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T Ceill Recaptors

The present invention relates 1o T call receplors (TOR3) which bind the HLA-ATO2 realrivted
peptide GLYDGMERL (SEQ 1D NG 1) derivad from the MAGBE-A1L profein. The TCRs of the
invantion demonsirate axcalient specificly profiles for this BAGE spitops.

Background to the Invention

The GLYDGMERL (SEQ 1D No: 1} peplide corresponds 1o aming acid residue numbers 284-282 of
the known MAGE-A1Q protein which is expressed in many lumour types.

MAGE-A1D i one of the most immunogenic members of a largs number of sequence-related
MAGE cancar-testis antigen profeins. s expressed Dy bebtween one thind 10 two thirds of a range
of common solid Wwmaour types (8.4, lung, liver and gastric mefasiases), In addiion s expresaed

by several lesy common umow types {&.4., various squamous cell carcinomas).

Naormal adult MAGE-A10 tissue sxpression is restricted o the immune-privileged sites of the

placenta and sparm celisitesies.

AMAGE-ATD T cell antigen peptide GLYDGMEHL has been confirmad as baing presented by

HLA-AZ posiive tuiour cell lines via Mass Speciramedtry.

Some MAGE gene family proteins are only éxpressed in germ cells and cancer (MAGE-A to
MAGE-C familiss). Others arg widely expressed in normal Hissues (MAGE-D through to MAGE-H).
All these MAGE protein families have a homalogous region that is ciosely matched 1o the sequence
of the MAGE-A14 GLYDGMERL peptida. Hence, it s importand {0 selact TOR clinical candidates
that arg highly spacific for the MAGE-A10 paplide/HLA-AZ antigen of at isast bind o other MAGE

family antigens with complementary normal tissue and tumour distibutions.

fre a first aspadt, the present invention provides a T cell receptor {TCR) having the propearty of
binding to GLYDGMEHML (SEQH D Na! 1) in complex with HLA-RY0Z with 5 dissociation constant of
feom about 0.05 UM 1o about 10.0 U when measured with surface plasnion resanance at 25°C
and at a8 pH between 7.1 and 7.5 using 8 soluble form of the TCR, wharein the TCR comprises a
TCR aiphs chain variable domain and 8 TOR betla cham variable domain, and wherein the TCR
variable domains form contacls with at laast fesidues Y3 and E7 of GLYDGMEHRL (SEQ ID Ne: 1) .

i some embodiments, the sipha chain variabie domain of the TR comprizes an aming acid
sequance thal has al least 80% identity o the sequence of amino soid residuas 1-111 of SEQ D
Mo 4, antior the bela chain varisble domain comprisas an aming acid sequenge that has at least

80% identity to the seguence of aming acid residues 1-111 of 8EQ 1D No 5.
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in a further aspect, ha prasent invendion provides a T cell receptor {TCR) having the proparty of
binding 1o GLYDGMERL {SEGQ 1D No 1) in complax with HLAA™DZ and comprising 8 TCR alpha
chain variabie domain and a TCR bela chain variable domain,

the alpha chaln variabde domain comprising an aming acid sequencs that has stleasi 80%
identity to the sequence of amino aoid residues 111 of SEQ 1D No 4, andior

the beta chain variable domain comprising an aming acid sequance that has al laast 88%

identity to the sequence of aming acld rasidues 1-111 of SEQ 1D No &

The GLYDGMEHL HLA-AZ complex provides a cancer marker that the TORs of the invention gan
target. The presant invention provides such TCRs useful for the purpose of delivering cylotoxic or
immung effecior agents fo the canaer cells andfor useful Tor use in adoplive therapy,

TORs are described using the intemational immunogensatics MGT) TOR aomenclaturg, and inks
o the IMGT public database of TCR sequences. Nalive aipha-betla heterodimeric TCRs have an
alphsa chain and a bela chain. Broadly, sach chain comprisas vanable, joining and conslant
régions, and the bala chaln also usually containg & short dhvarsity region bebween the varighie and
ioining regions, bul this diversily region is oflen considered as part of the joining region. Each
variable regioh comprises threse CDRs {Complemeniarity Delermining Regions) embeddad in &
framework sequence, one being the hypervariable ragion named CDR3. There are several types of
aipha chain variable (Vo) regions and several types of beta chain variable (VB) reglons
distinguishad by their framework, CORY and ODR2 seguences, and by a partly defined CDR3
saquence. The Vo types are referred o in IMGT nomencigture By a ubigue TRAV number. Thus
“TRAV2T" defines & TOR Va region having unique framawork and CDRY and CDRZ sequarnices.
and a CORJY sequence which is partly defined by an amino acid sequence which is preserved from
TOR 4o TCR but which also mcludes an aming acid sequence which vardes rom TCR o TCR. in
the same way, "TRBVSE-1" defines a TOR VJ region having unigus framewark and CORY and

CDR2 sequences, but with only a partly defined CDRS3 seguence.

The joining ragions of the TCR are similany defined by the unigue IMGT TRAJ and TRBJ

nomendiature, and the constant regions by the IMGT TRAC and TRBC nomenclature.

The beta chain diversity region is refarred to in IMGT nomenciature by the abbreviation TRBD, and,
as mentionsd, the congalensisd TRBU/TRBU regions are often considered together as the joining

region.

Thea and § chains of off TCR's are generally regarded as each having two *domains’, namsly
variablies and constant domaing, The variables domain consisls of a concatenation of vanable region
and joining regicn. it the prasent specification and claims, the lsom "TOR alpha variable domain”
therefore refers io the concatenation of TRAV and TRAJ regions, and the fgrm TOR alpha constant
gonyain Yafers 1o the exdradeliular TRAQ region, or fo 8 C-lerminal tuncated TRAC seguende.
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Likewiss the term “TOCR bela variable domain” refers jo the congatenation of TRBY and
TRBD/TRBJ regions, and the term TCR bela constant domaln refars to the extraceliular TRBC
ragion, or ig a C-lerminal francated TRBC sequence.

The unigue sequances definad by the IMGT nomenclature are widely known and accessibia fo
those wirking in the TCR field. For example, they can be found in the IMOT public dalsbase, The
T cell Recaptor Facishook®, (2001) LeFrane and LeFrang, Academic Fress, ISBN §-12-441352-8
ahso discloses sequences defingd by the IMEGT nomencialurg, bul because of ix publication date
and congequant time-lag. the information therein sometimes needs o be confirmed by referencs o
the IMGT database.

Ong TOR iy gocordancs with the vention comprises an aipha ¢hain exiraceiiular domain as
shown in SEQ 1D N 2 and a bela chain extraceliviar domain a3 shown in SEQ ID Ne & The
jerms “paranial TCR™, “parertal MAGE-A10 TCR”, are used synonymously herain {o refar to this
TOR comprising the extracaiiutar alpha and bela chain of SEQ 1D Nos: 2 and 3 respactively. His
desirable o provide TCRs that are mutatad or modified relative o the parental TOR that have a
highsar affinity andior a slower off-rale for the peplide-HLA complex than the parenial TOR.

For the purpose of providing a reference TOR agaiost which the binding profile of such mulated or
modified TCRs May be compared, §f is convaniant {0 use 3 solubie TOR in accordance with the
invardion having the extraceliular sequance of the parental MAGE-A10 TCR alpha chain givernt in
Figure 2a (SEQ 1D No: 4) and the axtraceliviar saquence of the parental MAGE-A10 TCR bala
chain gives in Figure 25 (SEQ ID No: 5). That TCR is referrad to hareln as the “the refargnce TORS
or “the reference MAGE-ATD TCR™ Note that SEG ID No’ 4 is iha parental aipha chain
extracaiiular sequance of SEQ 1D No: 2 except that G167 has baen substiiuted for T182 {Le. T48 of
TRAC) Likewise SEQ 1D No: 8 is the parenial beta chain exiracelivlar sequence of SEQ IO Ne 3
except that C185 has been substiuled for 5189 {Le. B57 of TRBG2), A187 bas been substitutad
for C187 and D201 has been subsiituted for N281. Thase cysieine subshifutions redative 1o the
parendal alpha and beta chain exiraceliular sequences enable the formation of an blarchain
disulfide bond which stabilises he refolded soluble TOR, L. the TCR formed by refoiding
extracaiiular alpha and beta chains. Use of the slable disulfide linked soluble TCR as the reference
TOR enables more convenient assessmeit of binding affinity and binding half iife. TCRs of the

invention may comprise the muiations desonbed above.

TCORs of the Invention may be non-naturally ocourting andior purified andior engineered. TORs of
the invenlion may have more than one muiation present in the slpha chain variable domain andfor
the beta chain variable domain relative fo the parenta! TCR. "Engingsred TCR" and “mutant TCRY
are ussd synonymously herein and generally mean & TOR which has one or more mulations
introduced relative {o the parental TOR, in particular in the aipha chain variabis domain andior the
beta chain variable domain thargof. These mutation{s) may improve the binding affinity for
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GLYDGMEHL (SEQ 1D No: 1) in conyslex with HLACA®D2. in cerlain embadirments, thers are ¥, 2,
3, 4, 5 &, 7 or & mulations in alpha chain variable domain, for example 4 or 8 nwiations, andfor 1,
&, 3, 4 or 5 mutations in the bela chain varfable domain, for example & mulstions. In some
smbodiments, the o chain variable domain of the TCR of the invention may comprise an aming
acid ssquence thal has at lsast 80%, at lsast 21%, at least 2%, al least 3%, alleast §4%, at
leadt 98%, af laast 963, at least 87%, ol lzast 88 % or at feast 992% dentity lo the séquence of
aming apid residuss 1-111 of SEQ D Not 4. In some embaodiments, the B chain - variabie domain
of the TOR of the Invantion may comprise an aming acid sequsnce that has al least 80%., at leas!

1%, alleast 92%. al leasl 83%, alleast 84%, &l loasl 85%, at least 86%, at least §7%, al least 88
% or 3t leasl 98% identity {o the sequenge of aming acid residues 1-111 of SEQ 1D Na: &

The alpha chain varighls domain of a TCR of the invention may have the following mutation:
431 Ao s

with reference o the numbering shown in SEQ D No: 4, andior
the bata chain variable domain may have atisast one of the fgliowing mutations:
£330 D
381 - 8 AwrF
with reference o the humbering shown in SEQ 1D No &

The alpha chain variable domain of a TCR of e invendion may conprise the aming acid sequence of
aming acwd residues 1-111 of SEQ 1D No G or 12

or an aming ackd sgguence in which amino acid residuss 1-28, 3348, 55-88 and 84-111
theraof have af leaat 90% or §5% idantity 1o the sequence of aming acid residues 1-28, 3348, 5588
and 84-111 respactively of SEQ D Mo 8 or 12 and in which aming acid residues 27-32 80-54 and 80-
93 have at kzast 90% or 85% idantity to the sequence of amino acid residues 27-32, 53-54 and 90-83
respectively of SEQ D No: 8 or 12,

Alternatively, the alpha chain variable domain may comgrise the aming acid sequencs of aming acid
rasidues 1-111 SEQIDNo ¥ or 13

or an aming ackd sgguence in which amino acid residuss 1-28, 3348, 55-88 and 84-111
theraof have af leaat 90% or §5% idantity 1o the sequence of aming acid residues 1-28, 3348, 5588
and 84-111 respsctively of SEQ 1D No: 7 or 13 and in which amino aoid residues 27-32, 50-54 and 80-
§3 have at lgast 80% or 85% mawizty o the sequence of aming acid residues 27-32, 50-54 and 90-83
raspactively of SEQ 1D No: 7or

ir the alpha chain variable dormain, the sequance of

{iy aming acid residues 1-26 thersof may have (a) at irast B0% identity o the sequencs of
aming acid residuss 1-28 of SEG ID No: 4 or {b) may have oneg, fwa or threg amine acid residuss
inserted or deleted relative 10 the sequence of {a);

(i} amino acid residues 27-32 may be DRGRQS, DRGSAS or DRGSSS;
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aminio acid residues 3346 of SEQ 1D NGO 4 or (b) migy have one, hwve or three aming acld residues
inseried or deleted relative ip the sequencs of {a)

{iv} aminc acid residuas 58-54 may be IYSNG

{v} aming acid residuss 85-88 thares! may have at feast 80% identity {0 the sequence of
aming acid residues 85-88 of SEQ 1D No: 4 or may have ong, two or three insartions, defetions or
substitulions relalive therelo;

{vi} aminoc acids B0-83 may be AVRG: and

{vil} amino acid residusse 84-111 thereot has at least 80% ideniily fo the ssquence of amino
acid residues 84111 of SEQ 1D Ng: 4 or may have one, two or thres insertions, delslions or

substitulions relalive therelo.

The beta chain variable domain of 8 TOR of the ivvention may comprise the aming acid sequance of
SEQIDNo:Baori4

or an aming ackd sgguence in which amino acid residuss 1-28, 3248, 54-80 and 86111
theraof have af leaat 90% or §5% idantity to the sequence of aming acid residues 1-28, 32-48, 54-90
and 26-111 respsctively of SEQ 1D No: 8 or 14 and in which amino aoid residues 27-31, 48-53 and 81~
5 have at least 80% or 85% dentity to the sequence of aming adid residues 27-31, 48-53 and §1-85
raspecively of SEQ ID N Sor 14

Altarnativaly, the beta chain variable domain of a TCR of the invention may comgprise the anino acid
sequence of SEQ 1D No: 8or 15

ar an aming acld sequencs in which. amino ackd rasiduss 1-28, 32-48, 54-80 and 88-111¢
thereof have af least 80% or 95% identily to the sequence of aming acid residues 1-28, 32-48, 54-G0
and $6-111 raspectively of SEQID No: 8 or 15 and in which aming acid residuss 27-31, 48-83 and 91-
5 have at least 80% or 85% dentity to the sequence of aming adid residues 27-31, 48-53 and §1-85
respeciively of BEQ 1D No. 8 or 18

Altarnativaly, the beta chain variable domain of a TCR of the invention may comgprise the anino acid
sequence of SEQ 1D No: 10 ar 18

ar an aming acld sequencs in which. amino ackd rasiduss 1-28, 32-48, 54-80 and 88-111¢
thereof have af least 80% or 95% identily to the sequence of aming acid residues 1-28, 32-48, 54-G0
and 88-111 respectivady of SEQ I No: 10.0r 18 and ih which aming acid residues 27-31, 42-83 and
91-88 have at least 30% or 8% entily to the sequence of amino acid residues 27-31, 48-53 and 81-
95 respechvaly.of SEQ D No: 10 or 18

Altematively, the bala chalh variable domain of 2 TOR of the invention may comprise the aming acid
sequencs of SEQH D No: 11 or 17
or an aming acid sequance in which aming adid residues 1-28, 32-48, 54-80 and 36-111

thareof ave &l least B0% or 85% identity i the sequence of aming acid resigues 1-26, 32-48, 54-80
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and 28-111 respectively of SEQ 1D No: 11 ar 17 and invwhich aming acid residuss 37-31, 48-83 and
21-95 have at least 80% or 85% idendily 1o the sequence of aming soid residues 27-31, 45-83 and $1-
85 respectively of SEQ ID Nov 11 or 17

in the bata chain variable domain, the sequence of

{1} aming acid reaiduey 1-28 thereol may have (a) at least 20% ideniity 6 the aming acid
sequense of residuse 1-28 of SEQ D Mo § or (k) may have ong, two ofr three aming acid residuss
ingeried or delgted ralalive o the sequence of {a);

(i amino acld residues 27-31 may be MNHEY or MNHIDY,

{iiy amino aoig residues 3248 thereol may Rave () 2t least 30% identity to the sequernice of
aming acd rasidues 32-48 of SEQ 1D NO» & or {b) may have oneg, fwo or thres aming acld residuss
ingeried or delgted ralalive o the sequence of {a);

{iv} amino ackd residues 48-33 may he SVBEQG, SVSEG, SVAEG or SVFEG;

{} amine adid resiiues 54-20 thereof may have () at leaat 80% identity o the sequencs of
aming acd rasidues 54-80 of SEQ 1D NO: & or {b) may have oneg, fwo or thres aming acld residues
ingeried or delgted ralalive o the sequence of {a);

{vi} arvitto acids §1-95 may be CASSE,

{vify aming acid rasiduss 88-111 thereof may Kave al leas] 80% identity to the sequence of

arning acid residuss 86-111 of SEQ D No: 8 or may have ong, two or firee insartions, delstions or

substitutions relativa thereta.

A TCR of the invention may have one of the following combinations of alpha and bela chain vatiable

domans:

Alpha Chain SEQ 1D No Bela Chain SEG 1D No
2 3
2 5
2 &
2 S
2 18
2 ]
2 14
2 15
2 18
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Alpha Chain SEQ 1D No

Beia Chain SEQ D No

& 3
4 &
& 8
4 g
4 10
4 1
4 14
4 15
4 18
4 17
8 3
8 3
& 8
8 3
& 10
B 11
& 14
8 15
& 18
8 17
7 3
7 §
7 B

i
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Alpha Chain SEQ 1D No Beta Chain SEQ {D No
7 S
¥ 10
7 1
7 14
7 1&
¥ 18
7 K
12 3
12 &
12 8
12 8
12 10
12 11
2 14
12 15
2z &
12 17
13 3
13 5
13 &
13 S
13 10
13 k
13 14
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Alpha Chaiy SEQ 1D No Beta Chain SEQ D No
13 18
13 7

Within the scope of tha invantion ars phendiypinally silent variands of any TCR of the bvention
disclosed herein. As used herein the term "phanotypically silent varkanis” is undersiood 1o refer o a
TCR which incorporatas ong or rhore further aming acid changes in addition 1o those satoul above
which TOR has 3 similar phenatype 1o the corresponding TCR withouwt sald change{s). Forihe
purposes of this application, TOR phenolype comprises antigen binding specificily (Kq andior
binding half life) and antigen specificily. A phenotypically silgnt variant may have a Kg andior
binding half-life for the GLYDGMEHL {(SEQ D No: 1) HLA-A™0Z complex within 10% of the
measurad Ky andior binding haif-ife of the corresponding TOR without said changel{s}, whan
measuraed under identical condilions {for exampls af 25C and on the same SPR chip). Suilable
conditions gre further defined in Example 3. Anligen specificily is further defined below, Asis
known io those skilled in the arl,  may be possible {o produce TCRs that incorparats changes in
the constant andior variable domaing thersof comparad to those detalled above without allering the
affinity for the interaction with the GLYDGMEHL (SEQ 1D No: 1) HLA-A02 complex. In particular,
such sifent mutations may be incorporated within pants of the ssguencs thatl are known not o be
direstly involved in antigen binding (8.4 oulside the CDORs}, Such trbvial variants ars includad in the
soops of this invention. Those TCRs in which ane o morne conservative substiliutions have besn

made also form part of this invantion,

Mutations can be carried out using any appropriate method including, bul nol fimited 1o, those
based on polymerase chain regction (POR), resiriction enzyme-based cloning, or ligation
independent cloning (LIC) proceduras. These methods are detalied in many of the standard
molecular biclogy texds For further delalls regarding polymerase chain reaction (PCR) and
restriction enzyme-based cloning, see Sambrook & Russall, {2001 Moleoular Cloning - &
Laboratory Manual (3" BEd)) CSHL Press. Further information on ligation independent cloning (LIC)

praocedures can be found in Rashichian, {1888 Curr Opin Bivlechnof 81} 30-8.

The TCRs of the invention have the property of binding the MAGE-A10 peptide, BLYDGMERL
(GEQ I No 1) HLA-AZ complex. The TGRS of the invention have been found to be highly specific
for those MAGE epitopes relative 1o other, irrelevart epitopes, and are thus particularly sultable as
targeting vectors for delivery of therapeutic agants or deleciable labels 10 calls and fissues
displaying those epilopes. Specificity in the context of TCRs of the ihvaniion relates 1o their ahilfty

to recognise HLA-A02 target oplls that arg positive for the peptide GLYDGMEHNL  whilat having

g
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minimal ability 1o reCognise HLA-ATEZ target calls that are negative for the peptide. To tast
specificky, the TCRs may ba in soluble form andfor may ba expressed on the surfaca of T celis.
Recognition may be delermined by measuring the level of T ¢l aclivation inthe presence of a
TOR and farget cafls. In this case, minimal recognition of peplide negative argst cells s defingd as
& level of T coll activalion of less than 10%, praferably lass than 5% and more prefgrably less then
19, of the level produced in the presence of peptide positive targel celis, whean measured under
the same conditions. For soluble TCRs of the invention, specificity may be delermined at a
therapautically ralevant TOR chncentration. A therapsutically relevant candentration may be
defined as @ TOR concentration of 107 M or below, andfor a concentration of up to 100, preferably
v fo 1000, fold greater than the dorrasponding ECS0 value. Paplide positive celis may be
obiained by peplide-pulsing or, mors praferably, they may naturally pressnt said peplids.
Prefarably, both peptide positive and peplide negative cells are humany gefls,

Ceriain TORy of the invention have been found 10 be highly suitable Tfor use in adoptive therapy.
Such TORs may have 3 Ky for the complex of less than the 200 uM, for example from aboul{ 0.08
uld 1o aboutl 100 gM andfor have § binding hali-life {T16) for the complex in the rangs of from about
0.8 seconds o about 12 minutes. In some ambodiments, TCRs of the invention may have a Ky for
the compley of from aboul 008 b {o about 10 4, about 0.1 LM 1o about & bl or aboul 8.9 ubl to
about 2 uM. Without wishing o be bound by theory, thers seems 10 be an optimum window of
affinity for TORs with tharapeutic use in adaptive cell therapy. Nalurally occurring TCRs
recognising epitopes from tumour antigens are Qeneraily of too low affinity {20 microbt to &0
microld) and very high affinity TCRs {in the nanamolar tange or higher} siffer from cross reactivily
issyes {Robbing et al (2008} . Immungl 180 §118-613%: Zhao st al {2007} 4. omunel. 178 5845-
5854, 8omid e al (2010 4. Immunol 184 4836-4848)

The TCRs of the invention Mmay be off heteradimers Or May be it single chain formatl. Bingle chain
formats include o TCR polypaptides of the Va-L-VR, VB-L-Va, Va-Ca-L-VE or Va-L-VECE types,
whereint Va and VB are TCR o and B variable regions respectively, Coarnd CRars TCR g and §
corstant ragions respectively, and L s 3 linker saguencs. For use asg a largeting agent for
delivaring therapeutic agents to the antigan presenting cell the TCR may be in soluble form (e
havdirig no ansmembrang or eytoplasnis domains). For stability, soluble af heteradimens TCRs
praferably have an infroduced disulfide bond helwean rasidues of the respactive consiant domaing,
as desvribed. for example, in WO 03020783, One or both of the constant domains prasentin an
i heterodimer'of the invention may be truncated al the © terminus or G termind, for exampls by up
to 18, orup to 10 or up 1o B or fewer amine acids. For use ih adoplive therapy, an off
heterodimeric TOR may, for exampie, be ransfectad as full length chaing having both oyloplasmic
and fransmambrane domaing, TCRs for use in adoptive tharapy may coniain a disulphide bond
corresponding to that found in nalure bebwesn the respective alpha and beta constant domains,
additionally or altaratively a non-nalive disuiphide bond may be pressni,

10



10

15

20

30

35

40

WO 2016/055785 PCT/GB2015/052938

As will e ohvious fo those skilled in the arl, # may be possible W runcale the seguences provided
at the C-termings andior N-terminus thereof, By 1, 2, 3, 4, § or more residues, without substantially
affecting the binding characierigtics of the TOR. Al such tnivial vafianis arg encompasssd by the
pragent invention.

Alpha-beta helgrodimsnid TORs of the invention ususliy comprise an alpha chain TRAC constant
domain sequence and g beta chain TRBCY or TRBOC2 constant damain sgguencs. The alpha and
beta chain constant domain sequences may be modified by truncation or substitution io delets the
nalive disulfide bond betwesn Cysd of exon 2. of TRAC and Cys2 of exon 2 of TRBCY or TRBCZ,
The alpha and bela chain constant domain sequences may &80 be modifisd by substitution of
cysteine residuas for Thr48 of TRAC and Sar 87 of TRBU gr TRBQ2, the said cysteines forming
a disuifide bond betwssn the alpha and beta constant domains of the TOR.

Soms TORs of the invention have a hinding affinity for, andior a binding half-ife for, the
GLYDGMEHL-HLA-AZ complex substantially highar than that of the refergnce MAGE-ATCTOR,
ncraasing the binding affinity of a native TOR often reduses the specificity of the TCR for ilg
peplide-MHQ igand, and this is demonsiraled in Zhao Yangbing el al., The Journal of immunology,
The American Association of Inununaiogists, US, vol 178, No.B, 1 November 2007, 5845-5854.
Howaver, the TORs of the invention which are derived from the parental TCR remain spegific for
the GLYDGMEHL-HLA-A2 coripiex, despite having substantially higher binding affinity than ths

parerdal TCR

Binding affinity {invaersely proportional to the equilibrium constant Ky) and binding half-lfe
{exprossed as T} can be determined using the Surface Plasmon Rasohancs {BlAcorel mathod of
Example 3 herain. Measuremenis may be carrled out at 258°C and ata pH between 7.1 and 7.5
using a soluble version of the TOR.  R'will be appreciated that doubling the affifily of 2 TCR resylis
in halding the K T3 is calgulated as in2 divided by the off-rate (k). 50 doubling of TV resullsina
halving in kg Kg and kg valpes for TORs are usually measurad for soluble forms of the TCR, ia.
those forms which are fruncated 1o remove hydrophohic transmembrans domain residuss.
Therefore it is o be undersiood that & given TOR mests the requirement that i has 5 binding
affinity for, andior a binding half-iife for, the GLYDGMEHL-HLA-AZ complex € a soluble form of that
TOR meels that reguirement. Praferably the binding affinily of binding half-ife of a glven TCR Is
measured several imes, for exampie 3 or mors fimes, using the same assay prolocol, and an
average of the resulls is laken. The referencs MAGE-A10 TCR has a K, of approximately 2 uM as
measured by thal method, and s kK. is approvimately Y 5,78 5 {le Tiis approximately 0.93 5}

in a further aspect, the present invention provides nucleic acld encoding 8 TCR of the invention. In
some ambadiments, the nucleic acid is cDNA. In some embodimenty, the invantion provides
nuchesic acid comprising a sequencs encoding an o chain variabls domain of 8 TCR of the

invention. In some ambodiments, the invention provides nugieio acid Comprising a sequende
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ancading a B chain variable domain of a2 TOR of the invantion. The pucleic acid may be non-

riaturally ocourring and/or purified andfor engineerad.

i another aspect, the invention provides a veclor which comprises nuclaic soid of the invention,

Preferably the vector is a TOR expression vector.

The ivention also provides g cell harbouring a vecior of the invention, preferably 2 TOR exprassion
vacior. The veclor may comprise nucleis acid of the invention sncoding in & single open reading
frame, or two dislingt open reading frames, the alpha chain and the bela chain respeciively.
Another aspect provides a call harbouring g first suprassion vector which comprises nuclelo agig
gncoding the alpha chain of 2 TCOR of the invention. and & seoond expréssion vedior whinh
comprises nuclels soid gnooding tha beta chain of 3 TR of the invention. Such cells are
particulany useful in adoplive therapy. The oglis of the bnvention may be iscigled andior

recombinant andfor non-naturally goourning and/ar enginsered.

Since the TORs of the invention have ulility in adoplive therapy, the venlion includes a non-
naturally ocourring andfor purified andlor or engineered cell, especially a T-call, presenting a TCR
of the invention. The invantion alsd provides an expandad poptiation of T oaeils prasenting a TOR
of the invention. There are a number of methods sultable for the trangfection of T celis with nudlain
acid {such as DNA, cDNA or RNA) encoding the TCRs of the Invention {see for exampie Robhing
ef af , {2008} J Immunol 180 8131681311 T cells axprassing the TORs of tha ipverntion will be
suilable for use in adoplive therapy-basead frestrment of candar. As will be kriown 1o those skilled In
the art, thers are s number of sultable methods by which adoptive therapy ¢an be caried out (see
for example Rosenberg st gl (2008} Naf Rev Cancer B(4) 288-388).

Soiuble TCRs of tha Invantion are usefut for delivering delectable iabels or therapeutic ggenis 10
the artigen prasenting cells and tssugs containing the andigen prasenting cells. The may therefors
he associated (covalently or otherwise) with a deteciable label {for diggnostic purposes wherein the
TER s used to delect the presence of cadls presenting the GLYDGMERL-HLA-AZ complex): a

therapautc agent; of a PK modifying molety {for examiple by PEGylation).

Deteclabie labels for diagnostic purposes include Yor instancs, fluorascent labels, radiolabels,

enzymas, nuclai acid probes and conlrast reagenis.

Thergpeutic agents which may be associated with the TCRs of the nvention inchude
immunomodulators, radioactive compounds, enzymes {perforin for exampia) or chemotherapeutic
agenis {cisplatin for exampis). To ensurg that loxic affects are exgrcised in the desirad location the
foxin could be inside a liposome linkad to TCR 30 that the compeund is refeasad slowdy. This will
prevant damaging affects during the transport in the body and ensure that the toxin has maximum
affect after hinding of the TOR (o the relevant anligen presenting ceils.

12
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Other suilable therapeutic agents molude:

« small moleculs cyloloxin agents, e, compounds with the abilily to Kill mammakian cafis
having & molecalar weight of Igas than 700 Daltons. Such compounds could alsg conlain
towie metals capable of having 3 gylolpic effect. Fusthermaore, # 15 1o be undersioed that
thase small moleculs oyloloxis agenis also include pro-drigs, L& compounds that decay or
arg converied under physiclogical conditions {0 release oytoloxic agents. Examples of such
agents include cis-platin, maylansine devivatives, rachaimysin, calichaamicin, docataxel,
gtoposide, gemciabing, ifosfamide, Findtacan. meiphalan, mitoxantrong, sprdimer
sodiumphotofrin |, termozolomide, lopotecan, rimelreate glucurenate, auristalin E
wvincristing and doxorubichy,

s paptide cytotoxing, Le. proteins or fragrents thereof with the abllity o kit marmatian gelis,
Far example, ricin, diphtheria foxin, pseudomonas baclstial exotoxin A, DNasgs and RiNase;

= radio-nuchides, Le unsiable solopas of elemants which decay with the concumant
emission of ong or more of g of [ parlicles, or y ravs. For example, ioding 131, rhanium
188 indium 111, yitrium 80, bismuith 210 and 213, actinium 225 and astating 213
chalating agents may be used to acilitals the assosiation of these radic-nudiides o the
high affinity TCRs, or multimars thereof,

« immuno-stinulants, Lo immune effacior molecules which stimulate immune response. For
example, oytokines such as IL-2 ang IFN-y,

« Superantigens and mutants thersol,

s TCR-HLUA fosiona;

« chamokings such as IL-8, plalelel factor 4, melanoma growth stimulalory protein, oy

« antibodies or fragmentis thereof, inciuding anti-T cell or NK cell determinant antibodies {(g.q.
ang-CD3, ant-CDZ8 or anti-00is)

»  afternalive prolein scaffalds with antibody like hinding characierislica

« complemant actvalors;

+«  xXenogensic profgin domains, allogenain protein domaing, viralibacternal protein domains,

viralrbadlarial peptides.

One preferrad embodiment is provided by a TOR of the invention associated {usyally by fusion io
an N-or C-teronnus of e alpha or beta chain) with an anti-CD3 antibody, or & funclional fragmen
or variant of said anti-CD3 antibody. Antibody fraghents and variants/analogues which are sullable
for use int the compositions and mathods describad hareln include minbodies, Fab fragments,
F{ab'}, fragments, dsFv and scFv fragments, Nancobodies™ {thess construcis. markelad by Ablynx
{Baigium), comprisg synthelic single immunogiobuiin variable heavy domain derbved from a
camelid {a.g0. cameal or lama) anlibody} and Domain Andibodies {Domantis Belgium), comprising
an affinily mahwed single immunogiobalin vanable heavy domain o immunogiohulin vanable light

domaind or alternative protein acalfolds that exhibit antibody fike binding characterialics such as
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Affibodins (Affibady {(Swedan}, comprising engineered profein A scaffold) or Anticaling {Fiaris

{German), comprising engineerad anticaling) 1o name but a faw.

For sume purpaaes, e TORs of the invention may be aggregated inlo a complex comprising
saveral TORs o form g multivalent TOR complax. There are a number of human proteins that
cobtain 8 multimerisation domain thal may be gsed In the produciion of multivalent TECR
complexes. For example the telramerisation domain of b3 which has heen ulilised o produce
{etramars of seFy antibady fragments which exhibited inCreased serum persislance and
significantly reduced off-rate compared {0 the monomeris aoFy fragmeant. (Witluda of af {2001} 1
Biol. Chem. 278 {17} 14385-143§2). Haemogiobin aiso has a ietramerisation domain that could
potentially be used for this king of application, A multivalent TCR complex of the invention may
have anhanced binding capability for the GLYDRGMEHL HLA-AZ complex eomparad to a nan-
muitimenc wild-ype or T cell receplar halgrodimer of the invention. Thus, multivalent complexes of
TCRs of the invention are also included within the invention. Such multivalent TCR complexes
according 1o the invention are parlicularly usefal for iracking or fargeting celis presenting particular
antigens /1 vitro or Jov vivo, and sre alse useful as intermediates for the produdtion of further

muflivalent TOR complexes having such uses.

As is weli-knowrt in the ant, TORs may be subject {n post transiational modifications. Slycosyiation
fs one such modification, which comprises the covalent atlachmeant of oligosaccharide molsties
defined aming acids in the TCR cham. For example, asparaging rasidues, or seringithreonine
residues are well-known locations for oligosaccharide atiachrmeni. The glyoosylation statis of a
pariiciiar protein depends an a number of factors, including protain sequencs, protein
cortfformation and the availabiiity of cerlain engymes. Furthermore, giveosyialtion status {fe.
oligosaccharide {ype, covalant linkage and total number of altachments) can influence protein
funclion. Therefors, when producing recombinant proteing, contraliing giyoasylation is often
desirable. Cortiralied giyeosyiation has been used to improve amntibedy based therapeutics. {Jefferis
R., Nat Rev Drug Discov. 2009 Marn 8(31228-34.1. For solubls TGRS of the invention giycosviation
may be controfled it vive, by using particalar call ines for example, or in vilrg, by chenvigal
modification. Such mogdifications dre desitable, since glycasyiation can improve phamacokingtios,
reduce immunogenisity and more closely mimic & native human protein {Sinclalr AM and Efioit §.,
Pharm Sci. 2005 Aug, 94(8):1828-38).

For adminisiration o patienis, the TORs, nugleis acids andior cefis of the invention (usually
associated with a deteciabie label or therapaulic agent), may be provided in a8 pharmaceuiical
composition togsther with a pharmaceutically accepiable carrier or sxcipient. Therapeulic or
imaging TORs in sccordance with the invention will usually be supplied as part of a sterile,
pharmacsulical compogition which will normally nClude a pharmacautically asceptable carder. This
pharmacauhcal compasilion may ba in any suilable form, {depending upon the desired method of
adryinistering § to a patient). it may be provided i unit dosage form. will generally be provided in a
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senled conlainer and may be provided as part of & kit Such a kit would normaily {aithough not

necessanly} include instructions for use. B may include 8 plurality of said unit dosage Torms.

The pharmaceutical composition may be gdapled for administration by any appropriale rouls,
preferably a parenteral {including subsutansous, intramuscudar, or praferably intravanous} routs,
Such compaositions may be preparad by any method known in the art of gharmacy, for exampia by

mbing thg active ingrediant with the carmer(s) or excipientis) under slerile conditions.

Dosages of the substances of the present invention can vary betwasn wide fimia, degpsnding upon
the diseass or diswrder i e realed, the age and condition of the individual {o be realsd, elo. and
& physician will glfimately determing agpropriaie dosages (o b used.

TORs, pharmaceutica! compasitions, vectors, nucleic acids and cells of the invention may be
pravided iy substantially pure form, Tor example st lgast 80%, al least 85 %, al least 20%, allsast
§1%, al least 92%. al leasl 83%, aljeast 84%, &l lsasl 85%, at least 86%, at least §7%, atl least
983, at least 28% or 100% purs.

Also provided by the invention are;

+  ATCR, nucleic acid or cell of he invention for usa In medicing, prefarably for use in a method
of treating cancer, such as solid tumours fa.g., lung, fiver and gastric matastases) andior
squanis ol arcinomas.

« the use of & TCR, nusleic acid or cell of the invention in (he manufaciure of a medinament for
{reating canger.

s g method of reating cancer in g patient, comprising adndnistering to the patient a TOR,

nucleis acid or csll of the invention,

Frefarred features of each aspect of the invention are as for each of the other aspects mutalls
mutandis. The prior art documents mentiongd hearein are incorporated o the fullest axtent

parmitted by faw.

The rvention is further described i the Tollowing non-liniling examples. Refersnce is made to the

enciosed drawings it ahigh:

Figura "ta shows the aming acid sequencs (SEQ 1D Ne: 2} of the extraceliular part of the alpha
chairt of a parental MAGE-10-specHfic TCR, and Figure 15 shows the aminho acid sequence (SEQ
0 Not 3} of the extraceliular pant of the beta chain of  parental MAGE-A1D-spacific TOR bela
chain amino acid ssguence.

Figure 2a shows the aming acid sequance (SEQ 1D No: 4) of the alpha chain of a solubie TCR
{referrad {0 herein as the “referance TCR). The seguence is the same as that of Figure 1 excapt
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that a cysteine {(boid and undedinad) is subsiituted for TI82 of 3EQ 1D Now 1 {fe T48 of the TRAD
gonstant region). Figurs 2b shows the amino acld sequence (BEQ 1D No! 5) of the beatla chainof a
soiuble TOR {raferved io hergin as the “reference TOR). The seguences i the same as thal of
Figure 2 excapl thal a_systeine (pold and underdined) is substituted for 5169 {ie. S87 of the TRBC2
constant ragion? and A187 s substituted for G187 and D201 iy substituted for N281,

Figure 3 shows ihe respeciive aming acid ssauences (SEQ 1D Nos & and 7) of alpha chains whish
may be presant in TORs of the invention. The subsequences forming the COR regions, of
substantial paris of the COR regions, are underlined.

Figurs 4 shows the respeclive-aming acid saguencsas {SEQ I Nos: 8, 2, 10 and 11} of bela chains
which may be present in TCRs of the invention. The subsequeances forming the COR regions, or
substantial pavts of the CDR regions are underlined.

Figure & shows the respeciive aming acid sequences (BEQ 1D Nos: 12 and 13) of slpha chains
which may be present in TCRs of the invention. Relalive o the sequences shown in Figure 3,

introduced aysigings are shown bold and underiined,

Figura 8 shows the respective aming soid sequences (SEQ 1D Nos: 14 and 15} of beta chains
which may be present i TCRs of the invention. Reiative 1o the seguenies shows in Figure 8,
introduced cysieines are shown bold and undeciined. Also relalive {o Figure 4.C187 has been
mutated 1o A187 jo eliminate an unapired cysteing In any aipha-beta TCR having thess bala

chairs
Figura 7 {(SEQ 1D No: 18) gives the DNA seguencs for the parental MAGE A10 TCR gane (alpha
chair-2A-beta chaln cotsirupt with the Porcine jeschovirus-1 2A sequencs)

Figure 8 {SEQ 1D No: 18} gives the aming aoid sequence of the parental MAGE A0 TOR for T-cell
transduction producad from the DNA sequence of Figure 7. The Forcine leschodrus-1 2A
sequence 1s bold and underlined.

Figure & is g graph showing the reaulls of the activation of T calis in accardance with the invention.

Examples

Example 1 — Cloning of the reference MAGE-AYD TOR aipha and betfa chain variable region
ssquences into pGMT7-based expression plasmids

The parantal MAGE-A10 TOR variable aipha and TCR variable beta domaing of SEQ 1B NOQ&: 2
and 3 respectively werg Cloned into pGMT7-based exprassion plasmids containing either Ca or Cf
by standard methods desoribed in (Molecular Cioning & Laboraiory Manual Third edition by
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Sambrook and Russall). Plasmids wers sequenced using an Applied Biosysiems 3730x DNA
Analyzer. The refarence MAGE-A1D TCR variable alpha and TCR variable bata domains of SEQ
1D NOS: 4 and & respectively were clonad in the same way.

The DNA seguence gnooding the TOR aipha chain variabis region was ligated inlo pEXSES, whinh
was out with Ndet and 2ho1. The DNA sequenge anceding the TCR beta chain variable region
was ligated indo pEXBET, which was also cul with Ndet and Xhot.

Ligated plasmids werg ransformed indo competent £ ool strain XLi-biue cells and plated oul on
LB/agar plates containing 100 ugfml ampicitiin. Following incubation overnight at 37°C, single
colonigs were picked and grown in 5 mb LB containing 100 pg/ml ampicillin overnight at 3770 with
shaking. Clonsd plasmids were purified using a Miniprep kit {Qlagen) and the plasmids werg
sequenced using-an Appliad Biosystems 3730 DNA Analyzer,

Example 2 — Expression, refolding and purification of soluble raference MAGE-A18 TCR

{The expression plasmids containing the reference TCR w-chain and B-chain respectively, as
preparad in Example 1, were transformad separalely info E.oolf strain BL21pLlys S, and single
ampiciifin-resistant colonies were grown at 37°C i TYR {ampicllin 100 ug/mil) mediom 10 QD of
~( §-0.8 before induging profein expresaion with 8.5 mM IPTG. Celis were harvested three howrs
pust-induction by centrifugation for 30 minules at 4000rom In 8 Beckman J-68. Cell paiigts were
tysed with 25 mi Bug Buster (NovaGen} in the presence of MgCl, and DNasel. inclusion body
peliets werg recoverad by centrifugation for 30 minules at 13000rpm in a Beckman J2-21
cantrifugs. Three delergent washes wers then gamied oul 1o remove ol debris and membrane
components. Each ime the inglusion body pallet was homuogenised it a Trilon buffer (80 mM Tris-
HCE pH 8.0, 0.8% Triton-X100, 200 md NaCl 10 mM NaEDTA)) before being pelisted by
canirifugation for 15 minutes al 13000rpm in 8 Beckman J2-31. Delgrgent and sall was than
ramoved by & similar wash in the following buffer: 58 mM Tria-HClpH 8.0, 1 my NaEDRTA. Finally,
the inclusion bodies were dividad into 30 mg aliquots and frozen at -70°%. Inclusion body protain
visld was quardified by solubliising with 8 M guanidine-HCI and an OD measurement was 18ken on
a Hitachi U-2001 Spectrophoiometsr. The profein cancentration was then caloulated using the

axtinction coefficiant

Approximately 15og of TOR « chain and 18mg of TCR § chain solubilised inclusion bodias wers
thawed from frozén siotks and diluted into 10mi of a guanidine solution {6 M Guahidine-.
hydrochioride, 50 mM Tris MG pH &1, 100 vl NaCl 10 mM EDTA, 10 mM DTT), toensura
compleie chain denaturation. The guaniding solution containing fully reduced and denatured TCR
chairs was then injected into G.5 litre of the following refolding buffer: 100 mB Tris pH 81,400 mM
L-Arginine, 2 mM EDTA, § 3 Urea. The redox couple {cysteamine hydrochloride and oystaming

dihydrochioride) 1o final concentrations of 5.8 mb and 3.7 mM regpectively, were added
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approximately § roinutes before addition of the denatured TCR chains. The stlution was efi for ~30
minutes. The refolded TCR was dialysed in Spactrapor 1 mambrang {Spechrum; Product Na.
132870) against 10 L HO for 18-20 howrs. After this timsg, the dialysis buffer was changed twice to

fresh 10 mb Tris pH 8.1 {10 L) and dialysis was continued &t 5 °C £ 3 °C for another ~8 hours

Soluble TOR was separaled from degradation products and impuritias by ioading the dislysed
refold onto & POROS 50HG anlon sxchangs colurat and eluting bound proteln with 2 gradient of O-
S00mM Nali in 10 mM Tris pH 8.1 over 50 cokumn volumias using an Akla purifigr {GE

Healthcare), Peak fractions were poosled and a pocktall of prolease inhibltors {Calbinchem) were
addad. The pooled fractions ware then stored at 4 0 and analysed by Codmassie-staingd SBS-
PAGE bafore being pooled and concentratsd. Finally, the solubls TOR was purified and
sharacierised using a GE Healthcare Supsrdex 75HR gst fittration column pre-squilirated in PBS
buffer {Sigma}. The peak eluting at a relative molacular weight of approximately 50 kD3 was pooled

and concentrated prior ip charactensation by BlAgore surface plasmon resnancs analysis.

Example 3 — Binding characterisation

BlAcors Analysis

A surface plasmon resonance blosensor {BlAcore 3000™) can be usad o analyse the binding of 8
sofuble TOR {o fis peptide-MHG ligand. This is faciliiated by producing soluble biotinyiated peptide-
HLA CpMLA®) complexes which can be immobilised to a streplavidin-coated binding

surface {sansof chip). The sensor chips comprise four individual flow celis which ehabls
simuftaneous measuramant of T-call recaptor hinding to four different pHLA complexes. Manual
injection of pHLA comipiax allows the pracise svel of immobilised class | moleculas o be

manipiiiatad sasily.

Bigtinyiated class | HLASAYGZ molecules were refolded v vitro from bacteraliy-expressed inclusion
bodiss containing the constifuant subunit proteins and synthetic peplide, followed by purification
and i1 vifre enzymatic biotinylation (O Callaghan sf af (1889) dnal Biochem. 286 5-15) HLA-
AD2-heavy chain was axpressed with a C-termiinal biotinnylation tag which replaces the
transmembrang and gytoplasmic domaing of the profein in an approgriate construct. Inclusion body
gxpression wvels of ~78 my/ive baclerial cullure were oblained. The MHE light-chain or f2-
microgiobulin was also expressad as inclusion bodies In £ oof from an apgropriate consiregt, at a

kavel of ~500 my/itre bacteral culture.

E. cofi cells wers lysed and inclusion bodies are purified 1o approximately 80% purity. Profsin from
inclusion bodies was denatured in 8 M guanidine-HO!, 50 mM Tris pH 8.1, 100 mM NaCl, 10 mM
OTT, 10 mi EDTA and was refolded at 2 concentration of 30 mygfiitre heavy chain, 30 mgflitre
B2m info 0.4 M L-Argining, 100 mM Tris pH 8.1, 3.7 mM cysiamine dihydrochionde, 8.6 mM
cysteaming hydrochioride. 4 mgiL of the MAGE-3 EVDPIGHLY peplide raquired 1o be lnaded by
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the HLA-A™D T moleculs, by addition of 8 single pulse of denaturad protein indo refold buffer af <

5% Rafolding was allowed to reach completion at 4°C for at least 1 hour.

Buffer was exchanged by diglyais in 10 volumes of 10 mib Tris pH 8.1, Two changes of buffer wers
ngcessary o reduce the ionic sirgngth of the solution sufficiently, The prodein solution was than
fiftared through a 1.8uny callulose goetlals filler and loaded onlo a8 POROS 50HQ anion exchangs
column {8 mi bed voluma). Protein was eluted with 2 inear §-500 b NaCl gradisnt in 10 mM Tris
pH 8.1 using an Akla punfier (GE Healthcare], HLAAO2:peplide complex elulsd at approximataly
250 mit Nali and peak fractions were collzctad, a cockiall of protease inhibitors {Calbiochen)
was added and the fraclions were chilled on ice.

Biotin-{agged pHLA molecules ware buffer exchanged inlg 10 mbd Tris pH 8.1, 5 mM Nallusing a
ZE MHealthcare fast desalling column eguilibrated in the same buffer. Immeadiately upon shution, the
profein-cantaining fractions wers chilled.on e and protease inhibitor cockiall {Calbinchem) was
added. Biotinyviation reaganis were then added: 1 mM biolin, & mM ATP (buffersd {o oM 8}, 7.8 mM
MaCh, and § pgim! Bivh enzyme (puriiied according to O'Caltaghan ef i {1886} Anal Blochem.

268, B-15). The mbdure was thah aliowed 10 incubale & room tempearature overnight,

The biotinyiated pHLA-A 02 moleculas werg purified using gel filtration chromatography. A BE
Haalthcare Supgrdex 78 HR 10130 column was pre-equilibrated with filtered PBS and 1 miof the
bistinylation reaction mixiure was joaded and the scolumn was developed with PBS at 0.5 miimin
using an Aukla purifier (GE Haalthcare). Biotinviated pHLA-AE2 molecuies eluled as a single peak
at approximately 18 mi Fractions cuntaining protein were pooled, chilied on ioe, and prilease
inhibifor cockiall was added. Prolein concentration was dalermined using 3 Coomassig-binding
assay {PerBio) and aliquols of bintinylated pHLACATDT nyplacules ware stored frozen at —-20°C.

Such immobilised complexes are capabie of binding both T-rell recepiors and the corecsplor
Ch8ayr, both of which may ba injecied in the soluble phass. The pHLA binding propertias of
solfuble TCRs are cbhsenvad o be quallatively and quantilalivaly similar § the TCR is usad eitherin
the soluble or immiobilissd phase. This i3 an important condral Tor partial achivity of soluble species
and giso suggesis that biotinyviated pHLA complexas are hinlogically as aclive as non-bistinylated
compiexss.

Tha BiAcore 3000™ surface plasmon resonance (SPR) biosansor maasuras changes in rafmactive
index expressed in response units (RU) near a sensor surfaca within a small fow celf, a principle
that can be used (o detedt raceptor ligand injeractions and 1o analyse theair affinily and kinetic
parametars. The BlAcore expariments ware parformed &t a temparature of 258°C, using PES buffer
{Sigma, pH 71-7.5} as the rwrning buffer and in preparing dilulions of profein samples. Sireplavigin

was immobilised {0 the fow calls by standard aming coupling methods. The pHLA complexss wers
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immobilised via the biotin tag. The assay was than perforned by passing soluble TCR over tha

swrfaces of the differant Bow cally a1 @ constant fiow rate, measuring the SPR response In daing so.
Egquitibriom binding constant

The above BlAcore analysis methods were used {o delermine squililwium binding conalants. Serlgl
ditutiong of the disuifide linked soluble helgrodimeric form of the referance MAGE-ATD TOR were
prepared and injected al constant flow rate of & yl min” over bwo differant Row calls; one coated
with ~1000 RU ¢f specific GLYDOMENL HLA-A™D2 complex, the second cogted with ~ 1000 RUof
non-specific complax. Rasponse was normalised for each concendration using the measuramaent
from the controd call. Narmalised dala reaponss waa plotied versus concantration of TOR sample
and fitted to a non-linear curve fitiing madel In ordar to talculate the equilibrium binding constant,
Ko {Price & Dwek, Principles and Froblems in Physical Chamistry for Biochemisis {2‘“’3 Edition}
1878, Clarendon Frass, Oxdord}. The disulfide linkad soluble form of the reference MAGE-IQ TCR
{Example 2} demonsirated a8 Ky of approximately 2.00 ubd. From the same BlAcore dala the Th

was approXimately .85 s,
Kinetic Parameters

The above BiAgore analysis methods werg also used o delerming equilibrium binding constanis
and off-rales.

Far high affinity TCRs {ss& Example 3 balow} Kp was datermined by exparimsanially measuring the
dissosiation rate constant, k,,, and the association rate constant, k.. The eguilibrium constant ¥y,

was calcutated 88 Kg'lu.

TCR was jaected over hwe different cslls ong coated with ~1000 RU of specific GLYDGMEHL
HLA-AGZoomplex, the second coated with ~1000 RU of non-specific compiax. Flow rate was set at
50 uimin. Typically 280 gl of TCR at ~ 1 ulM concentration was injected. Buffer was then flowed
over until the response had returned 1o baseline or »2 hours had elapsed. Kinetic parametars wera
caloiiated using BlAwvaluation softvara, The dissociation phase was filted 1o & single axponentiat
decay aguation enabling calcuiation of haif-life.

Example 4 - Preparation of high affinity TCRs of the invention

Expresaion plasmids containing the TCR w-chain and §-chain respectively wers prapared as in

Example 1
TOR D Alpha Chain SEQ D No Bela Chain SEQ 1D No
TCR1 {paranial} 4 5
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TOR2 4 14
TOR3 4 15
TCR4 4 18
TERS 4 17
TCRS 18 5

TORY 13 &

TCRS 13 15

Tha plasmids ware ransformed separately inlo E.oof strain BLE1pLys8, and singls ampicillin-
resistant colonigs grown 8t 377°C in TYF {ampicillin 100 wofml) medium 10 Qg of ~0.6-0.8 before
inducing protein expression with 0.5 mM PTG, Cells werg harvesied three hours postinduction by
centrifogation for 30 minules al 4000rpm in 8 Beckman J-88, Cell peliets wers iysad with 25 mi
Bug Buster {Novagen) in the prasence of MgChL and DNasel. inclusion body pellets were
racovared by centrifugation for 30 minutes 8t 13008rpm in a Beckman J2-21 centrifugs. Three
detergant washes werg than carried oul 1o remtve cell debris and membrane companents, Eagh
timg the inclusion body pellel was homogenised in g Trion buffer {50 mM Tris-HCIpH 8.0, 8.5%
Trton-X100, 200 mM NaCl 10 mM NaEDTA)) before being pellsled by centrifugation for 18
minutes af 13000rpm in & Beckman J2-21. Detergent and salt was then removed Dy a similar wash
in the following buffer; 50 mb Trs-HCI i 8.0, 1 mM NaEDTA. Finally, the inclusion bodies were
divided into 30 myg aliquots and frozen at -70°C, Inciusion body prolein yield was quaniified by
sofubliizing with 8 M guanigine-HOUand an OD measurerhent was takan on g Hitachi U-2001

Spectrophotometar. The profein conceniration was than calouiafed using the extinction coefficient,

Approximately 10myg of TCR a chain and 18myg of TCR § chain solubilised inclusion bodies for
gach TOR of the invention were difuled into 10mi of & guaniding solulion (8 M Guanidine-
hydrochioride, 50 mM Tris MG pH &1, 100 vl NaCl 10 mM EDTA, 10 mM DTT), toensura
compleie chain denaturation. The guaniding solution containing fully reduced and denatured TCR
chairs was then injected into G.5 litre of the following refolding buffer: 100 mB Tris pH 81,400 mM
L-Arginine, 2 mM EDTA, § 3 Urea. The redox couple {cysteamine hydrochloride and oystaming
dihydrochioride) 1o final concentrations of 5.8 mb and 3.7 mM regpectively, were added
approdniately § minutes before addilion of the denatirted TOR chaing. The solubion was joft for <30
minutes. The refolded TCR was diglysed in Specirapor 1 menbrane {Spectrum: Produet No.
132870} against 10 L MO for 18-20 hours. Afler this time, the dialysis buffer was changed twice 1o
fresh 10 od Tris pH 8.1 {10 L} and dialysis was continued &t 5 °C £ 3 °C for arother ~8 hours.
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Soluble TOR was separated from degradation products and impurities by loading the dialysed
refold onte & POROS 50MQ anion exchange columes and sluting bound protein with a gradient of 6-
S00mM Naliin 10 mM Tris pH 8.1 over 15 column volumes using an Akla purifier {GE

Haalthcare). The pooted fractions wers then stoved at 4 *C and analysed by Coomassia-stained
SUS-PAGE before being pooled and concenirated. Finally, the soiuble TCRs were putified and
sharacierised using a GE Healthcare Supsrdex 75HR gst fittration column pre-squilirated in PBS
buffer {Sigma}. The peak eluting at a relative molacular weight of approximately 50 kD3 was pooled

and concentrated prior ip charactensation by BlAgore surface plasmon resnancs analysis.

The affinily profiles of the thus-prapared TCRs for the MAGE-ATD epiiope were assessad using the
method of Example 3, and comparsd with the reference TCR. The resulls are set forth in the
follawing table:

T2 Ko (i)
Referance {TORY) {1088 2.00
TCR2 1.3 1.51
TCR3 2.08 G.68
TOR4 2.3s 0.89
TCRS 553 097
TCRS 3.3s 0.34
TCR7? 4.23 .28
TORE @.4s 5.14

Example 5 -~ Transfection of T-celis with parental and variant MAGE-A10 TORs

{8} Lentiviral veclor preparation by Exprass-in madiated transient ransfection of 2937 csils

A3rd generation lanliviral packaging system was used 1o package lentiviral vactars conlaining the
gene encoding the dasired TCR. 2837 cells were tnansfected with 4 plasmids {one lenthanal vector
contairting the TOR alpha chain-F2A-TCR beta chain single ORF gene desaribed in Example 8¢
{betow), and 3 plasmids containing the other components neceasary o construct infactive bul non-
replicative lentiviral particles) using Express-in madiated transfeclion {Open Biosysiems).
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For transfaction one T150 fask of 2837 calls in exponential growth phase was fakan, with calls
avenly distributed on the plate, and slightly more than 80% confluent Exprass-in sliquots were
prought{o room empetature. 3 mi Serum-Free Medium (RPM 1840 + 10mB HEPESS werg

placed in g sterlie 158 avfconical ube. 174wl of Express-ih Reagent ware added divectly indo the
Serum-Fres Medium {this provides for 2 3.81 weight ratio of Reagsent io DNA). This was mixed

thoroughiy by inverting tubes 3-4 timeys and incubalsd at room femperalure for 520 minutes,

i & separate 1.5 mi micrptube was added 15 ug plasmid BDNA 1o premixad packaging mix aliquots
{containing 18 pg pRSV.REVY (Rev expression plasmid}, 18 pug pMDLy/p RRE {Gag/Pol sxpression
plasmich, 7 ug pVBV-G (VBV glycoprotelny expression plasmid), usualiy ~22 wl, and pipetied up and
down 10 ensure homogenaily of the DNA mix. Approx T mb of Express-in/Sarum-Froe. Madium was
addad to the DNA mix dropwise then pipetled up and down gently before transferring back o the
remainder of the Express-in/Serum-Frag Medium, The {ube was inverted ube 34 timas and
incubatad at room femperature for 15-30 minutes. Old culture medium was removed from the flask
of cefla, Express-in/mediorn/DNA {3ml) complex was added divectly inlo the hollom of an upright
flagk of 2937 cells. Blowly, the flask was placed flat o cover the celis and very gently rocked o
ensurg evan disiribution, AHer 1 minute 22 mi frash culture medium (RI0+HEPES: RPMI 1648,
100 heat-ingolivated FBS, 186 PandStrep/L-glutamine, 10 mM HEPES) was added and the flask
carefully rettrnad o the inoubator. This was incubated overnight at 37°C/AE% COZ. After 24 hours,

the rhedium containing packagsd lentiviral vectors was hatvested.

To harvest tha packaged lenthvifal vectars, the cell cullure supernaiant was filtered through a

& 48nvioran nylon syringe filter, the culivre meadium canbrifuged at 10,000 g for 18 hours {or 112,000
g fur 2 hours), most of the supernatant rerhoved (aking care not to disturl the pelisl) and tha peliet
resuspanded in the remaining few mi of supsrnatant {usually abowt Z nd from a 31 mistarting

yolume peF fube). This was shap frazen ot dry ice in 1 mi aliguots and stored a1 -88°C.
{2} Transduction of T dells with packaged lantiviral vaectors containing gene of intarest

Frior i transduction with the packaged lentiviral vectors, human T celis (008 or £D04 or both
depanding on reguirements) were isolated from the blood of healthy volunteers. These cells wera
courtted and incubated ovemight In R10 containing 50 Uiml 1IL-2 at 1x10° cells per mi (0.5 midtwall)
in 48 well plades with precwashed anti-CD3/ 0028 antibody-coated microbeads (Dynabeads® 7 call
axpander, Invilrogen} & a ratio of 3 beads per cell.

After cvarmight atimulation, 0.5 miof neal packaged lentivival vaolor was added (6 the disaired gelis.
This was incubated at 37°C/8% GO for 3 days. 3 days post-ransduction the calis were counted
and diluied to 0.5x10% celfe/ml. Fresh medium containing 1-2 was added as required. Beads were
removed 57 days posiiransduciion. Cells werg counled and frash medium contamning -2

replaced or added at 2 day intervais. Cells ware kept between 0.5x10" and 1x10° calisymb. Cells
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were analysed by flow cylometry from day ¥ and used for funclional assays {e.g ELISpotfor IFNy
releass, see Exampie 8) from day 5. From day 10, ar when cells are siowing division and reduced
in size, cells are frozen in aliguols of at vasi 4xd o* cefisivial {at 1107 cslisimiin 90% FBS10%
DRSO for storage.

{} Parental TOR gene for T-gall transfection by msthods (a8} and {b} above

Figurs 7 iz g DNA sequsnce (SEQ 1D No: 18) encoding the parental MAGE A10 TCR {codon-
optimised for maximal human cell axpression). #is & full length aipha chain - Poraine teschovirus-1
2A - full length beta chain single open regding frame construct The 24 sequencs is underlingd,
and is preceded by nuclestides encoding & furin cleavags site 1o assist proteohytic removal of the
2A sequence {discussed furthar below in relation 1o Fig 8 (SEQ 1D No: 18). Feplide bond skipping
during profein ransiation of the mBRNA at the & end ¢f the 2A seguence produces two proteina: 1)
alpha TOR chain-24& fusion, 2} beta TCR chain.

Figurs 8 iz the aming acid sequence (SEQ 1D No! 18) corresponding 1o Figure 7. In Figure 8.

« M1 Q22 iz a leader sequence which is removed on maturation of the parental
alpha chain TOR;

+  QIR-BET4 corresponds o the parental glpha chain ssquencs;

»  Q23-N247 corfreaponds 1o the parental alpha chain sxtraceliviar domain;

« L248-T288 is the zipha chaln fransmambrane region of {he mature TCR;

«  L383-83274 is the alpha chain intracelivlar region of the mature TOR;

»  HI77-R280 iz the hurin cleavage sile 10 assisl proteciviic remaval, in the Bolgl
apparatus, of ihe PRA sequarce AZ85-Fa03;

e (ITE BITE 35281 o G284, are Texible linkers allowing full functon of the furin
claavage and PZA sequenues;

«  R304-V3Z3 s a leader ssquence which is removed on malwation of the parental
beta chain TOR;

+  N324-GB812 corrasponds to the parental bata chain sequencs;

»  NI24-E5B3 corrgsponds to the parental bata chain extraceliviar domain:

«  1584-VE0S iz the bela chain traramembrang region of the mature TCR;

*  KE05-G612 i3 the beta cham ntracslular region of the mature TOR.
{ed) T-cells ransfectad with parental and high affinity MAGE-A10 TCRs
Following the proceduras described in {a) and {b) above, the parental MAGE A0 alpha-28-beia

TOR gens {SEQ 1D No 18 {Figure 7)1 was ingerted info the pELNSxy lenti vactor usihg the Nhsl

and Sall restriction sites unigque 1o both DNA consirtuots, and fransfected T-gells created.
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Simdlarly, T-oells may be created by transfection with genes comprising 2 seguence encoding an
aipha chain variable domain having aone of SEQ 1D Nos: 2, 8 or 7 and which is associated with a
sequence encoding & bela chain variable domain SEQ 1D Nos: 3, 8, 8, 10 or it

Example § = Activation of BMAGE A10 TCR engineerad T celis

The following assay was carred out to demonstrats the activation of TORransduced cylotoxic T
fymphodytes (CTLs) n responss 1o oo celf ines. IFN«y produciion. 43 measured using the
ELISFOT assay. was used as aread-out for oylotoxic T hymphocyts (CTL) acthvation.

ELISPOTs

Reagenis

Assay media 10% FOR {Giboo, Cal 201 1-08), 88% RPMI 1840 (Giheo, Cal# 42401, 1%
ghitaming {Giboe Cat# 28030} and 1% penicilin/sireptomycin (Gibon Caty 15070-083).

Wash buffer: 0070 PBSD.05% Twean 20
PBS {Giboo Cat 16(10)

The Hufman iIFNy ELISPOT kit {BD Bioscience, Cal# 55184 98] containing capture and detection
antibodies and Human IFN-y PVDF EUISPOT 98 well plates, with associated AEC substrate sst
(BD Blosclencs, Cat# 851851}

Methods

Target calf preparation

Thetarget celis used i this method were natural apitope-presanting cells: A37E human melanoma
calls which afe both HLACAZT MAGE A1D". HCT118 hufan coloh cancer, which are HLA-AZ'
MAGE A10, were used as a nagalive conbrol. Sufficient target cails {80,000 oallshwvall) ware
washed by centrifugation three Hmes at 12060 rpm, 10 min it a Megaluge® 1.0 (Heraeus). Cells

ware then re-suspanded in assay madia at 16° pelisimi.

E¥ector Celf Fraparafion

The effector cells (T calis} used iy this method were patipheral blood lymphogyles (PBL), oblained
by negative seleclion using D14 and CDES microbead kits (Milleny! Bintech Cat¥ 130-050-201
and 130-002-883 respactivaly) from freshly isolated peripharal biood mononuciear cells (PBMO)
from the vanous blood of healthy volunteers. Cells werg stimuialed with antiCD3/0028 coaled
heads (Dynabsads® T call expander, invitrogen}, ransduced with fentivirus carying the gens
encoding the full nff TOR of interest (based on the construct described in Example §) and
axpanded v as3ay medis conlaining 50UmL IL-2 untit between 10 and 13 days post iransduction.

25



10

15

20

30

35

40

WO 2016/055785 PCT/GB2015/052938

Thase celis were then placed in assay medis prior 1 washing by centrifugation at 1200 pm, 16
min i a Megafuge® 1.0 {Heraeus). Talls were then re-suspended in assay media at 8 4X the final

ragquired concentration.

Plates weare preparad as foffows: 100 ubl antiHFN-y tapture antihody was difuted in 10 mi sterils
PBE par plale. 100 b of the dilulsd capbue antibody was then dispensed info ¢ach well, Tha
piates wera then inoubated overnight at 4°0. Foliowing incubation the plates werg washed
{programme 1, plate type 2, Ulrawash Plus 238 -well plade washer; Dynex} 1o ramave the caplure
antibody. Plales weare then blocked by adding 200 pb of assay media 1o each well and incubaled
at room temparature for two hours, The assay media was then washad from the plales
{programme 1, plale type 2, Uitrawash Plus 88well plale washer, Dynex) and any remaining madia
was remaved by fhicking and tapping the ELISPOT plates on a paper towel.

The conalifuents of the asagy were then added o the ELISPOT plals in the following order,

80 uk of farget cells 1 & celisimi {giving atolal of 50,000 {argel celisiweil}

50 ul media {assay media)

50 ub effecior calls {20,000 TOR-ransducad PBL cailsiwail)
The plates were then incubiated overnight (3770 7 8% C G, The nexi day the plates were washed
three timas {programms 1, plate Wype Z, Ulrawash Plus 88-well plate washer, Dyriex) with wash
buffer and tapped dry on paper iowel 10 remove excess wash buffer. 100 ul of primary detection
antibody was thenh added o each wall. The primary detection antibody was diluled inje 10ml of
difution buffer (the volume requirad for a single plate) using the difution specified in the
manufacturer's instructions. Plates wene then incubated al roon tempearature for at lsast 2 hours
prior 1o Baing washed three times {progranirae 1, plate type 2, Ultrawash Plug 88-well plate
washer, Dynex with wash buffar; excess wash buffer was remaved by apping the plale on a papsr

towel.

Secondary detaction was performed by adding 100 ul of diluted strepiavidint-HRP {o each well and
incubating the plate at room lempensture for 1 hotr. The streplavidin-HRP was diluled into 10mL
difution buffer (the volume requirad for a single piate), using the dilution speagified i the
manufacturer's instructions. The plates were then washed three Himes {programme 1, pigte type 2,
Lifirawash Plus 86-well plate washer, Dynex) with wash buffer and {apped on paper lowalio
remove excesy wash buffer. Plales were then washed twice with PBS by adding 200 ub toeach
well, fhicking the buffer off and lapping on a paper towsl 1o remove axcess baffer. Mo more than 158
min prior {0 wse, one drop {20 ul) of AEQ chromuogen was added toeach 1 miof AEC substrate
and mixgd. 10ml of this solulion was prapared for sach plale; 100 pl was added per well The
piate was then protecied from light using foll, and spot deveiopment monitored regulany, usustlly
accurning within § - 20 min. The piates werg washed in tap waler o lerminale the davelopment

reaction. anl shaken dry privr 1o thel disassembly into three conadituent parls. The plales were

26



10

20

25

WO 2016/055785 PCT/GB2015/052938

than allowed 1o dry gl room tempearature for at lgast 2 bours grioe 1o counting the spols using an

Immunospol® Plate reader (CTL, Caliuiar Technology Lintited).

RESULTS

IFNy release by aclvaled TOR-ransducad T celis in response 10 a variely of AFP-positive and
conirod tunour cell lines was tested by ELISPOT assay (as described above). The numbsr of
ELISPOT spots observed in each well was diolted using Graph Pad Prism®,

CD4+, CO8+ or mixed SO0+ T calis gxpresaing one of TCR Nos. 1-8 ware incubated with
MAGE A10+ HLAAZY tumour oell line ARTE or with MAGE A0+ HLAAZ+ HCT 118 tumour cell

ting, A sampls cotdaining no T cells and 2 sample &f non-transducad T cells were used as conbrols,

TCR o TOR alpha variable domain SEQ 1D Not | TCR bela variabie domain SEQ 1D No
1 2 ' 3
2 2 g
3 2 g
4 2 1¢
5 P 11
& & 3
¥ 7 3
8 7 g

Figure B demonsirates that T cedls transduced with the TCRs describad in the table above are
activated in response {o MAGE At positive tumour calls. Normal hepalooyies (HCT 118} are
MAGE A0 negative and do not induce activation of T cells transduced with MAGE 81310 TORs.
Therefore, the MAGE A0 TORs of the irwention seleciively racognise MAGE A1D presanting celis.

Example 7 - Identification of the binding motif by substitution with all alternative

amino acids

Yariants of the native MAGE-A1Q peptide were obtained in which the amino acid residue
at each position was sequentially replaced with all 19 alternative naturally-cccuring amine
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acid, such that 171 peplides weare prapared in totall The native and aming-acid
substituted peptides were pulsed on to antigen presenting cells, and interferan y (FNy)
production, gs measured using the ELISpotl assay, used as a read-out for the activation of
T cells fransduced with TORS. Essential positions were defined by a greater than 50%
reduction in T celf activity relative to the native peplide,

ELISpot assays were carried as described in Example 8.

The tolerated residues at each position of the peptide are shown below, Underlined

amino acids represent the native residue at the corresponding position in the peptide.

2 L TVMDISACHNF
3 YFW

4 D CAV

3 G ASTLP

& MP

7 BN

& H LMROC

§ M LIVTAFC

it is therefore apparent tha! the MAGE A10 TCRS makes confact with at least Y3 and 7E
of the GLYDGMEHL peptide {(SEQ 1D no: 1) when in complex with HLA-AY2 on the
surface of antigen presenting cells.
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Claims

1. A T cell raceptor {TCR) baving the property of binding {0 GLYDGMEHL (SEQ D Not 1) in
complex with HLA-ATDZ with a dissociation constant! of from about 5.G8 uM to aliout 10.0 bt when
measured with surface plasmon resanance at 28°C and at a pH between 7.1 and 7.5 using a
sofuble form of the TOR, wherain the TCR comprises & TCR alpha chaln varfable domain and a
TCR hata chain varigble domain, and wherely the TOR variabie domains form condaets with at
lmast rasidues Y3 and E7 of GLYDGMERL (832010 No: 1)

2. A TOR according to olaim 1, which is an alpha-beta haleradimer, having an alpha ¢hain
TRAC consiant domain sequence and a bela chain TRBG1 or TRBG2 consiant domain sequante.

3 A TCOR as claimed in claim 2, wherein the alpha and beta chain consiant domain
sequanves are modifisd by runcation or subsiiulion {0 delele the native disulfide bond between
Cysd of exon Z of TRAG and Cys2 of axon 2 of TRBC1 or TRBC2.

4. A TCR gs claimed in claim 2 or claim 3, wherein the alphs and beta chain constant domain
sequencas are modified by subsitution of cystaine residues for Thr 48 of TRAD and Ber 57 of
TRBGT or TRBCZ, the said oysteines forming a disulfide bond belween the alpha and beta

canstant domains of the TCRL

5. A TCR as claimad in olaim 1, which i3 in single chain format of the type VieL-VB, VE-L-Vi,
Vo-Go-L-YE, or Va-L-VB-0B, whersin Vo and VR ars TOR ¢ and B variahls regions raapectivaly,

Co and §f are TOR o and B constant regions respectively, and L is g linker sequence.

&, A TOR as glaimed in any precading claim, which s assoviated with a detectable skl a

tharapautio agernd or a3 PK mogifying molety

7. A TOR as claimad in any praeceding clainy, whergin the aipha chaln variable domain
comprisgs an amino acid sequence thal has at least 80% ideniity o the sequence of aming acid
residues 1-111 of SEG 1D No 4 and has the following mutatioet:

Qat Aor S

with reference to the numbering shown i SEQ D No: 4, andior the beta chain variable domain
comprises an aming acid sequence that has at least 80% identity to the sequence of aming acid

residuss 1-111 of B3EQ 1D Nev 5 and has ai izast one of the following mutalions:

E30 0
(551 S, AqrF

with references {0 the numbering shown in SEQ 1D No: &,
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B. A TGR as clalmad in any praceding claim, wherain the aipha chain variable domain

somprises the anung acikd sequencs of amine ackd residuss 1-111 of SEQ 1D No: § or 12 or

an aming acid saquence in which aming acid residues 1-28, 33-48, 55-89 and 841114
tharedf have al least 8% or 85% ideniity to the sequance Of aming acld residues 1-26, 33-48, 55-
85 and $4-111 respactively of SEQ 1D No & or 12 and in which amino acid residues 27-32, 56-54
and 890- B3 have at lagst 80% or 85% idantity lo:the safquenca of aminge acid residuas 27-32. 60-54
and 90-83 respactvely of SEG 1D Nor 8 or 12

8. A TOCR as claimed it any one of claims 1-7, wharein the alpha chain variabis domain
comprises the aming acid sequence of amino acid residuss 1-111 of SEQ D Not ¥ or 13 or

an amino acid seguencs in which amino acid residues 1-28, 33-48, 55-88 and 24-111
thereol have al lgast 80% or 85% identily to the sequence of aming aoid rasidues 1-28, 33-4%, &5-
88 and 84-111 respactively of SEQ D No: 7 or 13 and i which amine adid residugs 27-32, 50-54
and B0-83 have at least 80% or 85% identily to the sequence of aming acyd residues 2¥-32, 86-54
and 20-83 regpeactively of SEQ 1D No: Tor 18

1¢. A TCR as claimed in any precading claim, whearein in the alpha chaln variable domain the

seguence of

{1y amino agid residues 1-28 thereof has (&) at least 80% identily {0 the sequance of aming acid
residues 1-26 of SEQ 1D Not 4 or {b) has one, two or thres aming adid resichias inserted or

dalsted reiative o the sequence of {&};
(i} aming acid residues 27-32 is DRGSQR, DRGSAS or DRGSESKS;

(it} aming acid residues 33-48 thereof has (1) at leas! 80% identily {o the sequence of aming
acid residuss 33-48 of SEQ 1D NG 4 or {b) hag ong, two or three aming acid residues inserted

of deleted relative {o the segquence of (a8}
{ivl amino acid residues 50-54 B IYBNG

{v} amine acid residuss §5-89 thereof has at least 80% identily {0 the sequence of aming acid
rasidues 55-88 of SEQ 1D No: 4 or has ang, two ot threg inssarlions, deletions or subsiitulions

retative thersio;
{vi} afing acids 80-83 is AVRG; and

{vity amying acid residies 34-111 thergol has at least B0% identily to the sequenge of aming
acid residugs 84-111 of SEQ 1D Now 4 or has ong, two or three ingertions, delalions or

subsiitulions relalive therelo.

i1, A TR as claimead in any praceding claim, whergin the bata chain variable domain

comptises the amino acid ssquenca of SEQ ID No: S or id of

a0
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an aming acid sequence in which aming acid residues 1-28, 32-48, 54-80 and 351411
thareof have al ieast 80% or 85% ideniity 1o the sequence of aming acid residues 1-28, 32-48, 54-
80 and $8-111 reapectively of SEQ 1D N 8 or 14 and in which aming acid residues 27-31, 48-53
and 81- 85 have at lsast 80% or 85% identily 10 the sequende of aming acid residues 27-31, 48-583
and 91-95 respectively 0f SEQ ID No B or 14

2. A TGR as claimad in any ong of glaims 1-310, wherein the beta chain variable domain

comprises the aming acid seguence of SEQ ID No S or 1§ or

an aming acid seguence in which aming acid residues 1-28, 32-48, 34-80 and 28-111
thareof have al lbast 80% or 85% derdity to the sequance of aming acid residues 1-26, 32-48, 54-
20 and 88-111 respaciively of SEQ 1D No: 8 or 15 and in which amine acid residugs 27-31, 48-53
and 81~ 38 have alleast 80% or 85% idenilly i the sequencs of aming acid residuss 27-31, 48-83
and 31-85 respectively of SEQ 1D N S or 15

13, ATOR as claimed in any ong of claims 1-10, whergin the bela chain varable domain

comprises the aming acid sequence of SEQ 1D No 10 w18

of an amino acld sequence in which amino acid residuss 1-28, 32-48, 54-80 and 96-111
theraof Rave at leas) 80% or 85% ideniity 10 the sequences of aming acid residuss 1-26, 32-48, 84-
a0 and 98-111 respectively of SEQ 1D No! 10 or 18 and in which amino acid residues 27-31, 48-83
and 81-85 have at lsast 0% or §5% dentity 1o the sequence of amino acid residuss 27-31, 48-53

and 91-85 respectivaly of S3EQ 1D No: 10 or 18,

4. A TCR a3 claimed in any one of claims 1 fo 10, wherdin the bela chain variable domain
comprises the amino ackd sequence of SEQ ID No 11 or 17 or

an aming acid sequence in which aming acid residuss 1-28, 32-48, 54-80 and ¢8-111
thersof have al least 80% or 88% idenlity io the sequence of amino scid rexidues 1-28, 32-48, 54-
90 and $8-111 respectively of SEQ 1D Noo 11 or 17 and i which aming acid residues 27-31, 48-53
and 91-88 have al least 80% or 85% idaniity to the saquencs of amino ackd residusas 27-31, 48-53
and §1-85 raspecively of BEQ 1D Nor 11 or 17,

15, A TGR actording o any praceding claim, wherain in the beta ohaln variable domain the

sequence of

{1} amino acid residues 1-28 thereof has {a} at leas) 90% identity 1o the amino acid sequance
of residuss 1-2& of SEQ ID No: 5 or {(b) has ong, bwd of thres aming acid residues insarted or

deleted relative {o the sequence of (a);
{ify aming acid residues 27-31 is MNHEY or MNRHDY,

(i) amino agid rasidues 32-48 thereof has {3) at least 80% idantily o the segquence of aming
acid rasidues 32-48 of 3EQ 1D NO: 5 or {b) has one, two or thres amino dcid residuss insertad

or deleled relative lo the saquence of (3}
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(i} amino acid residues 48-53 is SVGESG, SYSEG, SVAEG or BVFEG,;

(¥} aming acid residugs 54-80 thereot has (8} al lsast 80% identily 10 the seguance of aming
acid residuss 5460 of SEG 1D NG § or {B) has one, two of thiree aming acid residues inserted

or deleted relative to the sequence of (a);
(v} amine acids 81-858 is CAZSF,

{vil} amning ackd residies B8-111 thereof has al laast §0% dentity 1o the sequence of aming
acid residues 86-111 of SEQ D No. & or has one, two or thres insertions, deletions or

substitutions relative therato.

185, Nucleic acid encading & TOR as clagimead in any ong of the precading claims.
17, An isolated or non-naturally oocurring oell, espediaily g T-vell, presenting a8 TOR as claimad

in any one of claims 1 fo 1&
18. A cell harbouring

{a) & TOR axprassion veotor which comprises nucieic acid as claimed inclaim 18in a
single open reading frame, or bwg distinct opan reading frames encoding the aipha chain and the

betls chain respectively; or

{bl & first expression vector which comprises nucleis acid encoding the aipha chainof a
TOR as olaimed in any of ¢laims 110 15, and a second sxpression veclor wiich comptises nusiaio
acid encoding the bela chain of 3 TOR as ciaimed in any of claims 118 18

18 A pharmaceutical composilion comprising 3 TCR as claimed in any one of claima 110 15,
nucleis acid of claim 18 or a cell as claimed inclaim 17 or claim 18, together with one of mora

pharmaceutically accaptabis carriets or exciplents:

20 The TCOR of any ang of claims 1 i 15, nucieic acid of claim 18 or call of ¢laim 17 or claim

18 for yse in medicine,

21. The TOR, nuaieic-acikd or cell for use as claimed in claim 20, for use in 8 meihod of reating

Lancer.
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