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Description

CROS5-REFERENCE 10 RELATED APPUCATION

[0001] This application claims the benefii of U.B. Provisionat Application Mo, 61/761.058, fled on Ssptember 14, 2012,
BACKGROUND OF THE INVENTION

(8002} Adoptive sell therapy {ACT) involves the transfer of reaclive T cells info patients, including the transfer of umor-
reaciive T colls into cancar pationts. Adoptive cell therapy using T-cells that target human leukocyls antigen (HLARAG2
reatricted T-cell apilopes has besn successiul in causing the regression of tumors in some patisnts, Mowever, patisnts
that lack HLA-AYG2 expression cannol be treated with T-cells that target HLA-AD2 restricted T-oall epitopes. Such a
Hmitation creates an obstacie o the widespread application of adoptive cell therapy. Acqordingly, there exisls a need
for improved immunslogicsl compositions and methods for treating sances, Any references o methods for trestment of
the human or animal hody by surgery or therapy are to be infarpreted as refarences io the compounds, pharmaceutical
compaosifions and medicaments of the present invention for use in a msthod for reatment

BRIEF SUMMARY OF THE INVENTION

{0803] The present invention relates o a host cell comprising a recombinant expression vector comprising a nuclele

acld compiising & nucleclide sequence encoding 8 TCR for use in the realment or gprevention of canrer in 8 mammal.
fOB04}  The present invention is definad by the appended daims, In padicuar, the present invention providas:

1. Host cull conprising a recombinant expression vector comprising a nuckeic acid comprising a nuclestidle sequence
encoding a TOR for use in the trestment or prevention of cancer in a mammal, wherein the TOR comprises:

{8) SEQID NOs: 3-8 or
{t} & functonal variant of {a),

wherein the TCR of {3} and the funciional vardam of () specifically bing to {) MAGE-A3 that s prasentsd
by HLADBPAT04 and (i) BMAGE-AS,
wharein the unational vadant compnses:

{1} SEQ D NGs: 3,4, 6, 7. 8, and 28, wheraim

{1y Xaa at 4 iz Alg, Xas at 8 is Ser, Xaa at 8 i Gly, and Xaa & 7 is Thrin ST 3 NG 28:
(2} Xaa at 4 is Ser, Xaa at Sis Ala, Xaa at 8 is Gly, and Xaa at 7 15 Thrin SEQ D NO: 28

{3} Xaa at 4 iz Ber, Xaa 8t 5 i3 Ser, Xaz af 8 is Gly, and Xaz at ¥ is Ala in SEQ 1D NO: 28: or
{diagatd s Val Kaa ai S Bar, Xoaai 0is Gy, and Xea st Vs T in SEQ D NG 22 or

{1} SEG D NOs: 3, 4, 5.8, 7. and 30, wherein

(11 Xaz atdis Ala, Xoaat 5is Thr. Xaa at 6is Gly, and Xaa at 7 ia Pro in SEQ Y NO: 30 or
{21 Xaaz at 4 is Arg, Xaa at 5 is Alg, Xaa at 8 iz Gly, and Xaa at 7 is Pro in BEQ 1D NO: 30,

wherein the canoer is acuts lymphooytie cancer: bone cancer; bralrcancer, cancer of the anus, anal canal,
or anorectum: cancer of the eye; cancar of the infrahepatic bile duct, cancer of tha joint: cancer of the neck,
gaili-ladder, or plewra: cancer of the nose, nasal cavity, or middle ear, cancer of the oral cavily; cancer of
the vulva; cervical cancer; chronic nyyeloid cancer; oolon cancer, esophagseal cancar; gastric cancer; gas-
traintestinal carcinoid furmor; ghoma; head cancer; hepatoceliular carcinoma; hypophasrynx cancer; kidney
cancer; larynx canoer; leukemia; ver cancer; lymphoma; malignant mesothelioma; multiple mysloma; na-
sopharynx cancer; ovarian cancen neck cancer; pancreatic cancer; peritoneum, omentum, and mesentavy
cancer: pharynk cancer;, prostate cancern ractal cancer; sarcoma: small intestine cancer, soft iasue cancer;
storvach cancer; lesticsar canger; thyraid cancer; or urothelial cancer,

2. The hast calf for the use of tem 1, wherein the Runclional variant comprisas {3) SEQ D NGO 28, wherein Xaad is
Ala, Xaah s Ser, Xaab is Gly, and Xza? is Thy or {b} SEQ 1D NO: 28, whaerein Xaad is Ser, Xaad is Ala, XaaB is
Gy, and Xaa7 is The,
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3. Theh et for the use of itern 1 oy 2. wherain the TOR or functional vatiant comprises 8 muring constand region.

4. The host celf for the use of any ane of items 1-3. whersin the TCR or functional variant comprises a3 muring
constant region comprising SEQ D NO: 25 andfor SEG D NO: 26,

5. The host cell for the use of any one of Bems T4, wherein the TCR or functional variant comprises the amino acid
sequences of!

{a} SEQ 1D NOs: 8 and 10:
{b) SEQ 1D NOs: 10 and 31, wherein

(1} Xaa at 118 s Ala, Xaa al 117 is Ser, Xag ot 118 is Gly, and Xas at 119 is Thr in SEQ 1D NO: 34;
(2} Xaaat 118 is Sar, Xas st 117 is Alg, Xaz at 118 is (353. and Xaa at 119 s Thr in SEQ 10 NQ: 31;
{3y Xaa et 116 is Ser, Xaa at 117 is Sar, Xas st 118 s Glv, and Xas et 1R is Alain SEQIDNO: 31, o
{4) Xaa gt 119 is Val, Xaa at 117 s Ber, Xaa at 118 is Gly, and Xaa at 1181 Thr in SELUID NG 31 or

o) SECHD NOs: 8 and 32, wharein:

{1} ¥Xaaat 1155 Ala, Xaaat 115 ia Thr. Xaa at 117 s Gy, and Xaz at 118#s Pro in SEQ D NOY 32 or
$

(23 Xaa at 115 is Arg, Xaa at 116 is Als, Xaaz at 117 is Gly, and Kaa a8 118 is Pro in SEQ 1D NO: 32,
&. The host cell for the use of any one of items 1-5. whersin the funstional variard comprises:

{2} SEQ U NG: 31, whersin Xaat18 is Ala, Xaz 117 & Ser, Xaa118 is Gly, and Xaalt8is Thr, or
(b} BEQ ID NO: 31, whaerein Xaat18 is Ser, Xaa117 is Ala. Xaa118 is Gly, and Xaz119is Thr,

7. The host cell for the use of any ons of tlems 1-6. wherein the TCR or functional vadant comprises the amino acid
sequenoes of.

{a) SEQ D NGs: 11 and 12¢

{b} SEQ 1D N 27 and 28;

{cy SEQ 1D NQs: 12 and 33, wharain

{1) Xaz at 116 i3 Ala, Xaa at 117 is Ber, Xaa at 118 is Gly, and Xaa at 118 is Thr in SEQ 1D NO: 33;
{2} Xaa at 116 1s Sar, Xaa at 117 is Ala, Xaa al 118 is Gly, and Xaa at 119 s Thr in SEQ 1D NO: 33;
{3) Xza at 1168 is Ser, Xaa at 117 is Sor, Xaa at 118 is Gly, and Xaa al 119 is Ala in SEQ B NO: 33, o
{3} Xza at 116 is Val. Xaa at 117 is Ser, Xa= at 118 is Gly, and Xaa at 1191s Thr in SEQ 1D NO: 33 or

{d) SEQID NOs: 11 and 34, whareind

{1} Xaa at 115is Alg, Xaa ot 118 iz Thr, Xaz at 117 is Gly, and Xaa al 118 is Pro in 3EQ 1D NG 34 or
(2} Xaa at 115 is Arg, Kaa af 118 is Mg, Kaa al 117 is Gly, and Xag at 118 is Proin SEQHD NG: 34,

8. The host celf for the use of any one of tems 1-7, wherein the funclional variant comprises:

{a) BEQ 1D NO: 33, whersin Xaa118 is Als, Xaa117 is Ber, Xaa118 ia Gly, and Xaa118 & Thr. or
(b} SEQ D NLY 33, wherein Xaat18 is Ser, Xaati7 b Ala, Xaa118 s Gly, and Xaa118 iz The,

&. The host celt for the use of any ane of flems 1-8. wharein the nuclaic acid comprises a nucleotide seguence
setected from the group consisting of a) SEQ I3 NGs: 37 and 38,b) SEQ D NQs: 41 and 42, and ¢} BEQ 1D NOs:
43 and 44.

180, The host celt for the use of any one of tems 1-8. whergin the call is human,

11, The host call for the use of any one of tlems 1210, wherein the cancer is one or both of MAGE-AS and MAGE.
AS positive,

12. The host call for the use of any nne of fems 111, wharsin the cancer is acute myeloid leukemis, alvedlsr
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rhabdomyonsarcoma, chronic lymphogytic leukemia, colon cardinonms, hepaloceilubar carcinorna. Hodgkin lymphama,
slomyosarcoma wlerl, non-Hodgkin lvmphoma, ostecgenic sarcoma, renal cell carcinoma, sguamous cell carcine-
iR, synovisl sarcoma, ureter cancer, or uinary Bladder cancer.

13. The host cell for the use of any one of items 112, whersin the TOR comprises:

{a) BEQID NOs: 3-8;
(b} SEQ I NOa: 3-10;
(o} BEG D NOs: 1141
() SEQ 1D NOs: 27-28.

14, The host cell for use according fo any ong of itema 1-13, whersin the hostoell is comprisad in a population of celis.

15. The host call for use according to any one ofitsms 113, whaerein the host cell and a pharmaceulically acceptable
carfler are comprised in @ pharmacsuticsl composition,

{0088] Further disclosed herein is an isciated or purifed T-cell receptor {(TCR), and funational portions ang flunclionad
variants thereof, having antigenic specificity for MAGE-A3,4; a5q and MAGE-RS.

{8008] Qisclosed herein iz an isolated or purified TCR comprising {8 SEQ D NGs: 3-8 or {b) SEQ I NOs: 21-22, ar
a funclional variant of {2) or (), wherein the funchional vardant comiprises (a) or {b) with atleast one amino acid substitulion
v sy onRg or more of {a) or any ong of more of {b}, and thae funclional variant has anfigenic specificily for MAGE-AZ in
the context of HLADPRY *04.

{0887] Further disclosed herein are polypeptides and proteins, as well asrelatad nucleic acids, recombinan! expression
vectors, host oells, and populations of cells. Further provided are antibodiss, or antigen binding portions thareof, and
pharmacegtical compositiona relating to the TCRs {including funclional portions and functiona! vanants thersof} disclosed
hersin.

[8008] Disclosad herain is detedting the presence of cancsr in a mammal and treating or preventing cancer in 2
mammal The delecting the presance of cancer in & mammad comgrises {i} contading & sampla comprising cells of the
cancer with any of the TCRs {including furctfonal porions and functionat variants thereof), polypeptides, proteing, nucleie
acids, recombinant axprassion vactors, host cells, populations of host aells, or antibodies, of ardigen binding porions
thereof, describad herein, theraby forming a complex, and {il) detecting the complex, whereln defection of the complex
s indicative of the prasancs of cancer in the maramal,

{0609] Disclosed herein s {reating or preventing cancer in 8 mamaal comprising admidnistering o the mamaal any
of the TCRs {including funciional portions and functional variants thersof), polypeplides, or profeing deseribad harsin,
any nuclelc acld or recombinant expreasion vecior comprising 8 nucleotide sequanca encoding any ofthe TCRs {including
functionad portions and funclional vanants thareof), polvpeptides, proteins described herein, or any host cell or popidation
of host cella comprising a recombinant vecior which encodes any of the TORs including functionald portions and functional
variants thereof), polypeptides, or proteing described herein, In an armount affective 1o freatl or prevent sancer in the
maawnal,

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)
[a014]

Figures 1A and 1B are bav graphs showing inderferon {FN)}gamma secretion {pg/mi) by CD4+ T cells from first {14)
and second {18) donors in resporse to co-tadfure with 203-CHT A targetcells untransfected (202-CHTA}or fransfected
with full length NY-ESO-1 {203-CHTA-NY-ESQ-1} protein, MAGE-A1 protein (203-CHTA-MAGE A1), MAGE-A3
grotein (283-CHTA-MAGE-AT), MAGE-AS protein {(Z03-ClITA-MALZE-ASY, or MAGE A12 protein [283-CIHTA-MAGE-
A12). The T cells were untransduced (UT) or transduced with F5 Ent-MART-1) TOR, R1ECO TCR, or 6F8 TCR.
Figure 281 a bar graph showing F-gamma secredion (pg/mi} by T cells from a human donor thatwere uniransduced
or transduced with §F2 TCR or FE TCR inresponse to so-cuiture with $26-CHTA calls that were untreaied or treated
with ani-MAGE-AJ giRNA or anti-MART-1 siRNA.

Figure 28 is a bar graph showing IFN~gamma sacretion (pgfmi} by CD4+ T cells from a human donor that were
untransduced or ransduced with 8F8 TCR in response fo co-oufiure with H1299-CHTA celis that were untreated o
treatad with ant-MAGE-AZ siRNA or anli-MART-1 ciRNA,

Figure 3 is 3 bar graph showing IFN-gamma sacretion {pg/od) by BFStransduced PBL cullured alone {1 cells ondy)

or co-nullured with 3071 cells, 307 1-CBTA cells, 387 calls, 397-CHTA cells, 2630 celis, 2830-CHTA cells, 2984 cells,
or 2984-ClITA oaills.
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Figure 4 is a bar graph showing FiN-gamma secretion {(pg/mb) by CD4» anriched PBL thal were Wansducad with
658 TCR or untransduced upon culfure alone {7 call anly) or in response 1o co-culiure with untreated H1288-C1TA
calls, H1299-CHTA ransfected with anti-HLADP or ani-HLA-DR siRNA, untreated 526-CHTA cells, or B28-CHTA
i{:EiﬂSfE.\(‘?E‘(" with anthHLADP or anti-HUA-DR siRNA,
5 Figure 5 is a bar graph showing IFN-gamma (py'mi) secretion by PBL that were untransduced or tansduced with
witdlype (wi} 6F8 TCR or one of each of eight substituted TCRs: a1 (slpha chain §T16A}, a2 (aipha chain 31174).
&3 {slpha chain G1184), a4 {aipha chain TT18A} bt {peta chain RT1BA), b2 {beta chain T118A) b3 {beta chain
3117A), or be {beta chain P118A) upon culture alone (T csll only; unshaded bars} or co-culture with 624-CHTA
{checkered bars), 528-CHTA (right crosshatched bars), 1358-ClHTA (horizontal stripsd bars), H1293-CHTA {left
B crosshatched bars), or 1784-CHTA {verlical siripad bars),
Figure & is & bar graph showing IFN-gamma {pgimi} secretion by CD4+ sriviched PBL that were untransduced or
fransduced with wild-type {m} SF8 TCR or one of each of three aubstituted TORa: a1 (aipha chain 51184}, a2 {aipha
chain ST17A), or b2 (befa chain T1164) upon culiure alone (T call only; unshaded bars) or co-cultive with §24-
CHTA {checkered bars), 525@5?1’#\ {right crosshatched bars), 1383-CHTA (horizonial stripad bare), H1298-CHTA
5 {laft crosshatched bars), or 1784-CHTA {vertical siriped hars),
Figure 7 is a bay graph showing IFN-gamma {pg/mil} secrelion by PBL thal wers untransduced or transduced with
wild-type {wi) §F8 TCR or one of aach of ten subsiituted TCRs: at {alpha chain §1164), a2 {alphs chain S11TA),
at-1 (alpha chain S116L), a1-2 {alpha chain 811681}, al3 {sipha chain 8118V}, al4 {(alpha chain S116M), ad1
{atpha chain §17L}, a2-2 (adpha chain 31171, a2-3 {sloha chaln $117V), or a2-4 {aipha chain $117M) upon cutturs
e alore or {7 call only; unshaded bars) or co-culiure with 824-CIITA {right crosshatched bars), 528-ClITA {vertical
siriped bars), 1358-ClITA (horizontal stripad barg), M1299-CHTA {leftorosshatehed bars), or 1764-CHTA {black bars).
Figure 8 is & bar gragh showing IFN-gamwma {pg/mi} secration by PBL that were untransduced (checkered bars) or
fransduced with wild-type {(at) 8F8 TCR {horzontal striped bar) or 8FamC TCOR (SEQ 10 NOs: 27 and 28) {left
crosshatchad bars) upon cullure alone (T cells only) or co-culture with 834-CHTA, 1300-CHTA, 828-CHTA, 13585
a5 CHTA, H1298-CHTA, 307-CHTA, 2630-CNTA, 2084.CHTA, 3071-CHTA, or 1784-CHTA cells.
Figures 84 and 88 are bar graphs showing IFN-gamma {pg/mi} secration by CD4+ {8A) or S8+ {98} ennched PR
that ware untransducad {checkerad bars) or ransduced with wild-type {wi) BF8 TCR (horizontal striped bar) or
EF3mC TOR (BELQH D NOs: 27 and 28) {left crosshatched bars) upon culfure aloene {T cells only} or co-culfire with
G24-CHTA, SKIT-CITA, 526-CIITA, 1358-CHITA, H1298-CHTA, 3097-CHTA, 2830-CHTA, 2084-CHTA, 3071-CHTA,
38 ar 1784-CHTA calls.
Figure 10A is a bar graph showing IFN-gamma sscration by PBL thal were uniransduced (UT) unshaded barsj or
transduced with R{208 TOR {grey bars) or 8F8 TOR {black bars) upon cubture glone (nong) or co-culire with 283-
ZHTA ransfectanty thal wers fransfecied with full fangth NY-ESG-1 prolain, MAGE-AT protein, MAGE-AS protain,
MAGE-AS protein, MAGE-A1Z protain, or 283-CHITA cells that wers pulsed with MAGE-AT, 45 243 DEplids ar MAGE-
35 AJ protein.
Figure 10B s a bar graph showing {FN-.gamma sscrgtion by PBL that were untransdused (UT; black bars) or
transducad with 8F8 TCR {grey bars) upon cullsre alone {T cell slons) or co-colture with non-emall cedl kang cancer
{NSCLC) call fine H11798 or melanoma call line 526 mel, 624 mel, or 1358 mel,

4 DETALED DESCRIPTION OF THE NVENTION

j6031] Disclosed horein is an isclated or purified T cell receptor (TOR), and functional portions and functivnal variants
theraof, having antiganic specificity for MAGE-A3, wherein the TOR recognizes MAGE-AJ in the context of BLA-DPE104.
The isolated or purified TCR disclosed herein siso has antigenic specificity for MAGE-AJ 4z 255 and MAGE-AS,
[0g12] MAGE-AZ and MAGE-AS are members of the MAGE-A family of twelve homaologous protains, also including
MAGE-AY, MAGE-AZ, MAGE-A4, MAGE-AS, MAGE-A7, MAGE-AS, MAGE-AG, MAGE-A1D, MAGE-ATT, and MAGE-
A12. The MAGE-A proteins are cancer festis antigens {CTA), which are exprassed only in tumuor cells and non-MHC
expressing germ cells of the testis and placenta. MAGE-A proteins are expressed in a variety of human cancess including,
but nnt fimited to, msfanoma, broast cancer, leukernia, thyrold caneer, gastric cancer, pancreatic cancer, liver cancey
& {e.g., hepatocsiivlar carcinoma}, lung cancer {e.g., non-small cell lung sarcinama), ovarian sancer, muliple raysloma,
psophageal cancer, Kidney cancat, head cancers {8.9., squamous call sarcinema), neck cancers {8.g., squamcus cell
carcinoma), prosiate cancer, synovial cell sarcoma, and urothelial cancar,
{00131 The TCRs {including functional partions and functional varfants thereof) disclosed herein provide many advan-
fages, including when used for adoplive ceff transfer, For example, by targeting MAGE-AZ that is presented in the context
58 of HLA-DPE1*04, the TCRs {including funclional portions and furiclional variants thereof) make # possible {o treat patients
who arg unable o be trestad using TORs that target MAGE antigens fhat are presented in the context of other HLA
mokscules, e, HLAANZ, HLAATO, or HLALGD?, HLA-DPE1*04 s 8 highly prevalent allels thatis axpressed by from
sbout 70% fo about 80% of the cancer patient population. Accordingly, the TCORs {including functional portions and

Lo,
o



o
i

v
(423

o
&

40

DK/EP 3636665 T3

funclionsivariants thereof} advaniagesusly greatly expand the pationt population that can be treated. Additionadly without
being bound by g particular theory, it is beliavad that because MAGE-AZ andfor MAGE-AS gre expressed by calls of
muitiple canear types, the TCRs {including fornations! portions and functonad varianis thereof) advantageously provide
the ability to destroy cells of mulliple types of cancer and, accordingly, treat or prevent mulliple types of cancer, Addi-
floraily, without being botnd o2 parlicular theory, It s believed that because the MAGE-A proteing are cancer testis
antigens that are sxpressed oy s umor calls and nor-MHC exprossing germ cells of the {estis and placenta, the TCRs
(including functional porlions and functional varianis thoreof} advantageousty targst the destruction of sancer cells while
minimizing or efiminating the destruction of normal, non-canceraus olls, thereby reducing, for sxample, by minimizing
oy efiminating, toxicity.

[0014] The phrase "antigenic specificity” as used hersin means that the TOR can specifically bind fo and imvunolog-
ically recognize MAGE-AJ andior MAGE-AS with high avidily. For example, a TCR may be considerad to have "andfgenic
specificlty” for MAGE-AZ antd/or MAGE-AS I T celis axpressing the TOR secrete at least abiowd 208 pyiml or more {e.g.,
200 pgfmi or more, 300 pgimi or more, 400 pgiml or more, 500 pgfmi or more, 800 padmi or more, 700 pyiml or more,
1008 pofmi ar more, 5,000 pgimil or movre, 7,000 pyfmd or more, 10,000 pafmi or more, or 20,000 pgimi or mors} of IFN-
¥ upan co-culturs with antigen-negative HLA-DPR 104+ target colls pulsed with & low concentration of MAGE-AJ andfar
MAGE-AS peptide {e.g., about 0.05 ng'mi o about 5 ngfmi, D.08 ngiml, &1 ngéml, 0.5 ng/ml, 1 ng'mi, or & ng/mi}.
Altematively or additionally, a TCH may be consideredd o have “antigenio speoificily” for MAGE-AJ andfor MAGE-AB i
T cells sxprossing the TOR secrete at least twice as mush IFN-y as the untransduced PBL background Yevel of IFM-y
upon co-culture with antigen-negative HLA- DPR{04+ target calls pulsed with a low consentration of MAGE-A3 and/or
MAGE-AG peplide. The TCRs (inchsding functiona! poriions and functionad vanants thereol} may also secrete IFN-y upon
co-ouliure with antigan-negative MLA- OPRT04+ targst calls pulsed with higher concentralions of MAGE-AS andior
MAGE-AD peplide.

[0045] Disclosed hersin is 3 TOR (including funclional portions and varianis thersof} with antigenic specificily for sny
MAGE-AZ protein, polypeplide or peptide. The TCR {including functionad portiong and funclional varkants thereof) may
have antigenic speoificity for 8 MAGE-AZ protein comprising, consisting of, or consisting essentially of, SEQ ID NO: 1,
The TCR {including funclional portfions and varants thereofi may have antigenic specificity for a MAGE-&3543.08a peplide
comprising, consisting of, or congisting essantially of, KKUUTOHPVOENYLEY (SEQ 1D NG 2}

{0818] The TCRs (including functionat portions and funclional variants thareof} are able 1o recognize MAGE-A3 in a
fuman leukocyte antigen (HLAMDPR T O4-dependent manner. "HLARER1*Iddependent marnner,” as used hersin,
means that the TOR elicls an immune response upon binding fo a MAGE-AS protein, polypeptide or peptide within the
cantex{ of an HLA-DPE104 molecule. The TCRs {including funclional portions and functional vanants thereaf) ars abla
o recognize MAGE-AS that is presentad by an HLADFRT04 molacule and may bind to the HLA-DPE1™04 malscule in
addition to MAGE-AZ. Exemplary HLA-DP31°04 molecules, in the context ofwhich the TORs {including funclional portinng
and funclional vardants thereol) recoghize MAGE-AZ, Include those encoded by the HLA-DPST 0401 anwdfor HLA-
DER 10402 alleles.

[3817] Fusther disclosed herein is 8 TCR (nchuding unclionad portions and variants thereof) with antigenic specificity
for any MAGE-AS pratein, polypeptide or peptids. The TOR (including functional portions and functional vadants theraof)
may have aabgenic speciiclly for & MAGE-AS pastain comprising, consisling of, or consisting sssentially of, SEQ D
NQO: 45, Praferably, the TCR (including functional portions and functional variants thereof} has antigendc specificity for
a MAGE-AG,,4 254 peplide comprising, consisting of, or consisting sssantially of, KKLLTQYFVQENYLEY {SEQ D NO:
46).

[0018] Further disslosed herein /s 8 TOR comprising two polypeptides {L.e., polypeptide chalna}, such a3 an alpha (o)
chain of & TCR, a beia (B} chain of a TCR, a gamma {y} chain of 8 TCR, a delia (8} chaln of & TCR, ar & combination
therent, The polypeplides of the TCR can comprise any amine aoid sequence, provided that the TCR has antigenic
specificity for MAGE-AZ in the context of HLA-DPE104.

[06048] The TCR may comptise two polypeptide chains, each of which comprises a variable region comprising a
complamentarity determining region {CORY, & CDR2, and a CDR3 of 3 TOR. The TER ay comprises a firsi polypaptide
chalnt comprising a CORY comprising the amino acld sequence of SEQ 1 NG: 3 or 13 {CDR1 of u chain), & CORZ
cormprising the amino acid sequence of 3EQ 1D NO: 4 or 14 {CORZ of o chainy, and a CUR3Z comprising the aming acid
senuence of SEQ 1D NO: § or 18 {CDR2 of o chain}, and a second polypeptide chain comprising & COR1 samprising
tha amino acld sequsnce of SEQ 1D NQ: 6 or 16 {CDR1 of § chaln), a CDR2 somprising the amino acld sagquance of
SEQ KNG 7 or 17 {CIR2 of 8 chain), and & COR3 comprising the aming acid sequence of SEQ D NG 8 or 13 {CDR3I
of B chain). ity this regard, the TCR can comprise any one or more of the amino acid sequences selected from the group
consisting of any one or mors of SEQ D NOs: 3-5, 8-8, 13-15, and 18-18. Preferably the TOR comprises the amine acid
sequancey of SEQ 1D NOs: 3-8 or 13418, More praferably the TCR comprises the aming acid sequences of 8RQ 1D
NQOs: 3-8,

[9020] Alternatively or additionally, the TOR can comprise an amine acid sequence of & vadable region of a TOR
comprising the CORs sot forth above. In this regard, the TER can comprise the amino acid sequance of SEQID NG §
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or 19 {the variable region of an o chain} or 19 or 20 {the variable region of & § chain), both SEQ I NOs: 8 and 10 or
both SEQ 1D NOs: 19 and 20, Preferably, the TCR comprises the amino acid sequances of both SEQ 1 NGs: ¢ and 10,
{0021 Alternatively or additionaly, the TOR can comprise an o shain of 3 TCR and 8 § chain of & TCR. Each of the
w chain and 8 chain of the TOR can independently camprise any amino acid seguence, Praferably, the o chain comprizes
the variable region of an « chain as set forth shove. i this regard, the TCR can comprise the amino acld sequence of
SEQ D NG 11 or 21, An o chain of this type con be palred with any § chain of a TOR. Preferably, the § chain of the
TCR comprises the variable region of a B chain as sef forth above. In this regard, the TCR can compriss the amine acid
saguance of SEQ 1D NO: 12 or 22, The TCR, therefore, can comprise the aming acid sequence of SEQ D NO: 11, 12,
21, or 22, both SEQ D NOs: 11 and 12 or both SEQ D NQs: 21 and 22, Preferably, the TOR comprises the aming acid
0 gequences of both BEQ D NGs: 11 and 12
00221 Further disclosed hersin are funclional variants of the TCRs desuribed herain. The team "funclional variant” as
used herein refers 1o a TOR, polypeptide, or protein having substantial or significant sequenss identity or similarity lo a
parent TCR, polypeptide, or protein, which functional variant retains the biclogieal selivity of the TCR, polypeptide, or
orotein of which # is & variant, Functional variants encompass, for example, those variants of the TOR, polypaptids, or
8 protein described herain {the parent YOR, polypepiide, or protein} that refain the ability to specifically bind fo MAGE.A3
and/or MAGE-AS for which the parent TCR has antigenic specificity or 1o which the parent polypeptids or protein spe-
ciffeadly binds, 1o & similar extent, the same extent, or 1o a highsr extent, as the parent TCR, polypeptide, or protain, In
reference to the parent TCR, polypeptide, or protein, the functional varlant can, for instance, be at least about 0%,
5%, 75%, BO%, 90%, 05%, D&%, 7%, 98%, 8U% or more identioal in aming ackd sequence o the parent TCR,
20 polypeptide, or protein,
[0023] The funclional variant can, for example, coraprise the amino acid sequence of the parent TCH, palypaptide, or
profein with at least one consanvative amino acid substitution. Conservalive amino acid substiiutions are known in the
art, and include amino acid subsiitutions in which one amino acdd having certain physical and/or chemical properties is
axchanged for ancther amine acid that has the same chemical or physical properties. For instance, the conservative
¥ amino ackd substilulion can be an asidic amine acid substifutad for snother soidic amino acid {e.9., Asp or Glu, an amina
acid with a nonpoelar side chain substituted for another amine acld with a nonpolar side chain {e.g.. Aa, Gly, Val, He,
Ley, Met, Phe, Pro, Trp, Val, eic.), a basic aming acid substituted for another basic amino scid {Lys, &rg, 8tc.}, an amino
ackl with a polar side chain substituted for anether amino ackd with a polar side chain {Ase, Cys, Gin, Ser, Thr, Tyr, etc ), ete.
{(024] Altematively or additionally, the funclional varants can comprise the amino acid sequence of the parent TCR,
30 polypeplide, or protein with af least ons non-conservative amine acid substiiution. in this case, it i preferable for the
non-consarvative aming acid substitution 1o not interfere with or inhibit the binlogicat activity of the funclional vadant.
Preferably, the non-conservative aming ackl substitution enhances the binlogical activity of the functiona! variant, such
that the biclagicad activity of the funstional variant is incraasead as compared to the parent TCR, polypeptide, or pratein,
FOU25]  In this regard, dizclosure provides an isolated of purified TCR comprising {a) SEG I NOs: 3-8, {b) SEQID
38 MGa 31-22, or a functional varant of {a) or {b}, wherein the functional variani comprises {a) or (b} with at least one
aming acid substitution I any one or more of {3) or any one or more of (B}, and the lunclional varant has antigenic
specificity for MAGE-A3 i the contaxt of HLA-DPE1°04. Prafarsbly, the amino acid subsiitution is located in a COR3
region of fhe aipha ov bata chain, preferably in the CDRS region of the alpha chain, The funchional varant {or functional
porions thereof) may provide an increased reactivily against MAGE-AJ as compared o the pamnt TCR armino acid
¢ seguence. In general, the substituted o chain amino acid sequences SEQ 1D NOs: 28, 31, and 33 correapond with all
of portions of the native, unsubstifuted SEQ D NG 11 {TOR « chain}, with SEQ 1D NOs: 29, 31, and 33 having at least
one substitufion when conmpared o SEQ 3 NO: 11, Praferably, one or more of the native Ser116, Ser117, Giy114, and
Thri18 is substituted. Likewiss, the substituted 3 chain aming acid sequences SEQ ID NOs: 30, 32, and 34 correspond
with alf or portions of the native, unsubstituted SEQ D NO: 12 {TCR § chain), with SEQ 1D NOs: 30, 32, and 34 having
45 at least one substitution when compared to SEQ ID NO: 12, Freferably, one or more of the natlve Arg115, Thrltg,
Giv117, and Pret18 is substituted,
{0028] In partfcular, the disclosure provides a functional variant of 8 TOR samprising (i} BEQ K NG: 28, wherein Xaad
iz Ser, Ala, Leu, Hie, Val or Met; Xaa8 is Ser, Ala, Leu, s, Val, or Mat; Xaa8 is Gly, Ala, Ley, s, Val, or Met and Xaa?
is Thr, Ala, Ley, fie, val, or Met andfor (it} SEQ 1D NO; 30, wharsin Xaad is Arg, Ala, Leu, lle, Val, or Met; Xaab is Thr,
& Als, Leu, lls, Vi, or Mat; Xaab is Oly, Ala, Lau, B, Val, or Mst; and Xaa? is Pro, Alg, Leu, Be, Vil or Met. SEQID N
29 generally corresponds to posifions 113-123 of the native, unsubstituted SEQ 1D NO: 11 with the sxceplion that in
SEQ D NO: 298, one or more of Serd, Sard, GIvE, and The7 is substibiied. Preferably, the functional variant conmprises
(a) SEQ 1D N 28, wherein Xaad is Ala, Xaal is Ser, Xasd is Gly, and Xaa? is The, or {5} SEQ [ NO: 28, wherain
xaad is Say, Xaah is Ala, Xaad is Gly, ang Xaa? is Thr. Aithough SEQ ID NO: 28 may comprise wild-type COR3a 5&Q
I3 NG 8, praferably, SEG D NO: 28 does not comprise SEQID ND: 5, SEQ ID NO: 30 generally corresponds to pesitions
112-126 of the native, unsubsatifuted SEQ 1D N 12 with the exception that in SEQ 1D NQ: 30, one of more of Argd,
ThrS, Givd, and Pra7 is substituled. Alhough SEQ ) NO: 30 may comprise wild-typs CDR3E SEQ D NQ: 8, preferably,
SEQ D NGQ: 30 doss not comprise 3EQ 1D NO: &

&y
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{0027] The disclosure also provides a functional variant of a TOR comprising ) SEQ 1D NO: 31, whaeein Xaatis is
Ser, Ala, Leu, #s, Val, or Met; Xaa117 is Ser, Ala. Leay, e, Val, or Mat; Xaat18 is Gly, Ala, Loy, lle, Val, or Mat; and
Xaa1i9 is Thr, Ala, Ley, fle. Val, or Mel; andfor (i} SEG D NO: 32, wherein Xaal15 is Arg, Ala, Leu, fle, Vai, or Met;
Xaa116 ls Thr, Als, Ley, Hle, Val, or Met, Xaalt? s Gly, Alg, Lay, s, Val, or Met; and Xaa118 is Pro, Ala, Lew, {ie, Val,
or Met. SEQ 1D NO: 31 generally coresponds o posifions 1-134 of the native, unsubstituted SEQ 1D N 11 with the
excsption that in SEQ D NO: 31, one or more of one of more of Seri16, Ssrit7, Giviig, and Thri18 is substituted.
Preferably, the functional variant comprisas {a) SEQ ID NO: 31, wherein Xaa116 is Ale, Xaa117 is Ser, Xzat18 is Gly,
and Xaati8is Thr, or {b) SEQ & NO: 31, wherein Xaa116 is Ser, Xaal17? is Ala, Xaat18 is Gly, and Xaat18 is Thr.
Although SEQ B NG 31 may comprise wilddyps COR3a SEQUID NO. &, preferably, SEQ {3 NO: 31 does not comprize
¢ SEQ 8 NO: 5. SEQ D NO: 32 generally corresponds o positions 1-137 of the native, unsubsifuted SEQUID NO: 12
with the sxceplion hat in SEQ I NG 32, ons of mors of one or more of Ang 115, Thri1g, G117, and Proli8 is
substituted. Althcugh | SEQ 3 NO: 32 may comprise wild-type DR3P SECQ D NG: 8, preferably, SEQ 10 NG: 32 doss
riod comprise SEQ D NG 8.
{6028] Also provided by the disclosure is a8 funciional varfant of a TOR comprising () SEG D NO: 33, whenein Xzal18
15 is Ser, Als, Leu, Hie, Val, or Mel: Xaa117 ix Ser, Ala, Leu, Hs, Val, or Met; Xaat118 is Gly, Ads, Leu, lle, Val, or Met; and
Xaa119 is Thr, Ala, Ley, lle, Val, or Met; andfor {ii} SEQ 1D NO: 34, wherein Xaa115 is Arg, Ala, Lay, He, Val, or Met;
Xaat118 is Thr, Ala, Loy, e, Val, or Mel, Xaa 117 is Gy, Ala, Leay, e, Val, or Met; and Xaat1B is Fro, &la, Leu, s, Val,
or Met. SEQ 1D NO; 33 generally corresponds o posiiions 1-275 of the native, unsubstitsted SEGH 1D NO: 11 with the
axpaption that in SEQ 1D NO: 33, one or more of one or more of Sert 18, Sert17, Gly 118, and Thrit8 is substitited.
= Preferably, the functional variant comprises {a) SEQ D N(: 38, wherein Xaal18 i Ala, Xaat17 is Sar, Xaati8 is Gly,
and Xaal1® ix The, or {b) SEQ ID NG 33, wherain Xaai 16 is Sar, Xaall¥ s Ala, Xaa118 i Gly, and Xaa118 is Thr.
Although , SEQ 1D NO: 33 may comprise wild-type COR3a SEQ 1D NO: &, praferably, SEG 1D NG: 33 doss not comprise
SEQ D NG 5, SEG D N 34 generally corresponds to positions 1-313 of the native, unaubsituted SEQ D NO: 12
with the exceplion that in SEQ D NO: 34, one or more of one of more of Arg115, Thrits, Giy117, and Proti8 is

L5}

25 subshtuted. Although, SEQ 1D NQ: 34 may comprise wild-lype COR3IB SEQ I MO 8, praferably, SEQ 10 NO: 34 does
not comprise SEQGID NG &,
[0028] Like the TURSs disclased herein, the funcionad vanants describad herain comprise iwo polypeptide chaing, sach
af which comprises a variabls region compriging a COR1, a CDRR2, and a COR3B of a TOR. Prelarably, the first polypeptide
chgin comprises a COR1 comprising the amino acid sequence of SEQ ID NO: 3 (CIR YT of a chain), a CORZ comprizing
¢ the amine acld sequahce of SEQ ID NG 4 (CDR2 of o chaing, and a substituted CORS comprising the amino aoid

saquence of SEQ 1D NO: 3¢ {substituted COR3 of « chainl, and the second polvpeptide chaln comprises a CORY
comprising the aming acid sequence of SEQ 1D NO: 6 (CORT of § shaln}, 2 CORZ comprising the aming acid sequence
of SEQ ID NG T {(TDR2 of B chain), and a COR3 comprising the amino acld ssquance of SEQ D NG 8 {COR3 ol B
chain). Further disclosed hareinis that, the firstpolvpaptida chaln comprises 3 COR1 comprising the aming adid ssquehce
35 of SEQ 1D NO: 3 {CDR 1 of ¢ chain), 3 CDR2 comprising the amino acld sequence of SEQ ID NO: 4 {CDR2 of a chain},
and a COR3I comprising the amino auld sequence of SEQ 3 NO: 5 {CIR3 of ¢ chain), and the second polypeptide
chain comprises 8 COR1 compsising the aminge acid sequence of SEQ D NQ: 8 (CORT of § chain), a CDRZ somprising
the amino acid seguence of SEQ I NO: 7 {COR2 of § chain), and a substituted CDRJI comprising the amino acid
seguence of SEQ D NO: 30 {substituted CORZ of  chain), In this regard, the funclional variant of a TCR can comprise
0 e amino xoid sequences selecied from the group consisting of SEQHD NOs: 3-5; SEQ 1D NOs: 344 and 28; 3EQID
MOs: 8-8; and SEQ 1D NOs: 8-7 and 30. Preferably the functional variant of @ TCR comprises the aming acid sequences
of BEQ ID NOs: 3-4, 23, and 6-8; SEQ 1D NOs: 37 and 30; or BEQ 1D NQs: 34, 28, 8-7, and 30. Mors praferably, the
functional variant of 2 TOR comprises the aming acid seguences of SEQ 1D NOs: 34, 29, and §-8.
[0038] Allernatively or additionally, the funclional variant of 3 TOR can comprise 8 substituted amino acld sequence
#2 of & vatiable region of & TOR comprising the CDRs set forth sbove. In this regard, the TOR can comprise the substituted
aming acid sequence of SEQ D NQ: 31 {the substituted vaviable region of an o chain}, 10 {the variable raglon of 8 B
chain), both SEQH D NQs: 31 and 10, the substituted amine asid sequencs of SEQ D NO: 32 {the substiiuted variable
ragion of an § chain}, 2 {the variable ragion of an o chain}, bath SEQ 1D NOs: 9 and 32, or both SEQ 1D NOs: 31 and
32. Preferably, the functional variant of a TCR comprises the amine acid ssquanaes of SEQ D NOs: 31 and 10 or SEQ
5 D MNOs: 32 and 4. More preferably, the funclional vanant of 3 TOR compnises the amino adcd sequences of SEQ 1D
NQOs: 31 and 10,
{0631}  Allernatively or additionally, the functionat variard of 3 TCR can comprise a substituted « chaln of 3 TCR and
& f chain of 2 TCR, Each of the o chain and § chain of the TCR can indepandently comprise any amino acid seguenca.
Proferably, the substituled « chain comprises a substiiuted varable region of an o chain as st forth above. In this
regard, the substituted « chain of the TUR nan compriss the amino acid sequence of SEQ D NQ: 33, An substitited o
chain of this type can be paired with any § chain of 8 TCR, Preferably, the B chain of the TCR comprises the varisble
region of & B chain as set forth above, In this regard, the TCR can comprise the amine acid seguence of SEQ 18 NO:
12 or the substituted amine acid sequence BEQ 1D NO: 34, An subsiituted B chain of this type can be paired with any
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z chain of 8 TCR. In this regard, the TCR can camprise the aming acid saquence of SEQ 1D NO: 11 or 33, The functionad
variant of a TOR, therefore, can comprise the aming scid ssquenas of SEQ 1D NO: 11, 12, 33, 34, both SELQ 1D NQs:
33 and 34; both SEQ 1D NOs: 11 and 34; or both SEQ D NOs: 12 and 33, Preferably, the functionsd variant of 3 TCR
comprises the amine acld sequences of SEQ {0 NOs: 11 and 34 or SEQ 1D NOs: 12 and 33, More preferably, the
funchional variant of a TOR comprises the amibe achkd sequences of SEQ 1D NCs: 12 and 33,

[0033] The TOR {or funclional vardant thereof) disdloned herein may comprine a human constantregion. In s regard,
the TOR {or funclional variant thereof) can somprise a human constant region comprising SEQ D NO: 23 or 35 (human
constant ragien of an g chain), SEQ 1D NOY 24 or 38 (human constant region of § chain), both SEQ 1D NOs: 23 and 24,
orboth SEQID MOs: 37 and 38, Preferabdy, the TR {or functional variant thereof) comprises both SEGHINOs: 23 and 24,
[0033] The TCR {or funclional variant thereof} disciosed herein can comprise s humanimouse chimeric TOR {or
funclionst variant thereof}, In this regard, the TCR {or functional varlant thereof) san coniprise a mouse constant region
comprising SEQ I3 NO: 25 {mouse constant region of an o chaing, SEQ 1D NO: 26 (mouse constant region of § chain},
orboth SEQID NOs: 25 and 26, Preferabiy, the TCR {or funclional variant thereofj comprises both SEQIDNOCs: 25and 26,
{08347 The humanimouse chimaric TCR {or funclional variant or functional porfion thereaf) can comprise any of the
CDHRs st forth above, In this regard, the humanimouse chimetic TOR {or functions! variant or funetional portion thersof)
can comprise the amine acld seguernces selected from the group consisting of SEQ 1D NOs: 3-5; SEQ D NQOs: 13-15;
SEQ ID NOs: 168-18; SEQ D NOs: 3.4 and 24; SEQ T NOs: 8-8; and SEQ 3 NOs: 67 and 30, Preferably the hu-
rranimouss chimeric TCR {or functional variant or functional portion thereof) comprises the amino anid sequanoes of
BEQ 1D N 3-8, SEGQHD NOs: 13-18; BEQ 1D NDs: 3.4, 28, and 6-8; SEQ D NOs: 3-7 and 30; or SEQ 1D NOs: 34,
28, 8-7, and 30. More preferably, the humardmaouse chimeric TCR {or funclionad variant or functional portion thereof)
aomprisas the aming acld segquances of SEQ 1D NOs; 3-4, 28, and §-8 or SEQ 1D NQa: 3-8,

[0035] ARkernafively or addiionally, the human/mouse chimeric TOR {or funcliona! variant or functional portion thereof
can comprise any of the variable regions set forth above. fn this regard, the human/mouse chimeric TOR {or functional
variant or unclional portion thereofy can comprise the substituted amine ackd sequence of SEQHD HO: 31 (the subsiituled
variable region of ar o chaind, SEQ D NG 10 or 2¢ {the variable region of 3 § chain), the substituled amino acid sequence
of SEQ I NG: 32 {the substitited variable region of an B chain}, SEQ D Ny 8 ar 18 {the variabie region of an o chain},
bath SEQ 0 NOs: 8 and 32, both SEQ D NOs: 31 and 32, both SEQ D Ns: 31 and 10, ooth SEQ D MOs: & ang 10,
or hoth SEQ 1D NOs: 18 and 20. Preferably, the human/mouse chimeric TCR {or funational variant or fuastional portion
thereof} comprises the amine add sequences of 8EQ ID NOs: 31 and 10, SEQ 3 NOs: 8 and 10, or SEGQ {3 NOs: 32
and 9. More preferably, the functional variant or functional portion of a TCOR comprises the amino acid segqusnces of
SEQ D NOs: 31 and 10 or SEQ D NQs: 8 and 18

{0038 Alternativaly of addifionzlly, the hursandmouse chimernis TOR {or unctional vaniant or funcional portion tharenf)
can comprisa an o chain of 8 TOR {or functional variant or functions! portion thaveof) and a § chain of a TCR {or funalional
variant of functional portion tharsof). Bach of the « chain and B chaib of the human'mouse chimeric TOR {or functional
variant or functions! portion thereni} can indepandanily comprise any aming acid sequence. Preferably, the o chan
corapises the vadable region of an o chain as set forth sbove, In #his regand, the human/mouss chimeric TCR {or
funclional variant or functionsl portion therecf) can comprise ihe amino scid sequence of SEQ 1D NO: 27, Art hu-
manfmouse chirmstic TOR {or funstional variant o functional postion thensof) of this typs can be paired with any § chain
of a TCR {or functional vadant or functional portion thereof). Praferably, the § chain of the human/mouse chimenc TCR
{or funcional variant or functional portion thereof} comprises the variable region of 3 § chain as set forth above. In this
regard, ihe humandmouse chimerc TR {or funclional variant or functional porlion thersoef} can comprise the aring acid
sequence of SEQ I NG: 28, The humandmnuse chimerde TCR (or functiona! variant or funclional porBion therent),
thevefore, can comprise the amino acid sequence of SEQHD NO: 27 or 28, or hoth SEQ D NQs: 27 and 28. Preferably,
the TOR comprses the amino acld sequences of SEG D NQs: 37 and 28.

[0037] Also disclosed herein is a polypeptide commprising a functional portion of sny of the TCRs or functionad variants
dascribed herain. The term “polypeptide” as used herein includes oligopeptides and refers o a single chain of aming
acids connected by one or more paptide bonds.

{00381 Withrespact to the polypeptides, the functionat portion can be any portion comprising contiguous amino acids
of the TCR {or funclional variant thereof} of which it 1 & pard, provided that the funcliohal portion specifically binds o
MAGE-ASZ andfor MAGE-AB, The term Munctional portion” when used inreferencea to a TOR {or funclionat variant theraof}
refors to any part or fragment of the TOR {or functional variant thereof) of disclosed herein, which part or fragment retaing
the biofogical activity of tha TER {or funational varlant therent) of which s a par {the parerd TR or parent functionsd
variant theraof), Functional portions enconpass, for example, those parts of @ TCR {or funcional vartant thereof) that
ratain the abilily to specifically bind fo MAGE-AJ {8.g.. In an HLA-DPB1*04-depandernt mannar} or MAGE-AS, or datact,
eal, or pravant cancer, 1o 2 similar axtent, the same axtent, or o a higher sxtent, as the parent TCR {ov funciions}
variant tharsol), In refarence to the parent TCR {or functional variant thereof), the functional portion can comprise, for
instance, about 10%, 25%, 30%, S0%, 68%, 80%, B0%, 85%, or more, of the parent TOR {or functional variant thereof).
[5838] The functional portinn can comprise additional amine acids at the amine or carboxy terminus of the portion, or
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at both termind, which additional arming acids are nol found in the amine acid sequence of the parent TCR or functional
variant thereof, Desirably, the addiional amine acids do notinterfers with the biclogica! function of the funclionai postion,
2.4., spacifically binding 1o MAGE-AJ andior MAGE-AD; and/or having the ability to detect cancer, treat or provent canocey,
etc, More desirably, the additional amino acids enhance the biological activily, as comparad {o ths Diclogioal activity of
the parent TUR or funoliorat variant thereaf,

je840]  The polypeptide can comprize 8 funclional porion of sither or both of the o and f chains of the TGRS or functional
variant thereof disclosed herein, such as a functional portion comprising one of mors of COR1, CORZ, and COR3S of the
vartable region(s} of the « chain andfor § chain of a TCR or functional variant thereof In this regard, the polypepiide can
comprise & funclional poertion comprising the aming acld sequencs of SEQ 1D NO: 3 or 13 {CDR1 of « ¢chain}, 4 or 14
{CDRE of o chain}, 5, 15, or 29 {COR3 of « chain), 8 or 18 {COR1 of B chain), 7 or 17 {CDR2 of B chain}, 8, 18, 0r 3D
{CDR3 of § chain}, or a combination thereof. Praferably, the polypeplide comprizes a funational portion somprising SEQ
10 NG 3-8; 34 angd 28; 6-8; 87 and 30; 13-15; 16-18; all of SEQ 10 NO=s: 3-8, &l of S3£Q 1D NOs=: 13418, all of SEQ
10 NOs: 3-4, 28, and §-8; all of SEQ 1D NOs: 3-7 and 30; or all of SEQ 1D NOs: 3-4, 28, §-7, and 30, More proferably,
the polypeplide comprises a functional portion comprising the aming acid sequences of all of SEQ D NQOs: S-S or ali of
SELYH D NOs: 34, 28, and 8-8.

{0041]  Alternatively or addilionsily, the polypepiids can comprise, for instance, he variable region of the TCR or
funclional variant thereof compuising a combination of the COR rsgions set forth above, In this regard, the polypepdide
can compriss {he amino acid sequence of SEQ 1D NQ: §, 19, or 31 {the vardabla region of an o chainy, SEQ D NO: 10,
20, or 32 {the variable region of 2 § chain), bolh 3EQ 1D NQs: 8 and 18, both SEQ 1 NOs: 19 and 20; both SEQ D
N 31 and 32; both SEQ 1D NQOs: 9 and 32; or both SEQ D NGs: 10 and 31, Preferably, the polypsptide comprises
the amine acid seguances of both SEQ 1D NGs: 8 and 10 or both SEQ 1D NQs: 10 and 31,

{0043}  AMemnatively or additionally, the polypeplide can comprise the entirs length of an « or § chain of one of the
TCRs or functional variant thereof described berein. In this segard, the polypeptide can comprise an amine ackd sequence
of SEQ 0 NOs: 11,12, 21, 22, 27, 28, 33, or 34, Allematively, the polypeptids disclosed herein can comprise a and §
chains of the TCRs or funchional variants thersof described herain. For axample, tha polypeptide can comprise the aming
acid sequences of both SEQ L NOs: 11 and 12, both BEGHD NOs: 24 and 22, both BEG 1D NOs: 33 and 34, both SEQ
0 NOs: 11 and 34, both SEQ D NOs: 12 and 33, or both SEQ 1D NCs: 27 and 28, Preferably, the polypeptide comprises
the amino acld ssquencas of bath SEQ IDNCa: 11 and 12, both SEQ D NGs: 33 and 12, orboth SEQ 1D NOs: 27 and 28,
{6843 The diaclosure further relates to a prolein comprising af isast one of the polypeptides describad hevein. By
“profein” s meant 8 molscule comprising one or more polypsaptids chains.,

{00441 The protein disclosed hemain can compriss a first polypaptide chain comprising the amino acid sequances of
SEQ D NOs: 3-8, SEQ I NOs: 13415, or SEQ 1D NOs; 3-4 and 29 and a second polypeplide chain somprising the
amino acid saquencs of SEQ 1D NGs: 6-8, SEQID NOs: 16-18, or SEQ 1D NOs: 8-7 and 30, Alternatively or additionalty,
tha protein disclosed herein can comprise a first polypsptide chain comprising the aming acld sequance of SECHD NO:
8, 18, or 31 and 3 second polypephide chain comprising the amine ackd sequence of BEQ 1D NQ: 19, 20, or 32, The
protein disclosed herain can, for example, comprise a first polypeptide chain comprising the aming asid ssqueane of
REG D NG 11, 21, 27, or 33 and a sscond polypeptide chain comprizing the amino acid sequence of SEQ 1D NO: 32,
22, 28, or 34, In this instance, the proiein disclosed harein can be & TCR. Allermnatively, if, for example, the protein
noraprises a singls polypaptide chain comprising SEQH D NO: 11, 24, 27, or 33 and SEQ 1D NG 32, 22, 28, or 34, ar if
the first andior second golypeplide chainds) of the protein further comprise{s} other amino acid ssquences, e.g., an
aming acid ssguence sncading an immunoglobulin or & portion theresf, then the protein can be & fusion protein, In this
regard. the discloaure also provides 8 fusion protein comprising at least one of the polypeplides describad hereinalong
with at {east one other polypaptide. The other polvpeptide can axist as a separale polypeptide of the fusion protein, of
can exist as a polypepiide, which is expressad in frame {in landam} with one of the polypeptides described herain. The
other polypeplide can encode any peplidic or pmtsinacsous molsoule, or 3 portion thersof, inchuding, but not limited to
art immunogiobuling CB3, CD4, CD8, an MHC molscule, a CDY moleculs, 8.g., CH1a, CD1b, CD1g, CD1d, st
[D045] The fusion protein can cormprise one of move copies of the polypeplide disclosed hereln andior one or mare
copies of the other polypspide. For instance, the fusion prolein can comprise 1, 2, 3, 4, 5, or more, copies of s
polypaplide disclesed herein andior of the other pelypeplide. Suitable methods of making fusion proteing are Knowr in
the arl, and include, forsxample, recombinantmsthads. See, forinstance, Choletal, Mol Biotechnol, 31: 183-202 {2003},
fo048]  The TCRs{and funclional portions and funclionalvariants thereof}, polypeptides, and proteins may be expressed
as a single protein comprising 8 livker papiide linking the o chain and the § chain, In this regard, the TCRs {avd functional
varianis ang functionat portions thereof), polypeptides, and proteins comprising SEQ I NO: 11, 21, 27, or 33 and §EQ
B NG 12, 22, 28, or 34 may further comprise a linker peptide. The linker peplide may advaniageously facilitate the
expression of a recambinant TCR {including functional portions and Runclienal varants thereof), polvpeptide, andiar
profein v a8 host call, Upon expression of the consiraat including the linker peplide by a host call, the linker peptide may
be clagved, rasulting in separaled o and # chains,

f0047] The protein disclosed hereln can be & recombinand ardibody comprising at least one of the polypeplides de-
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suribed herein. As used herain, “recombinant antibody” refars 1o a recombinant {8.4g., genetivally engineerad) protein
comprisitg &l least one of the polypsptides disclosed heraln and a polypaptids chain of an antibody, or & portion thereof.
The polypeptide o7 an antibody, or portion thersof, tan be a heavy chain, g light chain, & vadable or constant reginn of
@ hoavy or Hght chain, a single chain variabie fragment {scFv), or an Fg, Fab, or F{ab)y' fragment of an antibody, ste.

g The polypeptide chain of an antibody, or portion tharsof, can exist as 8 separate polypeptide of the recombinant antibody,
Alternatively, the polypeptide chain of an antibody, or portion thereo!, can exist as & polypeptide, which 18 expressed in
frame {in fandens) with the polypsplide disclosed hersin. The polypeptide of an antibody, or porflon thereof, can be a
palypeplide of any antibody or any antiBody fragment, including any of the antibadies and antibody fragments described
harein.

W [B048] The TOR {or functional variant thereaf), polypeptide, or protein can consist essentisily of the spedified amino
ack! sequence or sequences desarbed herein, such that other componants of the TCR {ov functional variant thereof},
polypeptide, or protein, e.g., other amine acids, do not materially change the biologioa! activity of the TOR {or functional
variant thereof), polypeptide, or protsin, In this regard, the TCR {or functional variant thareof), polypeptide, or protein
can, for exampls, consist essentially of the amino acid seguence of BEQ 1D NO: 11, 12, 21, 22, 27, 28, 23, andd 234, both

W SEQ 3 NOs: 11 and 12, both SEQ 1D NOs: 21 and 22, both SEQ 1D NOs: 27 and 28, both SERQ D NO0s: 33 and 34,
both SEGID NOs: 11 and 34, or both SEQID NQs: 12 and 33, Also, for instancs, the TORs {inchuding functions! variants
thereof}, polypeptides, or proteins can consist essentially of the amino acid sequence(s) of SEQ D NO: 8, 10, 18, 20,
31, 32, both SEQ D NOs: 9 ang 10, both BEQ 1D NOs: 18 and 20, both SEQ D NOs: 31 and 32, both SEQID NQw: 8
and 32, both SEG D NOs: 108 and 31, Furthenmore, the TCRs {including functional variants thereof), polypeptides, or

¥ proteins can consist sssentially of the amine acid seguenace of SEQ 10 NG: 3 or 13 {CERY of w chain), SEQID NG 4
or 14 {CDR2 of o chaln), SEQ 1D NO: §, 18, or 28 (CORI of o chainy, SEQ 1D NO: § or 18 {CDR1 of p chain), SEQID
NO: ¥ or 17 {CDR2 of § ohain), SEQ I NO: 8, 18, or 30 {CDR3 of § chain}, or any combination thereof, e.g., SEQ D
HNOs: 3-5; §-8: 3-8; 13-15; 16-18; 13-18; 34 and 29; 6-7 arwd 33; 3-4, 28, and 8-&; 3-7 and 30; or 34, 28, &7, and 30.
{00493 The TCRs, polypeptides, and proteins disclosed herain (inchuding functionat variants thereof} can be of any

#  jength, Le., can compriss any numbser of amino acids, provided that the TCRs, polypeptides, o proteins {or funclional
variants thereof) retain their biclegicat activity, e.9., the ablity to specifically bind to MAGE-AJ andior MAGE-AR; detect
cancer in & mammal or treat or prevent cancer in a mammal, ele. For example, the polypephide can be in the range of
from about 50 to about 3000 amino acids long, such as 50, 70, 75, 100, 125, 1580, 175, 200, 300, 408, 500, 600, 700,
806, 200, 1000 oy more smino acids infength. {n this regard, the polypeptides disclosed herein also include oligopeptides,

[0050] The TCRa, polypeplides, and proleing ad herein {inchuding funclional variants thereof] can comprise

synihetic amino acids in place of one or mara naturaliy-ocourting aming acids. Such synthstic amine acids are known

in the art, and include, forexample, aminocyclohexane carboxylic acid, noreusine, g-amine n-decansic acld, homosaring,

S-acetylaminomathyl-cystaing, trans-3- and trans-4-hydroxypraline, 4-aminophenylalaning, 4~ nitrophenyialaning, 4-

chiorophenylalaning, 4-carboxvphenyisdanine, fohenviserine S-hvdroxypheryiataning, phenyiglyaing, a-naphthyla-

fanine, cyclvhexyialaning, cyslohaxyigiyoing, indoline-Z-sarbmogdic acld, 1,2,3.4-telrahydroisoguingline-3-carboxytic ao-

i, aminoroatonic acig, aminomalonic acld moneamide, N-banzyl-N-mathyldysing, N <dibenzydysine, S-hydroxyly-

sing, omithing, c-aminooyclopentans narboxylie ackd, a-aminnoyciohexans cavboxylio acld, o-aminocysicheptans car-

boxyhe asid, a-{2-amino-2-norhomane -carboxylic anid, adlaminebutyric acid, o, f-diaminoproplonic acid, homophe-
nylalaning, and a-ter-butyighcing,

40 [0851] The TCRs, polypeptides, and proteins disclosed herein {including functional variants therea() can be glyco.
sylated, amidated, carboxylated, phosphorylated, ssterified, Neacylated, oydlized via, 8.g., a disulfide bridge, or conveted
into an zcid addiion salt andior optionally dimerized or polymerized, or conjugated.

[6052] The TOR, polypeptide, armlfor protein disclosed herein {including functional varlants theread) can be oblained
by methods known in the art. Sultable mathods of de novo synthesizing polypeptides and proteins are desoribed in

2§ references, such as Chan et al., Fmoc Sclid Phase Peptide Synthesis, Qxford University Press, Oxford, United Kingdons,
2005, Peptide and Profein Drug Analysis, ed. Reid, R., Marcel Dekker, Inc., 2000, Epiope Mapping, ed. Weshvood et
at., Oixford University Press, Oxford, United Kingdom, 2000; and U.S, Patent No. 5,449,782, Also, polypeptides and
proteins can be recominanily produced using the nudelc aclds described herein using standard recombinant methods.
Ses, for instances, Sambrook et al., Molecular Cloning: A Laboratory Manual, 3rd ed., Cold Spring Harbor Press, Told

80 Speing Harbor, NY 2001, and Ausubel et al., Current Protocols in Molecular Blology, Greene Publishing Associates and
John Witey & Sona, NY, 1894, Further, some ofthe TCRs, polypeptides, and proteins disclossd hersin {including functional
variants thereof} can be isolated andfor purified from a source, such as a plant, a bacterium, an insect, a mammal, e.g.,
a rat, 3 human, ele. Methads of isclation and purification are walf-known In the art. Alternalively, the TCRs, polypepiides,
andior proteins desaribied herein {including functional variants theresf} can be commercially synihesized by companies,

88 steh as Synpap (Dublin, CA), Peptide Technologies Corp. {Gaithansburg, M), and Multiple Peplide Systemns {San
Diego, GA). in this respest, the TCRs {including functionad variants thersof}, polypeplides, and proteins can be synthetic,
recomthinant, isolated, andfor purifiad.

100831 included in the scope of the invention are host cells and populations of host cells. Further disclosad are coo-
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jugates, a.g., bioconjugates, comprising any of the TORs, polypeptides, or proteins {including any of the funetional
varianis thereof), nucleic acids, recormbinant expression vedlors, or antibodies, or antigen binding porliens thereof,
Corjugates, as well 88 methods of synthesizing conjugates i geaatal, are known in the art {Ses, for instance, Hudsez,
F., Yothods Mol Binl, 208 203-223 {2005) andd Kirin of al., Inorg Cham, 44{15): 5305-8415 {2005}},

[0054] By "nucleis acld” as usad herain neludes “palynucieotide,” "oligonunieotide,” and "nuclein acid molecule,” and
generally means a polymar of DNA or RNA, which can be single-stranded or double-stranded, synthesized or oblained
{2.0., sokaied andfor purified) from natural sourcss, which can contain natural, non-natursd or altered nuclectidas, and
which can coniain a natural, nornatural or altersd internuciectide linkage, such as a phosphoroamidate linkage o a
phusphorothioals inkage, instead of the phosphodisstar faund batween the nuclectides of anunmadified oligonusieatide,
# bs ganerally preferrad that the nuchkic acid does not comprisn any insertions, deletions, inversions, andfor substitutions,
Howsver, it may be suitable in some instances, as discussed hevein, for fe nucleic acid o compriss one or mors
msartions, deletions, invarsions, andior substitutions.

[O055)  FPreferably, the nuclelc acids disclosed herein are recornbinant. As used heraln, the term "recombinant” refers
fo (i) molecules that are constructed outside living cells by joining natural or synthetic nucleic acld segments to nucleic
acid molecules that can replicale in & living call, or {ii) molecules that result from the replication of those desaribed in ()
above. For purposes hereln, the veplication can be i vire replication or i1 vivo replication.

{0056] The nucleic acids can be consiructad basad on chemical synthesis andfor snzymalic ligation reactions using
procedures knowrn in the arl. See, for example, Sambrook st &l supre, and Ausubel et al., supra. For example, anudleic
acid can be chemically synthosized using naturally oceurring nuclectides or vadously modified nucleotides designed to
ncraase the biclogical stability of the molecules of {o increase the physical stabiiity of the duplex formad vpon hybridization
{e.g., phosphorothipate derivalives and acridine substituled nucleotides). Examples of modified nucleotidas that can be
rised to generate the nuclsic asids include, but are nottimited to, S-flucreuracil, §-bromouracil, 5-chiorourac, $-odourast,
hypoxanthing, xanthing, 4-acelyicyiosing, S-{carboxyhydroxymathyl) uracil, S-carboxymsthylaminomethyl-d-thiouridine,
S-oarbonymathviaminomethylract, dibydrouracil, bete-D-galaciosyiquessine, inosine, N¥-sopentenyladenine, 1-meth-
viguaning, T-methylinosine, 2,2-dimethyiguanine, S-methyladenine, 2-mathyiguaning, 3-methylcytosine, S-methylevio-
sing, N¥-substitited adsnine, 7-methviguaning, S-methylaminomeathyluractl, S-visthoxyamiromethyl-2-thiouracil, beta-
Dvmannosviquensineg, S-methoxyoarboxyrasthviuract, S-methoxyuracil, 2-methylthie-NE-Jsopentenyladening, uract-5-
oxyacehc add {v), wybuloxosine, pseudouracil, gieosine, 2-thincytosing, S-methyl-2-thiouracl, Z-thiouraci, 4-thiauracil,
A-methyluracl, uracl-S-oxyacstic ackd mathvlester, 3-{3-amino-3-N-2<arboypropyl) uracil, and 2 §-diaminopurine. Al
temativaly, one or mora of tha nuclaie acids disclnsed herein can be purchased from compardes, such as Macromaleaudar
Resnurces (Fort Colling, 8O} and Synthagen {Houstan, TX].

{0857 The nucleic asid can camprise any nuclectide sequencs which encades any ofthe TCRs, polypeplides, proteing,
or functional functional variants theraof described hersin, For axample, the nuclsls ackd can comprise, consisl, or cohsist
easenlially of any one or mora of the nuclectide saguence SEQ 1D NOe: 3744,

[0058] The disclosure aiso provides a nucleic acld conwprising a nuclentide sequence which is complemaniary to the
nuciectide sequence of any of the rucleic acids described herein or a nucleotide sequence which hybidizes under
stringent conditions to the nuclactide segquence of any of the nuclele acids desonbad herein,

j00591 The nucleotide ssguence which hybridizes urder atringent condilions preferably hybridizes under high stan-
gency conditions. By "high siringency conditions” is meant that the nudestids sequarce specifically hybridizes to a target
segquence {he nucleotide saguence of any of the nuckeic acids described herein) in an amount that is delectably strongsr
han nonespeciiic bybridization. High stringenay conditions inalude conditions which would distinguish a polynucleotide
with an exact complementary sequence, or one containing only a few scattered mismaiches from a sandom saguense
that happenad to have a few smal regions (2.4., 3-10 bases) that matched the nucleotide seguence. Such small regiohs
of complementarily are raove sasily melted than a fullHength complsment of 14-17 ov mors bases, and high stangency
hybridization makes them easily distinguishable. Relatively high stringency conditions woudd include, Tor sxampls, low
salt andior high terperature conditions, such as provided by about 8.02-0.1 M Nall or the equivalent, st temperatures
of about 50-73 "C. Such high stringency conditions tolerate little, if any, mismatch between the nuclentide ssquance
and the templats or target strand, and are particularly suitable for defecling sxpression of any of the TORs {including
functional porions and functional varants thereof]. It is generally appreciated that conditions ¢an be renderad more
stringent by the addition of increasing amounis of formamide.

[00868] The disclosurs also provides & nucleic acid comprising a nucleotide sequence that is al lsast about 70% or
more, 8.g., about 80%, about 80%, showt 21%, aboul 33%. about $3%, aboul 34%, about B5%, about 86%, about §77%,
about 88%, or about 839% Wdentical o any of the nucleic acids desaribad herein.

0861}  The nuoieic anids disclosed hereln can be incorporated into 8 recombinant expression vector. In this regard,
recombinant exprassion vectors comprising any of the nucleic acids disclosed herein are provided., For purpeses herain,
the term “recombinant expression vecstor' means a geneticaily-medified oligonudeatide or palynuclectide conatruct that
parmils the exprassion of an mRNA, protsin, polypeptide, or peptide by a host csll, when the construct comprises a
nucleotide sequence sacoding the mRNA&, proteln, polypeptide, or peplide. and the veotor is contacted with the cell
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under condifions sufffaient 16 have the mBRNA, protein, polypeptids, or peptide axprassed within the cell. The vectors
gigclosed harsin are not naturally-ooourring as 8 whole. Howaver, parts of the vaclors can be nafurally-ncaisring. The
recomibinant expression vectars oan comprise any type of nucleotides, induding, but not imited to DNA and RNA, which
can be singls-stranded or double-strandad, synthesized or obtained in part from natural sources, and which can contain
natural, non-natural or altered nuclsotides, The recombinant expression vectors can compriae naturally-coouring, non-
naturalfy-occtrring internuclectide linkages, or both types of inkages, Preferbly, the norenaturally cocursing or alfersd
nucleotides or inlernuclactide linkages does not hindsr the ranscription or replication of the vector,
{0062} The recombinant expression vector disclosed herein can De any sullable recombinant expragsien vector, and
can be used o Fransform or transfect any suitable host cell. Suiladle vectors mclude thoss designed for propagation
1 and expansion or for sxpression of both, such as plasmids and viruses. The vector can be selecied from the group
congisting of the pLUIC series (Fermentas Life Sciences). the pBlusscript serfes {Siratagens, LaJolia, CA), the pET series
{Novagen, Madison, WH, the pGEX sedes {Pharmacia Biotech, Uppsala, Sweden), and the piX series (Clontech, Palo
Alle, TA). Bactariophage vectors, such as AGTI0, AGTH, {Zapl (Sirategena), AEMBLL, and ANM 1148, also can be
used. Examplas of plant sxpressionvectors includs pBIGT, pBHG1.2, pBHOLE, pBIM21 and pBIN1S {Tlortech}, Examples
¥ of animad expression vectors include pEUK-CY, pMAM and pMAMneo (Clontech). Praforably, the recombinant exprassion
vactar is a viral veclor, e.g., a retroviral vector.
{0063] The recombinant expression vestors disciosed hersin can be prepared using standard recombinant DNA tech-
pigues described In, for axample, Sambrook of &, supra, and Ausubel et al., supra. Construsts of expression veclors,
which ave circular or insar, can be prepared to contain a replication systemt functional in 8 prokaryotic or sukaryotic host
20 pell. Replcation systems can be derivad, s.g., from CaolEl 2 u plasmid, A, SV44, bovine papliioma virus, and the Bke.
[e064] Dasirably, the recombinant expression vactor comprises ragulatory sequences, such as transcription and trans-
lation inifiation and fermination codons, which are specific to the type of host cell {e.g., bacterum, Ringus, plant, o
animal} into which the veolor i fo be introduced, as appropriate and taking inte consideration whether the vector is DNA-
or RNA-based.
38 [8085] The recombinant expression vector can include one or more marker genes, which alflow for selaclion of frans-
formed or ansfected host oalls. Marker genes include biocide resistance, e.9., resislance o antibiolics, heavy metals,
ate., complamentation in an auxotrophic host cell {o provide profotrophy, and the like. Sultable marker genes for the
exprassion vectors inchude, for Instance, neomychiG4 18 resistance gones, hvgromysin resisiance genes, histidinol
resistance gones, tetragveline resistance genes, and ampiciliin resistance genes.
[0086] The racombinant expression ventar can comprise a native or nonnative promoter oparably linked © the nucle-
atide sequence encoding the TOR, polypeptids, or protein (including functions! varianis tharesf), or 1o the nucleotide
sequence which is complemantary (¢ or which hybrigdizes o the nucieatids sequance encading the TCR, polypeptids,
of pratein {including funatforal variants thereof). The selection of promatars, 8.g., strang, weak, inducible, tissus-specific
and developmantal-specific, is within the ordinary skill of the artisan, Similatly, the combining of a nucisotide sequencs
with a promoter is also within the skill of the artisan, The promoter can be & nor-viral promoler or a viral promoter, eg.,
a cytornegaloviras {CMVY) prometer, an SV40 promoter, an REY promuter, and @ promoter found in the ong-temminal
rapaal of the mwrine stem cell vinss,
{0087] The recombinant axpression veclors can be designad for sither ransient expression, for stable expression, or
#or both, Also, the recombinant expression veclors can be made for conshitutive sxpression or for nducible sxpression.
i Further, the recombinant expression vectors can be made o include & suicide gens,
[O088]  As used hersin, the term "suicide qgene” refers to a gene that causes the cell expressing the suicide gene to
die. The suicide gene can be a gene that confers sensilivity to an agent, e.g.. a drug, upon the cell inwhich the gene is
axpressed, and causes the call {o die when the cell is contactad with or exposad to the agent. Sulcids genses are known
in the art (see, for example, Suicids Gane Therapy: Mathads and Ravisws, Springer, Caroline [, {Cancer Research UK
Cantre for Cancer Therapeubics at the instilufe of Cancer Research, Sulton, Surray, UK}, Humana Press, 2004} and
include, for example, the Herpes Simplex Virgs (HSVY) thymidine kinase {TK} gene, cytoaing dantinase, purine nadesoside
phospharylase, and nitroreductase.
[O08Y%] The disclosure further provides a host el comprising any of the recombinant sxpression vactors dascrbed
herain. As used herein, the term “host cell® refers to any type of cell that can contain the resombinant sxpression vactor.
& The host cell can be 2 sukarvadio ol e.g., plant, animal, fungi, or algae, or can be a prokaryolic call, 2.4, bacters or
protozoa. The host cell can be a cultured cell or a primary cell, Le., isolated directly fror an organism, .9., 8 human.
The host cell can be an adherent cell or 3 suspended cell, Le., a cafl that grows in suspension. Sultable host cells are
known in the ant ang include, for instance, DHBg E. coli cells, Chinass hamster ovarian cells, monkey VERG geils, COS
calls, HEKZ93 cells, and the like. For purposes of amplifying or replicating the recombinant expression vestor, the host
3 cell is proforably & prokaryotic cell, e.g., = DHSq sell. For purposes of producing a recombinant TOR, pelypeptide, or
proteln, the host cell is preferably a mammatlian cell. Most preferably, the host cell is 8 human cell. While the host cell
can be of any cell type, can originate from any type of tissue, and can be of any developmendal stage, the host cell
praferably is @ paripherat biood ymphooyte (PBL) or & peripheral blood monanuciear sell {PBMC). Mors preferably, the
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host celfis & 7 oell,

{8970} For purposes herein, the T cell can be sy T oo, such as a cullured T cell, &g, a primary T cell. or a T oaflt
from a cullusad T oell fivg, ey, Jirkat, SupT1, ete., or a T ceff obtained from a mammal. if oltaingd from & mammal,
the T celf can be obtained from numerous sources, includivg but not limited o blood, bone marrow, ivmph node, the
thymmus, or other tissues or flulds. T calls can also be enrched for or purified. Preforably, the T esll is 2 human T call.
Mare preferably, the T ocall is a T call isolated from a human. The T oell can be any type of T call and can be of any
dovelopmental stage, indluding but not Bmited b, COAMCDE* double pusitive T cells, CD4* helper T cells, e.g., Thy and
Thy cetls, CD4+ T calls, CD8 T celis (2.g., oyiotoxic T calls), fumer infiltrating lymphooytes (TRs), memory T cells (e.g.,
canita memary T cells and effsclor memory T cells), naive T calls, and the ks,

f0071]  Also provided by the invention is a population of calls comprising at least one host call desoribad herein, The
population: of cells can be a heterogensous population comprising the host cell comprising any of the mecombinant
sxprassion vectors described, in addition to at leastone other celf, .q., 3 host eell{e.g., a T cail}, which does not comprise
any of the recombinant exprassion vestors, or a cell other than a T cell, s.3.. 8 8 cell, a macraphage, 8 neutrophif, an
anhrocyie, a hopatocyts, an endothelial cell, an epithelial cells, 3 muscle sell, a brain cell, ste. Allermativaly, the population
of cells can be & substantially homogensous population, in which the population comprises mainly of host cells (s.q.,
consisting essentially of) corprising the recombinant expression vector. The population also can be a clonal poputation
of calls, in which all celis of the population are clones of a single host cell comprising 8 recombinant expression vector,
such that all cells of the population comprize the recombinani expression vaclor, In one embodiment of the invention,
the population of celis is a donal populstion comprising host cells comprising a recombinant expression vaclor as
described herein.

[0072] The disclosure further relales to an antibody, or antigen binding porfion thereof, which spacifically binds to &
functional partion of any of the TCRs {or funstional variant thereof) described harpin. Preferably, the fundional poriion
spacifically binds 1o the cancer antigen, 2.g., the funclional portion somprising the amino ackd sequence BEQ I NO: 3
or 13 {CDR1 of o chaint), 4 or 14 ({COR2 of o chainy, 8, 15§, or 28 {CDR3 of o chaing, 6 or 18 {COR1 of § chain}, T or 17
{CDR2Z of p chain, 8, 18, ov 30 {CDR3 of p chain), SEQ 1D NO: 5, 18, or 31 {vatiable region of o chain), 3B 2 NOu
10, 20, or 32 {variable region of B chain), or a combination theraof, e.g., 3-5; 6-8; 3-8; 13-15; 16-18; 13-18; 34 and 29;
87 and 30; 34, 29, and 6-8; or 3-7 and 30; 3+4, 28, 5.7, and 30, More preferably, the functional portion comprises the
aming acid sequences of SEQ I NOs: 3-8 or SEQ I NQs: 3-4, 29, and 6-8. Preferably, the antibody, or antigen binding
portion thereof, binds o an epfinpe which is formed by sl  CORs {COH1-3 of the alpha chain and CORT-3 of the bata
chain}. The antibody can be any type of immwnoglobudin that is known in the art. For instanoe, the anlibody can be of
any isotype, aq.. Iga gl B, g4, IgM, ale. The antibody can be monocional or polyslonal. The antibody canbe a
naturally-occurring antibody, 8.g., an antibody isolated and/or purified frore a mammal, 8.g., mouse, rabbit, goat, horse,
chicken, hamster, human, sle, Alternatively, the andibody can be a genetically-snginsered antibady, e.4., 8 hurmanized
antibody or 8 ehimeric aptibody. The antibody nan be In monamerie or polymeric kem, Alsg, the antibody can have any
leve! of affinity or avidity for the funclional pottion of the TCR {or functional vartant tharaof}. Desirably, the antibody is
specific Tor the functional portion of the TOR {or functional variants thereof), such that there i minimal cross-reaction
with other peptidas or proteins.

[8073] Methods of issling antibodies Tor the ability o bind o any functional portion or funclional vardant of the TCR
are known in the ant and include any antibody-antigen binding assay, such as, for examply, radinimmunoassay (RIA),
ELISA, Western bisl, immiunoprecipitation, and competitive inhibition assays (see, e.g., Janeway st al., infra, and U8,
Fatent Application Fublication Mo, 2002/0137258 Al

{0874] Suitable methods of making antibodies are known in the artl For instance, standard hybridoma methods are
desoribed in, e.g., Kohler and Milstein, Eur. J. farmuncl, §, 511.513 {1878}, Harow and Lane {sds.}, Aniihodiss: A
Labaratory Mamsal, CSH Press {1888}, and C.A. Janeway et al. (eds.), immunobicfogy, 5th Ed., Garlgnid Publishing,
MNew Yok, NY {2001]). Allematively, ather methods, such as ERV-hybridoma methods (Haskard and Archar, J, Immunol.
Methods, 74{2}, 36187 {1984), and Roder et al., Methods Enzymol., 121, 140-87 (19886)}, and bacteriophage veclor
expression systems {see, 8.g.. Huse o al, Science, 248, 1275-81 {1988}} are known in the arl. Furthar, methods of
producing antibodies in nonhurnan animals are described in, 2.g.. U.8. Patents 5,545,806, 553,825, and 5,714,352,
and LS. Patent Apglication Publicaion No. 2002/0197266 A1,

{Q078] Phage display furthermore can be used o generate the antibody disclosed hargin . In this regard, phage ibraries
gncoding antigen-binding variable (V) domains of antibodiss can be generated using standard melacular bislogy and
recombinant DNA techniques {see, 8.9., Sambrook &l al. {eds.}, Melecular Cloning, A Laboratory Marwal, 3rd Edition,
Caold Bpring Harbor Laboratory Press, New York (2001)). Phage encoding a variable region with the dasired specificty
are solecled for spacific binding to the deaired antigen, and a nomplste or parfial antbody s reconstituted comprising
the selocted variable domain. Nuclslo acid ssquences enaoding the reconstitutsed antibody are introduced inte a suitable
colf Bne, such as & mysloma cell used for hvitwidoma produstion, such that antibodies having the characteristics of
monosional antibodies ars seoreted by the cell {see, 8.9, Janaway ot ad, supra, Huse of al., supre, and U8, Patant
5,265,150},
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[0O78]  Andibodiag can he produced by transgenic mice that ars fransganic for specific heavy and light chain imm-
nogiobulingenes, Such methods are kaowninthe artand described in, for example U8, Patents 5,843,808 and 5,569,835,
and Janeway &t al., supra.
{00771 Methods for genersling humanized aslibodies are well known in the 3nt and are described in datalt in, Tor
4 sxample, Janeway of al., seprs, U8, Patends 5,225,539, 5,585,088 and 5,893,761, BEuropean Patent No, 0238400 81,
and United Kingdom Patent No. 2188838, Humanized antibodies can also be gensralad using the antibody resurfacing
fechnology desoribed in, for example, U.8. Palent 5,835,841 and Padersen et al., J, Mol Biol., 238, 558-873 (1884).
[0078] The disclosure also provides antigen binding portions of any of the antibodies deseribed herein. The andigen
binding portion can be any portion that has at least one antigen binding site, such as Fab, Flab’),, deFy, «Fv, diabodies,
o and triabodies.
[0673] A single-chain varable ragion fragment (sFv) antibody fragment, which consists of & tuncated Fab fragment
comprising the variable (V) domain of an antibody hsavy chain jinked to a V domain of a light antibody chain viz &
synthetic paplide, can be generated using routine recombiinard DNA technology techniques (see, e.g., Jansway el al,,
stipra), Simitarly, disulfide-stabiized variable region fragments {dsFv) can be prepared by recombinant BNA fechnology

W {age, 2.q., Raiter st al., Prolain Enginesering, 7, 887-704 {1594}). Antibody fragments of disclosed herein, however, are
niot limited (o these exemplary types of antibody fragments,

[0080] Alsg, the antibody, or antigen binding portion thersaf, can be modified to pomprise a delzctable label, such as,
forinstance, a radinisotops, a fluorephore {e.g., flucrescein isothinoyanate {FITC), phycosrythein (PE}. an snzyme (8.3.,
alkaline phosphatase, horseradish peroxidasa), and element particles {8.g., goid particlas}.

20 [00R1] The inventive host cells {including populations thereof) and the TCRs, polypaptides, proteins, (inchuding funie-
Honal vanants thereof), nucleic acids, recombinant expression vectors, and antibodies {including antigen binding portiona
thersof) discinsad herein, can baisolated andfor purified. Tha term “solated” as used hersin means having been removed
from s natural environmeant. The term "purified” as used hargin means having Been increased in purity, whetein "purity”®
is a relative term, and not to be necessanly construad as absolute purity, For sxample, the purty can be at least abowl

B 5D%, can ke greater than 80%, T0%, 80%, 0%, 35%%, or can be 100%.

Foe82] The mventive host cells {including popuiations theres?) and the TCRs, polypeplides, protelns {inclading fure-
Hona! vardants thereof), nucleic acids, recombinant expreasion vectors, arxd antibodia s {including antigen binding portions
tharesof) disclosed herein, ail of which are colleclively referred to as "TCR materials” hareinafter, can be formudated inta
acomposition, such as a pharmaceutical composition. in this regard, the ihvention relates o a pharmaceutical cornpasition

34 comprising any of the TCRs, polvpaplides, proteins, funcional portions, funclional variants, nuclede acids, axprassion
vactars, host cells {including populations thereof}), and antibodies {including antigen binding portions thereof), and 8
pharmaceuwtically acceptable ocarrier, The nventive pharmaceutical compositions containing any of the TCR materials
san cofmprive more than one TOR material, e.g., & polypeplids and & nuciale acld, or twa or mors differard TORs (including
functional porfians and functional variants thereof), Altematively, the pharmacautical compaosition can comprise an TER
material in combination with another pharmaceutically sctive agents or drugs, such as a chermatherapsutic agants, e.g.,
asparaginase, busulfan, carbopiatin, cisplatin, dauncrubicin, doxorubloin, Sugrowrach, gemcitabine, hydrexyurea, meth-
oiraxate, pavlitaxel, ritukimal, vinblasting, vinenstine, sio.
(00831 Preferably, the carrier is a pharmacautically acoeptabla carriar, With raspect o pharnaceutival compositions,
the carvier can be any of those conventionally used for the particalar TCR material under consideration. Such pharma-
44 ceagtically acceptabie carriers are well-known to those skiled in the art and are readily avallable to the public. ltis preferred
that the pharmaceutically acceptable carrier be one which has no delrimental sids effects or toxicity under the condiions
of use,
[0G84] The cholce of carrier will be delarmined in part by the particular TOR material, as well as by the particudar
msthod used o administar the TCR material, Accordingly, there are a variety of suitatide formulations of the pharmaceutioat
composition of the invention. Suitable formulations may include any of those for orad, agrosol, parenteral, suiboutansous,
intravenous, intramuscular, intraarterial, intrathecal, or nferperitonesl administration. Mors than one roule can be used
to administer the TOR materials, and in cerlain instances, a parficular route can provide 8 more imrmediate and more
sffective response than another routs.

{00851 Preforably, the TOR material is administersd by injection, 8.9., intravenously. When the inventive TCR matenial

is g host cell expressing the inventive TCOR {or functionsal varant thereof), the pharmaceulically accepiable carder for

the cells for injection may include any isolonic carrier such as, for example, normal saling {about 0.90% wiv of NaClin
water, about 300 mOsmfl NaCGl in water, or about 5.0 g NaCl per Rer of water), NORMOSOLU R slsclrolyte solution

{Abbott, Chicago, 1L}, PLASMA-LYTE A {Baxter, Dasrfleld, IL), about 5% dextrose in water, or Ringat's lackale. in an

embodimant, the pharmaosstically acceptable carrer is supplemantad with human sevum albumsn,

{0888] The pharmaceutinal composition may further comprise MMC Class § restricted TCHs, of polypeptides, protains,

rasoleie aoids, or recombinant expression vectors encoding MHC Class [restricted TCRs, or host cells or populations of

cells expressing MHG Class | restricted TCRs. Without being bound to a particular theory, it is believed that MHC Class

§ reatrictad COB+ T cells augment the reactivity of MHC Class H restricted C04+ T cells and enhance the ability of the

.
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MHC Class 8 restricted CD4+ T cells to treat or proveri canper.

{0087} Fov purposes of the invention, the amount or doss {8.g., humbers of calls when the inventive TCR material is
ong or more cells) of the inventive TCR miaterial administerad should be sufficient to effect, e.g., 8 therapeutic or
prophylactic response, in the subjact or animal over a reasonable me frame. For example, the dose of the inventive
TOR material should be sufficient to bind 1o & cancer antigen, or detect, treat or prevent cancer in g period of oy abiout
2 hours or longar, &.¢.. 12 1o 24 or more hours, from the timae of adminigtration. in cartaln smbodiments, the tims period
seuld be even longer. The dose will be determined by the efficacy of the particular inventive TCR material and the
condifion of the animal {8.g., human), as well 25 the body weight of the arimal {e.g. human) (o be reated.

{D088] Many sssays for determining an administered dose are known in the art. For purposes of the invention, an
assay, which comprises comparing the exient to which target cells are lyaed or IFN-y is secreted by T calls axpressing
the TOR {or functional variant or functional portion thereof), polypeplide, or profein upon administration of a given dose
of such T calls to a mammal among a set of mammals of which is each given a different dose of the T cells, could be
used o delermine a starting dose to be administered 1o 8 mammal, The extant to which farget cells are lysed or PNy
is secreted upon adminisiration of 3 certain dose can be assayed by msthods known in the art.

[0089] The dose of the TCP miaterial also will be determined by the existence, naturs and extent of any atverse side
effects that might accompany the administration of a paricular TCR material. Typically, the altending physician will
decide the dosage of the TOR matarial with which fo freat each individual patient, teking into consideration a vasiety of
faciors, such as age, body weight, general hesith, dist, sax, TCR malerial to be administered, route of administration,
and the severity of the condition being treated. h an embodiment in which the inventive TOR material is 8 population of
ells, the number of calls sdministersd per infusion may vary, e.g., from about 1 ¥ 10% 1o about 1 x 10" cells or more.
{00861 One of ordingry skilt it the ar will readily appraciate that the TCR materials disclosed herein can be modified
in any numbar of ways, such that the therapautic or prophylactic efficacy of the TCR matedals is increased through the
modification. Forinstance, the TCR materials can be conjugatad aither directly arindiractly through a bridge o a largeting
moigty. The practice of conjugating compaunds, 2.g., TOR materials, to targsting moleties is known in the art. See, for
metance, Wadwa st al, J. Drug Targeting 30 111 {1885} and LIS, Satent §,087 618, The ferm “argeting molety” as used
hevein, refers to any molecule or agent that specifically recognizes and binds to a cell-surface receptor, such that the
targating mofely directs the delivery of the TCR materials to a population of cells on which surface the receplor is
expressad. Targeting moieties include, but are not limited to, antibodies, or fragments thereof, peplides, hormanes,
growih faciors, cytokinas, and any other ratural or non-natucal igands, which bind to celisurface receplors {e.g.. Bpithalial
Srowih Factor Haeceptor (EGFR), T-call reneplor {TCR}, B-call receplor (BCR), GUZB, Platelet-derived Growth Factor
Receptar (PDIGF), nicotinic acetylcholing receptor (pACHR], ete.}). The ternt "bridge” as used herain, refers i any agent
or maolscule that finks the TOR materials fo the targeting molely. One of ordinary skill in the ant recognizes that aites on
the TOR materials, which are not necessary for the function of the inventive TOR materials, are ideal sifes for altaching
a bridge angdior a targating molety, provided that the bridge andfor targeting maiety, orwe attached (o the invantive TCR
misterials, dofas) not interfare with the function of the inventive TCR materals, L., the ability to bind to MAGE-AZ or
MAGE-AB; of (o daetedt, reatl, oF prevent cancer.

FOOS1]  itis contamplated that the pharmaceutical composiiions, TCRs {including funclional variants thersof}, polypep-
tides, proteing, nucieis acids, recombinan expregsion vectors, host nells, o popuiations of calls van be used in freating
or preventing cancer. Without being bound to a parficular theory, the TCRs {and functional variants thereof} are believed
to bind specifically 1o MAGE-A3 andiur MAGE-AS, such that the TCR {or related polypaptide or profein and funclional
varianis thereof) when expressad by a cefl is able v mediste an e responss against & target cell expressing
MAGE-AJ or MAGE-AS. In this regard, the invention relates © fraaling or preventing cancer in 2 mammal, comprising
administering to the marmmal any of the pharmaceutical compositions, TCRs {and functional variants thereof), polypep~
tides, or proteins described herain, any nucleic acid or resombinant expression vectar zorprising a nucleotide seguence
encoding any of the TCHs {and funclional variants thereof], polypeptides, proteing describad hersin, or any host caff or
population of celis comprising & recombinant vector which encodes any of the TCRs {and functionsl variants thereof),
polypeptides, or proteins described herain, in an amount effective to treatl or prevent cancer in the mammal,

{00821 The treating or prevanting canger may further comprise co-administering MHC Class | restricted TORs, or
polypaplides, proteins, nucleic acids, or recombinant expreasion veotors encoding MMHE Class { restricted TCRs, or host
cells or populations of cells exprassing MHC Claas | restricted TCRs, to the marmmal,

[0083] Theterms ‘real,” and “prevent' as well az words stemming therefrom, as usad herein, do not necassarfly imply
100% or complete treatment or prevention. Rather, there are varying degrees of irealment o pravantion of which one
of ordinary skill in the ant recognizes as having s potential benefit or therapeutic affect. In this respect, disclosad hareln
is any amount of any level of treatment ar prevention of cancer in a mammal. Furthermars, the fraatment or prevention
disclosed harein can include treatmant ov prevention of one of more sonditions of symptoms of the disease, e.4., cancer,
being traaled or prevented. Also, for purposes herein, "prevention” can encompass delaying the onset of the diseass,
or @ symplom or condition theveot.

(00847 Adso provided is a mathod of detecting the presence of cancer in 2 mammal. The method comprisas (i} condacting
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a sample comprising ceBs of tha cancer with any of e TORs (and functional varlants therenf), polypeptides, profeins.
suclelc acids, recombinant exprassion vestors, host cells, populations of celis, or antibodies, or anfigen binding porions
thersof, desovibed herein, thersby forming & complex, and detecting the complex, wherein detection of the complex &
indisative of the prezence of cancer in the mammal.

3 f00S5]  With respect i the method of detecting tancer irca mammal, the sample of cells of the canver can be 3 sample
comprising whale oelis, lysates thersaf, or a fraction of the whole cell lysates, e.4., & nuclear or cytoplasmic fraction, a
whole protein fraction, or a nucleic acid fraction,

{0088]  For purposes of the defecting method, the contacting can take place in vilro or in vivo with respect o the
mammal. Praferably, he contacting is in vitro.

W [0087]  Also, defaclion of the complax can oscour through any number of ways Known in the art. Forinstanes, the TCR
{and functional vanants thersof), polypeptides, proteins, nudleic adids, recombinant sxpression vactors, host eelis, pop-
wlatfons of cslls, or antibodlas, or antigen binding portions thereof, deseribed harain, can be labelad with a detectable
fabel such as, for insfance, a radioisotope, a fluorophore (e.g., fuorescen iacthiocyanate (FITC), physoanythrin (PE},
an gazyme {g.4., alkaline phosphatass, horssradish peroxidase}, and slement particles {8.9., gold particles).

15 [3098] Forpurposes of the methads, wherein host cells or populations of cells are adminisiered, the oells can be cells
that ans allogensic or autologous to the mammal, Preferably, the cells are autologous 1o the manwnal
(0R89]  With respact to the invantive methods, the cancer can be any cancsr, inchading any of sarcomas {8.3., synovial
sarcoma, ostecgenic sarcoma, lsiomyosarcoma uterd, and alveolar rhabdomyosarcoma), lymphomas {a.g., Hodgkin
fvmphoma and non-Hodgkin lymphoma), hepatocsliular carcinoma, gliioma, head cancers {e.g., squamous cell carcing-

M ma), neck cancers {e.g., squamous cell carginoma), acute lymphocytic cancer, leukamias {p.g., aculs myelold laukermia
and shronic lymphooytic leukemia), bone sancsr, brain cancer, . cancer of the anus, anal canal, or ancrechim, canocer
of the aye, cancer of the intrahepatic bile duct, cancer of the joints, cancer of the neck, galibladder, or plaura, cancer of
the nose, nasal cavity, or middle sar, cancer of the oral cavily, cancer of the vulva, chronic myeloid cancer, edlon cancers
{e.q., colon carcinoma), esophagesal cancer, carvical cancer, gastric cancer, gastroindestinal carcingid tumor, hypoghar-

25 ynx cancer, larynx cancer, liver cancers {&.g., hepatocefiular carcinoma), , malignant mesothetioma, muliiple mysloma,
nasopharynx cancsy, ovaran cancer, pancreatic cancer, peritoneun, amerium, and mesentsry cancer, phatynx cancer,
prostale cancer, rectal cancer, kidney cancers {2.g., renal cell carcihomal, smad infestine canoer, soff ssus canoer,
stormach cancer, festicular cancer, thyrold cancer, and urothelial cancers {e.g. ureter cancer and urinary bladder cancer}.
Fraferably, the cancer is |, prostate cancer, synovial call sarcoma, head and neck cancer, esophagsal cancer, or ovarian

X Cancer.

[3138] The mammal referrad fo in the inventive methods can be any mammal. As used herain, the lerm "mammat”
refers 1 any mammal, including, but not imited 1o, mammals of the order Rodentia, auch a8 mice and hamslers, and
mammals of the arder Logomarpha, suth ag rabbiia. R is preferred thal the manwnals are from the order Carnivors,
including Felinss {cats) and Caninaes {dogs). B s more praferred that the mammals are from the order Attindactylas,
ke including Bovines {cows}and Swines {pigs) or of the order Perssodactyia, nchuding Equines (horsas). it is most preferre
that the marvimals ars of the order Prmates, Cabaids, or Simoida (monkays) or of the order Anthropoids (humans and
apes). An especially preferred mammat is the human.,
[8101] The following sxamplhas furdher illustrate the invention bul, of course, should not be construed as in any way
Himiting s scope.

wr

40
EXAMPLE 1A

[8482] This example demonstrates the isolation of TORs from T celi clones.

[0103]  Anti-MAGE-A3a43.055 D4+ sffector clone R12C8 and anti-MAGE-A3y4y 555 Treg clone BFE was cultured with
4 peptide (MAGE-A34,5 o5 Fpuised EBY B cells. Cytokine secretion, percantage of indicator onlls suppressed, peroentage

of FOXP3+ Treg celts, and perceniage of unmeathyiated FOXP3 sequsnces were measured. Unmethylaled FOXP3 intron

1 sequences are considered io be a marker {or o xable Treg phenotype. The rasulls for the 8F2 and B1209 chnes are

shown in Tables 1A and 1B.

s TABLE 1A
| Clone | % indicator Cells Suppressed | % FOXP3+ | % Unmethylated FOXP3 sequences
6F9 57 85 72
R1208 | 0 i B 2
55 -
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TABLE 1B

Clone | IFN-y 1 12§ =10 | 34 ‘ iL-5 | TF-e

6Fa Rt O 8 i 0 12
8 28 422

R12CY | B2 4&

£
-4
[R5

[0104] Treg clones can inhibit the profiferation of indicator cells after stimulation by an appropriate peplide. As shown
in Table 14, clone 8F% is a Treg clone.

{0105} A TCR compiising SEQ 1D NOs: 21 and 22 was clonad from the antbMAGE-AJy4y. 05 G4+ effector clone
R12C8 {"R12C3 TCR"). A TCR comprising SEQ 1D NOsa: 11 and 12 was clonsed from the anthMAGE-A3,,5.95¢ Treg
clons BFG "8F9 TCRM.

EXAMPLE 18

[0108] This example demonstrates the ransduction sfficiancy of PBMO transduned with 8 nusleotide saquente ans
roding the 8F8 TCR or H1208 TOR of Example 1.

[0107] Teansoripts ancoding the TCR alpha and beta chaing of R12C3 and 8FD ware linked with sequencas encoding
a P2A seff-cleaving peptide and oloned into an M3GV 1 relroviral vector, PBMG from thrae patients were stimulated with
SHT3, transduced with transient refroviral supsematants on day twe, and enriched for CD4+ T cells on day seven. The
levels of TCR sxpression wars avaluastad by staining transduced cells with anfi-VE22 or VBE.T, which detect the BFY or
R1208 TCR, rospectivaly, Aralysis of PBMC from patient 1 indicated that belween 25 and 35% of the T cells ware
fransduced with the individua! TCRs and similar transduction levels wers obtained with PEME from patiends 2 and 3.

EXAMPLE 2

{0108] This example demonstrates that T oells transdused with nuclectide sequences encoding the anti-MAGE.
A3.gz.0ms TORs of Example 1 recognize 293-class I, major histocompatibility complex, transactivator (CHTA} transfect-
ants of MAGE-AJ and paptide-pulsad targats, This examplie also demonsirates that the 8F2 YCR recognizas 283-CHITA
fransfectants of MAGE-A3 and MAGE-AS.

[1108] CD4+ enviched peripheral biond lymphocytes (PBL) fom two human donors ware urdranaducad (UT) or trans-
gduned with F5 (antt MART-D TCR, R12C8 TOR, of 6F8 TCR, The cells wers culturad with 283-ClHITA-transfoected target
cells puised with MAGE-R3545.05 (SEQ 1D NO: ) peplide. The 293-CHTA cells are 293 cells transduced with CHTA,
which is @ human gene which encodes the class i, major histocompatibility complex transactivator protein. The resulis
obiaingd with 5F9 and 812C9 TCR-ranaduced celis are shown in Table 2 and Figure 10A, PBL fransduced by R1208
TCR or 6F8 TCR recagnized MAGE-Al,43 205 Pepide-pulssd HLADP0401+ target cells. Titration of the MAGE.-
A3s45.050 Peplide indicated that CO4* T cells transduced with the 8FY or R1208 TCRs released comparable levels of
FN-y in response to targels pulsed with a minimum of between 0,001 and 0.01 mgfmi of the MAGE-A3 543 p55 aptide.
The experimants were rapeated using PBL from a third hursan donor and similar resulis were oblained.

TABLE 2
Danor 1
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e s
| 203.CHITA + MAGE-A3pg055 | DP4+ | Peplide (ugiml) | Untransduced (UT) | 6F9 TCR transduced
| £.0001 2 328
£.061 7 596
8.01 4 1609
0.1 : 7440
1 4 34800
10 g 52100
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{continued)
Donor 2
T IFd-gampa {pgf m}

R8I CHTA + MAGE-Al 55y | DPd+ | Poplide (pgfml} | Uniransduced (UT} | 6F8 TCR transduced
0.0001 I 110
D.H01 30 323
0.04 1y | 1830
0.1 40 | gyeo
1 44 SB00G0
18 g sos0

{0110} 293-CHTA target cells ware irgnsfected with DNA constructs {(pCONASJ vactor} encoding full-length MAGE-AZ
profein or MAGE-AB protein, which differ at only a single position (249}, or fuli-leangth MAGE-AY profein or MAGE-&12
profein, Untransducsd and fransduned PBL wers co-cultured with the transfiected 283-CHTA calls and intarferon {IFN)
gamma secretion was measured. The results are shown In Figuras 14, 1B, and 10A.

{01111 As showr in Figures 14, 1B, and 104, akthough T cells transduced with R12C9 TCR or 8F2 TCR recognizad
peptide-pulsed targets, PBL ransducad with the 8F3 TCR were the most highly regstive to sach of MAGE-A3 and MAGE-
AS 203-CHTA transfectants. CD4* T cells ransduced with the 6F2 but not the R12C8 TCR recognized HLA DPT0401Y
293-CHTA calls ransfecied with genas encoding MAGE-A3 or MAGE-AS, but not MAGE-AT or A12. Comparison of
aming acid seguences of the coresponding regiens of the MAGE Jamily members indicated that MAGE-AJ and MAGE-
AS only differed =l une posdlion {residue 248}, whereas the other MAGE family mernbers differed from MAGE-A3 at two
{MAGE-A1 25,5 055 (SEQ D NO: 703) or three (MAGE-AT 545050 (SEG D NO: 713} positions. In addition, CD4* T cells
fransduced with the 6F8 TCR but not the R1208 TCR recognized the MAGE-AIYHLADP0407* melanoma cell line
1358 mebCHTA but failed to recognize the MAGE-AZYRLADPT 040" melanoma cell ling 524 mel-CRTA. CD47 T calls
Fansducad with the R12C3 TCR faed to recognize sither of the lesled melanoma cadf linss. Celts ransduced with the
MART-1 mactive TOR DMFS failed to recognize the iransfected 293-CHTA calls or MAGE-AJ!y, 5 5xy puised targat oplls,
but recognized the HLAA*QZ201+ and MART-1+ cell line 824 mel-CHTA. The experiments were rapoated using PBL
from a third husman donor and similar resulls ware oblained. Because the 6F8 TOR was oblainad from a Treg clone,
which are invalved in the supprassian of imnwins aclivity, the reaclivily of the 8F3 TUR was surprising and unespected,
These resulls indicated that whils CB4Y T gells transduced with 8F% or R1209 recognized peptide pulsed larget cells,
only ceffs ransduced with the 6F2 TCR recognized transfected target oofls as well as MAGE-AS" and HLA-DPY 4t
fumor calls,

EXAMPLE 3

[0112] Thiz example demonstrales thet 8FBdransduced PRLs show high reactivity to MAGE-A3 fidl-length protein
pracessed and prasented by HLA-DP4+ B cells.

[ti13] PBL from two human donors was untransduced or fransduced with a nucleolide sequence encoding the 6F8
TCR. The calls were co-cullurad with HLACDP4A+ B calls that had processed and presentad full-length MAGE-AZ protein
{SEQ 1D MO 1) The resulls are shown in Table 3 and Figure 10A. As shown in Table 3 and Figure 104, the 6F9-
Fransduced FBLs wers highly reactive fo MAGE-AT {full-lengih piofein processed and presented by HLA-DP4+ B calls.
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PNy {pgimi)

Donor 1
B oalls + MAGE-AZ full tength | DP4 | MAGE-A3 {sg/mi) L}nﬁransducéﬁ {UTy | SFETCR transduc&d_
E 10 360 23640 )
+ 1 420 12440
« o 358 2380
. 0.01 32 580
N 8.001 345 427
+ £.0001 g 387
* a 343 305
B cells + NY-ESQ-1 full length | + 10 313 363

Bornor 2 IFN-7 {pgfad)
B celis + MAGE-AS fuil lamggth | DP4 | MAGE-AS {;x.g:'m@ Ustransduced (UT) | F8 TOH dmnsducesd '
+ 10 | 2080 ' | §3100
+ 3 1810 | 21270
« oa 1382 | asso0
v oo 1519 585
4 2.001 1297 470
r 5.0001 1558 542
+ 9 1351 404
‘ B calls » NY-ESO-1 fulllength | + w 1549 530

EXAMPLE 4

{0114] This example demonstrates thal 8F8 TCR-ranaduced PBLs are reactive to tumar linas with endogenous class
i presentation of MAGE-AS protein.

{01151 PBL from hwo human donors were untransdused or transduced with a nuclsolide sequence encoding the 879
TCR or F§ TOR, The cells were culiured alone {T osll ondy) or co-culiured with 624-CHTA cells, 526-CHTA cells, or
H12086-CHITA calls {tumor cell lines transfectad with CHTAL The results are shown in Table 4. As shows in Table 4, §F8

44

@

(I
fizs)

TCR-ransducsd PBLs wers reactive o tumor lines with endogenous class H presentation of MAGE-A3 protein.

TABLE 8
Donor 1
) !FN»gamnié {pgfmd)
P4 | ?ﬁAGE A3 | Untransduced | F5transduced | 5F9 transduced
624-CUTA | - + 233 1483 238
S26-CHTA | +(DP4040T) | + 536 2350 1314
HIZ00.CHTA | +(DP40401) | + 284 243 4339
Tcelt only 131 48 132

Donor 2

IFN-gamma {pg.«‘rﬁ%}

| MAGE A3

Untransduced

F& transduced

HF Y transduced
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{continuad)
Donor 2
Hi?N-gamﬂm gty
624-CHTA | - + 8t 1435 153
S36.CHTA | + + 1T 2530 1339
HI280-CHTA | + . 147 172 3830
T-celt only 85 27 8
EXAMPLE 5

{0118]  This sxampls dermonstrates that the GF3 TR s MAGE-AJ speaific.

fo117] PBL from a human donor ware D4+ enviched and the numbar of calls was rapidly sxpanded on day 27, Cells
ware untransduced or ransducad with FS TCR or 8F8 TCR and co-culturad with 526-CHTA cells or H1288-CHTA cells
alone of with ant-MAGE-AZ siRNA or anti-MART-1 siRNA, IFN-gamm a secralion was measurad, Tha resulls ars shown
in Flgures 24 and 2B,

[2118] As shown in Figures 2A and 28, the ardi-MAGE-A3 siRNA reduced the reactivity of the 6F3-TCR transduced
calls. Accordingly, the sIRNA knockdown assay confiemed that the 5F% TCR s MAGE-A2 apadcific.

EXAMPLE B

[0118]  This example demonatrates that 8F8 TCR recognizes MAGE-AR in an HLA-DP restricied manner.

[DI20] 624, 528, 1358, H1298, 1300, 1784, 3071, 387, 2630, and 2984 fumor call fings were transduced with CHTA
{624-CHTA, B26-CITA, 1385-CHTA, H1298-CHTA, 1300-CHTA, 1784-CHTA, 3071-CHTA, 397-CHTA, 2630-CITA, and
2984-CHTA} and HLA-DP axpression was measured by flow cytomatry. DR4 and MAGE-AZ exprossion is shown in
Table SA.

, TABLE 5A

: Transduced Tumor Celiling | DP4 | MAGE-A3
824-CRTA N
T00-CHTA - N
2071-CHTA 0402 N
Whitingtor-CHTA 0401 .
526-CHTA D401 +

1359-CIITA o401 | v
H1200-CHTA oa01 |+
307-CIfTA | 9401 .
263 BCHTA 0441 ¢
2584-CHITA 0461 .

{0121] &F8-ransduced PBL were cultured alone {T cells anly) or co-cultured with 3071 cells, 3071-CHTA calis, 387
ceils, 397-CHTA calls, 2830 oells, 2530-CHTA calls, 2984 celis, and 2984-CHTA sslls. IFN-gamma secretion was meas-
ured. The results are shown in Figure 3. As shown in Figure 3, 6F8-Iransduced PBL were reactive with CHTA-expressing
tumor cell finas.

{0132] The 8F8 TCR was lurther svalualad by determining the reactivity of CD4* and CO8Y T cells separated from
wo patisnt PBMZs against a panel of tumor cell lines including 824-CHTA, 828-CHTA, 1350-CHTA, H1285.CHIITA, SK37-
CHTA, 1764-CHTA, 30V1-CHTA, 307-CHTA, 2630-ClTA, and 2834.CHTA, Five mealanomsz call ines thal sxpressad
MAGE-AS and HLA-DP*0401 (2630-CliTA, 367-CHTA, Z084-CIUTA, 526-CHTA, and 1358-CHTA), as well as the non-
smalt cell lung sarcinoma celliing H1289 NMSCLG-CHTA were rmongnized by ransduced CO4* and S8 Teells, although
CO4* T cells secreted higher amounts of cytokine in respense to tumor targets than Fanaduced CD8* 7 cells.
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[0123] H1299-CHTA and 526-CHTA calls ware ransfected with anti-HLA-DP ar anti-HLA-DR siRNA 10 Knock down
HLA-DP or MLADR supression, 30T HCHTA and 526-CHITA colls were ransfecisd with antb-HLA-DG siRNA to kvoaok
down HLA-DQ @xprassion. HLA-DP, HLADR, or HLA-DG knockout was condirmed by flow oytomestry,

{0124] PBL from g human donor were enrichad for CD4+ and the number of cells was rapidly expanded on day 30,
The calls were transduced with 8F9 TOR or unfransduced. The celis were cullured along (T celt only) or co-cuttumad with
gritreated H1288-CHTA cells, R1289-ClITA transfected with anti-HLA-OP or ardi-HLA-DR siRNA, untraated 528-CHTA
cells, or SRE-CUTA transfected with anti-HLA-DP or anti-HLA-DR siRNA, IFN-gamma secrstion was measurad. The
results are shown in Figure 4. As shown in Figure 4, the ani-HLADP giRNA reducsed the reactivity of the BFS-TCR
tranisducead cells.

{04235] Further sludies employing antibodies confirmed that the 8F% TCR recognizes MAGE-AJ In an HLA-class I
resiricled manner. FBL ransduced with 6F8% TCR were co-cultured with the celis set forth in Tabie 5B and blocked with
the antibodies st forth In Table 58, IFN-gamma was measured, and the results are sat forth in Tabls 56,

TABLERR v
BF8 TCRamnsduced PRL co-cultured with: Blocked with andibody: I-N-gamma {(pgimi}
293-CHTA (P4} translected with MAGE-A3 gene Wea2 (n-HlA cass i} | >10,000

HBZ22 (x-MLAclass DRY | »10.400
WA1Z (a-HLA class H) 802

Allen B oells (A2+ DF4+) Incubaled with MAGE-AJ3 protein | WEA2 (w-HLAclass § | 15038
HB2Z {-HLAclass DR} | 16588
2

A3 {a-HUA class 1) 1 1

| SK37 CIITA (A2+ DF4+ MAGE-A+) WEIZ {o-MLA class 1) | 1965
: HB22 (u-HlAckass DR} | 8248
| VA2 (o-HLA class B} | 674

H126D CGHTA (AZ- DP4« MAGE-A3¢) W62 (a-HLA class ) | 2684
HB22 (o-HiLA class DR} | 7888
WALZ (a-HLA class i} | O

1764 RCC CHTA {A2-OP4+ MAGE-A3} Weia2 fo-HLAclass Y | O
HB22 {e-HlAclass DR) | §
BAT2 {o-HLA class 1)

ot

[09126] As shown in Table 5B, the antibody blocking studies showed that the §F8 TCR recognizes MAGE-A3 in an
HLA Class H-restricted mianner, but not in an HLA-DR-restricted manner or in an HLA Class tresiricled manner,

EXAMPLE 7

[01237] Thiz sxamgle demonstrates that an alenine substiition at position 118 or 117 of the alpha chain of the §F9
TCR increases the reactivity of the 8F8 TCR,

[D128] Fight differeat substibded TCRs, cach having one alanine substitution at a diferent location in the COR3 region
of the 6F3 TCR, were preparad as set forth in Table 6.

. _TABLE®
Mame | Descriplion SEQ D NO:
2R Alarine substitution at position 118 | SEQ 1D NO: 12 {wildype (wil bata chain}
- of alpha chain (S118A) SEQ 1D ND: 33 Gubstiifed alpha chainy, wherein Xaa al 118 (s Ala,
' Xag at 117 is Ser, Xas at 118is Cly, and Xaa at 118 is Thyr
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{oontinued}
MName | Description SEQ D Pi()
a Alzning substitution at position 117 | SEQ 1D NQ: 12 {wild-type {wi) heta chain}
of alpha chain {ST17A} SEQ I NG: 33 (substituled alpha chain), wherein Xaa at 116 is Ser,
Xaa st 117 is Ala, Xaa al 118 is Gly, and Xaa at 118 is Thr
a3 ¢ Alanine substitution ai position 118 | SEQ 1D NO: 12 (wild-type (wi) bata chaing
of afpha chain (G1184) SEQ D NO: 32 (substiuted alpha chain), wherein Xaa at 118 is Ser,
Xaz gt 117 is Ser, Xsa at {18 is Ala, and Xza sl 11588 Thr
ad Alanine substitullon at position 118 | SEQ 1D NO: 12 {wild-iype {wi} bata chain}
of alpha chain (T1184) SEQ D NG 33 {substituted slpha chain), wherein Xaa at 116 is Ser,
; Kag at 117 is Ber, Xaaat 118 5 Qly, and Xaa at {12 is Ala
Y | Alanine substition al position 115 | SEQ 1D NO: 11 {(wild-typs {wt) aipha chain} and
of beta chain (R1184) SEQ D NO: 34, wharein Xaa at 115 is Ala, Xaa at 116 is Thr, Xaas
at 117 is Gly, and Xaa at 118 is Pro
e Alanine substifution at position 116 | SEQID NO: 11 (wild-type (w1} alpha chain) and
of beta chain (T1184) SEQ 1D NO: 34, whersin Xaa at 1158is Arg, Xaa at 116 is Ala, Xas
at 117 is Gy, and Xaa at 118 s Pro
b3 Alanine substtution af position 117 | SEGQ D NO: 11 (wlld~ype {wh) sipha chain) and
| of beta chain (G117A) SEQ 1D NQ: 34, wherein Xae at 115 is Arg, Xas at 116 is Thr, Xaa
: | at 117 is Als, and Xas at 11815 Pro
bd Alanire substitution al position 118 | SEQ I NO: 11 (wild-type {wi} alpha chain) and
of beta chain {(P1184) SEQ D NO: 33, wherein Xaa at 115 is Arg, Xaa at 118 is Thr, Xaa
S T17 in Gly, and Xas at 118 & Ala

[0128] PBL from a human donor were undranaduced or transduced with wild-type {wi) 8F8 TCR or one of sach of the
&ight substittted TCRs in Tabls 8. The calls were culturad alone (T cell only) or co-cultured with §24-CHTA, 528-CHTA,
1359-CHTA, H1202-CHTA, or 1764-CHTA. IFN-gamma secration was measured. The resulls are sat forth in Figure 5.
As shown In Figure 5, the a1 and a2 substituted TORs demonatraled increased reactivity as sampared fo wt 8F8 TCR.
[0130] A separate experiment with tranaducad, CO4+ enviched PBL also confirmead the superior reactivity of the af
and a2 substituted TCRs (Figure 8). As shown In Figurs 8, the at and a2 substfided TCRs showad an approvimately
Z-fold incmase in anti-lumor activity as compared o wit 8F8 TCR. The a1l and a2 substituted TCRs also showed belter
fetramer {(SEQ D NO: 2} binding as compared to the wi 8F3 TOR, as measured by flow cytometry.

EXAMPLE B
[0131]  This sxample demonshrates the reaclivity of substiiled 6F2 TCRs.

{0132} Elight different subsiifuted TCRs, each having one aming acld substitution at 8 different focation in the COR3
region of the alpha chain of the 6F9 TCR, were prepared as set forth in Tabie 7.

TABLE ? ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
{ Mame | Description SEQ D NO:
al-i Leucing substitulicn at position 118 of | SEQ 1D NO: 12 (wild-type {w) beta chain)
alpha chain {S118L) SEQ D NG: 33 (substituted alpha chaln), whersin Xaa at 118
isley, Xeaast 117is Sar, Xaaat 1185 Gly, and Xaaat 1100 Thy
at-2 lsoleucine sabatitGtion atposition 118 of | SEQ D NO: 12 {(wild-type (Wi beta chain)
sipha chain {ST81) SEQ D NO: 33 {substituted alpha chain}, wherain Xas at {18
i s, Maa at 117 is Sar, Xaa at 118 is Gly, and Kaa st 11808 Thr
a1-3 Vating substitution af position 116 of SECHD NO: 12 (wild-type {(wi) bata chain}
alpha chain (8116} SEQ K NO: 33 {substifisted alphe chain), whersin Xaa at 116
isVal Xaaat 117 s Ber, Xaa at 118 i Gly, and Xaaat 118 is Tiv
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{continued)
MName | Description s SEG Y NO:
at-4 Mathioning substiiution at positfon 116 | SEQ D NO: 12 {wild-type (w1} bata chain)
of aipha chain (5116M) SEQ 1D NC: 33 (substiluted alpha chain), wherein Xaa at 116
| jshiet, Xag al 117 s Ser Xaa st 118 8 Gly, and Xaa at 118 Thr
a2-1 | Leucihe substifulion af position 117 of SEQ D KOn 12 {wilddype {wi beta chain)
beta chain (81174} SEQ D NO: 33 (substifuted alpha chain), whersin Xaa at 116
is Sar, Xaaat 117 isley, Xaa st 118 Gly, and Xaaat 1191is Thr
a2-2 Iscleucing substitution atposilion 11V of | SEQ 3 NO: 12 {(wild-typa (w1} beta chain}
bata chein {51174 SEQ I NCO: 33 {substituted sipha chain), whersin Xaa at 118
is Ser, Kaa at 117 is e, Xan at 118 is Gly, and Xaaat V18is Thr
a2-3 Valing substiiution atposition 117 of | SEQ D NO: 12 {wild-ype (wi} beta chain) '
‘ beta chain (S117V) | SEQ D NO: 33 {substifited alpha chain), whersin Xaa at 116
ie Sar, Xagat 117 s Val, Xag at 118 is Gy, end Xag at 11905 Thr
a4 Methionine substifution at position 117 | SEQ I NO: 12 {wild-type {wi) beta chain)
of heta chain (51173} SEQ 1D NG 33 (substibted alpha chain), wherein Xaa af 118
s Sar Xaaat 117 is Mel, Xsast 18 Gly. and Xaa sl 119ia Thr

{337 PYL from a human donor were untransduced or transduced with wild-type (wi) 6F8 TUR or one of each ol the
eight substituied TCRs. The cells were cultured alone (T cell only) or co-cultured with 824-CHTA, 528.-CHTA, 1353
CHTA, HI1299-CHTA, or 1764-CHTA, IFN-gamma secrslion was measured. The resulis are set forth In Figure 7. As
shown in Figure 7, the al, a2, and al-3 substituted TCRs damonsirated reactivity against CHTA-bumor cell ines,

EXAMPLE @

[8134] This example demonsatrtes that substitution of the native conatant region of the 6F8 TR with a murine constant
region increases the reactivity of the §F8 TCR.

35 A TOR was preparsd oomprising the variable regions of the « and 8 chains of the wit 8F8 TCR and a murine
constani region (6F9ME TUR{SEQ 1D Ns; 27 and 28).

{81361 The 6F3mMC TER demonsiratad betler MAGE-AJ tetramer and VB siaining as compared fo wi 8F8 TCR, as
measurad by Sow cylometry, Without being bound 1o & particular theory, it is believed that the 8F8mC TCR provides
improved palring of the TOR « and §§ chains.,

[O1371 PBL from a human donor were unfransduced or fransduced with wt 8F9 TCR or 6F8mC TOR and oufbured
alone (Twcell only} or co-cultured with 624-CHRTA, 1300-CHTA, 528-CHTA, 135%-CITA, H1289-CHTA, 397-CIITA, 2630~
CHTA, 2984-CHTA, 30T1-CHTA, or 1764-CHTA cells, IFN-garmmma secretion was measured. The results are shown In
Figure 8. 43 shownin Figure 8, the 8F8mC-ransduced cells showed a 2.5 fold increase is anti-turner activily as compared
o wi 6FY TCR-fransduced cels.

[0138] Untransduced cells, 8FB TCR-ransduced cells, or 6F3mC TCR-franaduced cells were arviched for CDS or
04 and culiured alons {T-cel ondy) or co-cultured with 824-CHYA SKI7-CHTA, 528-CIITA, 13584-CHTA, H1293-CHTA,
397-ClITA, 2830-CHTA, 2984-CHTA, 307 1-CHTA, or 1784-CHTA cells. Inlerferon-gamma secretion was measured. The
rasulls are shown in Flgures 88 and 88. As shown in Figurss 94 and 8B, the CDB and CD4 anrichad 6F3mC-iransducead
calls maintained higher anli-lumor activity as compared to §F% TCR transduced cells for several cell lines, indicating
high affinity of the 8F9mC TCR indaependert of co-receptors. The saperiments were repeated using PBL from a second
human denor angd similar resudis were oblained, Comparisons of responses of GD4+ T calle transduced with the wild-
type (W) GF8 TOR with thoss of the cells transduced with the 8F%mc TOR indicated that e murine constant regions
rasulted in bebvosn two and five-fold erhancement in the response of tranaduced T calls against the soven MAGE-A3™
and HLA-DP*04017 targets thal ware evaluated, in addition, the rosponse of CRET T cells transduced with the 6F3me
wara arthanced by between two and ter-fold shove those sean in cells ransduced with the wit 8F3 TCR, The responses
of COB* T cells ransduced with the 6F8me were genarally awer than CD4* T cells transduced with this TCR, although
somparable cytokine responses were observed in responsas fo some tumor largets.

EXAMPLE 10

{6738] This example demonstrates that upon twmor stimulation, 5FAmC TCR-ransduced calls produce high fevels of
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FM-gamma and TNF-alpha and show a highly activated phanntyos (35 measured by increased 4-188, CD28, and CDES
SRPIESSoN).

{01401 Celis wore CD4 or CD8 enviched and transduced with 8FImC TCR. Transduced vells ware co-culiured with
tumor fines 824-CHTA, 2830-CHTA, 2884-CHTA, or Whitington-CliTA for 8 howrs and then stainad for intraceliular IFN-
gamna, inferieukin (H)-2, or Wt recrosis factor {TNFla. The 6F8mC TOR transduced cells showed specific infrac
sflular IFN-gamma production upon Jumor siimalation. The 8F8mC TER ransduced cells showed deteciable 1.2 pro-
duction and speoific high TNF-« production upon tumer stimulation in the CD4-ersiched fraction.

[0144F  Ceds ware £D4 anriched and transduned with 8F8mT TCR, Transduced celts were co-culiured with tumor nes
§24-CHTA, 2630-CHTA, 2884-CHTA, or Whitington-CHTA overnight and then stained for 44188, COZS5, snd CDEY. Alter
overnight wmor stimulation, the majority of 5FImC TCRransduced cells expressed high levels of 4-1B8 (indicative of
antigen-specific activation), CO2Z5, and CDBY.

EXAMPLE 11

[0142] This sxample demonatrates that the 8F23 TOR mediates tumor cell recognition.

{0143} PBL were unbransducsed or transduced with wild-type 8F3 TCR and cultured alone or co-culiured with non-
smafl cell lung cancer {NSCLC) celt fne H11299 or melanoma cell line 826 mel, 524 mad, or 1359 mel. MAGE-A3 and
D04 expression is shown in Table 8,

TABLE 8 v
il line MAGE-A3 | DP*D4
H1298 NSCTLT | » e
| 926 mel * +
624 maf N ;
1358 meal + i

{0144} IFN-gamma exprassion was measured. The results are shown in Figure 10B. As shawn in Figure 108, the 6F8
TCR mediates umer cell recognition.

EXAMPLE 12

[0148] This example damonsirates that the §F% and 6F8mae TOR possess a high degree of specificity for the MAGE-
Aliny g0 poplde,

[0448]  In order to avaluate the fine specificity of antigen recognition mediated by cells transduced with the 6F2 and
BF9me TOR, HLA-DP*04U 1 target calls were pulsed with fruncations of the MAGE-AJi5 5 -eq peplide or related paplides
from MAGE family membars, GD4+ T cells isolated from two patients’ PEMC (PEMG-1 or PBME-2} by negative seleotion
ware fransducad with either the 8F8 TOR, the 8F8me TCR, or wars untransduced and assaved 10 days following OKT3
stimulationt for thair response to 203-CHTA cells thal ware pulsed with 10 mgimi of the peplides indicated in Table 8.
[9147]  Analysizof the response to runoated MAGE-AY peplides from two cullures of ransduced S04 PRMC indicated
that the ti-mer peptide QRFYQENYLEY {SEQ 1D NO: 54) corresponding o aming acids 248-258 of the MAGE-A3
protein represented the minimal peplide that elicited a response comparable 1o that aifolied by the MAGE-AS, 988
peplide (Table 8). The MAGE-A3:;, 2qs Doplide was predicted using an spiiope prediction algorithm o possess a high
affinfty for MLA-DP*0401, and by addiion, recognition of the trunoated MAGE-AS peplides appaared 1o coralate with T
cell recognition {Table 9). Significant recognition was abserved for the MAGE-AS 349 55 peplids that contained a single
subsituion of tyrosing for histiding of position 248, but minimal reactivity was observed against additional mambers of
the MAGE family of gene products that possessed between two and five differences from the MAGE-A3yg ysa pepiide.
A BLAST search of the NCBI datebass revealed that the most closaly related peptide was derived from the profein
nacdine This peptide, which possessed five differencas from the MAGE-A3a 2e Deplide, was alse nol recognized by
T cells transduced with the 6F9 or 8F8%mc TCR. These findings indicate that the 8F9 TCR possesses a high dagree of
specificity for the MAGE-AS 345 255 Replide, and suggest thal T cells transdured with this TOR may possess litlle arno
cross-reactivity with peplides denved from addifional human proteins,
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{8148] The use of the terms "a" and “an® and "the" angd "at least one” and similar refanents iy the content of describing
the invention {espacially in the context of the following claims) are to be construsd to cover both the singuiar and the
plurgd, urdess othenvise indicated hetein or cleardy contradicted by contixt, The use of the term "atl least ons” fullowed
by a st of one or mone terms {or example, "t least one of A and B} is to be construad to mean oneg item saleclad from
the ligted items {A or B} of any comtbination of iwo or more of the Hsted tewms (& and 8}, unless otherwiss indicated
karain or clearly contradicted by context. The terms “compasing,” “haning,” "including.” and “eontaining” ars {o be
sonstrued a5 opan-ended bms (e, maaning “including, but rot fimited 10,"} unless otherwise noted. Recitation of
rangas of valuss heradn are mersly intendsd to serve as a shorthand method of referring individually 10 each separate
value faffing within the range, unfess othatwise indicated hersdn, and sach separafe value Is incorporatad info the
i specification as if # wers individually recited herein. All methods described herein can be performed in any sultable order
unless otherwise indicaled hargin or otherwise clearly contradicted by context. The use of any and sll examples, or
axamplary fanguage {e.q., "such as”} provided herein, is intended meraly (o better fuminate the invention and doss nat
pose a limitation on the scope of the invantion unless otherwise clafmed. No fanguags in the specification should be
construed as indicating any non-claimed slemeant as essential o tha practice of the hvention.
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val Ser Ala Thr Phe Trp Sln Asn Pro Axg Asn His Phe Arg Cys Gln
g5 30 895

N
o

val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu Trp Thr Gln Asp Axg
108 145 110

2la lys Pro Val Thr Gln Ile Val Ser Ala Glu Ala Trp 8ly Arg Ala
115 1z 125

i
b

Asp Cys Gly Phe Thr Ser Val Ser Tyr Gln Gln Gly Val Leu Ser Ala
138 135 140

Thr Ilg Leu Tyr Glu Ile Leu Leu Gly Lys Ala Thr Leu Tyr Ala Val

145 150 155 160
#0 Leuw Val Ser Ala Leu Val Leu Met Ala Met Val Lys Arg Lys Asp Phe
165 170 175
<210> 25
<21 137
45 <212= PRT

<213> Mus musculus

<400 25

S




DK/EP 3636665 T3

Asn Iie Glao Asn Pro Glu Pro Ala Val Tyr Gln Leu Lys Asp Pro Axg
1 5 10 is

g Sexr Gln Asp Sar Thr Leu Cy3 Leu Pha Thr Asp Phe Asp Ser Gln Ile
20 25 39

Asn Val Pro Lys Thr Met Gin Ser {iy Thr Phe Ile Thr Asp Lys Thr

Val Leu Asp Met Lys Ala Met Asp Ser Lys Ser Asn Gly Ala Ile Ala
50 55 &0

B

Trp Ser Asn Gln Thr Ser Phe Thr Cys Gln Asp Ile Phe Lys Glu Thr
] 70 75 80

26 Asn Ala Thr Tyr Pro Ssr Ber Asp Val Pro Cys Asp Ala Thyr Leu Thr

g5 a0 a5

ny
X

#iu Lys Ser Phe Glu Thr Asp Mek Asn Leu Asn Phe Bin Asn Leu Ser
190 105 110

val Met Gly Leu Arg Ile Leu Leu Leu Lys Val Ala Gly Phe Asn Leu
30 115 120 12

Leu Met Thr Leun Rrg leu Top Sexr Sar
130 138

<210> 26

<211 172

<212> PRT

213> Mus musculus
44

=400> 28

A
in

&

58



¥

25

Asp Leu Arg
i

Iys Ala Glu

Arg Gly Phe
35

Lys Glu Val
50

Ser Asn TFyr
&3

Phe Trp His

&ly Leu Sex

Thr Gln Asn
1135

Thr Ser Ala
130

Giu Ile Leu
145

Leu Val Leu

<210> 2¥

<211 271

=213 PRT

<213> Anificial Seguence

< 220>
<223> Synthetic

<400 27

Asn

Ils

20

Phea

His

Asn

Slu

100

Ile

Ser

Leu

Mat

Val

Als

Pro

Sar

Pyr

Bro

85

Slu

Sexr

Ty

Gly

Ala

Thr

han

Rsp

Gly

Cys

70

Arg

Asp

Ala

His

Lys

156

Hat

165

Pro

Lys

Ly

Asn

Lys

Glu

Glin

138

Ala

val

Bro

Gln

Val

40

Sex

Sar

His

Tep

Als

120

Gly

Thy

Lys

48

Lys

Lys

25

Gin

Thr

Sar

Phe

Pro
185

Trp

val

Lau

Val

D

Ala

Leu

Asp

Azg

Arg

Elu

Ely

lea

Ty

Lys

Saxr

Thr

Ser

Pro

Leauw

75

Cys

Gly

Arg

Bar

Ala

155

Asn

179

Leu

Leu

Tep

Gin

&0

Axg

&Ein

Sar

Ala

aAla

140

Val

Sar

DK/EP 3636665 T3

Phe

val

Trp

45

Ala

Val

Val

Bro

Asp

125

Thx

Glu

Cys

30

Val

Ty

Ser

EFin

Lys

116

Cys

Ile

val

Pro

15

Leau

Asn

Lys

Ala

Pha

85

Bro

Gly

Iwu

s

Saxr

ala

Sly

Glu

Thi

84

His

val

Ile

Tyx

Gly
180



By
(s

0

3

44

.
L]

53

55

Glu

Yal

Glu

Met

85

Flu

Leu

Ala

Gln

143

hsp

Phe

Seax

Ala

Phe

Gin

Sar

50

Ila

Asn

Lys

Len

Lew

13¢

Phe

Ile

Asn

Cys

Ser

Glu

35

Asp

Len

Arg

Ile

Arg

1i5

Lys

Lys

Asp

The

Gly
135

Bro

Het

Ala

Tyr

Val

the

Seaxr

100

Val

hsp

Baxr

Asp

180

Ala

Gly

Ala

Glu

Ty

Ile

Sar

as

Asp

Sar

Leu

Pro

&ln

165

Lys

Ile

Fhe

Gin

Thy

Leu

Arg

Val

Ser

Gly

Ala

Arg

159

Ile

Thre

Ala

Leu

Thr

Val

Phe

55

=in

Asn

Gin

The

Asn

135

Sar

Asn

Val

Trp

Trp

Val

Thro
40

Trp

Glu

Phe

Ty

120

Ile

Gln

Val

Ser
200

47

Ala

Thr

25

Lau

Ty

Ala

Gin

3ly

105

Lys

Gin

Asp

Pro

Asp

185

Asn

Leu

1o

Gin

Saxr

Lys

Tyr

Lys

50

Asp

Tyr

Asn

Saxr

Lys

178

Met

Gln

Val

Cys

Gin

Lys

5

Ala

Alx

Tls

Bro

Thx

153

Thr

Lys

Thr

Iile

Gin

Thr

Proo

&0

Gln

Ala

Ala

Phe

Glu

140

Leau

Het

Ala

Bayx

DK/EP 3636665 T3

Sar

Pro

Tyr

45

Bro

Gin

113’8

Mat

Gly

125

Pro

Glu

Meb

Phe
2035

Thr

EFlu

30

hsp

Sax

Asn

Bar

Ty

110

Thx

Ala

Leu

Sar

Asp

130

Thr

Cys

15

Meab

Thx

Arg

Ala

Phe

25

Fhe

Gly

Val

Phe

Gly

175

Ser

cys

Lan

Sar

San

Gin

88

Sar

Cye

The

Tyr

The

160

Th

Lys

Gln
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Asp Ile Phe Lys &lu Thr Asn Ala Thr Tyr Pro Ser Ser Asp Val Pro
210 215 220

L]

Cys Asp Ala Thr ILeu Thr Glu Lys Ser Phe Glu Thr Asp Met Asn Leu
225 230 238 280

Asn Phe Gln Asn Leu Sar Val Mab Gly Leu Arg Ile Leu Leu leu Lys
Y 245 25Q 255

Val Ala Gly Phe Asn Leu Leu Met Thr Leu Arg Leu Trp Ber Ser
288 285 270

<210= 28

<211> 309

<212=» PRYT

«213> Artificial Bequence

<220»
<223> Synthelic

<400> 28

Met Gly Thr Arg Leu Ieu Phe Trp Val Ala Phe Oys Leu Leu &ly Ala
1 5 1 §3) i5

i Asp His Thr Gly Ala Gly Val Ser Gln Ser Pro Ser Asn Lys Val Thr
20 25 30

Glue Lys Gly Lys Asp Val Glu Leu aArvg Cys dap EFro Iis Ser Gly His
35 40 45

b4

Thr Ala Leu Tyr Trp Tyr Arg Gln Ser Leu Gly Glmn Gly Leu Glu Phe
58 55 60

40

Ieu Ile Tyr Phe Gln Gly Asn Ser Ala Pro Asp ILys Sar Gly Leu Pro
63 78 T3 80

45 Ser Asp Arg Phe Ser Ala Glu Arg Thy Gly Gly Ser Val Ser Thr Leun
85 a0 as

Thr Ile Gln Arg Thr Gln Gln Glu Asp Ser Ala Val Tyr Leu Cys Ala
100 1435 110

3G

Sar Ile Arg Thr Gly Fro Phe Phe Ser Gly Asn Thr Ile Tyr Phe Gly
115 120 125

Glu Gly Ser Trp Leu Thy Val val Glu Asp Leu Arxg Asn Val Thr Pro
130 138 i4



2]

i

20

34

35

o
bet

i
o

vVal

Rar

Sen

His

2258

Trp

Gly

Thr

Lys

305

<213 29

<211> 1%
<212> PRT

sl

The

Ser

210

Phe

Pro

. Trp

Val

Leu
250

Arg

Val

Ala

L

Asp

185

Axg

Arg

Glu

Gly

e

278

Tyw

Lys

<213> Ardificial Sequence

<220

<223> Synthetic

<230=

<221 MISBC_FEATURE

<222> (4} .. (5}

<223> X at 4 and B is Ser, Ala, Lsu, lis, Vai, or Mat

<Ra0>

<221> MIBC_FEATURE

<222> (8} .. (B)

<233> X at B is Gly, Ala, Leu, He, Val, or Mat

Ser

Thr

Bar

180

Pro

Leau

Cys

Gly

Arg

266

Ser

Ala

Asn

Len

Leu

165

Tep

Gln

Arg

Eln

Sar

245

Ala

Bla

Val

Sar

Phea
150

val

Trp

Ala

Val

Val

239

Pro

Asp

Thy

Leu

&lu

Cys

Val

Tyx

Sen

215

Gln

Lys

Cys

Ile

Val
295

Pro

Lew

Azn

Lys

200

Ala

Fhe

EBro

Gly

Leu

280

Ser

49

Seyr

Ala

Gly

185

Glu

Thr

Hisg

Val

Ile

265

Tyx

Gly

Lys

Brg

170

Lys

Fhe

Gly

Thr

250

Thr

Glu

L

Ala

155

Gly

Glun

Asn

Trp

Leu

235

Gln

Ser

Ile

Yal

&la

Pha

Val

Tyr

Bis

220

Sar

Asn

Ala

T
300

DK/EP 3636665 T3

Tie

Phe

His

Ser

205

Asn

Gly

Ile

San

Lau

285

Met

Ala

Pro

Sar

130

Ty

Pro

Glu

Sexr

Ty

270

Gly

Ala

Asn

Asp

178

Gly

Cys

Arg

Asp

Ala

255

His

Lys

Mat

ye

1&0

His

Val

Toamnz

Asn

Lys

24¢

Giu

Gin

Ala

Val



i

25

o
53

20

48

(343
5

< 220>

<221> MISC_FEATURE

222> (1.4

<223» X at 7 is Thr, Ala, Leu, Hle, Val, or Mst

<2

<221> MISC_FEATURE

<I2I={TY LT}

<223»> X at 7 is Thr, Alg, Lau, He, Val, or Mel

<400> 29

DK/EP 3636665 T3

Ala Leu Arxg Xaa Xaa Xaa Xaa Tyr Lys Tyr Ile

.
&

<210> 30

<211~ 18

<212» PRT

<213 Anticisl Sequance

<2
<223 Synihetic

<220>

<221> MIS{ _FEATURE

<222> {4)..{4)

<223 X at 4 is Arg, Ala, Leu, B, Val, or Met

<2

<221> MISC_FEATURE

<222~ (81.45)

<Z33> X at 5 is Thr, Ala, Leu, lis, Val, or Met

<220

<221 MISC_FEATURE

<222= {8} . (B}

=323> X at & is Gy, Alg, Lay, lle, Val, or Met

220>

<221 MISC_FEATURE

<222% (7} .47}

<223> X ai 7 is Pro, Ala, Ley, lle, Val, or Mat

<40 30

Alz fer Ile Xaa Xaa Xaa X¥Xsa Phe Phe Ser Bly Asn Thr Ile Tyr

1 3

<2i> 31

<214> 134

<212= PRT

<213= Artificial Seguence

<30
223> Synthetic

<220

<231» MISC_FEATURE

15
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«222> (118).{117}

<220
<221> MISC_FEATURE
«222> {118).{117)

oy

<22
=221 MISC_FEATURE
<222> (118).{118)

0

<220>
221> MISC_FEATURE
222> {119).(118)
18 <400> 31
Met Ala Cys Pro Gly Phe Ieu Trp Ala Leu Val Ile Ser Thr Cys Leun
1 5 19 15
20
Glu Phe Ser Met Ala Gln Thr Val Thr Gln Ser Gln Pro Glu Met Sex
20 25 3¢
a8 Val 6ln Glu &Ala Glu Thr Val Thr Leu Ser Cys Thr Tyr Asp Thr Ser
35 49 45
Glu Ser Asp Tyr Tyr Leu Phe Trp Tyr Iys Gln Pro Pro Ser Arg Gln
50 55 &0
i
¥Met Ile Leuw Val Ile Arg 6lnm Glu Ala Tyr Lys Glm Gln Asn Ala Thr
&5 70 75 80
35
Glu Asn Arg Phe Ser Val Asn Phe Gln Lys Alz Ala Lys Ser Phe Ser
85 30 38
40 Lan Lys Ile Ser Asp Ser Gin Lew Gly Asp Ala Ala Meb Tyr Phe Cys
160 185 110
Ala Leu Arg Xas Xaa Xsa Xaa Tyr Lys Tyr Ils Phe Gly Thr Gly Thr
. ii% 120 125
Arg Len Lys Val Leu Ala
130
50 <218 32
<211= 137
<Z 12> PRT
<213 Astificial Sequence
85 <220>

=223> Synthetlic

= 20>

]



Lo

HY

5

P

Fu
i

35

&3

55

<221 miisn featurs
<222= {115} .. {115}

<223> X at 115 is Arg. Ala, Ley, He, Val, or Mat

< E20
«221> misg_fealurs
<222 {118).{115)

<223» X gt 118 iz Thr, Ala, Leu, He, Val, or Mat

<220
<221> mise featura
<222> (11714117}

223> X at 117 is Gy, Alg, Leu, e, Val, or Met

<220>
<221> mise featurs
<232» {118} .. {118}

223> X at 118 is Pro, Ala, Lew, s, Val, or Mat

<4(D= 32

Met Gly Thr
1

Asp His Thr

Glu Lys Gly

Thr Ala Leu
5¢

Leu Yle Tyxr
65

Ser Asp Arg

Thr Ila Gln

Sar Ile Xaa
115

Glu Gly Ser
138
<210> 33
=211» 275
<212> PRY

«213> Artificial Sequancs

Arg

Gly

20

Lys

Tyr

Phe

Phe

Arg

100

Xaa

Trp

Leu

Ala

Asp

TP

Sin

Ser

854

Thr

Xaa

Leu

Lz

@iy

Val

Tyr

Gly

70

Als

Gln

Xaa

Thr

Phe

val

Hlu

Arg

Asn

Gla

Gln

Phe

Val
135

Trp

Sar

Teu

40

Gln

Sar

Arg

Glu

Fha

120

val

32

Val

Gin

25

Axg

Ser

Ala

Thi

Asp

165

Swer

Ala Phe
i

Sar Pro

Cya Asp

Leny Gly

Pro Asp

75

Gly Gly
3G

Sar Ala

Gly Asn

Cys

Sar

Pro

Gl

&g

Lys

Sax

Val

Thr

DK/EP 3636665 T3

Lau

Asn

Ile

43

Gly

Ser

¥al

Tyyr

Iie
125

Leu

Lys

30

Sar

Lau

Ely

Saxr

Lau

1140

Tyr

Siy

15

Val

Gly

Glu

Leu

Thr

95

Cys

Phe

Ala

Thr

His

Fhe

Pro

g0

Tans

Gly



B

by

o5
i

40

<220
<223> Syntheiic

<220

<E21» MISC_FEATURE

<222= (V&L

<223 X al 118 and 117 is Ser, Alg, Leu, Hs, Val, or Mst

<30

<221> MISG_FEATURE

<222= (1180118

<223> X at 118 is Gly, Alg, Leu, He, Val, or Mat

<220

<231> MISC_FEATURE

<232> {(118L.{118)

«223> X at 118 is Thr, Ala, Lay, lle, Val, or Mat

<400> 33

DK/EP 3636665 T3
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Mat Ala Oys Pro Gly Phe Leuw Trp Ala Teu Val Ile Ser Thr Cys len
” Glu Phe Ser Mat Ala Gin Thyr Val Thr Gin Sex Gln Pro Glu Met Ber

Val Gln Glu Ala &Glu Thr Val Thr Lev Ser Cys Thr Tyr Asp Thr Ser
10 35 a0 43

Glu Ser Asp Tyr Tyr Leu Phe Trp Tyr Lys Gln Pro Pro Ser Arg Gln
50 55 &0

Met Ile Tew Val Ile Arg Gln Glu Ala Tyr Lys Gln Gin Asn Ala Thy
65 70 75 80

0 Glu Asm Arg Phe Ser Val Asn Phe Gln Lys Ala Ala Lys Ser Phe Ser
85 90 35

Leu Lys Ile Ser Asp Ser Gln Leu Gly Asp Ala Ala Met Tyr Phe Cys
25 1060 105 110

Ala Leu Arg Xaa Xaaz Xaa Xaa Tyr Lys Tyr Ile Phe Gly Thr Gly Thr
115 120 125

Arg Lew Lys Val Leuw Ala Asn Ile Gln Asn Pro Agp Pro Ala Val Tyr
136G 135 140

3 @ln Leu Arg Asp Ser Lys Ser Ser Asp Lys Ser Val Cys Leu Phe Thr
145 150 155 169

Asp Phe Asp Ser Gln Thr Asn Val Ser Gln Ser Lys &sp Ser Asp Val
40 165 1790 175

45




to

Yy

2

d

b

&8

Tyr Ile Ther Asp lys Thr Val
18D

Ser Asn Ser Ala Val Ala Trp
188

ABan Ala Phe Asn Asn Ser Ile
210 215

Pro Glu Ber Ser Cys Asp Val
285 230

Rsp Thr Asn Leu Asn Phe &ln
248

L=u Leu Ieu lys Val Ala Gly
260

Trp Ser Ser
275

<210> 34

<2t1> 313

<212 PRT

<213> Arlifinial Sequencs

<220
223> Synthetic

<220

221> MISC_FEATURE

<222> {115} {115}

=223> X a1 115 is Arg, Ala, Ley, lis, Val, or Mat

<220

<221> MISC_FEATURE

222> {(116).{116}

<223> X at 118 is Thr, Alg, Ley, lle, Val, ar Met

<220

<221> MISC_FEATURE

<222 (117117}

<223> X at 117 is Gly, Ala, Ley, He, Val, or Met

<220=

<221> MISC_FEATURE

<222> {118).{118)

<223> X at 118 is Pro, Ala, Ley, lls, Val, or Met

<430 34

Leu

Sexr

200

Ile

Lys

Asn

Fhe

asp

185

Aan

Pro

Leu

Leuw

Asn
285

Lys

Glu

WVal

Ser
250

Arg

Ser

Asp

Glu

238

Val

Laeg

Ser

Asp

Th

220

1ys

Iie

Met

DK/EP 3636665 T3

Mot

FPhe

205

Phe

Ser

Gly

Thr

Asp

130

Ala

Phe

Phe

Phe

Leu
278

Phe

Bro

Gia

Arg

255

Arg

ys

s ARla

Sen

The

240

Ile

Leu

¥et Gly Thr Arg Lsu Leu Phe Trp Val Ala Phe Cys Leu Leu Gly Ala

i L3

ig

15



15

Pl

L
in

Bl

88

Asp

Fln

Thr

L

&5

Sex

Thr

Sear

Glu

Preo

145

Gla

Val

Sexr

Agn
225

Glu

Val

His

Lys

Ala

50

Ile

Asp

Ila

Ile

Sly

130

Gilu

Lys

Glu

Thy

Tyx

210

Pro

Asn

Ser

Thr

Gly

35

Leau

Tyr

Begr

Zin

Xaa

1135

Sax

val

Ala

Len

hsp

185

Cys

Arg

Rap

Ala

Gly

29

Lys

Tyr

Fhea

Phe

Arg

100

raa

Trp

Als

Thr

Sex

iag

Pro

Leu

Asn

Eln

Gla
2860

Ala

Asp

Trp

Gln

Sex

83

Thx

Xaa

Leu

Val

Leau
185

Trp

Gin

Hisg

Trop
245

Ala

Gly

Vel

Tyr

By

TG

Ala

Eln

¥aa

Th

Phe

150

Val

Trp

Pro

Phe
230

Thy

Trp

Val

Glu

Arg

&5

Glu

Gin

Pha

Val

135

Gl

Val

Le

hryg

213

Axyg

Gin

Gly

Lew

40

Gln

Ber

Arg

Gla

Phoa

120

Val

Pro

Less

Asn

Lys

200

Leu

Cvs

Asp

Arg

58

r Gin

25

Arg

sSgr

Ala

The

Asp

1G5

Ser

Bex

Ala

Gly

185

&Giu

Arg

Gin

Arg

Ala
265

Cys

Leu

Pro

Gly

30

Sex

Gly

Asp

Glu

Thy

174a

Lys

Gln

Val

val

Ala

250

Asp

r Pro

Asp
Gly
Asp
15

Gly

Ala

Asn

Ala
185
Gly
5l
Pro
Ser
Gln
235

Lys

Qys

Pro

Gln

&0

Lys

Ser

val

Ths

Asn

140

Glu

Fhe

Val

Ala

Ala

Q20

Pha

Rreo

Gly

DK/EP 3636665 T3

r Asn

Tis
45

Gly

Val

Ty

Ile

125

Lys

Ils

Phe

His

e

205

Thr

Tyr

Val

Phe

lys

30

Sar

leu

Gly

Sey

Lau

110

Tyro

Val

Sex

Pro

Ser

190

Ban

Phe

Gly

Thr

Thr
278

Val

Gly

Leyg

The

35

Cys

Pha

Fhe

His

Asp

1758

Asp

Trp

Leu

GEin

255

Bex

Phy

His

Fhe

Pro

g0

Lau

Ala

Gly

Pro

Th

1690

His

Val

Sery

Gln

Ber

249

Ilm

Val




DK/EP 3636665 T3

Ser Tyr Gln Gln Gly Val Leun Ser Ala Thrx Ile Leu Tyr Glu Ile Leu
275 280 285

o

Leu Gly Lys Ala Thr Leu Tyr Ala Val Leu Val Ser Ala Leuw Val Leu
239 285 200

Mst Ala Met Val Lys Arg Lys Asp Phe

i 305 310
<210> 35
<Z11> 141
<212> PRT
5 <213> Homo sapiens
<400> 35

Asn Ile Gln Asn Pro Asp Pro Ala Val Tyr Gln Leu Arg Asp Ser Lys
L 5 16 15

g\)

Ser Sar Asp Lys Ser Val Cys Leu Phe Thr Asp Phe Asp Ser Gln Thr
20 25 30

13
[

Asn Val Ser Gl Ser Lys Asp Ser Asp Val Tyr Ile Thr Asp Lys Thr
35 40 45

2

Val Leu Asp Met Arg Sar Mebt Asp Phe lys Ser Asn Ber Ala ¥al Ala
58 55 &0

Trp Ser Asn Lys Ser Asp Phe Ala Cys Ala Asn Ala Phe Asn Asn Sar

Ile Il& Pro Glu Asp Thr Phe Phe Pro Ser Pro Glu Ser Ser Cys Asp

85 30 95

o

val Lys Leu Val Glu Lys Ser Phe 3lu Thr Asp Thr Asn ILeu Asn Phe

100 105 110
<5 !
® Gln Asn Leu Ser Val Ile ©ly Fhe Brg Ile Leun Leu Leu Lys Val Ala
115 120 145

Gly Phe Asn Lew Leu Met Thr Leu Arg Leuw Trp Ser Ser

& 130 135 1490

<210> 36

<211 178

<212> PRT

<213> Homo saplens

2
&

<400= 36

§7
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Asp Lau Asn Lys Val Phe Pro Pro Slu Val Ala Val Phe Glu Pro Ser

[+]

Glu Ala Glu Tle Sexr His Thr Gln Lys Ala Thr Leu Val Cys Leun Ala
20 25 30

Thr Gly Phe Phe Pro Asp His ¥al Glu Leu Ser Trop Trp Val Asn Gly

Ly2 Glu Val His Ser Gly Val Ser Thr Asp Pro Gin Pro lLeu Lys Glu
50 55 60

Gln Pro Ala Leu Asn Asp Ser Arg Tyr Cys Leu Ser Ser Arg Leu Arg
65 70 75 80

e val Sar Ala Thr Phe Trp Gln Asn Pro Arg Asn His Phe Arg Cys Gln
85 £ 28] a5

val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu Trp Thy Gln Asp Arg
25 104 105 11¢

Ala Lys Pro Val Thr Gin Ile Val Ser Ala Glu Ala Trp Gly Arg Ala
115 126G 125

Asp Cys Gly Phe Thr Ser val Sear Tyr &lo Gln Gly Val Leu Ssr Ala
130 135 140

38 Thr Tle Leu Tyr Glu Ile Ieu Ieu Gly Lys Ala Thr Leu Tyr Ala Val
14% 158 15% 160

Leu Val Ser Alas Leu Val Ieu Mat Ala Mest Val Lys Arg Lye Asp Phe

490 165 170 175
<Fi0> 37
<211> 828
<212 DNA
48 <213> Homao sapiens
<400> 37

5
L=

58



B,

[£:]

25

<
(=)

<

oy

atggeatgee
gotosgacay
ctgagetgoa
coeagoagge
gagastogtt
gacteacage

saatacatcet

cotgoegtah
gattttgatt
aaaactgtge
aacaaatobg
thottooona
gatangaaon

gtggeegggt

<21 38
<211= 842
<212> DNA

ctggottoct
teacteagta
catatgacac
agatgattct
totetgtgas
tgggogatge

ttggaacagy

accagohgasg
ctoaaacai’s
tagacatgay
acttigoatyg
gootagasay
taaactttoa

tiasatctgot

<213> Homo zaplens

<400> 38

gtogggoactt
toaaccagay
cagtgagaght
agttattage
cttecagaaa
cgugatgtat

caccaggety

agactotaas
tytgtescaa
gtotatggse
tgaaascqos
tiecctgtgat
aaaccbtgtcoa

catgacgokg

gtgatotoca
atgtotgtge
gattattatkt
caagaagott
goagoeaaat
ttetgbgoeta

aaggttttag

tocagtgaca
agtaaggatt
ttcaagagoea
ticaacaacs
gtoaagetgy
gtgattgggt

cggehgtoggt

59

DK/EP 3636665 T3

cotgtottga
agyaggeaga
tattoebgyta
ataagoaaca
aotteagtot
Leoggagota

caaatatoca

agtotgtotg
ctgatgtgta
acagtgotgh
goeattattea
togagasaag
teogaatoot

coagebtga

atttagealtg
gacoegtgaoa
caagoagaect
gaatgoaaca
caagatotea
sggaacctaa

gaacoctgag

catattoace
tatcacagag
ggectggaga
BYIRYGRCARTT
cttigaaaca

cotontgaaa

&0
120
180
240
30¢
380

428

480
540
6400
860
T20
T8O

828




]

14

35

25

i}

50

atgyggeacca
gotggagtob
aggtgtgate
ggactggagt
agtgatoget
acacagoagy
totggasaca
aaggtgttee
caasaggoca
tagtggghga
gagoageooy
acottetgygn
gagaatgacy
gaectgrgata
gecacoatoa

goacttgbgh

<210> 39
<211> BdG
212> DA

ggctactett
cecagtooes
caattbeagg
ttttaaktta
tototgoaga
aggactoggo
ceatatattt
cacnogaggt
cactggtyty
atgggaagga
cootcaatga
ElerElatelaleteled
agtggacoca
gagcagactyg
totatgagat

tgatggooak

<213> Momo sapiens

<400> 39

ctgggtggea
cagtaacaay
toatactgoe
ctitonaagge
gaggactggy
ogtgtatete
tggagaggga
ogoetgtgttt
ootggacaca
ggtgeacagt
ctocagatac
caagcactic
ggatagggcce
tggotttace
cotgetagosy

gatcaagaga

Ltteotgicteo
ghtoacagaga
ctttactggt
aacagtgeat
guatooghtot
tgtgecagea
agtitggaotca
gagocatosg
ggotiottoo
ggggteagaa
tguotgagea
agotgtoaag
azaccogtos
toeggtgtact
EE Tuis telal: Talels]

aaggattbtok

DK/EP 3636665 T3

tgggggeaga
agggaaagyga
accgacagag
cagacaaaho
ceacktotgac
toogoacagy
ctgtitgtaga
sagoagagat
ctgaccacgt
[<Tefe f-Talaluls foF-)
googeotgag
tecagttota
cogagatogh
AcCagCARGY
tgtatgotgt

g

tcacacagga
tgtagagete
cotggggoay
agggobgoca
gatocagogo
goetttbttte
ggacehgasag
ctoceacane
ggagetgage
goeaotoeaay
ggtetoggoce
cgggetetoyg
cagogocygay
ggtectgtot

gatggtoage

atggeatgoa obggottoot gtgggoactt ghgatctoca cotgbohtga asbbiagoaty

&0

&0
12¢
180
240
300
360
420
480
544
69090
6640
720
T80
B840
2090

342

60




B

HY

b
=7

L
&

43

8%

gotoagaoag
ctgagetgoa
ccoagcagge
gagasategtt
gacteacage
gutggtacta
aatatceaga
tebgtotgen
gatgtgtata
agtgetgtag
attattocag
gagaasaget
cgaatoctoe

agobga

<210> 4%
<211> 933
212> ONA

tocactoagte
catatgacaa
agatgatbob
tatetgtgaa
tgggggatge
gotatgogass
aceetgaccs
tattcacags
tcacagacaa
cotggagoaa
aagacacctt
thgaaacaga

toctgaaagt

<213> Moma sapiens

<400> 40

toaagoeagag
cagbgagagt
cgttattegao
cticcagaaa
ogagatgtat
gotgacattt
tgocgtgtac
ttttgattet
aactgtgeta
casatotgac
ctitooecago
tacgaacota

ggeegagttt

atgtoetgtge
gattattatt
caagaagetd
geagecaaat
ttotgtgett
gUacaagyyga
cagotgagag
caaacagaty
gacatgaggth
tttgoatgty
coagaaaght
aactttoaaa

aatobtgotea

81

DK/EP 3636665 T3

aggagacaygs
tattotggta
ataageaaca
coticagtet
acacggtitce
ceatebigac
actotaaatc
tgtcacaaayg
chtatggaott
caaacgockt
cetgtgatgt
acctgteagt

tgacgobogog

gacegtgace
caageagaect
gaatgoaaca
caagatetea
gtotaatgok
tgtocateca
cagtgacaay
taaggattct
caagageaas
CAACRICAGS
caagotggtc
gattgggtta

getgtogtec

120
180
2490
309
360
420
486
540
600
660
720
780
840

8246




HY

15

35

40

(43

atggatacct
cetgaagtea
agotgigbog
aaagtogagt
gatgatcaat
acaaagotog
ggotacaaet
coacoogagy
acactggtgt
astoouasgy
goeactoaaty
CAFAICOT0C
gagtggacos

agagragact

ctetatgaga
tigatggcca
<210 41

<211>» 8§18
<212> DNA

ggutogtatyg
cosagactod
cecatetotas
ttotggtite
tebcagttga
aggactcago
toggticogay
toegoetgbgtt
gectyggooac
aggtgeacag
actocagata
geaancactt
aggataggge

gtggoetttac

toctgotagy

agtoaagayg

< 213> Artificid Sequence

<220=
<223> Synihetic

<430> &1

ctgggeaatt
cagooatoag
togottatac
cttbtataat
aaggoctgat
ecatgtackie
gacoaggtta
tgagecatas
aggettottco
tgggeteagn
ctgootgage
cagetgtocaa
Laaacoge

cteggtgtoeo

gaaggooass

aaaggattte

tttagtoctet
gtoacacaga
rtatattggt
aatgaaatct
ggatoaaatt
tgtgoeagea
acogttgtag
gaagoagaga
COOGACCAcy
BCAFACIOGS
agoeegoctga
gtocaghtat
anQoagatoey

racoageaag

ctgtatgetg

tga

DK/EP 3636665 T3

tgaaagcagg
tgggasagga
acagacsaat
cagagaaglic
toactatgasa
gtgaaagggyg
aggacotgas
totassacae
tggagotgag
agooooteas
gggtotogge
acgggoteto
toagogoaga

gagtoctgto

tgotggtoayg

actoacagaa
agtgatottg
ctiggggeag
tgaaatatto
gataeggtoo
acagggtitat
caaggtgtta
CoaAl’TIoT
ctggtgggty
gUAgeAYoes
vaccottobgy
goagaatgac
ggeotggget

tgecacoato

sgecettbgtyg

60
120
i8g
240
300
380
420
4840
540
L3HY
660
T2l
T80

8449




20

X3

(%)
A

44

2n,
[*2]

243
£51

atggeatgea
gotcagacagy
atgagotgca
cooagoaggs
gagaatoegtt
gacteacagae
zaatacatet
cetgotgtgt
gacttitgact
aaaactgige
EETalasTe ETeE T
teagacgtie
aagtttoaaa

aaccbgobos

<210> 42
=271 930
<212> DNA

ctggetioaak
toactoagte
catatgacac
agatgattet
totokgtgaa
tgggggatge
ttggaacagg
accagttaaa
coecaaatoas
tggacatgaa
gottoacoty
cctghgatge
asctgtoagh

R e - Tala tad ol o 5 Te g

<213> Artificial Sequence

<220

< 223> Synthetic

<400> 42

atgggeacoa
goetggaghor
aggtgtgata
ggeotggagt
agtgatogot

ACACAGOATY

ggubectett
aacagtoood
caatttoagyg
ttttaattta
tetotgeaga

aggactagge

ghgggoacstt
teaacoagag
cagtgagagt
agttattege
oticcagaaa
cgoegatghat
cacoaggoty
agatoctogy
tgtgrogass
agotatggat
ceszagatato
cacgtigach
tatgggacte

gotgtggtoa

ctgggtogec
cagtaacaag
teatactgee
cttacaagge
gaggactyggy

agtghatota

grgatotoca
atgtotgtge
gattattatt
qaagaagebd
goeagogaast
ttotgtgete
aaggtittag
tetcaggacsa
asoatggast
tacaagagoa
ttoaaagaga
gagaaaagot
cgaatootac

agttga

ttoctgtctoo
ghoacagags
ctttactggt
aacagtgoac
ggatoogtet

tgkgecagaa

63

DK/EP 3636665 T3

actgtettga
aggaggeaga
tatiebggta
ataagcaacs
ccttoagtet
tooggagate
caaatateca
geaccetetg
wtggaacgtt
abtgoggecat
coaacgocac
ttgaaacaga

tgotgaaagt

tgggagrags
agggaaagga
acegacagag
cagacaaate
coastotgas

EOCgTacBEy

atttageatyg
gacogtgaca
caagoagooh
gaatgoaacsa
caagatcetaa
aggaacatac
gaacootgas
eotgbiaase
catcactgac
tgootggacs
ctacoooagt
tatgeaccta

agocggatte

toacasagga
tgtagagoba
actggggesy
agogcbgoan
gatccagoge

gaoktttttbe

&0
120
184
240
300
380
424
480
540
00
860
7240
780

Blé

60
120
180
240
300

360




HY

35

e

50

&

totggaaaca
aacgtgaco
caaaaggota
tggtoggtgsa
gagagoaatt
aatcotogaa
tggooagagy
goagactghtg
tatgagatas
atggotatgg
<210> 43

<F11» 828
<212 DNA

coatatatit
cacccaaggh
coctogtaty
atggcaagga
atagctacty
accacttony
gohcaoooaa
gaatcactto
tactggggaa

tosaaagass

«213= Artificial Sequence

L2270

223> Synthetic

<@ 20>

<221> misg_feature
<@2e2> {346)..(348)
<223> nnn at 346-348 s AGL, BCL, or any cadon that encodes Ser, Ala, Ley, lie, Val, or Mat

<Z220>

<221> maisg, feshire
<222 {349).{351)
<223 anin at 348-351 is TCA, GCC, or any codan that encodes Ser, Ala, Leu, e, Val, or Met

L@

<221> misc_feature
«F22> (352)..{354)
<223» 352-354 iv GGA, GCC, or any codon that encodes Oy, Als, Leu, Hle, Val, or Met

<220>

<Z21> misc_feature
<223=> {355)..{357)
<223> pan at misc feature: nnn at 355-357 s ACC, GGC, or any codon that encodes Thr, Ala, Leu, fle, Val, or Met

toggagaggys
cteotbghtt
otiggoecagy
ggtecacagt
cotgrgcago
ctgecaaghy
accotgbceaca
ageateotat
ggocascota

gaactcatgs

agttggotoa
gagooatoeaa
ggettotion
ggggtosgaa
agectgagay
cagttooaty
cagaacatca
catoaguyyy

tatgotgtge

DK/EP 3636665 T3

cbtgbtgtaga
aagcagagat
ctgaccangt
cggacestoa
tototgotac
gogotttoaga
gtgcagagygc

trotgtotge

tggtoagtyy

ggacctgaga
tgoaaacaaa
ggagoebgage
ggoctacaag
ettoetggrac
ggaggacaay
ctggggonga
saccatecta

cctggtgoty

4290
489
540
600
650
720
T80
B840
300

230

<400> 43

atggoatgee ctggettont gtgggeantt ghtgatctocoa cctgiotiga atttageatg &0

gotoagacay teactoagte toaaccagay stgtotgbige aggaguoaga gacogtgacs 124

ctgagetgea catatgacas cagbgagagt gathsttatt tatteotgota casgoagoct 180
240

aocageagye agatgattet cghtattoge caagaagoett ataagoasca gaatgeaaga



o

Ry
T

P
e

gagaatoght
gactoacaga
asatagatot
catgoegtgh
gattttgatt
azaagtgtge
aacaaatety
trettocooa
gataggaace

gtggoecgggt

tototgtgas
tgggggatgo
ttggaacagy
accagetgag
ctcaaacaaa
tagacatgag
acttbtgcatyg
goooagaasg
taaactttca

ttaatetget

sttocagasa
cgogatgtat
caccaggety
agacbtotaaa
tgtgtcacas
ghotatggao
tgcaaacgaoc
ttoctgtgat
aaacotgtea

catgacgoety

goagocaaat
ttotgtgete
aaggttttag
tocagtgaca
agtaaqggatt
ttoaagagoa
thoaacaaca
gteaagebgg
gtgattgggt

cggetgtggt

DK/EP 3636665 T3

cobbtcagtot
tooggnnnnn
caaatatoca
agtotgtctg
ctgatghgta
aqaghtgotgt
goattattae
togagaaaag
toogastoot

coagetga

caagatoetea
noonanntac
gaacoctgac
getattoace
tatoanagad
ggectggage
agaagacacc
atttgaaaca

cetoctgaaa

<210 44

<211= 942

<212> DNA

=213> Artificial Ssquence

<220
<223 Synthetic

P>

<221> misc_featurs

<222> {343)..{345)

<223> MNN at 343-345 Is CGG, GCC, or any codon that encodes Arg, Als, Leu, lle, Val, or Met

<220=

<221> misc_feature

Q23> {346),.{348)

<223> NNN at 348-348 is ACA, GCC, or any codon that encodes Thy, Afs, Leu, e, Vai, or Met

<20

<221> misq_featura

<232 {349).351)

<223> NNN at 343-351 is GGG, GCC, or any codon that encodes Gly, Ala, Leu, ile, Vai, or Met

<220>
<221> misc_fsature

<222> {352},,(354)
<223> NNN st 352-354 is CCT, GCC, or any eodon that encodes Pro, Alg, Leu, lis, Val, or Met

<400> 44

atgggeacca ggctoctett ctgggtgges tictghokee tguoygeaga tracacagga
getggagtet cccaghocos sagtaacsay gtoacagaga agggasagya tgtagageha
agghgtgato caatttcagy tecatactgoee ctttactggt acogacagag ocbgggoosyg

gycctggagt thttaatita chtocaaggn aadaghgeas cagacaaake agggohbgoco

§5

420
480
S40
600
660
7248
784

828

120
184

249



5

a8

3%

L)

45

42
41}

agtgatoget
aqscagoagy
tetggasaca
aaggtgttee
caaaaggoeca
tggtgggtga
gagoagoeoeyg
accttetgge
gagaatgacy
geotggggta
gacaccatoe
goacttgtogt
<210 45

<211> 314
212> PRY

tototgeaga
aggactogga
acatatattt
dacocgaggt
cactggtgty
atgogaagga
cootoaatyga
APIBCCCLOY
agbggacoca
gageagactyg
totatgagat

tgatggecat

<243> Haomo saplens

<4 00> 45

gaggactgay
acgtgtatete
tggagagggs
cgetgtgttt
cotggecaca
gotgoacagt
ctocagatas
eaaccactte
ggataggace
tggaetttaco
cotgetaggy

gotcaagags

ggateogtcet
tgtgocagasa
agttggotoa
gagocatcag
ggctbotion
ggggtcagea
tgeotgagea
agctgboaag
aaacccegtoa
toggtgtoch
aaggocacae

asaggatttet

66

DK/EP 3636665 T3

ceactotgan
tonnnnmnnn
atgttgtaga
aagoagagat
ctgaceacygt
CggasCogoa
goeogeetgag
tagagttata
ccoagategt
accagoaagyg
tgtatgotgt

ga

gatcocagoge
nnnnttttbo
ggacctgaac
ctoocacagqa
ggagetgage
gooaccteaay
gotetoggoee
egggctetey
cagogadgag
ggtaotgtet

goetggtoage

300
360
420
480

5440

720
T80
8440
860

242



DK/EP 3636665 T3

Met Pro Lew Glu Gln Arg Ser Glmn His Cys Lys Pro Gin Glu Gly Ieu

L]

Glu Ala Arg Gly Glu Ala Tswu Gly Leuw Val Gly Ala Gln Ala Pro Ala
20 25 30

Thr Glu &iu Gin Glu Ala Ala Ber Sey Ser Sar Thr Leu Val Glu Val
i 35 40 45

The Leuw Gly Glu Val Pro Ala Ala Glu Ser Pro Asp Pro Pro Gln Sax
50 55 60

Pro Gls Gly Ala Ser Ssar Leu Pro Thr Thr Met Asn Tyr Pro Leu Trp
&5 70 75 80

o Ser Gln Sexr Tyr Glu Asp Ser Sar Asn Gln Glu Glu Glu Gly Pro Sex
85 50 25

Thr Phe Pro Asp Leu Glu Ser Glu Phe Gln Ala Ala Leuw Ser Arg Lys
28 108 105 118

Val Ala Lys Lew Val His Phe Leu Lweu Leu Lys Tyr Arg Als Arg Glu
115 12¢ 125

&

67



DK/EP 3636665 T3

Pro Val Thr Lys Ala Glu Met Leu Gly Ser Val Val Gly asn Trp Gln
139 135 140

5 Tyr Phe Phe Pro Val Ile Phe Ser Lys Ala Sar Asp Ser Leu Gln Leu
143 159 155 160

V¥al Phe Gly Ile Glu Leu Mebk Glu Val Asp Fro Ile Gly His Val Tyr
1865 170 175

oy
k=]

Ile Phe Ala Thr Cys leu Gly Leu Ser Tyr Asp Gly Leu Iey Gly Asp
ig9 185 180

15
Asn Gln Ile Met Pro Lys Thr Gly Fhe Ten Ile Ile Ile Leu Ala Ile
185 200 205

20 Ile Blia Lys Glu Gly Asp Cys Ala Pro Glu Glu Lyg Ile Trp Blu Glu
210 215 220

Leu Sar Val Leu Glu Val Phe Glu Gly Arg Glu Asp Ser Ile Phe Gly

5 225 230 235 240

Agp Pro Lys Lys Ieu Leu Thr Gln Tyr Phe Val Gln Glu Asn Tyr Leu
245 250 255

i
Glu Tyr Arg Gln Val Pro Gly Ser Asp Fro Ala Cys Tyr Glu Phe Leu
260 285 270

Trp &ly Pro Arg Ala Leu Ile Glu Thr Ser Tyr Val Lys Val Leu His
275 280 285

3
i

His Met Val Lys Ile Ser Gly Gly Pro Arg Ile Sear Tyr Pro Lau Leu

@ 2840 285 360

His Glu Trp Ala Lesu Arg Glu Gly Glu Glu
308 310

%
i

<210= 46

<211» 1§

<212> PRT

«213> Homw sapiens

&2 <43 48

Lys Lys Leu Len Thr Glm Tyr Phe Val Gln Glu Asn Tyr Leu Glu Tyr
1 5 i¢ 15

[+]]
&

<230= 47

<211> 14

<212> PRY

<213> Artificial Seguencs

]



DK/EP 3636665 T3

<220=
<223> Synthetic

<400> 47
5
Lys Lys Leu Leu Thr Gln His Phe Val Gln Glu Asn Tyr Leu
i bt 10
<210> 48
¥ <211 13
<212= PRT

<213> Artificial Sequence

<220
3 <2d3= Synthetic

<400 48

Lys Lys Leus Leu Thr Gln His Ffhe Val Gin Slu Asn Tyr
1 5 13

[
]

<21 49
<2t1» 12
<212» PRY
25 <213> Artificial Sequance

<2202
<@23= Synthetic

>
]

<300> 49

Lys Lys Leu ILeu Thr Gln His Phe Val Gln Glu Asn
1 5 1p

ol
1]

<210> 50

<211> 11

«21Z= PRY

<213> Ardificial Sequence

40 <2
<223> Synthetic
<4030> 53
8 Lys Lys Leu Leu Thr Gln His Phe Val Gin Glu
i 5 14
<210> &1
<2{1> 14

i)
Ll

<212» PRT
<213> Artificial Sequence

«220>

<22%> Synihetic
55

<400> 54

&9



DK/EP 3636665 T3

Len Lew Thr Gln His Pha Val Glo Glu Asn Tyr Teu Gla Tyr
1 5 1¢

<210» 52
5 <211» 13
<242= PRY
<213> Asdificial Sequence

<230
10 <233> Synthetic

«400> 52

Leu Thr Gln His Phe Val Gln Glu Asn Tyr Leu Glu Tyr
15 1 5 10

<X0> B3

2> 42

<212> PRT

<213> Artificial Sequence

[
2

<22
< 223> Synthetic

8 <40 53
Thr Glo Ris Phe Val Glon Glu Asn Tyr Leu Glu Tyx
i 5 10
i «210> 54
<21%= 11
<212> PRT

<213= Artificial Sequence

uy
iR

<220>
«223> Synihetic

<400 ¢

48 Gin His Phe Val Gln Slu Asn Tyr Leu Glu Tyr
i 5 18

<210> &5
<211> 10
45 <212> PRY
<213> Artificial Sequence

< 22>
<223> Synthetic

=<400> 85

His Phe Val Glo Glu Asn Tyr Ieu Glu Ty
1 5 19
<210> 56
21> 1
«213> PRT

W



R ]

N

5

23

[2A)
23]

44

52

DK/EP 3636665 T3

<213 Artificial Sequance

<220>
«223> Synthatic

<400 56
Gln Tyr Phe Val Sln Glu Bsn Tyvr Leu Glu Tyr
1 5 10
<210> 5¥
<211> 11
<Z1d>= PRY

<213> Arificial Sequence

«320>
<223~ Synihetic

<400> 57

Gln Asp Leu Val Sln Glu Asn Tyr Lew Glu Tyr
1 8 18

<2 &8

<Ff> 11

<#{Z» PRY

<213> Anificial Sequence

<Z 0%
<223> Synthstdic

<400> 58
Gln Asp Trp Val Gln Slu Asn Tyr Leu Glu Tyr
1 5 10
<21(> 58
<211» 14

<21d> PRT
<243> Arfificial Saquance

<320
<2233> Synthetic

<4{G> 58

Gln Glu Trp Val Gln Glu Asn Tyr Leu Slu Tyr
1 5 id

<210> B¢

<211> 11

212> PRT

«213> Arfificial Saquence

2=
<Z23> Synthetic

Tt




20

28

35

40

A

55

DK/EP 3636665 T3

Gln Asp Leu ¥al Gln Slu Lys Tyr Leu Gla Tyx
1 5 18

<240> §1

<211> 1

<212> PRY

<Z13> Artificial Sequence

220>
<223> Synthetic

<400 &1
Lys Asp Isu Val Gln Glu Lys Tyr Leu Glu Tyr
1 5 10
=210> 62
“211> 11
<212> PRT

<213> Anificial Sequence

<E20>
«223> Synthetic

<400> 82
Lys Asp Leu Val Lys Glu Asn Tyr Leu Glu Tyr
1 5 g
210> 83
<211> 11

«212> PRY
=213> Addificial Sequence

<220
=223> Synthetlic

<400> 53
Lys Asp Rhe Val Lys Glu Lys Tyr Leu Glu Tyr
i 5 18
<210> 64
<21t= 11
<212> PRT

<213> Asdificial Sequence

<220
<223> Synthetic

<d00> 64
Lys Val Trp Val Gln Slu His Tyr Leu 8lu Tyr
1 5 KR
<210= 85
<211> 18
<212> PRT

72




n

HY

15

24

0

35

$H

45

5E
p)

«213> Ariificial Sequence

<220
<2d3> Synthedic

<400> B8

Brg Lys Len
i

210> 66

<211= 18

<212 PRT

«213> Artificial Seguencs

<220>
<233> Synthalic

<430> 6§

Lys Lys Leu
1

<210= 87

<2fi» 18

<212> PRT

<Z13> Artificial Sequence

<220=
=223= Synthetic

<400> 67

Lys Lys Leu
1

<210> §8

<21i> 16

<212> PRT

<213> Artificial Ssquenca

240>
<223> Bynthatic

=4{0> 68

Lys Lys Lsu
i

<210> 68

=21%> 114

<212> PRT

<213= Artificial Sequence

<220
<223> Synthetic

<4{0= &9

DK/EP 3636665 T3

Ile Thr Asp Asp Phe Val Lys Gln Lys Tyr leu Glu Tyr

5

10

5

Ile Thr Asp Glu Phe Val Lys Gln Lys Tyr Leu Asp Tyr

5

18

15

Ile Thr Glu Val Phe Val Azg Gln Lys Tyr Leu Glu Tyr

5

10

15

Ilg Thr Glu Asp Phe Vsl Arg Gln Arg Tyr Leu Glu Tyr

5
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Flu Glu Phe Val Gln Met &sn Tyr Leu Lys Tyrx

i

<210> 70

<211> 16

<2{2= PRY

<213> Asdificial Sequence
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5 10
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211> 18
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<213 Artificial Sequence
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<400~ T

Lys Lys Leu Leu
1

5 10 i3

The Gln Asp Leu Val €ln Glu Lys Tyr Leu Glu Tyr
8 in 15

74




DK/EP 3636665 T3

PATENTKRAYV

1.  Veertscelle omfattende en rekombinant ekspressionsvektor, som omfatter en
nukleinsyre, som omfatter en nukleotidsekvens, som koder en TCR til anvendelse

ved behandling eller forebyggelse af cancer hos et pattedyr, hvor TCR omfatter:

(a) SEQ ID NO: 3-8 eller

(b) en funktionel variant af (a),

hvor TCR af (a) og den funktionelle variant af (b) specifikt binder til (i)
MAGE-A3, som praesenteres af HLA-DPB1*04, og (i) MAGE-AGB,

hvor den funktionelle variant omfatter:

() SEQ ID NO: 3, 4, 8, 7, 8 og 29, hvor:

(1) Xaa ved 4 er Ala, Xaa ved 5 er Ser, Xaa ved 6 er Gly, og
Xaaved 7 er Thri SEQ ID NO: 29;

(2) Xaa ved 4 er Ser, Xaa ved 5 er Ala, Xaa ved 6 er Gly, og
Xaaved 7 er Thri SEQ ID NO: 29;

(3) Xaa ved 4 er Ser, Xaa ved 5 er Ser, Xaa ved 6 er Gly, og
Xaaved 7 er Alai SEQ ID NO: 29; eller

(4) Xaa ved 4 er Val, Xaa ved 5 er Ser, Xaa ved 6 er Gly, og
Xaaved 7 er Thri SEQ ID NO: 29; eller

() SEQ ID NO: 3, 4, 5, 8, 7 og 30, hvor:

(1) Xaa ved 4 er Ala, Xaa ved 5 er Thr, Xaa ved 6 er Gly, og
Xaaved 7 er Proi SEQ ID NO: 30; eller

(2) Xaa ved 4 er Arg, Xaa ved 5 er Ala, Xaa ved 6 er Gly, og
Xaaved 7 er Proi SEQ ID NO: 30,
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hvor canceren er akut lymfatisk cancer; knoglecancer: hjernecancer,;
cancer i anus, analkanalen eller anorektum; @jencancer; cancer i de intra-
hepatiske galdeveje; ledcancer; cancer i halsen, galdeblaeren eller pleura;
cancer i nagesen, neéesehulen eller mellemaret; cancer i mundhulen; cancer
I vulva; livmoderhalscancer; kronisk myeloid cancer; tyktarmscancer; spise-
r@rscancer, mavecancer; gastrointestinal karcinoid tumor; gliom; hoved-
cancer, hepatocelluleert karcinom; hypopharynxcancer; nyrecancer; strube-
hovedcancer; leukeemi; levercancer; lymfom; malign lungehindecancer,;
multipelt myelom; nasopharynxcancer; ovariecancer; halscancer; bugspyt-
kirtelcancer; peritoneum-, omentum- og mesenteriumcancer; cancer i sveel-
get; prostatacancer; endetarmscancer, sarkom; tyndtarmscancer;
bladdelscancer; mavecancer; testikelcancer; skjoldbruskkirtelcancer; eller

urotelialcancer.

2. Veertscelle til anvendelse ifglge krav 1, hvor den funktionelle variant omfatter
(a) SEQ ID NO: 29, hvor Xaa4 er Ala, Xaa5 er Ser, Xaab6 er Gly, og Xaa7 er Thr,
eller (b) SEQ ID NO: 29, hvor Xaa4 er Ser, Xaa5 er Ala, Xaab6 er Gly, og Xaa7 er
Thr.

3. Veertscelle til anvendelse ifalge krav 1 eller 2, hvor TCR eller den funktionelle

variant omfatter en murin konstant region.

4. Veertscelle til anvendelse ifalge et hvilket som helst af kravene 1-3, hvor TCR
eller den funktionelle variant omfatter en murin konstant region, som omfatter SEQ
ID NO: 25 og/eller SEQ ID NO: 26.

5. Veertscelle til anvendelse ifalge et hvilket som helst af kravene 1-4, hvor TCR

eller den funktionelle variant omfatter aminosyresekvenserne af:

(a) SEQ ID NO: 9 0g 10;
(b) SEQ ID NO: 10 og 31, hvor:
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1) Xaa ved 116 er Ala, Xaa ved 117 er Ser, Xaa ved 118 er Gly, og Xaa
ved 119 er Thri SEQ ID NO: 31;

2) Xaa ved 116 er Ser, Xaa ved 117 er Ala, Xaa ved 118 er Gly, og Xaa
ved 119 er Thri SEQ ID NO: 31;

3) Xaa ved 116 er Ser, Xaa ved 117 er Ser, Xaa ved 118 er Gly, og Xaa
ved 119 er Ala i SEQ ID NO: 31; eller

4) Xaa ved 116 er Val, Xaa ved 117 er Ser, Xaa ved 118 er Gly, og Xaa
ved 119 er Thri SEQ ID NO: 31; eller

(c) SEQ ID NO: 9 og 32, hvor:

1) Xaa ved 115 er Ala, Xaa ved 116 er Thr, Xaa ved 117 er Gly, og Xaa
ved 118 er Pro i SEQ ID NO: 32; eller

2) Xaa ved 115 er Arg, Xaa ved 116 er Ala, Xaa ved 117 er Gly, og Xaa
ved 118 er Pro i SEQ ID NO: 32.

6. Veertscelle til anvendelse ifalge et hvilket som helst af kravene 1-5, hvor den

funktionelle variant omfatter:

(a) SEQ ID NO: 31, hvor Xaa116 er Ala, Xaa117 er Ser, Xaa118 er Gly, og
Xaal19 er Thr, eller

(b) SEQ ID NO: 31, hvor Xaa116 er Ser, Xaa117 er Ala, Xaa118 er Gly, og
Xaa119 er Thr.

7. Veertscelle til anvendelse ifalge et hvilket som helst af kravene 1-6, hvor TCR

eller den funktionelle variant omfatter aminosyresekvenserne af:

(a) SEQ ID NO: 11 og 12;
(b) SEQ ID NO: 27 og 28;
(c) SEQ ID NO: 12 og 33, hvor:
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(1) Xaa ved 116 er Ala, Xaa ved 117 er Ser, Xaa ved 118 er Gly, og
Xaaved 119 er Thri SEQ ID NO: 33;

(2) Xaa ved 116 er Ser, Xaa ved 117 er Ala, Xaa ved 118 er Gly, og
Xaaved 119 er Thri SEQ ID NO: 33;

(3) Xaa ved 116 er Ser, Xaa ved 117 er Ser, Xaa ved 118 er Gly, og
Xaaved 119 er Alai SEQ ID NO: 33; eller

(4) Xaa ved 116 er Val, Xaa ved 117 er Ser, Xaa ved 118 er Gly, og
Xaaved 119 er Thri SEQ ID NO: 33; eller

(d) SEQ ID NO: 11 og 34, hvor:

(1) Xaa ved 115 er Ala, Xaa ved 116 er Thr, Xaa ved 117 er Gly, og
Xaa ved 118 er Pro i SEQ ID NO: 34; eller

(2) Xaa ved 115 er Arg, Xaa ved 116 er Ala, Xaa ved 117 er Gly, og
Xaa ved 118 er Pro i SEQ ID NO: 34.

8.  Veertscelle til anvendelse ifalge et hvilket som helst af kravene 1-7, hvor den

funktionelle variant omfatter:

(a) SEQ ID NO: 33, hvor Xaa116 er Ala, Xaa117 er Ser, Xaa118 er Gly, og
Xaal19 er Thr, eller

(b) SEQ ID NO: 33, hvor Xaa116 er Ser, Xaa117 er Ala, Xaa118 er Gly, og
Xaa119 er Thr.

9. Veertscelle til anvendelse ifglge et hvilket som helst af kravene 1-8, hvor
nukleinsyren omfatter en nukleotidsekvens valgt blandt gruppen bestaende af a)
SEQ ID NO: 37 0og 38, b) SEQ ID NO: 41 og 42, og c) SEQ ID NO: 43 og 44.

10. Veertscelle til anvendelse ifelge et hvilket som helst af kravene 1-9, hvor

cellen er human.



10

15

20

DK/EP 3636665 T3

11. Veertscelle til anvendelse ifglge et hvilket som helst af kravene 1-10, hvor

canceren er en eller begge af MAGE-A3- og MAGE-AG-positiv.

12. Veertscelle til anvendelse ifglge et hvilket som helst af kravene 1-11, hvor
canceren er akut myeloid leukeemi, alveoleert rhabdomyosarkom, kronisk lymfatisk
leukeemi, tyktarmskarcinom, hepatocelluleert karcinom, Hodgkin lymfom, leiomyo-
sarkom i uterus, non-Hodgkin lymfom, osteogent sarkom, nyrecellekarcinom,

pladeepitelcellekarcinom, synovialsarkom, urinledercancer eller urinbleerecancer.

13. Veertscelle til anvendelse ifelge et hvilket som helst af kravene 1-12, hvor
TCR omfatter:

(a) SEQ ID NO: 3-8;
(b) SEQ ID NO: 9-10;

(c) SEQ ID NO: 11-12; eller
(d) SEQ ID NO: 27-28.

Cc

14. Veertscelle til anvendelse ifglge et hvilket som helst af kravene 1-13, hvor

veertscellen er indeholdt i en population af celler.

15. Veertscelle til anvendelse ifglge et hvilket som helst af kravene 1-13, hvor
veertscellen og en farmaceutisk acceptabel beerer er indeholdt i en farmaceutisk

sammenseetning.
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