removal.: In the Golgi 
apparatus, of the P2A sequence A2SS-P303; 

<3275, S276, S281 to G284, are flexible linkers allowing full funetior! of the furin 

cleavage and P2A sequences; 

R304-V323 is a leader sequence which Is removed on maturation of the parental 

beta chain ICR; 

N324-G612 corresponds to the parental beta chain sequence; 

N324-E583 corresponds to the parental beta chain extracellular domain; 

1584-V8G5 is the beta chain transmembrane region of the mature TOR; 

K6C8-G812 Is the beta chain intracellular region of the mature TCR. 

35 (d) T-ceils transfected with parental and high affinity MAGE-A10 TCRs 

Following the procedures described In fa} and! {b} above, the parental MAGE AtO aipha-2A-heta 

TCR gene (SEQ ID No: 18 (Figure 7}). was inserted into the pELNSxv lenti vector using the Nhel 
and Sail restriction sites unique to both DNA constructs, and transfected T-cells created. 

24 



WO 2016/055785 PCT/GB2015/052938 

Similarly, T-cells way t*e created fey traosfectioo with genes comprising a sequence encoding an 

alpha chain variable domain having one of SEQ iD Nos: 2, 8 or 7 and which is associated with a 

sequence encoding a beta chain variabie domain SEQ ID Nos: 3, 8,9,1Q or 11... 

5 Example S - Activation of MAGE A10 ICR engineered T celis 

The following assay was carried out to demonstrate the: activation of TCR-traosduced cytotoxic T 

lymphocytes {CTLs} in response to tumour cell lines. IFN-y production, as measured using the 

EUSPOT assay, was used as a read-out for cytotoxic T lymphocyte (CT'L) activation. 

10 

EUSPOTs 

Reagents 

Assay media: 10% PCS (Gibeo, Cat# 2911-0S}; 88% RFM.11649 (Gibco, Cat# 42401}., 1% 

glutamine (Gibco Cat# 25030} and 1% penicillin/streptomycin(Gibco Cat# 15970-0:83), 

15 
Wash buffer: 0.0iM PBS/0.05% Tween 20 

PBS (Gibco Cat# 10010) 

20 The Human iFNy. ELISPDT kit (SD Bioscience: Cat# 551849) containing capture and detection 

antibodies and Human IFN-y PVDF ELI S POT #8 well plates, with associated AE.C substrate set 

(BD Bioscience, Cat# 551 §51} 

Meinods 

25 
Target ceii preparation 

The target cells used in this method were natural epitope-presenting ceiis: A.375 human melanoma 

cells which are both HLA-A2* IV1AGE A10*. HCT118 human colon cancer, which are HLA-A2" 

SViAGE A1G", were used as a negative control. Sufficient target cells (50,000 celis/well} were 

30 washed by centrifugation three times at 1200 rpm, 10 min ih a Megafyge© 1.0 (Heraeus), Cells 

were then re-suspended In assay media at tO* ceils,'mi. 

Effector Calf Preparation 

The effector cells (T ceiis) used in this method were peripheral blood lymphocytes (PBL), obtained 

35 by negative selection using CD14 and CD25 microbead kits, (Mlltenyl Biotech Cat# 130-050-201 

and 139-092-983 respectively) from freshly isolated peripheral blood mononuclear ceils (PBMC) 

From the venous blood of healthy volunteers. Cells were stimulated with antsCD3/CD28 coated 

beads (Dynabeads® T ceil expander, Invitrogen), transduced with lentivirus carrying the gene 

encoding the full ctp TCR of interest (based on the construct described in .Example 5} and 

40 expanded in assay medsacontasning 50y/mL IL-2 until between 10 and 13 days post transduction. 
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These were then placed in assay media: prior to washing by centrifugation at 120Q rpm, 10 

min in a fvtegafuge© 1 .0 (Heraeus). Celis were then re-suspended in assay media at a 4X the final 

required concentration. 

5 plates were prepared as follows; 100 pi anti-SFN-y capture antibody was diluted in i o mi sterile 

PBS per plate, 100 pL of the diluted capture antibody was then dispensed into each well The 

plates were then incubated overnight at 4°G. Following incubation the plates were washed 

(programme 1, plate type 2, Uifrawash Pius 86-weB plate washer; Dynex) to remove the capture 

antibody. Plates were then blocked by adding 200 pL of assay media to each well and incubated 

10 at room temperature for two hours. The assay media was then washed from the plates 

(programme 1, plate type 2, Ultrawash Plus 86-weB plate washer, Dynex) and any remaining media 

was removed by flicking and tapping the ELISPDT plates on a paper towel. 

The constituents of the assay were then added to the ELlSPGT plate in the following order; 

i 5 50 pL of target cells 10" cells/mi (giving a total of 50,000 target ceils/vsali) 

50 pt media {assay media) 

50 pL effector celis (20,000 TCR-transduced PBt cells/well) 

The piates were then incubated overnight (37"C / 5%CO?}. The next day the plates were washed 

20 three times (programme t, plate type 2, Ultrawash Plus 96-weli plate washer. Dynex) with wash 

buffer and; tapped dry on paper towel to remove excess wash buffer. 10C pi of primary defection 

antibody was then added to each well. The primary defection antibody was diluted into 10mL of 

dilution buffer (the volume required for a single plate) using the dilution specified in the 

manufacturer's instructions, Piates were then incubated at room temperature for at least 2 hours 

25 prior to being washed three times (programme 1, plate type 2, Ultrawash Pius 98-weli plate 

washer, Dynex) with wash buffer: excess wash buffer was removed by tapping the plate on a paper 

towel. 

Secondary detection was performed; by adding i SO pL of diluted; streptavidin-HRP to each well; and 

30 Incubating the plate at room temperature for 1 hour. The streptavidin-HRP was diluted into 1OrnL 

dilution buffer (the volume required for a single plate), using the dilution specified in the 

manufacturer's instructions. The plates were then washed three times (programme 1< plate type 2, 

Ultrawash Plus 36-weil plate washer, Dynex) with wash buffer and tapped on paper tower to 

remove excess wash buffer. Piates were then washed twice with PBS by adding; 200 pL to each 

35 well, flicking the buffer off and tapping on a paper towel to remove: excess, buffer. No more than 15 

min prior to use, one drop (20 uL) of AEC chromogen was added to each 1 ml cfAEC substrate 

and mixed. 10ml of this solution was prepared for each plate; 100 pL was added per weii. The 

plate was then protected from light using foil, and spot development monitored regularly, usually 

oecurnng: within 5-20 min. The piates were washed in tap water to terminate the development 

40 reaction, and shaken dry prior to their disassembly into three constituent parts. The piates were 
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then allowed to dry at room temperature for at feast 2 hours prior to counting the spots using an 
tmmunospot® Plate, reader (CTL; Cellular Technology Limited). 

RESULTS 
5 

IF My release by activated TCR-transduced T celis in response to a variety of AFP-pcsltive and 
control tumour cell lines was tested by EL!SPOT assay (as described above). The number of 
ELS SPOT spots observed in each well was plotted using Graph Pad Prism#. 

10 CD4+, CD8+ or mixed CD4+/CD.8+ T ceils expressing one of TCR Nos. 1-8 were incubated with 
MAGE A10+ HLA/.A2+ tumoureeii line A375 or with MAGE A10+ HLA:A2+ HCT118 tumour ceil 
line, A sample containing no T ceiis and a sampia o? ^on-transduced T ceils ware used as controls. 

TCR no TCR alpha variable domain SEQ ID No: TCR beta variable domain SEQ SO Mo: 

2 3 

2 2 8 

3 2 9 

4 2 10 

5 2 11 

8 6 3 

/ 3 

a 7 9 

15 
Figure 9 demonstrates that T cells transduced with the TCRs described in the fable above are 
activated in response ia-MAGE A1G positive tumour celis. Normal hepafoeytes (HGTl 16} are 
MAGE A1Q negative and do not induce activation of T cells transduced with MAGE A10 TCRs. 
Therefore, the MAGE A1G TCRs of the invention selectively recognise MAGE A10 presenting ceils. 

20 

Example ? - Identification of the binding m.otif by substitution with all alternative 

amino acids 

Variants of the native MAOE-AIO peptide were obtained in which the amino acid residue 

25 at each position was sequentially replaced with all 19 alternative naturally-occur ring amino 
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acid, such thai 171 peptides were prepared in total The native and amino-acld 
substituted peptides were pulsed on to antigen presenting celis, and interferon y (SFNY) 
production, as measured using the ELISpot assay, used as a read-out for the activation of 
T cells transduced with TCR5. Essentia! positions were defined fey a greater than 50% 
reduction in T ceil activity relative to the native peptide, 

EUSpot assays were carried as described in Example 8. 

The tolerated residues at each position of the peptide are shown below Underlined 
amirso acids represent the native residue at the corresponding position in the peptide. 

I'oU'j sued t cvidtu^ 

! y i l\ \folS-U \l \ POKlikRW 

n I TYMQtSACGNF 

3 Y FW 

4 D CAV 

5 G A.ST LP 

6 M i> 

i: Q 

8 H LMRQC 

9 M UVTAFC 

It is therefore apparent that the MAGE A10 TCRS makes contact with at ieast Y3 and 7E 
of the GLYDGMEHL peptide (SEQ ID no: 1) when in complex with HLA-A*02 on the 
surface of antigen presenting ceiis. 
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Claims 

1. AT ceii receptor (TCR) having the property of binding to GLYDGMEHL (SEQ iD No: 1) in 
complex with HLA-A*02 with a. dissociation constant of from about 0.05 .pM to about 10.0 pM when 
measured with surface piasmph resonance at 25?C and at a pH between 7.1 and 7,5 using a 

5 soiubie form of the TCR, wherein the TCR comprises a IC R alpha chain variabie domain and a 
TCR beta chain variable domain:, and wherein the TCR variabie domains form contacts with at 
least residues Y3 and £7 of GLYDGMEHL (SEQ iD No: 1). 

2. A TCR according to claim 1, which is an aipha-feeta hsteradimer, having an alpha chain 
TRAC constant domain sequence and a beta chain TRBC1 or TRBC2 constant domain sequence. 

10 3. A TCR as oiaimed in claim 2, wherein the aijsha and beta chain constant domain 
sequences are modified fey truncation or substitution to deiete the native disulfide bond between 

5f exon 2 of TRAC and Cys2 of exon £ of TRBC1 or TR8C2. 

4. A. TCR as ciaimed in claim 2 or claim 3, wherein the aipha and beta chain constant domain 
sequences are modified by substitution of cysteine residues for Thr 48 of TRAC and Ser 57 of 

15 TRBCi or TRBC2, the said cysteines forming a disulfide bond between the aipha and beta 
constant domains of the TCR. 

5. A TCR as claimed in elaim 1 . which is in single chain format of the type Va-t-V& Vp-I-Va, 
Va-Ca-L-Vp, or Vo-L-Vp-Cfl wherein Va and Vp are TCR os and p variabie regions respectively: 
Co and C3 are TCR a and p constant regions respectively, and L is a Sinker sequence. 

20 8, A TCR as claimed in any preceding claim, which is associated with a detectable iabel a 
therapeutic agent or a PK modifying moiety 

7. A TCR as ciaimed in any preceding ciaini, wherein the alpha chain variabie domain 
comprises an amino acid sequence that has at ieast 80% identity to the sequence of amino acid 
residues 1-111 of SEQ iD No: 4 and has the foiiowing mutation: 

03! A or S 

with reference to the numbering shown in SEQ ID Np: 4, and/or the beta chain variabie domain 
comprises an amino acid sequence that has at ieast 80% identity to the sequence of amino acid 
residues 1-111 of SEQ ID NO: 5 and has at ieast one of the foiiowing mutations: 

E30 D 

<351 S. A or F 

30 with reference to the numbering shown in SEQ ID No: §, 
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8. A TCR a$ claimed in any preceding claim, wherein the alpha chain variabie domain 

comprises the amino acid sequence of amino acid residues 1-111 of SEQ 10 No: 8 or 12 or 

an amino acid sequence in which amino acid residues 1-26, 53-49, 55-88 and 04-111 

thereof have at ieasi 90% or 95% identity to the sequence of amino acid residues 1-26. 33-49, 55-

5 89 and 94-1.11 respectively of SEQ ID NO: 8 or 12 and in which amino acid residues 27-32, 50-54 

and 90- 93 have at ieast 90% or 95% identity to the sequence of amino acid residues 27-32, 50-54 

and 90-93 respectively of SEQ ID No: 6 or 12 

9. A ICR as claimed in any one: of claims 1.-7, wherein the alpha chain variabie domain 

comprises the amino acid sequence of amino acid residues 1-111 of SEQ ID No: 7 or 13 or 

10 an amino acid sequence in which amino acid residues 1-26,33-48, 55-89 and 94-111 

thereof have at ieast 90% or 95% identity to the sequence of amino acid residues 1-26, 33-49, 55-

89 and 94-111 respectively of SEQ ID No: 7 or 13 and in which amino acid residues .27-32, 50-54 

and 90-93 have at ieast 90% or 95% identity to the sequence of amino acid residues 27-32,5.0*54 

and 90-93 respectively of SEQ ID No: 7 or 13. 

15 10. A. ICR as ciaimed in any preceding ciaim, wherein In the alpha chain variabie domain the 

sequence of 

(i) amino acid residues 1 -28 thereof has (a) at least 99% identity to: the sequence of amino acid 

residues 1-26 of SEQ ID No; 4 or {&) has one, two or three amino acid residues inserted or 

deleted relative to the sequence of (a); 

20 (si) amino acid residues 27-32 is DRGSQS, DRGSAS or DRGSSS; 

(fii> amino acid residues 33-49 thereof has (a) at least 90% identity to the sequence of amino 

acid residues 33-49 of SEQ io NO: 4 cr (b) has one, two or three amino acid residues inserted 

or deleted relative to the sequence of (a): 

(iv) amino acid residues 50-54 is IYSNG 

25 (v) amino acid residues 55-89 thereof has at least 90% identity to the sequence of amino acid 

residues 55-89 of SEQ ID No: 4 or;has one, two or three insertions, deletions or substitutions 

relative thereto: 

(vi) amino acids 90-93 is AVRG; and 

{vis) amino acid residues 94-111 thereof has at least 90% identity to the sequence of amino 

30 acid residues 94-1.11 of SEQ ID No: 4 or has one, two or three insertions, deletions or 

substitutions relative thereto. 

11. A TCR as claimed in any preceding claim, wherein the beta: chain variabie domain 

comprises the amino acid sequence of SEQ SD No: 8 or 14 or 
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an amino acid sequence in which amino acid residues: 1-28, 32-48, 54-80 and 96-111 
thereof have at ieast 80% or 85% identity to the sequence of. amino acid residues 1*26. 32-48, 54-
90 and 96-111 respectively of SEQ ID No: 8 or 14 and in which amino acid residues 27-31. 49-53 
and 91 - 95 have at least 90% or 95% identity to the sequence of amino acid residues 27-31, 49-53 

5 and 91-85 respectively of SEQ ID No: 8 or 14 

12. A TCR as claimed in any one of claims 1-18, wherein the beta chain variabie domain 
comprises the amino acid sequence of SEQ SD No: 9 or 15 or 

an amino acid sequence In which amino acid residues 1-28,32-48. 54-90 and 96-111 
thereof have at ieast 90% or 95% Identity to the sequence of amino aeid residues 1-26, 32-48, 54-

10 90. and 96-111 respectively of SEQ ID No: § or 15 and in which amino acid residues 27-31, 49-53 
and 91 - 95 have at least 90% or 95% identity to the sequence of amino acid residues 27-31, 48-53 
and 91-95 respectiveiy of SEQ ID No: 9 or 15, 

13, A TCR as claimed in any one of ciaims 1-10, wherein the beta: chain variable domain 
comprises the amino acid sequence of SEQ iD No: 10 or 16 

15 or an amino acid sequence in which amino acid residues 1-26, 32-48, 54-90 and 96-111 
thereof have at ieast 90% or 95% identify to the sequence of amino acid residues 1-28, 32^48,. 54-
90 and 96-111 respectively of SEQ ID No: 10 or 16 and in which amino acid residues 27-81, 48-53 
and 81-95 have at least 90% or 95% identity to the sequence of amino acid residues 27-31, 49-53 
and 81-95 respectiveiy of SEQ ID' No: 10 or 16. 

20 14. A ICR as claimed in any one of claims 1 to 10, wherein the beta chain variabie domain 
comprises the amino acid sequence of SEQ ID No: 11 or 17 or 

an aminoacld sequence in which amino acid residues 1-28, 32-48, 54-90 and 96-111 
thereof have at ieast 90% or 95% identity to the sequence of amino acid residues 1-26, 32-46, 54-
90 and 98-111 respectively of SEQ ID No: 1.1 or 17 and in which amino acid residues 27-31 •„ 49-53 

£5 and 91-95 have at least 80% or 95% identify to the sequence of amino acid residues 27-31, 49-53 
and 91-95 respectiveiy of SEQ ID No: 11 or 17. 

15. A TCR according to any preceding claim, wherein in the beta chain variable domain the 
sequence of 

(i) amino acid residues 1-26 thereof has (a) at least 90% identity to the amino add sequence 
30 of residues 1-28 of SEQ ID No: 5..or (fe) has one, two or three amino acid residues inserted or 

deleted relative to the sequence of (a); 

(si) amino acid residues 27-31 is WNHEY or MN'HDY; 

(iii) amino acid residues 32-48 thereof has (a) at ieast 90% identity to the sequence of amino 
acid residues 32-48 of SEQ ID NQ: 5 or (b) has one, two or three amino acid residues inserted 

35 or deleted relative to the sequence of {a); 
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{iv} amino acid residues 49-53 is SVGECLSVSEg, SVAEG or SVFE6; 

(;v) amino acid residues 54-80 thereof has (a) at least 90% identify to the sequence of amino 

acid residues §4*90 of SEQ iD NO: 5 or (b) has one, two or three amino acid residues inserted 

or deleted relative to the sequence of (a): 

5 (vi) amino acids 91-95 is CASSF; 

(vii) amino acid residues 96-111 thereof has at ieast 90% identity to the sequence of amino 

acid residues 98-111 of SEQ ID No:. 5 or has one, two or three insertions., deletions or 

substitutions relative thereto. 

IS. Nucleic acid encoding a TCR as claimed in any one of the preceding claims, 

10 17. An isolated or non-naturafiy occurring ceii, especially a T-ceil, presenting a TCR as claimed 

In any one of claims 1 to 15 . 

i 8. A ceii harbouring 

(a) a TGR expression vector which comprises nucleic acid as claimed in claim 16 In a 

single open reading frame, or two distinct open reading frames encoding the alpha chain and the 

15 beta chain respectively; or 

(S3) a first expression vector which comprises nucieic acid encoding the alpha chain of a 

TCR as claimed in any of claims 1 to 15, and a second expression vector which comprises nucleic 

actd encoding the Peta chain of a TCR as claimed in any of claims 1 to 15. 

19. A pharmaceutical composition comprising a TCR as claimed in any one of claims 1 to 15. 

20 nucleic aeid of claim 16 or a ceii as claim ed in claim 17 or claim 1.8,. together with one or more 

pharmaceutical^ acceptable carriers or excipienfs; 

20. The TCR of any one of claims 1 to 15, nucleic acid of claim 16 or ceil of claim 17 or ciaim 

18 for use in.medicine, 

21. The TCR, nucleic acid or ceii for use as claimed in claim 20, for use in a method of treating 

£5 cancer. 
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