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$0EMAGE-C2 TCR-TRBERI M L INGE L E

mAE XY e KRR fa
("5 BRI 2 B R 2 B, RERITEAE 0100005 24 52 17 [ B 52 B I Bt I RITEAE 010000)

WE SRR T MBI RMC2(MAGE-C2) TCR-T4a /e, #4117 IR A . IRIMEF
MUY I 7 P, AMC2FE MR I8 64 1T 4% %9506 97 AR T FIRIE. MEZMC2 % IR H] 3% R E 10 6Y
ACDS" T#4a it F i i 3 4F 32 AIMC2/HLA-A*02:01 89 4% 5 M TCR, Fi@ 1T ¥ ampom| 5 AT 2. 6
HIFFHAHTCR(W2), 2 RIBIBCE G H LB R EEIR, HFZ2T@RF; KA WRIRE EI0E
TCR&) R A KPF GIRBFFM. 23 A R IEAMC269K56248 it fa 71 3 % IR T2 40 0 4 ¥ tm i, 18 3T
23R R AN OB T ik KB A R AL 6 A . W2-TCR-T4m e = 4y ENCGH B AR RAZ A,
WPAE AR A BOR. R KT EA LN F A6 Z F A JW2-TCR-T@ L. % 40 e =T 4 1418
A IC fe ¥ gm e, A3t HE& -y(interferon-y, IFN-y)A= ¥ J& 2R 58 B F -a(tumor necrosis factor-o, TNF-a) %
b, 2R FARBUE GG 4000, AR 345 R B 7, W2-TCR-T4 o] B 374 Py A& K, Hin
Pib Je ROR ML an I 7 A B g ik, MRALJE 89 F2 i) MAGE-C249W2-TCR-T 40 i £ & R AF 69 4L /R
PRB G A, T A BEFRAUR FBEIY B fa o, AR A ST iBAE A 3, BLA RATF 9 5L A AT .
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Construction and Functional Characterization of TCR-T Cells
Targeting MAGE-C2
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Abstract  This study aimed to construct engineered TCR-T cells targeting the tumor antigen MC2 (MAGE-
C2), evaluate their specific anti-tumor activities in vitro and in vivo, and provide experimental evidence for adop-
tive immunotherapy of MC2-positive tumors. Specific TCRs recognizing MC2/HLA-A*02:01 were screened from
activated human CD8" T cells and identified by single-cell sequencing. The dominant TCR (W2) was screened and

obtained, and after murineization modification, it was inserted into a lentiviral vector, and transduced into T cells.
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Tetramer staining was used to verify the expression level and antigen specificity of the TCR. Using MC2-express-
ing K562 cells and peptide-loaded T2 cells as target cells, cytokine secretion and cytotoxicity were detected in a co-
culture system. W2-TCR-T cells were adoptively transferred into NCG tumor-bearing nude mouse models to assess
their in vivo tumor-suppressive efficacy. High-affinity W2-TCR-T cells with biological functions were successfully
obtained. These cells could specifically recognize matched target cells, promote the secretion of IFN-y (interferon-vy)
and TNF-a (tumor necrosis factor-a), and kill tumor cells in a dose-dependent manner. /n vivo experiments showed
that W2-TCR-T cells significantly inhibited tumor growth, and the anti-tumor effect was enhanced with an increase
in the infused cell dose. The optimized W2-TCR-T cells targeting MAGE-C2 exhibit favorable antigen recognition

ability, can effectively eliminate antigen-positive tumor cells, and exert a remarkable in vivo anti-tumor effect, indi-

cating promising application prospects.
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X T35 o e I SR BRI o B, R TBUT
W7 E L G HUM R IR IT T BT RCA BR . Ak, i
JoE G 5 VR T A8 e VO BCEE g R LA S 2 AR S 1)
AR AR, CRON IR T SEAARTE AT IR & S 1
JiRg R R A . Herp, I 4k 4N ey 97 (adoptive cell
therapy, ACT)f B 5t IRfL SiGIT FEMIEZ AL,
R R4 i N A5

TE& R R A MG T BOR T, T2 7k A2
T HI(T cell receptor engineered T cells, TCR-T)i#
o 17 THH AR AP 5 AR R i R 7 1 TCRIE [A]
SEZEIL T T8 A0 B R HE U S R . G PR 2
{RTZH Y (chimeric antigen receptor T cells, CAR-T)JT
5 EE M I AR 2R P 2 T R, (AN
AR Al IR PR . AHEL 2R, TCR-T AR
EH 200 0 2 T e 5 B L PN e B R e 7 A ) 2 ik — R
AU B 2 A W) (peptide-major histocompatibility
complex, pMHC), ¥ % 1 nJ # [w] i g ¥ Bl , [ i)
REA% DLSE R0 A 2 1) 77 2R0R0E T4 B9, 2024
& KEE RGN R E SRR (Food and Drug Ad-
ministration, FDA)##E 30 H T 524498 (1) TCR-T4H
M 24 atami-cel, F T-1697 MEVE RIS TR AR, b
TCR-THAR MNIERIH 7T MG R R A, B E AR
BEXT, Bt RIRR, R4 Skt TCR
BSOS T P B D) R

B RO R R TCR-TYRYT A 5 A 3
K. Job— 52 APTJE (cancer-testis antigen, CTA)7E IE
ARG LRI, RIS T e i n) A TE
ML R i H 2R, BB )2, R FARR
SR IT AL A Y Hodr, B ZRPUE (melanoma
antigen, MAGE) Z /2 il Fef N 12 1 — 80 — 5

MAGE-C2; TCR-T; tumor immunotherapy; adoptive cell therapy

HEH. MAGE-C2(XFRCT10, N3 fEHE MC2)7E 2
KR ZRIETEER . . T 40 I 25 £ R
W IR R A, H S MR R 2R R A R TS
YR, &A1 TCR-T R [ i Ji (610120, ff
R R, BEA I RAE 7 R I, 421 MAGE-A3 (1)
TCR-TH 5 1E 8 H 4k A58 YR BT 7= A i 48 5
PPN ATy v e e n L s S N T ey o R £
MC24E 1A TR AL TCRM . MC23 JE Az ] o ATt
AT IR [ HLA-A*02:01 41 538 , IR PR & 36 [
. WA AT AR SR, G e A Y i
(b1 PD- IR 2 ) AT A 25089 3 A% 48 MC2-TCR-TZH i 78
ORI B R G RE 119 BRT, B AR 1 3L R 4
BRI ARG N T % B, AR SR T AE I
B AHETE B AE 3 RER AT, FH ol & 2
TCRIM FHEA, M PR W 5 R G 1) 58 R ) B4
AR RARAEAE L3 TCRTCKE . FRATT9% 6 753 21 (1)
W2-TCREG MAHFE A F R« 75 TS TR AT A A4k
AR AR 5 B UG AT N, R TSR
TS PR R UK . O T &
B =24 — R4 ANJE TCR-TYT V32 4t 7371
AJ fgletel,

AT G R FH 22 IR R s, DA RN A JE I
AN Z 41 i (peripheral blood mononuclear cells,
PBMCs) 1 73 B 45 78 R AR IR 5 MC2/HLA-A*02:01
) M TCR(W2-TCR). 83 4 1 S etk 1%
TCRIJEETCR-TAHME, RGP W2-TCR-TAH L4
A0 FITES A Z5 A TR X MLC 2 BH P fi 8 40 A 1 4 i A
PEL AHHE R o WA Re 0 B A M R A v I, FETE MC2
H M S5 b R A /) B 28 i 56 0 A P 70 8 R
AT FE T 4 ThEE K IE ) MC24F 574 TCRFFP
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G, it — I R AR AL EE 1) MC2 [ TCR-THT &
JPVEBEE T SLIR A

1 MR575E%
1.1 #ARS5mAEHk

K F HLA-A*02:01 [FH 14 f JE A A1 & 1 2/ A% 40
Ji UL K2 241 B 4 Tk E2 41 B2 (cytotoxic T lymphocyte,
CTL) B FH RV T . S0 40 ik 36 A8k
T 22 M IR 4R K562 TAPHRFE R T240 i Al 293 T4H
J, S5 A SR S ARAE ), 2 s 75 % B RPMI-1640
Br AN = i DMEMSS 77 4 (36 [ Gibeo A /), ¥
HEE 4 NIL-2(3& E BioLegend A 7).
1.2 5

P CD8-APCHAFiiA (F55 : 300912)y HLA
TCR VB PUA (525 : 360503). Hi A IFN-y-FITC
AP (5 : 506504)0 H 3£ [E BioLegend A Al ;
MC2(336-344)% Jik ALKDVEERV (4l [ > 98%, %
5 : C8881HB190_4)Ity H & /R AEA (i) F IR A F]
MC2/HLA-A*02:01 pMHCVY %A (PEFRIC, 175 :
TS2203)4 H H A MBLA &) ; CD3/CD28 45 i £k

25 : 11161D)M H 3£ [E ThermoFisher Scientific/

] ; Polybrene(#% 5 : H9268) H 3% [H Sigma-Aldrich
AN EAREIMHIF(TS: 555029)04 H 3£ EBD A
a]; 18 EE a4 pHR LVNS 14 [ 56 75 22 3E 345 A2 )
BHE A IR A 7] A5 R psPAX2(52 5 #12260). 11
B FUR pMD2.G(55 5« #12259)14 H 3 [H AddgenedF
BRI TR 10x Genomics 521 it 43 2 7 & (1R 5
1000291) [ 3£ [F 10x Genomics A 7]
1.3 #HFE, mEERSSERERMR

Z R [6], W H & H 5% 2 pHR_LV-NS1
ARIFIM FUAIE; E293 T AL . T
£:600 U/mLE H NIL-27510 )5, 7% 3R IETCRIE IR
BREOO FESR B ; KS6241 i % 5 MC2/HLA-A*02:01
18I 5. 15 PD-TagbR e, R g o 4 oK Rk 5%
% Cas9-mRNA 5 PD-1-sgRNA(500 ng/fL), 24 hj5i#
T 3 A ARG K 56240 i R R BR R0
1.4 ZRRRIHIE TR

K F A7 80 22 IR ) T2 48 M il B CD8 ™ TAHM . 4%
T24M i 5 289 5 10 pmol/L i MC2(336-344) £ ik T
37 °CH¥E 2 h, Pel )5 & . Mg A PBMCsH 4
16 CD8" TAHMI, K 57k 2 IRH T240 itk 1: 11k
i1 RPMI-16405¢ &35 7 L h L5 92 . 24 hig A

100 U/mL IL-2, ZESEE 577 d, Bi2~3 dFE by 77 3L Al
MR 1. FEFRER G, SRAH MC2/HLA-A*02:01
AR CD8PUAA AT I A, I 43 146 BH 14 240

T a2 525 o AT W B N A 1) S5
B NSRRI B A0 B O o (B i
202301150), S56 8 0E bk /K 2 2k 5 5 M 3 5 .
BT A fa R ARk A R 3 A B A R 1, IR ™A%
R 32 E B R
1.5 10x GenomicsE ZHEIHIE 5N F

ik E VU SR P M CD8 ™ T4 MY, SR
Fl 10x Genomics #4011 5" V(D) T 5 i FE 04T B 41
M TCRIN T . IR 42 PBSTRS. i uEH
2 AR, KIS 11(>90%) 5, R B R
Fr, A R R BRI B 7K AW (gel bead-in-emulsion,
GEM). f£GEMH 58 i % s F cDNAY 1Y, a2
M PCRE 4 TCR V(D)J J751, #i 2K TCRE, T
Hlumina - &M 7. KH Cell Ranger k4 HfH: FE1F
BETCR o BEEIEFF1,
1.6 SFEMATCRIFE

S EY WK Bk R BT AR R
fiff % =i > 1 7 TCR: OARYE TCRIM 7 B8 Fi e 4 1
FLIE(=3/ M), S BRAK T B2 F v g, @ T HEH 5%
IR T G R IE N BE R (GZMB . IFNG. PRFI).
RRIEFEM LR (PDCDI. CTLA4)H b ; @5t
CDR3F% 5 MC2(336-344) 2 BRIK VLA . &
I e $RAT =R A MC2FE = M TCR, FE% Hdn &N
W2-TCRy.
1.7 ERESERKETHRES

ZIECHR[6], #FW2-TCRyffjo. PHETESE [X &
RNERIETH], #E N Rk S TCR(W2-TCRuy), 2
= TCREAEERER 1. PCRY I H 41, ¥
yibE R EF a5 31 118 5 4 /K pHR_LV-NS1,
P YR, B %4k 5 psPAX2. pMD2.GHLH% 4
293T4HMI, 48 WAl 72 hiUERIR #5 LI, R4 2 J5 &
. PBMCsKJ§ T4 i 4 CD3/CD28 ¥k E 14, 48 h,
1E 5 T (polybrene)(8 ug/mL)&&1F R, LURHE
# (multiplicity of infection, MOT)=20 & .0a %% 5185
o B FE72 h/a, KH MC2/HLA-A*02:01 Y 544 F1
CDSHLMA IR AT M TCRF AL K F o
1.8 ‘mpmItiEss

¥ W2-TCRun-THI ML X HE TCR-TAH L 433 5
MC2-A02-KS624E Ao 22 1:14 2:1 %0040 bL fe e 124 4L,
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W, FFLEAF mL, BT 37 °C. 5% CO,. 1BAIE
JERE IR Ty I3 5524 hy 48 hy 72 h. HEFEEN
IS A 55, A ZH 24 & N N MC2/HLA-A*02:01
pMHCPU A, 4 °CHECHT E 40 min, i 4 PAKSE
DPY SRR RH M CD8” TANA LA, LAPH M 2y S v o)
RN N IR R AT AR AR IE , T R SRR
7 o0t SIS S5 BT, T 28R F A U4 B AR A )
YA IR T 43 A KT« 20 PR T A 7S A 3R A O B e
4 fa R A7 e
1.9 ZHAR A 40AEE F 3 & (intracellular cytokine
staining, ICS)#& MIFN-y7k

¥ H bR 5 SR Bt 101 R0 L 3L 85 97 24 h,
TR FRAE W HT4~6 WD AT B FEAE TR 2 A(brefeldin A,
BFA), 210 pg/mL, #7140 4 & R B AR S 1
R 720 e 1 000 r/min. 4 °CE{r5 mindi &4
e, 3% b3F f5 PBSBEVR 24k, IIAPE-Cy7nic HIFt A
CDSHUA, 4 °CHEEIT H 30 minBH /T4 R ks &4
Gethy; Bl JE NN 2 R = SR Y60 B 20 min, AR5 2%
PRV S N N IS = IR B 'S 5% B 15 min5e [l
SERBIES; FEIMNFITCHRC BIHTNIFN-yHiAK, 4 °CREEIF
30 min, B BREE R 2V ) PBS B 241, 1 hid |
ML =R EE S, LLCDS* T4HHE NI 1%, Fiit IFN=y
I 14 24 i B 431
1.10 ELISAJEHN B8 E FTNF-a g7k

LREFR24 hfE UL 3, 1200 r/min, 4 °C
250210 min, 23 FR4HMTTE 5 B EIE AN ELT—80 °C
A7 (R B URRASHE IS 39% ). % B ELIS AR &
W HRAE, bRvESFRREN 0. 15.625. 31.25. 62.5.
125, 250, 500, 1 000 pg/mLAfEEWRE, FEFLINA
100 pnLARE S B E3E, 37 °CHFE 2 h; YRk N
NG44 37 °CiEE 1 h, FEIINBFSE &40 37 °CHi
H 30 min, TMB(3,3',5,5"-tetramethylbenzidine)K )
37 °Ci# i 415 min, L& B L% b OB, BEFARAX
F450 nmp KA 2 W B (DYE, DARRHE SR N
MEAAKR . DIE A BR 2 il hm v il 25, T SR A
TNF-a& .
111 ZBER 45 SEIE SR A B0 RIE AL I A
fi§ (carboxyfluorescein succinimidyl ester, CFSE)
FrigiE

B0 04 K T MC2-A02-K 56280 411 fitd, T6 I35
RPMI-1640%5 7 & % 1x10°mL, I CFSEfi#
HIREBELWRE 1 umol/L, 37 °CREYEIFE 10 min, &F

3 min BRI 1R, IINEEF 5 20% FBSIH 37
F&IERRIT, HE10% FBSES FE 3L PR 53 IR Bl
CFSE, ¥4 K5624M i [7] i %% GFP, 1] i@ ik GFP%¢
A5 SR B . CFSERRIC G S 41 iy
5% TCR-TZH Ml . W2-TCRun-TZHMI% 1:1. 2:1
RO L LB R B K 72 h, USCEE AN S O SR A0 B AR A
D CFSEPHPE 40 g b 5], 380k 3 K 488 nm, K4
HK 520 nm, HEIEZE D 1100 RFHF. K
F CFSE % 2y Ao I 40 i 3% A 2%, ib AN
E=[(Py—P))/Py])*100%, XA EN RN (%), PoNZ
16} B ZH CFSE FH P41 g L 3], P ol SRS 2H CFSEFH 4
21t EL 51

T i A K H Flowlo 10.8. 1544204, 4k
PLAT A EUS % (forward scatter, FSC)-5 1 [4] 544 '
(side scattered, SSC) W[ I HERRAMNMLAE Fr o SR J
R, TR AN TE A A4 S HEAT H bR AR bR ST .
1.12 F4sLie

6 FH P NC G H 38 5 I /s KR (R 8 75 3 2B )
BHEAR AT @R AR . /N N
1x10° MC2/HLA-A*02:01 K56240 01, HJE 6 dJa
AL TR IR ZH AR 5105 X TCR-TZH i, 1%
FE AL 5T 1}10°4 W2-TCR-TZH M, =75 & A ivE
5x10°9~ W2-TCR-TZH L, 5.0k )2 F ki 5 (100 pL).
HESEMEL2S d, WO R AR K SRIG K e SR AE /N R,
I g I AR AR . SR COLE BIRG JUAE I
EZIRAE, fFE R EE RS . TR BRERS
YIS TE . BT A SV SLIR A N 5 R R 223
VeI 2 51 2 HE (RS 0 ZMU21-2301-034). 3))
PIIRAE R G R W SE IR S R 47 F6 4 (2010/63/EU) A
ARRIVE 2.05256 20403 .
113 ZitZENHh

X H] GraphPad Prism 8.0% {1 347 ¢ i B§;
BRI R 2T, I 22 R R = 7 ZE i
(One-Way ANOVA). 2565 37k, Hiif DL E thr
HE 72 (x49) R R, P<0.05R 7~ 2 7 B ot 53 s

2 H#R
21 MC2HERMHARSETHEERNSBSRS
FEMAOTCRALE

CL A B 58 0 0k I 8 T — Fh B 1R
HLA-A*02:01. #E[AIMC2% IKRALKDVEERV(336-344)
() B HE TCR 7 fa U151 AR 80 20 i 309t 0 kAT
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TAERHE T . R4S T 2 ] R ik 1 MC2 4% =
PE TCR-THEIE P51, AHE 58RI H 1 3h 2 Bk 8 3 41
HLA-A*02:01 FH 4 {g e A 40 MBS 40, B S
K VU B A 25 G i A MR AT A (B 1) 7 2R
T, A SIZI6 0 36 1 MC24F S 1 TN /2 K AR
G I R R AT AN B AA , DRIHANGE i CD8 ™ T4
i tetramer FH 14 41 A AR £6 %60 1 43 LE , oA T & W R
W FLAE W 2R AL, I A A 0 4 A D 23 A A X
S BN E R . S R E IR, & MC2hT R
JR TR K tetramer & 42 J5, SCERZHCDS* TAH M X 35k
I TR AE 1 B8 4 1 tetramer SH PR ZH TR, T 6 BE 20
tetramerfH A5 S 2B HL. FALAE =040, T
WA R IR, DEER R AR . EARSE
2H tetramerPH P 41 B 244 & PUARAIG, (H 2 X AT 15 5t
FALHVRE SR R A A RAE , HERR T AERE SRR AL
PR RE, UESE Tz R PR NS T E
. ORUE—BUH TR MR MC2/HLA-A*02:01
SEVINTAMRE. 25 F, Z VR 45 S BE EE
T MC2HRE 51 TEHBAE IR b 3% P FP ARSI AE (1 2R
YRtk AR A0 UE S T AR SIS D 7 128 9 B 4R
DRSS TA0 AR BEMR . 76 3Bt # FEAH , pMHC
VU SRAAPHPE CDS* T ELA 43531 8 1.07% 1.15%
F10.92%. & IHI5r1% B A HE3 1) 7Y SR 44 BH £ CD8*
TN, 2R L5 10N EAII, 43 3% 5 40 M A7 3%
HN 92.3%.

KH 10% Genomics - 5 #4T H.41 il TCR V(D)
JOFY, HL 258 tH 128 AN [F] 1) TAH B e P Y, Hordr 15

(A)
10:4Q! Q
328.85% 1.15%
1009
0
SIS
10°5-. .
1021' .
304 Q3
Lo 139:90% 10.10%

LALLL B ELEE L § -t LLLLL LS LU B L
10" 102 10° 10* 10° 10°

pMHC tetramer
A: ZIRRIRT. B: R R R A

By e b (R H i 2 =31 GG mbEfaS
SR RHELSE G b, TRIEAS B LM A ek 1Z0n
B i R IA RN A R BE R, L 4G GZMB(log, TPM=4.2)
FAIFNG(log, TPM=3.8), H¥Ei b &Y PDCDI1E
IR o P 1% S BE I E R R SR R JJ B %k TCR, IF
¥ H A4 N W2-TCR. [ARf SRAFHCXS 1 TCR oy B
BEV(D)IF A, HE A RGE X 3(complementarity-
determining region 3, CDR3)J¥ 4173 5N TRA-CDR3:
CVVSLLNNDMRF; TRB-CDR3: CASSLSVTSN-
QPQHF.

FRIRGE R, AU S IR1F MC24F
S PECD8* T4HMI, Jii%k th B A R A5 s e
MC2J MU TCR, HoAT FH T+ 5 82 loid L D Re Sk
2.2 ¥B[EMAGE-C2EITCR-TZRREME Sk

MR FEACG B2 O 73 57 /) MC2# /] TCR-THE 531
£, ¥ W2-TCRyJ7 51| v b 18 B Ak, 7 Je N AR
THHMI, SRAFFRIE W2-TCRull) TAML . s TCRIT)
FREMESThRERAT, ¥ o PEEME T X &4y R
TRIFTE 5, N R A W2-TCRu R IE A

NHER L TCRy S5 TCRuufE CD8* T4H i
(1) 3 e 3 %6 5 Ak KT (B 2A~E] 2C), KXt HE4H
(C-TCR). W2-TCRy-T4l. W2-TCRyun-THL4H i 53
55 MAGE-C2IU 44 -PEIL R 7%, il it sUAt R
RrRAY . DURAR AR (B 254, nl SR Al ke
JESEE TAHIRRR 2 M R METCR. N T HERR ST
ST, AT RN AR 7 RR IR TG PR (HIV-
Gag)/7 51 FJC-TCROW BETCR)E Ay FH 14 X6 HE

(B)

- Q2
1073 1.07%
105 e

Z10t 4
SH
10° 4
1004
104 Q3
1o 14893%: 0.76%
Ll b |

- LB L Ll et
100 10? 10° 10* 105 10°

pMHC tetramer

A: before peptide stimulation. B: representative flow cytometry plot after 1 week of stimulation.
E1 SRS REMC2HEERECDS T4
Fig.1 MC2-specific CD8* T cells induced by peptide stimulation
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(A)
Va Jo I Ca (mouse) |
MC2-TCR : —
I VB [ D [
(B) (©) (D) (E)
G oy o 10004 % 1000 ) 30— —
2.90% 0.39% 4.26% 3.97%
800 800 800 - X
5 5 g g 20+
S 6001 g 6001 g 600 g 20
= g1 ; 5 g
2 X} S 8 3]
Q 4007 L 400 = © 400
= z , = g 104
%200- S %_200- : %200- %
Q4 g Q3 Q3 Q3
96.70% 0.01% 81.96% 0.09% 0.11% 0
0 ' L ] : 7 v 0 - T T T T 0 L) T L L
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 Q’ &> S
& I s
C-TCR W2-TCR,, W2-TCR, & W&Q &
QY
(F) G) (H) .
Ql Q2 Q2 20 | — |
10°3 42.53% 0.20% 10°3 29.53% 17.72% o
I B TS i 5 151
g
00 107 ol0 £ 104
a) p a 2
O 1073 104 O
E T 54
1079 it 10°4 %
Q- Q3 Q4 Q3 0
10'4 57.00% 0.27% 10 52.04% 0.71%
™y Ty T T — v T QQ' ‘k"?‘@
100 100 10°  10°  10° 10° 100100 10°  10° 105 10° O& &Q
pMHC tetramer pMHC tetramer &’V

A NEBRIRZAZ SR . B~D: i a4 A I 5 C-TCR#E YL 2H(B). W2-TCRu#% Je41(C) W2-TCRuwf4 Y21 (D) TCRE A, YL KR
FORpMHCPY R AR YLt 5 Je i . B ALl Fo G ik i 00 PH 1 20 i £ S 7 6 BRC-TCR(F)-5 W2-TCRun( G)FE 57 METCREIA K- H:

. ***%P<0.001.

A: schematic diagram of human-mouse chimeric sequences. B-D: flow cytometry analysis of TCR expression in control C-TCR transfection group (B),

W2-TCRy, transfection group (C) and W2-TCRyw transfection group (D), the ordinate represents the fluorescence intensity stained by pMHC tetramer. E:

quantitative analysis graph. F,G: the expression levels of antigen-specific TCR in control C-TCR (F) and W2-TCRyy (G) were determined by counting

double-positive cells via flow cytometry. H: quantitative analysis graph. ***P<0.001.
El2 TCRE¥: SHEKF57MWIE
Fig.2 TCR transduction efficiency and specificity verification

T g L 2A~ B 2C(A A AR W MAGE-C2 Y
BAK-PEROGIRE ). 5 C-TCRALMEL, W2-TCRy-T
Y FIW2-TCRun-TZH 5 A A 47 7 11 IR I MAGE-C2
VYERAA K CD8 T, #&/n A TCRMIIKIE. &
TR, W2-TCRyn-T 4 1 VY 28 4% FH 4 41 At
) 4 2 = T AR BGE A W2-TCRy-T4L . 45 FAFse: #
TCR a. PHENJEEE X & A BRIEF A, 7]
5 LARE TCRIDZH M 2 I8 7K 1 I H 5 ¥ pMHC 1 25
EroR Ay, A W2-TCRy-TAH A B A 5 = [ TCRF
IETNEL e AR

N7 N R e, B i T
C-TCR5 W2-TCRum-T43 7 -5 MAGE-C2 Y 5244 -PE
CD8-APCH It Hi AT & (& 2F~& 2H), i id 4s Il
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A,B: after stimulation with MC2-K562 target cells, the expression levels of IFN-y in control C-TCR-T cells (A) and W2-TCR-T cells (B). C: summary

bar graph of IFN-y positive cell percentages. D: ELISA assay TNF-a secretion levels in the supernatant after co-culture of C-TCR-T or W2-TCR-T cells

with target cells. E-G: intracellular IFN-y expression levels in W2-TCR-T cells stimulated with A02-K562 (E), MAGE-A3-T2 (F) and MAGE-C2-T2

cells (G). H: summary bar graph of IFN-y positive cell percentages. I: ELISA assay TNF-a secretion levels in the supernatant after co-culture of A02-

K562, MAGE-A3-T2 or MAGE-C2-T2 cells with target cells. **P<0.01.
B3 W2-TCR-THRM A 457 IR AIMC2" HLA-A*02:01"AY$E 4R

Fig.3 W2-TCR-T cells specifically recognize MC2* HLA-A*02:01" target cells
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A,B: flow cytometric population distribution of control C-TCR-T(A) and W2-TCR-T(B) after co-culture with target cells. C: statistical results of cytotox-
icity rates for C-TCR-T and W2-TCR-T following 72 h co-culture with various antigen-presenting cells [E:T (effector-to-target)=2:1], **P<0.01.

El4 W2-TCR-T BR7EFIMIBEFZG TRAEBINESRERGENE

Fig.4 W2-TCR-T cells exhibit enhanced antigen-specific cytotoxic activity in vitro and ex vivo
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Az AR BRI BB o AR ME R P, n=6. B: 2 2P 3 R (AR (cm?) % LEARIRIE] . #P<0.05, ##P<0.01.

A: representative images of dissected tumors from mice in different treatment groups, n=6. B: bar graph showing the average tumor volume (cm?) of

each group. *P<0.05, **P<0.01.

E5 W2-TCR-THAEEFEZE/ERIMEER
Fig.5 W2-TCR-T cells exert potent anti-tumor effects in vivo

Pl e ek

UEAh, W2-TCR-T W] =5 R 5 MC2 B 14 itk B2
JRAMIAR (HH. Hut78) 838 JHACENE T4 (P1.
P2), 1M 7E [FRE 464 N C-TCR-TR A5 A F1#K 55 (-4C).
27 b, W2-TCR-THEM AR B 44 /K - 15 v 5 S 1k 5 A
eIt 7R K R M MC2BH M R 2 e, L % I R N
.

AW FAEAMAI A0 S50 e — W4 ROFL L (E:T)
BB N 2:1 o % L AT AR 4 32 5 T Ri7 S Tl s
I iASs B fE2: 1L, W2-TCR-TA e f% ™~
Afadfd H BA it 8 U R e RS 5, RIS
REAT R BRAR B A B (A0 5218 10:1) AT R = A R R 52
PETS SR, NI S M s i TCRG S 21 i A Y5
PEBUFE R B IR0 7 5 308 T R
2.5 W2-TCR-THHBERIIR 3 PR & 14

K HIMC2-A02-K 56241 e EMC2/HLA-A*02:01
BH P4 S F R HE /N BROBE AL, VP W2-TCR-TH &
IT R TIR/INRR 20 N 341 IR TCR-T4L. K5I &
W2-TCR-TAH(1x10°1). =5 EW2-TCR-TH(5%10°1)
HEEL 25 dJE, ARFE /N B3 MR 2H 2Rk A
.

WE SAFTR, SXTRRAM L, W2-TCR-TAb2E
ZH bR AR S 2 A /) 5 FG v e R R ROR B A,
IR R, 2RI R i R A
SE LB (EI5B): W2-TCR-TAL V-2 i A4 A i

FHRT XL (P<0.01). iXHR7R, W2-TCR-THEAE N
BA SRR AR, v 2 MC2FH M iR A=
g
2.6 52REMC24BETCR-THINTEE

AR H BT T 3R A A MC2#
1] TCR-TZH il : MC2-TCR-T. MC2-TCR-T""',
PDL1-MC2-TCR-T®P", F 5 A7 38 i (1) bt Ji At
PERON I fE O, A5 SR 15 42 5 W2-TCR, 1)
T A 55 MO8 Y W2-TCR-TZH . 7EAH
[FSEAE R 5 Th R se i, W2-TCR-TH A Fa g IR
FESEPEYINO R T A RE Ja~ 005 15 1 R Ak P 1098 25K
R, EMC2-TCR-TH{4. 2MTCR-THI#% O IhREFR bR
XFEEILPE 6. FEHEAT ThREXT LL a0 AT, AHERR I B
SRR T e s, A AR A O A R
Kl 7 W2-TCR-T 54 #i MC2-TCR-T ] pMHC /Y 3¢
PRBAPEZR . B i, 130 P [ SRR A e 5 () T4 ks 93 4H.
RIS 14D DY SR A B P 28 A2 1 2[R — 7K F, DABR AR
4 S 5 R B A [R5 0 4 AR S 2 4
il o

AHIF 5 075356 HA ) W2-TCR-T B A Js () 2 A7y
fHo SRR, SHETHIZ S PD-1/PD-L1i#E B 4
i MC2-TCR-THH L, W2-TCR-TERIEE T4 A
PR JE GG 7 51 B SEAT Ao B g T, (B S
Y R PR 1~ 53 6 B P9 5P bR o 40 5 THT R B T A
SR D RE R I . X 15 B 38 Ik s 36 = B A M )



1514 R

(A) (B)
MC2-K562, E:T=2:1 MC2-K562, E:T=2:1
2.0 2.0
73 1.5 T =15
= = T
2 S N
£ 1.0 £ 1.0
<
= 0.5 305
z
W2-TCR-T MC2-TCR-T W2-TCR-T MC2-TCR-T
© D)
MC2-K562, E:T=2:1 MC2-K562 xenograft
2.0 2.0
8 g
£ 151 £ 15
e g
g o
£ 1.0 T E 10
% S
g z T
° —
£ 051 g 05 T
“ =
W2-TCR-T MC2-TCR-T W2-TCR-T MC2-TCR-T

A: 5MC2-K562804M1 6159724 him, i i A A0 PR 1 G B (ICS) R AR X TFN-y /3 WA K- B: 5MC2-KS5628EA1 I 3B 7% 24 h Ji5, i Ak
G BE W PRS2 5% (ELIS AV AR X6 iR SR S R - TNF-a) i 7K F o C: 5 MC2-KS624E 4N L84 57£72 h Ji, F& T CFSE A% S A AH 40 il %
Pt e BT SR 37 5200 (1 A0S 40 - S 4 AR (E:T) L 135 8 92:1 . D: MC2-KS62 57 iR AR /N BRI rh 352 SR (AR K iR A o A o S 0 2047
SRV T3 U AL AT S, DSR2 (k) o AR A SRR R AL6 U/ e B TR IR LR, &% TR AR 1) LAMC2-TCR-T4L 95t B (O — 1y
LOVBHAT AR AL AL BE, H T TCR-TIN : SRR AT K IE,

A: relative IFN-y secretion levels detected by ICS (intracellular cytokine staining) after 24 h co-culture with MC2-K562 target cells. B: relative TNF-o
secretion levels measured by ELISA (enzyme-linked immunosorbent assay) after 24 h co-culture with MC2-K562 target cells. C: relative cytotoxic
activity determined via CFSE-based cytotoxicity assay after 72 h co-culture with MC2-K562 target cells. The E:T (effector-to-target) was set at 2:1 for
all co-culture assays. D: relative tumor volume on day 25 in the MC2-K562 xenograft mouse model. /n vitro data are presented as X+s deviation from
three independent experiments, with 6 mice per group for in vivo studies. For cross-group comparison, all indicators were normalized to the MC2-TCR-
T group (set as 1.0). The transduction efficiencies of the two TCR-T cell groups were corrected accordingly.
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Fig.6 Comparison of the functions of W2-TCR-T and MC2-TCR-T under the same experimental conditions

VSRR R 48 5 S5 F 71 TCR, EANG 1 5 4 5 K 4t
AT, AR BRI PR TS, 1X N TR 1
TCR-TF= i i) & T2 3E T g

0 L BRI 2 W 7K P 5 2508 B TCR-TAH 24 (P>0.05), 1%
%7~ W2-TCRJF FI| A & B 45 & 5 7 2% ] e 3 Ak
tk, RS m RO R TCRIE 58 5. HikEEA
BF AN A Z R AR T80 & Sk

3 Wig 1H 52 X 08 A RERa 2 FIA )5 41, W2-TCRy7EA T

AR BZH AT AT T 58 MC24 57 1% TCR i
S DIREVFN R R, 1IESE T MC2/2 TCR-TIRYT I BE
RERE R AR HE— 20 N T4 M Hh i e 3R 15 42
B RIRMC2 S N A TCR(W2-TCRy). 5 ZHAOZ Ok
B A MC2-TCR-T(MC2-TCR-T™" )Mt , W2-
TCRAEZL DNINRELERE F I 7% 0% . BE2T)
RESHJE 5 S5 M IR P . R R PD-1FH T 0E, W2-
TCR-TAEEF X P M v 1 20 L (1 R A3 s v, 3G

A BA RS B SR A R AR e . XA T
CRIRGEFE TR <N LT3R R T §E, A
BEEARS 17 I PR 2 A v 8 7 1Y) B2 Sk IRV, BB T
IR i Ik EL 4T Y (tumor-infiltrating lymphocytes,
TILs) F ¥2 40 155 A1 71 TCRATS A2 B i 5w IR 8 e g%
A A Rz — . X WIRRMC24#E 7]
TCR-TH] K H 43 P AL K SRl « 8 S ik 4o ik
BT R IR TCR, FHARHH5 g 25 24 15 G oA 45 28 I 6 1A



K B IMAGE-C2 TCR-THR MG M EE f DR % e

1515

SUEMRAIT 2. AHEF RGN T W2-TCR-THI%F
FEL MR TR SRR KA NI, FE
T EIUE I MC245 5 TCR % ; J5 4K 2 R
J5 158 M PD- il % ot , dk— DA B Ve T I8
7o

AT FCUESE : & XF [F] — Mg B, ik FE A
ZA T A EERE L. BARAMC2E &M
JE—S2 ALPUR, (HAS[FIMC2AE M TCR BI85 [7]—
pMHCE &), HEM ). 5 55RE . WEHBI{E K&
FORBURMEI AR E Z 7. i, ek —
TCRIFF, 75 2 vi b ~FAT fik! 7",

MFEAREE A FE, it 2 AN B0 E G i 1 TC e b
BA=HERH . Ok R, 697 H D50
BT A ; @IERCA FIPUIRZ B R 2K 8 5 A
B, @ Tk s, ntkif R4 221,

[F B, AR B 56 B R P I R 5 P v 77 ==, E
5K v 711 B W2-TCR-THIE RO B A%, $ 7R 250 41
i SRR A 2R v R A T R 1 ) O B
X 5 BEAE I g AR B IR TR I — B, N R SRR R4S
it 5%,

AW TR FH G P B P /N B R PR R A Y, B
ToVE S AN AR R R 58, (R ] bR AL PR AR
TCR-TE A PUIRTEE . RN 25 B SR, Bk ss
B3, E 7 MC2-TCR-THIVAIT Al AT . JE8F
KA NBEAC RN RO IR AL, PR 4 i
B P KA.

S A 5256 SR JEPD-1/PDL1 i FW2-TCR-T,
A O S R S/ N VIR R DN NI E L VN S
T2 M MC2-TCR-T., XN KIR TCRE &
ST 25 50 B AT R 3SR AR E F , S8 TCR-THI
RARHEHT % o[RBT EHIE 2 17 51~ FAT 07 12 (1) 0 B
YR BTN L AN 7] TCRINAE 22 7 8 3, Tk de
o R SR ST RIAZ A

A FAAFAE R PR - O W 8 5 300 22 4
KRG K M K I 258 R Y (MAGE
R TCRATAE [E] A I SRRV ); @A) 9o ok A 155
FHICAE D bs 26400, TCI2 8 BRI 7 20 2% ML

2t b, AR S W2-TCR-T B A 7 & i
AAIREAER, S5 G LRIt T, #E—P T
MC2#E 7] TCR-THIG R OB . AH S R ) B2 i
B G PR A 29 E s s SRl A EHER BT
W2-TCR-T#)ic 4k G ¥ 77 7E IR IR o

(1]

[2]

[3]

(4]

[3]

(6]

(7]

(8]

9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

S EHK (References)

LESCH S, GILL S. The promise and perils of immunotherapy [J].
Blood Adyv, 2021, 5(18): 3709-25.

JIANG X T, XU J, LIU M F, et al. Adoptive CD8" T cell therapy
against cancer: challenges and opportunities [J]. Cancer Lett,
2019, 462: 23-32.

SUN Y M, LI F, SONNEMANN H, et al. Evolution of CD8" T
cell receptor (TCR) engineered therapies for the treatment of
cancer [J]. Cells, 2021, 10(9): 2379.

BAULU E, GARDET C, CHUVIN N, et al. TCR-engineered T
cell therapy in solid tumors: state of the art and perspectives [J].
Sci Adv, 2023, 9(7): eadf3700.

GOLIKOVA E A, ALSHEVSKAYA A A, ALRHMOUN 8§, et al.
TCR-T cell therapy: current development approaches, preclini-
cal evaluation, and perspectives on regulatory challenges [J]. J
Transl Med, 2024, 22(1): 897.

ZHAO F X, ZHANG X, TANGYY, et al. Engineered PD-L1 co-
expression in PD-1 knockout and MAGE-C2-targeting TCR-T
cells augments the cytotoxic efficacy toward target cancer cells
[J]. Sci Rep, 2025, 15(1): 11894.

DUPONT M, DUFRESNE A, BRAHMI M, et al. An evaluation
of afamitresgene autoleucel for the treatment of advanced syno-
vial sarcoma and myxoid round cell liposarcoma [J]. Expert Rev
Anticancer Ther, 2026, 26(6): 661-70.

NIN D S, DENG L W. Biology of cancer-testis antigens and their
therapeutic implications in cancer [J]. Cells, 2023, 12(6): 926.
KNAFLER G, HO A L, MOORE K N, et al. Melanoma-associ-
ated antigen A4: a cancer/testis antigen as a target for adoptive
T-cell receptor T-cell therapy [J]. Cancer Treat Rev, 2025, 134:
102891.

TIO D, KASIEM F R, WILLEMSEN M, et al. Expression of
cancer/testis antigens in cutaneous melanoma: a systematic re-
view [J]. Melanoma Res, 2019, 29(4): 349-57.

DE CARVALHO F, ALVES V L, BRAGA W M, et al. MAGE-
C1/CT7 and MAGE-C2/CT10 are frequently expressed in mul-
tiple myeloma and can be explored in combined immunotherapy
for this malignancy [J]. Cancer Immunol Immunother, 2013,
62(1): 191-5.

MA W, VIGNERON N, CHAPIRO ]J, et al. A MAGE-C2 anti-
genic peptide processed by the immunoproteasome is recognized
by cytolytic T cells isolated from a melanoma patient after suc-
cessful immunotherapy [J]. Int J Cancer, 2011, 129(10): 2427-34.
MORGAN R A, CHINNASAMY N, ABATE-DAGA D, et al.
Cancer regression and neurological toxicity following anti-
MAGE-A3 TCR gene therapy [J]. J Immunother, 2013, 36(2):
133-51.

WARTEWIG T, KURGYIS Z, KEPPLER S, et al. PD-1 is a hap-
loinsufficient suppressor of T cell lymphomagenesis [J]. Nature,
2017, 552(7683): 121-5.

DU S S, MCCALL N, PARK K, et al. Blockade of tumor-
expressed PD-1 promotes lung cancer growth [J]. Oncoimmunol-
ogy, 2018, 7(4): e1408747.

WARTEWIG T, DANIELS J, SCHULZ M, et al. PD-1 instructs
a tumor-suppressive metabolic program that restricts glycolysis
and restrains AP-1 activity in T cell lymphoma [J]. Nat Cancer,
2023, 4(10): 1508-25.

CAMPILLO-DAVO D, FLUMENS D, LION E. The quest for



1516

)

BRI

[18]

[19]

the best: how TCR affinity, avidity, and functional avidity affect
TCR-engineered T-cell antitumor responses [J]. Cells, 2020, 9(7):
1720.

SPEAR T T, EVAVOLD B D, BAKER B M, et al. Understanding
TCR affinity, antigen specificity, and cross-reactivity to improve
TCR gene-modified T cells for cancer immunotherapy [J]. Can-
cer Immunol Immunother, 2019, 68(11): 1881-9.

FRANK M L, LU K, ERDOGAN C, et al. T-cell receptor rep-

[20]

[21]

ertoire sequencing in the era of cancer immunotherapy [J]. Clin
Cancer Res, 2023, 29(6): 994-1008.

LIU Y T, YAN X, ZHANG F, et al. TCR-T immunotherapy: the
challenges and solutions [J]. Front Oncol, 2022, 11: 794183.
PORCIELLO N, FRANZESE O, D’AMBROSIO L, et al. T-
cell repertoire diversity: friend or foe for protective antitumor
response? [J]. J Exp Clin Cancer Res, 2022, 41(1): 356.



