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Figure 1 (Color online) Development history of tumor immune cell therapy

PR R TS Ak LS T
WHPUE B EIR Y745, A SOR BAS SR S 4 i
IEITRIBESE IR L TR AR AR, R B ARSR B A .

1 SR ey dmnRiGy Y sE iR

1.1 ik 4l (tumor-infiltrating lympho-
cytes, TIL)Jyi:

TILYT S DI A B T AR AR 1Y i g 4 2 b 0 g
FEREFE IR R S PET A0, 7EARSH F 42 2(interleukin-
2, IL-2)FROIF R 3G, SR L i 81 £ 3k phy st
ATIRIT I, AR TR IR T A0 I A ok 2 PR 380G
Y5473 20 S (lymphokine-activated  killer, LAK)F14Hffd
T S 1 R0 41 (cytokine-induced  killer, CIK),
TIL HHSRIE T I, S8 KERARM . E IR R
PEBUBE IR CL A, DRI ELA T 0 e e S . 201H:
20 804FEARH), I B AY SE K 38 [ [ 57 AR BE (Na-
tional Institutes of Health, NIH)fJRosenbergs A"*1¢
WM INER IR AR vh B85 TIL, JFFESs sl rh &
PRLTT A obig e R kbR 4, SATILAY N FHBEE T Al
I R b f A TILYR Y7 22U T8 I 2 19884F, X #1:
B0 2R R I PRI B 60% 4 % L i R 1>,
SR, TILSFIERIBFE I AR, 785 >R AY30Z24Emf[A]

B, RWEA RRERAE X — U TR R, SRR B
otk SRR, —J7 i, AR A — Bt e
N, s S e e SERIAIT 9 O T U R 2218, IRl S iRy T
—PEIAWE L A, TILF Bk ZA5 8 gk
T R A A PET AN, (2 5 300 b R R AR 3 EOHE
K, BVEEASIRE L, BERSHR AT IR T2 AR
A BRI SR A IR 2 A8 7 oy B AT P v I e 28 R
[FIRFTILH SRR 4 A, PR T TILY T i a
7%. HF20124FPD-L1(programmed cell death protein
ligand-1, FRFFPEANMAET 8 A ECAAR- DAMHIFRITRTT 250
e 0 PR B A 2 2™, 20174F SR CAR-THA My 7 12
FEAGGEALT T TR 24 14 a8 0 A ek g a2 v B 40 L 1
MG~ 22 1B R I B 4 BAH R opk 0 4 o 8
P BGPTSR, e Gedse iAo e M i A T R 11
WA % R e AR S VAT Y TR
R, EEXT SRS I TILYRY T SR G, 20194ETIL
J7 AR R MEH PV A OC B 0 h % WL 2% i R 5 2
28%"", 202 AETEXT 13PD 1A 2 W i A /N2 i
BEVATTILIAIT PS5 R R, 115 3 I £ A
WA, 2 N SEBLK I se Y. 20224, TG PRI
ZEHL(C-144-01) R, XF1536PD1/PD-L1HLIAIA Y7 ICRL
) e 0 700 I 2 R SR B S TIL ALy I Lifileucelify
IR B MERR N31.4%, Bl 2. 3. MERETEE
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BIFHIN54.0% 33.9%. 28.4%. 21.9%, FSLHAHRA
AT TR ME. 20244E2 H 16 H, SEEFDASNE A HE T
Lifileucel [ T4HiPD1/PD-L 1VAYT I it JE2 1 i ) P4 2%
R, AR A TILI e, W i Ay
SEAR R TR0, RSB RSN, TILY T 7EdE
AN AT Sk SRS B AU A e ISR B A U )
y—\T—&k[ZI,Z%ZS](%%I).

TIL AT IR 00 EE T I FTIL S A £ 7T
Jil, B RIRAFAE T IR A BT P 0 S e A
A R AR R AR FH )2 N # PE TR B (cytotoxic T
lymphocytes, CTL), H T TILFENMIE NEPRELAAAE, 11
AEEA ORI PUR I RE T, RERE KR m £
Feh e B IR, B 2% o 4 07 S AR & 2% ) R oA g, £
FHACHE GES, e dBAMARE. Rifi, 245
R 1 W ER ) Y TILST R R T B i 58 A8 i <44
Jid, I ELSCRRYT ik S O T N FARREA AT R
e Y TILANN, [FIBT AR, 5555, DIReis 54k
FHETEAR R IRk 7 346, i T TIL G4 i i)

F 1 TILFFIETE SR T BIGBR BT 5T 40"

Table 1 Clinical studies of TIL therapy in solid tumors (part)

K Wi, mAss, ARARETAERTHIL
AT, PRUER & B RT Bt

12 JER TRSOERM TG Y

2012080 EARAR, FEIH TREEE AR Ak AL Fi & e fifi
BOE TANEAZ A SO T RE, SRSl 7R AL T
JHLPH T B [ 9k U 0 B A e M 4G 5 IR B i A e
FRTTRO BRI . BT, A REE R T4 L Y
Tk — PP TF AP A2 & (chimeric antigen receptor,
CAR), CARMHIZNEST B PEEHT R SZARZH AL, %
24 P PR R AR 1) EE A R AR 11 ] AR XA B, 1T
e tEas & MR R, MR 5 AR
(CD28}4-1BB)YE i A 155 )1, IR TEHIFE,
PPN . S — R SN TS TCR
(T cell receptor, THUMLZZA)KoafBEE, LLFZEL LI
M2 A% (major histocompatibility complex, MHC)%:
128 77 U MR BT, G S B TR RE U 40 e P
T MR, A URAI R mHTE"(E2).

77l e R 53 Hoft T 04t NCT4i % 278 SOk
LN-145/LN-145-S1 Sk SBEIEIR 41 I3 FE 218 NMA-LD. IL-2 NCT03083873 -
LN-145 FLAE SE 21 NMA-LD. IL-2 NCT04111510 -
NUMARZU-001 = B E(E 1351/231 - NCT05451784 -
TILs RO SEIL, 21 NMA-LD. IL-2 NCT01807182 -
TILs RN 2k 24 NMA-LD NCTO01468818 -
TILs RO eI 24 Anti-PD-1. NMA-LD. IL-2  NCT01993719 -
TILs BETE Zk 21 NMA-LD. IL-2 NCT02375984 -
GC101 LR S st 134/238 Anti-PD-1. NMA-LD NCT06120712 -
TILs BRI FEAL 34 IL-2 NCT00200577 -
TILs BHUREHPVALX) SEIL, 21 NMA-LD. IL-2 NCT01585428 [26]
LN-145 e R 24 Anti-PD-1. NMA-LD. IL-2  NCT03108495 -
GT202 ERHIE E{:E L 114 NMA-LD. IL-2 NCT05238818 -
MDA-TIL éﬂﬁgﬁ é%%gﬁﬁ BT, RARSE 24 NMA-LD. IL-2 NCT03610490 [27]
TILs JF9E E{:E L 13 NMA-LD. IL-2 NCT06084299 -
TILs JiER=21 JIER=R/ 24 IL-2 NCT03801083 -
TILs Ak /Nt s eI 134 Anti-PD-1. NMA-LD. IL-2  NCT03215810 [28]
TILs Ak N it AH 141/218] BT (ZMSE. W4T NCT03903887 -
LN-145 /1N i il s E(E 21 NMA-LD. IL-2 NCT04614103 -
L-TIL /N it EEALL 214 BEMEE. £79hIE NCT05878028 -
TILs A /1N i il s (e 18128 Anti-PD-1. NMA-LD. IL-2  NCT05681780 -

a) KR mfa]: 20244E4 11 H
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1.2.1 CAR-TY7 A 55 9t & BT Il b

CARE I Y SRR e PR3] e 200 1t =% TR e 18
B AR BT IR, B ATCAR-THIIE IR YT LA 15 DL
S ALEE: (1) FRAEKKTZK(epidermal growth
factor receptor, EGFR)CAR-THIJEIAYY nl ik /N
filidiE IR FLARIEE RN Ah B 9 S AN [R] 28 e £
FIIIA M () H A K E T2k
(human epidermal growth factor receptor 2, HER2)FH
PR THRARIRE < IO ed RN G SO R A A 8 A /LU i IR
Eerh, HUHICAR-TAIMIIAYT IS T B FORCRET);
(3) Claudin 18.2# [ CAR-TUHIIAYT 5 1t frbieg 1) 2
PRGE AR i 37051 0 57.1%H175.0%, 61~ H &
PR3 K81.2%, IFHLBA R RFHRET; @)
T AR AT G (disialoganglioside 2, GD2)HIIL-
13Ro27E I BB 2 1088 (glioblastoma multiforme, GBM)
HhE s, Xl A CAR-TIR T GBM M1 7 40
FRBAAU.(5) fXF] B2 2 (mesothelin, MSLN)FH: (42
PR RE ] 2o . BRI . R A IR I CAR-TAA Y
PR RAPRL, IFHESNE IS EIMSLN CAR-
T3S, (6) BERBIELS B H % HEATHE (A 988
AP (carcinoembryonic antigen, CEA)f{JCAR-TZJIf
YT R T0% 8 I Lk R ERaR 46, HIO™ A R
) (7) CD133 CAR-TAIMI A T-23 10 1 4
i BRI M R, AR RS 2
65.2% ™, (8) LA i L EUA AR BENS L LA 25 1 5
Wi(glypican-3, GPC3). AR IEIHTE (prostate-
specific membrane antigen, PSMA). M4 N A=K A

F2Z{K2(vascular endothelial growth factor receptor 2,

$00000000040000008060000000 01 1HHII 0000000

VEGF-R2). Ephrin-A2(EphA2). 21K 2 WM maRE N
JLAZ{AROR 1 (receptor tyrosine kinase-like rrphan recep-
tor 1A 2). f TR R E YR TR 25 57,
AT X CAR-TY 7 2 i Wi oy s BAT B W i 22 e, 2%
3T /R CAR-THIMLIAYT X SLAAR 1O 2565 L& 344X
H4%~16%", SRS CAR-TIAT V3R T i %
5.

T, SR Y R S M S B AR A T
PRIAE, SR N AR R IR AR . FFIEZE, (REEHT
Jir e TR AH DG 14 e B b % 2 CAR-TY T 12 i FE ZERR I [ 3=
Z—. CAR-THILIGYT 5 i WL R 311 T JE ALH:
M e RERFAR R 1Y, B R B —FE S AT A A
PRl R A PR HR, SeAR R CAR-TAIHE LIS
{1 3 i SN AR 2 BUH PR3O R 75— FE 2R,
W6 10 ST A 96 B 2T A4 AL 1 B8 5 R S L7 A
FHEOAFEFTRY R A, RIS R,
YikFCAR-TAI AR AT RE. BLhh, 75— FE
W ik 1 22 TR A0 D 9 2K P 0 Dt L A M 35K
SEC T AR BEST. CAR-TIRYF IR £ A Sl 2 i
TR AROC R RI R, A48 A0 M A 7 BRI 25 B A (cy tokine
release syndrome, CRS). 1£238 il 45 A 1F (immune
effector cell-associated neurotoxicity syndrome,
ICANS). M &HEEFBALYI PG F9% (graft-versus-
host disease, GVHD)5%. 3 4b, iE BRI EL A IIGI T A& 5|
B EIVE S (™ B8y ) iR B e S UL T fE
f& M B 1A, VRN R i, 3075 B2 T
AR 3o R PR 20 8 A L 5 RS P A P 37 A 78
MBI TR, 52023458, 5 EFDAMRA 220114

B B= B $aR

+o 0141004000000 00 0N 000000000000 0044 N 14000008 111000 1 (I 0000000000440

TCR-T 41k

CD28/4-18B
IL-12 Inducer

CD28/4-18B
IL-12 Inducer

cD3 cD3

CAR-T 4Rj8

Bl 2 (MROF )k N TR o I TA I 254" BE 4. Z2: TCR-T41I; 47: CAR-T4HIE
Figure 2 (Color online) Schematic diagram of genetically engineered T cell structures. Left: TCR-T Cells; right: CAR-T Cells
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Table 2 Clinical studies of CAR-T cell therapy in solid tumors (part)

LYy Iz fie b 5339 HoAth - Fik i NCT%i5 BN
PD-L1 Jiti & Z 1k 8. NMA-LD NCT03330834 -
PSCA T4 g AT, KAH5E 134 NMA-LD NCT03873805 [50]
PSMA IS Hdes EiE LY 139 NMA-LD NCT06228404 -
Mesothelin E'fgﬁ l:ﬁjﬂ;ffgi éma{:gi %k VB2 NMA-LD NCTO1583686 -
Mesothelin SEAAR s 114 - NCT05848999 -
Mesothelin [E4] J2 38 EE-T 14 NMA-LD NCT04577326 -
VEGFR2 Wgﬁﬁz%@%%ﬁ% Ak 139/244 NMA-LD. IL-2  NCT01218867 -
EGFRVIII Jiindpiti eI 141/234 NMA-LD. IL-2  NCT01454596 [51]
EGFR A /INAH L it s W 134 - NCT05060796 -
EGFR/B7H3 Jitisa FLAREA Az 134 - NCT05341492 -
CD70 RS Az 134 NMA-LD NCT06215950 -
CD70 (557 HEh 14 NMA-LD NCT05420519 -
CD70 SARIE W 14 NMA-LD NCT05518253 -
CEA BHEE%%%E%Q% EER 15/248 NMA-LD NCT06006390 -
CEA e EEE-R 134 - NCT05240950 -
CEA TN 5 134 NMA-LD NCT06013111 -
SNC-109 JE o B A4t e Az 134 - NCT05868083 -
MUC1 LA FEIL, 1iA/240 - NCT05812326 -
HER2 AR W 114 NMA-LD NCT06101082 -
HER2 IR Hzh 134 Anti-PD-1 NCT04995003 -
HER2 F I EELE 13 - NCT06254807 -
B7H3 Ji2 S5 B 440 38 EELL 14 - NCT05241392 -
DLL3 Jiti& HEp 134 - NCT05680922 -
Claudin 18.2 =R Az 114 - NCT06353152 -
Claudin 18.2 B BEm. A EE-N 144 - NCT05539430 -
Claudin 18.2 SRS N EEE-R 144 - NCT05472857 -
GPC3 JH-40 g SER 114 - NCT03884751 -
GPC3 JiF-4m A SERL 13 - NCT02395250 [52]
GD2 idi] EELL 134 - NCT05544526 -
GD2 fingr s 13 NMA-LD NCT05298995 [53]
GD2 fikigea ST 13 - NCT04099797 [54]
IL13Ra2 J IR EE-A 134 - NCT06355908 -
IL13Ra2 Jie IR HEh 14 - NCT05540873 -
IL13Ro2/B7-H3 lidii 5 - - NCT05752877 -
IL13Ra2 JE B4 R B 134 A“i;lctgg'f ) NCT04003649 -
CDI133 SEAASE e /240 - NCT02541370 [55]

a) K& mfa]: 20244E4H 11 H

7S AR TN MR 1], AR R TCTL B — 3 2 1] Y
FHOCAE, (HE BEATREDII A3 i, w] DGR T2

MR B CARFLJE N, R HA eSS T 4%
S B i % A2 BRI, FDAXT IR/ CAR-TY FIEFRES TR
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INFRAERES:, FF b T4k A g UK.
1.2.2 TCR-TH7 ##F 72 #t & B i Bk

TCR-THEERI T AERIRA TN, EERIERIR
A E A AL A TCRIE Mg = ZEH S A E &
TR PUE, B TCR-CD3E &Y R AE
5. TCR-TAMY e I g R i i b, W REREiEi
FHMHC 43 1 IR RN B8 I AT AR R B, B2 3
HEAT SR iZ R A A ZE FH AP R (human  leukocyte
antigen, HLA)SF B ARR T, (B AT w40 A3
T, TCR-TZHMIXTHe b B R BUsk, 5 s s i
R EALT G CAR-TAIME. T A BUE
2 NIEALRIZEHE, a5 EIUAR e HE R, TCR-TH
ERG ARG NES. TCR-TYF ik FE A iE b sk
HEEE, FRAR BN T R A R S v RS, R
FEMHC ErF YR L= ER AL, Bl iih RIS
1, TCR-TH LT XT 2 R IR T 50 i th T AR
BRI AR, B 0 S OCTE A T RS R e i ool 2
JirJai A8 3T B (tumor-associated antigens, TAAs) I
i ST (tumor-specific antigens, TSAs).

TAAsZ MR AR FR P, FEAUFRHL S
fkdiFi(tissue differentiation antigens, TDAs). JE=2$T
Ji(cancer/testis antigens, CGAs), DA R HA S 5 ek
FIBE R FIBENE 25> 1. TDASELFE TR IR it B (1 %
JE i) (melanoma antigen recognized by T cells 1,
MART-1). ##%E F4100(glycoprotein 100, gp100); CGAs
5 B v 7E B 4 IR A G (melanoma  antigen
gene-A, MAGE-A)& G 5 FINY-ESO-1; HoAth 7
e 28 BB OB AR 645 i e BT (carcinoembryo-
nic antigen, CEA), MJEAHEHTIRELE H (mucin 1,
MUC-1)%. 20244F1H, £ EFDAR T T Afami-cel4: 4
RV IS PR A e Ak, T I B I iR
J7, XFEAMAGEA4HE 5 A R TCR-THH Iy kg
AP A<88.4%, MM A36.5%, LathEE AT
P RS EE XL R S A TCR-TAH MG YT 549
T IG R R, B TR AL
ik, w5 KRR

TSAs2 5 MR AR U B (RS« IRFEVE 550 MG
MYEE BT, A I 4R, TR Y R Ak
T2 MR M B R et R R 2B, BT AT LR
i s fa AL A il v 4 B AR ). B R =2
(1) RASAHPUR, X b AR R AR 7 A4
[, G an s T v AR P i v B T RS AL 5 AR AR

(i, RBTRA R, () FeiH e
Ji, L 5w R DI ARG, AN AFLRIE N i
(human papillomavirus, HPV). Z %455 55(hepatitis
B virus, HBV). E 40158 (merkel cell virus, MCV)a,
EBJ#(Epstein-Barr virus, EBV)FH G, £t
HB VARG AT HB VA 54 TCR -T2 A 149 11 PR 1056 2.
TREARZRR12.5%, (3) R E gL AR
B, RS . BRI S B A, WA R
FrPiJR 1 (melanoma-overexpressed antigen 1, MELOE-1)
12 A5, 2R TP -2 (melanoma-overexpressed  antigen
2, MELOE-2)/"(3£3).

5CAR-TIHIT L, TCR-THIMIATT Feft %
TR v 9eA 0 L B T i %) S B 1k LA R TR PN A P B
W5 AR, TCR-TAIML Ak AL H S G 54T
SR RN 2R, FlahE A EMHC 553
TR EE . TCR-TANMLY T T B0 s I 3
SR TP RAE IR H AU Rk, JUHR MR A O
ST, I S A1 3R 0 TCR- TR A Y7t 7]
B S A 28 SURUS B S gt gk,

1.3 HAWRAR e Gy Y i sE sk g

HAT, e S 4 M6y i el 32 2805 T X0 1 1
PRI R G0 BT, SR T bR X S 7 i IR A A
RIAPUFE T I EMHC /- 6kFE, DMTBR ] 13
B REAAML T RCR. L, BFE N BT IR XA 5
PE MR T TR, XA e A i AL A FENK
M. EWEANNE. NK TZHML. yd TANMAIA RN
SE. RERGPE Y AL AT LASE 5 B A AR 4t e 2 ML AR
RIRANPEFEVEZZ VR L C ARMRAG FNAE C ARHRAS 1 )5 200k
B AR IR A, TT AR B ARPUR R IR sk 2k B
YRS RAFEAVEH, Y508 TN TRA R, tesh, [
YR IRAFAE T IR Ll 23, B IR AN [a] g 1 A
B4 (tumor microenvironment, TME)JRE ). T EMIA
Z SRR, Wb T CRSHIGVHDI & A KUK,
[Fi] s £ LA 5P LA BE Sy 220, 4046 ARG T4t A (-
man embryonic stem cells, hESCs)F1if55 £ He T4/
(induced pluripotent stem cells, iPSCs)%%:, b F & [l Fh-57
PRI TR T N .

FNEHETA L, PP R IR S 40 My T i R 50
FRAEPTEME IR, SR T EE X PSMA L MSLNA
MUCT 43 1 Y CAR-NKIf RBFSEIEAEHE T oy, 8 S0
FhELFE R BT BE AR - —DIVEZLIR s . BR8L0. JHeE
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# 3 TCR-THMIT LRSS B IERBFR G5
Table 3 Clinical studies of TCR-T cell therapy in solid tumors (part)

BB Je RE Ban:l Il PR 2% i 2% Hoh T ot i NCT%4i ' E = DTN
MAGE-C2 AT S HE 1ib1/230 - AZA/VP NCT04729543 -
MAGE-A4 SRS Hgeh 134 - NMA-LD NCT06170294 -

MAGE-A3/12 RS PEMD 2k 138/218 4/9(44.4%) NMA-LD. IL-2  NCT01273181 -

MAGE-A1 AR 2k 11/23] - - NCT05430555 [64]

EEUTNI NI .
_ SRV s AN e 0 B _ _

MAGE-A3 1. FLS . DR SERL 1381/248 3/20(15.0%) NMA-LD. IL-2  NCT02111850

= FAMEFLIE . JRiE y Anti-PD-1. B
- i %8 HA/HH 0,

MAGE-A1 S AN EZ3[3 151/2181 0/1(0.0%) %, NMALD NCT04639245 [64]
HPV-E7 B 3l 13 - - NCT04476251 -
HPV-E7 1 A g8 23R 24 - - NCT04015336 -
HPV-E7 HPVAH M8 EEE 21 - NMA-LD. IL-2  NCT05686226 -
HPV-E7 HPVAHE HEh 13t/288 - NMA-LD. IL-2  NCT02858310 [65]
HBVHLE itanliing Az 13 - - NCT03899415 [66]
EBVHiH B EEE L 134 - CAR-T NCT05587543 -
EBVHiJH LHGHEHEEBVIHME) Rz 13H/218 - - NCT04139057 -

KRAS-G12D o FEOR LR - Anti-P DLID‘ NMA- - eTo4146298 -
KRAS-G12V/G12D o Feh 14 - NMA-LD. IL-2  NCT05438667 -
KK-LC-1 Jiid s SRR EiE -2 13 - - NCT03778814 -
EE"EE. 7| JE M &
KK-LC-1 HlE ELHW;; AR HET 13 - NMA-LD. IL-2  NCT05483491 -
i

NY-ESO-1 ST TEH 134 - NMALD. L2+ Ner2775202 [67]

anti-PD-1

NY-ESO-1 RS EiE -2 - - - NCT05620693 -

NY-ESO-1 RN WEeh 1A/28 - NMA-LD. IL-2  NCT05296564 -
MART-1 AR SEI 23 6/24(25.0%) NMA-LD. IL-2  NCT00509288 [68]

. MART-125 1 «
L o2 I {8 0, _
MART-1 B 2k 21 0/4(0.0%) NMALLD. ILa  NCT00612222
] MART-13:H]+ A5
3 = %" 0 ! _
MART-1 RO 231 2 0/40(0.0%)  p g T pp,  NCT00706992
gpl100 E Sk i Z31a 244 4/21(19.0%) NMA-LD. IL-2  NCT00509496 [69]
; , MART-1EETH
R % 9 -
gpl100 B F 2k 24 1/3(33.3%) NMALLD. Lo  NCT00610311

Mesothelin TR 555 HEh 134 - NMA-LD NCT04809766 -

CEA MRS PERp 2k 14 - IL-2 NCT00923806 -

2505 EFXTHER2 GPC3 B MSLN B sl B 1 S ik
T CAR-MJT & A U MEN IR RIS, HATETyd
T NK TG IR IR . R RIR Soe 4
JHL %) R — S A TS A i b B B,
AW EY G, wE i HAEHE . bR
4l it (antigen-presenting cells, APCs)mlifit 5= i 7E4 720
J AR A —Le A AR XE A T g, BV

3958

B GUR I, FE2ARIE AR ZF AT A R, JINK
R, FEIAFIE I A P S, AR AT e X LE AR
AERE I b, (EABRE T RER AR R S
RFZEE. R, X R e A MO I, 5 2 A
AR APE RN ML TE R 2 (6] A, U I AR 2
[IRR, H KSR S 46747 0 B e S A B 0T
JEE BT T (FR4).



P A

F 4 TR G R SRR IR IT B B A LR

Table 4 Comparison of characteristics of T cells and natural immune cells in the treatment of solid tumors
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. " " LA 2 AP0, | . -
y 1.Jihes S ot L LAY Foxf; RE NS I e LB 2 AAE I,
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SR S 35 B2 BEL D S5 P S B B 7
i S 40 T T S AR S SR, A BRI A3
Bk ety ROV SZR. B A S T
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B EAE P TR TR WAt A
KRy, T FF S SN A B T T A (P 3),

2.1 HEETAEE
211 ¥z E

A f 2 240 i XA R R R R AN
FOTRIRSL. IR PN T SRR et 2 i ke ast 1 45,
T FH A BRAEG R ) (%) Bebgs, [ g 98 e A o 22
RYEEME. FHTILI3Ra2 (interleukin 13 receptor
alpha 2) CAR-THH i3 28 /i Py 3 5 1 20 14910 52 & PR
SR A AR AR ke, rT R B B S R R 4, HL
AL P AN BRI 0 X2 7 S i R ) o
i FE R g B A T SR PTMSLN. CAR-TAJif
KA PDUIHIRIGYY, BB BIRRE, —E A EfER
IRF83% . AN, JE L CAR-TH A FIZN L R 7-d 2
FERFH A K BERE T, AT A g b S <2 38 1)
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NS A MR Tl R R E LR, A MR =
XTFRSETAN M B RAIL R T 1Y 23k, lad SE R ZmiR pE
TN, [ HFRA LN F 324 (chemokine receptor,
CCR), FI¥EsREATHE AR RIS RRE ). Flhn, @k
SN T52RCXCR2, CAR-TZIMAT LA 50
SE [ ZECXCL B i S 40 2R ™.
2.1.2 HEIH B HOAE

RIS 303K g J, FR 30 P T 200 o T 2 2 %) g
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", B —Fh oy g TR A A K B T-B(transforming
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fitd, 38 3 B TGF-BAZ AR -1 (transforming growth factor-B
receptor-2, TGFBR2)JE[H, J8{FETregsTE TMEH AYF ]
PEFAU, AT —Fh w2 T M2 4T M2
Wi 41 M AE TME h B A Bt R A1, Ao Fl
CAR-THIMR R SR M2 W4, Anetxf i 2
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Figure 3 (Color online) Challenges and strategies of T cell therapy for solid tumors
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scTCR-seq) SR BE I FFAALS A, v FH IR B e S k]
WUR BRI TCRIFH, SR FsTREETCR™. SR
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Tumor immune cell therapy employs activated and modulated patient or donor immune cells to recognize and kill tumor
cells, thereby inhibiting tumor growth and spread. Currently, the main forms of immune cell therapy include chimeric
antigen receptor T-cell (CAR-T), T-cell receptor-engineered T-cell (TCR-T), tumor-infiltrating lymphocyte (TIL), and
natural killer (NK) cell therapies. The success of CAR-T therapy in hematological malignancies has accelerated the
development of T-cell-based immune cell therapies for solid tumors. Recently, Lifileucel was granted accelerated approval
by the FDA for patients with melanoma, marking the first approved TIL therapy and the first T-cell therapy approved for
solid tumors. Moreover, CAR-T therapy targeting CLDN18.2 has exhibited promising efficacy in gastrointestinal tumors,
and GD2-targeting CAR-T therapy has obtained encouraging results in gliomas, while TCR-T therapy targeting tumor-
associated antigens (including NY-ESO and MAGE-A3) has demonstrated significant antitumor activity in diseases such as
synovial sarcoma and uveal melanoma. However, the effective response rate and beneficiary population of immune cell
therapy remain limited in most solid tumors, owning to tumor antigen heterogeneity, infiltration obstacles, suppressive
immune microenvironments, and limited cell source availability. With advancements in scientific and technological
approaches such as synthetic biology, genetic engineering, high-throughput sequencing, and the development of
biomaterials, next-generation immune cell technologies are rapidly evolving to enhance efficacy, safety, and cell source
expansion. Overexpression of chemokine receptors and cytokines, knockout of immune inhibitory signaling molecules,
and combination therapies such as chemotherapy, radiotherapy, and immune checkpoint blockade have made substantial
progress in improving the immunosuppressive environment. Research on multi-target tandem, Boolean logic designs, and
innate immune cells has shown the potential for enhancing safety. Universal cells, nonviral vectors, and in vivo delivery
platforms also present possibilities for reducing costs and increasing cell sources in the future. This review systematically
summarizes the research progress and main challenges of immune cell therapy in solid tumors and suggests future research
directions. Through continuous in-depth basic research, interdisciplinary and innovative integration, and leveraging
China’s abundant clinical resources to facilitate bidirectional transformation between basic research and clinical studies,
greater progress and development in the field of immune cell therapy for solid tumors are expected.

adoptive cell immunotherapy, tumor, chimeric antigen receptor, T-cell receptor, tumor infiltrating lymphocyte
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