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Research Progress and Prospect of Chimeric Antigen Receptor Therapy
Targeting Non-Traditional T Cell Subsets

YANG Yifan'?, LI Yuning?, CHEN Xinglong?, LUO Yongzhong®, CHENG Tianli’, ZHANG Lemeng*

(‘University of South China, Hengyang Medical School, Hengyang 421200, China; *Department of Thoracic Medicine, the Affiliated
Cancer Hospital of Xiangya School of Medicine, Central South University/Hunan Cancer Hospital, Changsha 411000, China)

Abstract CAR-T therapy (chimeric antigen receptor T-cell therapy) has demonstrated remarkable efficacy
in the treatment of hematological malignancies and has been established as an important strategy in tumor immu-
notherapy. However, its current application is mainly limited to hematological tumors, and it faces issues such as
limited indications and uncertainties regarding long-term efficacy and safety, which restrict its broader clinical ap-
plication. To overcome these limitations, researchers are actively exploring innovative approaches to improve CAR-
T cell therapy. Among them, the development of novel chimeric antigen receptor cells targeting non-traditional T
cell subsets is emerging as a highly promising research direction. This review aims to systematically review the lat-
est research progress in chimeric antigen receptor cells targeting non-traditional T cell subsets, analyze their unique
advantages and potential in overcoming the bottlenecks of traditional CAR-T therapy, and discuss the current chal-

lenges and future development directions.
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B P S AR TH MLYT V% (chimeric antigen re-
ceptor T-cell therapy, CAR-T therapy)ifi i f{tids i &
[ T, 8 LSRGk — Pl e 8 1R 0 I 25 & i eg 41
T R E R ) 1k & P 52 44 (chimeric antigen
receptor, CAR), M1 5|5 TN A AE A 2 ) A1 545
Ji I 4 A . CAR 22 AR 3l i g AH DSt SR 1) B
Pk i B BOEE XN T MAS 5 e 5 45 P B il
CARAGFF A5 Mg TR, 2>l R TAR IS 35
FEAI oAk, ETOR FEUMBEEFH U, BT, CAR-T
therapy 7£ ML 5 40 8% 14 MOe IR T o R L M 2 25T
Bo W ARWF FEUESE , 12 AN &k AR 1 S Btk
EL 4 o (9 11197 (B-cell acute lymphoblastic leukemia,
B-ALL). 5184 K B4 bk U8 (diffuse large B-cell
lymphoma, DLBCL)& %0 B R H R . Frdtin
ST AR AL . MRS AP 53 25 T, 88 i 25 28
PREAR B 76 TN CARFEE K, R4 1 )5 [H1 4 &2
REARN . X220 20 I TYH I e % 75 44 N KR 2
WG I R AR R T

H Al f£ 4t CAR-T therapy =2 K £ T CD4" TAHI
CD8" T4Hi, BHANIAS T — &Ry, H2 HAA
BA—ERREES, H—, B CAR-TH 6] % L
A Gy, BLATR I JE A 7 S AT B8 AE 1R 1 TR
BRI Tl 2, [FAh A CAR-TE A
A T MR R R R AR
AL TE 1 40 PR o AN R AP AS R kK, TT B
AR RS B0, (R, A TR 42 1) CD4 Al CD8”
TAHIT V2, H ATk 2 5 & 4G % CAR-T
therapy {£ AR TZH B V¥ AR 1R B FH SR, E0. 45 1
TN (regulatory T cells, Tregs).yO T4l i (gamma
delta T cells). Zb A AAE TAH M (mucosal-associ-
ated invariant T cells, MAIT). H A 545 T4H i (natural
killer T cells, NKT)Z% (1)

XL R AL e TYH MR A R A MR L%, sefie
B RRT B B S G i, DA S ik DAL I
O B RS R R I R BSE, AT 920 6 B 92 4
2P s . e AT SR Y PUTE 0 (graft-
versus-host disease, GVHD)H XU A%, Hggwgimid
% Bl 2 AR R AN [B] I O AR SR A s A0 T, 7T RE R AT
B 1 2 A P A R T8 A i ST () AR AR

chimeric antigen receptor; regulatory T cells; y3T cells; mucosalassociated invariant T cells;

WAV 1, A 55 RAE S8 CAR-T therapy &I, A
JIR IR v 97 HREALET O R AL

1 IEERSGTHMTECARITANMARIHR
1.1 CAR-TregZBfffTEHIM R iR

Treg /2 1% 45 TZH M ¥ — P WO HE, 5 4F
I ¥ 4% 21 i, (peripheral blood mononuclear cells,
PBMCs)I) 1%~4%, fRi72I8 IL-25Z 4k i (CD25)F1 X
3L P3(forkhead box P3), [FIHEFIE IL-752 14 aff
(CD127), TE4EFF A2 S FW 1k B A G g h il
SEEAE R 1721, Tregsid i 5 3 592 410 il B 2 AH
HAEF (W@ ik CTLA-4) 88 8] 328 i 7 A G 5 $0 i
Y1 PR (UATL-10+ 1L-35 TGF-B) 0 1] 5 88 S v
A, Tregih vl LIS I 5 i i 5206 40 2 (antigen-
presenting cells, APCs){IAH FLAFEFH, BH (- TZH B i ¥k
TEFEAHIAPCH RO FEAl oy 71 2 IA F0 40 A
T ipeesl,

CAR-TregsfE T F1YETT GVHD K H & F i
PP 9 THI F A MR N 350 77, 22 T A AR IE FL )
J R B3O SR AL )i I R AR IR S, 395 HLA-
A2FFF 1 CAR(HT A2 CAR) ) TREAL Tregs MU fig
AT GVHD, HAEHEHEF R SO 8T
% vl Tregs™ 28, BT XML R, HRAICH
R I PAS 36 (S A NC'T 048177 7401 T IR A% 4
NCT05234190) IE7EVEAT PT A2 CAR-Tregs ¥l AR5
il A, MOHSENIZE Bt — B0 e R IR, 4
IL-10FRME i A1t A2 CAR-Tregs/E 5 T a5 RE4E+F
R B T R AL, I 5 25 1 5 ko [ b S Ak 4 9%
SN A RE /7, 1% — K I I CAR-Tregs 1l AR S H
PROL T E IS FE.

5 GvHD 16 97 ZUCR ¥ B B L, CAR-
TregsfE 1 844 JR 97 (type 1 diabetes, T1D)H )3 H
W AR I R . WF TR, SR R R B
JERRR N 43 WA AR ) HPi2 ) CAR-Tregs {E 57 Fl % A A
R oK B AT RTRB A PR R A, X AT e 5 RS
F S 5 T B i G B 2 A DR B, AR,
IMAM%E IR S s it 7 4 NS RS « IR
A MR 65(GAD6S )t ¢ 1 CARH Tregs MY g
B TID NJEA /N BRBE AL e D43, 30 RedRr e
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CAR-Tregs

TCR Vy9Vé2

CAR-ydT

MHC-independent killing
recognizes tumors via
NKG2D receptors or CARs,
secreting IFN-y/TNF-o

CAR-NKT

Dual targeting (CAR+TCR)
eliminates tumors through
cytotoxic mechanisms
(perforin/granzyme) and
Th1 cytokines (IFN-y)

TCR Va7.2-Jo33

CD8

Mesothelin

CAR-MAIT

Bl #XEEIESRTAEBT AR SR Z AT AN ERE R R ERIE

Fig.1 Target molecules and mechanisms of action for chimeric antigen receptor cell therapies targeting various non-traditional

T cell subpopulations

VA B 2 i AT, RIS o B AR e ST . AR
% RMEREALSE (multiple sclerosis, MS)HF 77 403k, 8
1) 5 8 /L 2 2 Joft 4 BB B 11 (myelin oligodendrocyte
glycoprotein, MOG) H.[A] i} 1A FoxP3[#] CAR& 1
CD4" T, 75/ FMSHELAL B 7R H 2 3 7R 97 3L
%[30’36]0

CAR-TregsHI N H 7] LAY e 2 5H 2 H & %t
P, a0 E B S MR (autoimmune liver disease
AILD), VA& 35T U0 SR, Tregs KA il
R 55 M IR RE M, X8 —Fh T M R A AN [
P S PR T4 M 1) P9 72 S A, {75 Treg 40 i e
T AN S ) 24 o 5 T D ) IR 0 5 1) 1) 9 E A
N AR TR B, 23 Y B A (citrullinated
vimentin, CV)EN—FE1%¢ 5 &M (R 4 4
TEZR RIS % (theumatoid arthritis, RA)F) & i

MLl A EEEH . ERFEENE, CVEERHEE
IET2150% RAZEE I I 2GR fu s AL b, B
BEME 5RRIE S EEYIM G, T CVIERIE
BT AR S 23 A, RAFFNZE BUI B A3 P T %
THERCVIFCAR, & 7 I i b % 42 T B k1Y
AL IARAS o X — SRBE Ay e 3 1k 1 T S 4%
PRAE T IR VAT R . A TSR], CVES St
CAR-Tregsft RA B W BRI AAAE T o1, KR
iE R ICV R LR IX 26 CAR-Tregs -
CAR-Tregs[FiA 77 N O F& 25 2 Fl s 4 4k
(), BFEMATT A BN SAEVERR . B0
O ML I 3 2 A DG 4 341 FEFERIVR YT
451, ARJOMANDNEJADZ5 6138 1t #u T & 1 $E1]
JiRAH 94 # 4K 5% (adeno-associated viral vector, AAV)
(155 = AR CAR-Tregs, I 1 1 3 THMINT AAV
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Table 1 Clinical trials of chimeric antigen receptor cell therapy targeting non-traditional T-cell subsets
AN 2% 58 | 0 PR 1t B AL &V IE BB W&
Cells and references NCT Target Indication Phase Status
Treg, [2] NCT05234190 HLA-A2 Liver transplant rejection /11 (ongoning) Recruiting
NCT04817774 HLA-A2 Renal transplant rejection /11 (ongoning) Active, not recruiting
NKT cells, [5] NCT03294954 GD2 Neuroblastoma I (ongoning) Active, not recruiting
NCT05487651 CDI19 B-cell malignancies I (ongoning) Recruiting
NCT03774654 CDI19 B-cell malignancies 1 (ongoning) Recruiting
NCT04814004 CDI19 B-cell malignancies I (ongoning) Unknown status
NCT00840853 CD19 ALL, NHL I (ongoning) Active, not recruiting
voT cells, [5] NCT04702841 CD7 T-cell malignancies Early I (ongoning) Unknown status
NCT02656147 CD19 B-cell lymphoma, ALL, CLL I (ongoning) Unknown status
NCT05554939 CD19 NHL /11 (ongoning) Recruiting
NCT04107142 NKG2DL Solid tumors I (ongoning) Unknown status
NCT04796441 CD123 AML NA (ongoning) Unknown status
NA: Hflish k.

NA: not available.

AR S N —— X — IR AEFE T AAV I JE [R]
TBIT IR RS W A7 E . B FUIESE, IXRPTLAAV
CAR-Tregs AN f i 35 $01 1] 508 T4 B i 3 5 A 248
M, AN A AL RS T DU A (1) 4ERF
KRS TE (O AMIEHE R 3 0E 5 (2) FRBE73- Wb G 2 A1)
YRR T (3) A RO R E B, (AR
A2, I3 E sh i VI AR5 (NCT05114837) 1
FEVPAL S FE K HT CD19 CAR-TregsiA T N & K /3
vt 2UPE R EE 4H A 1ML (acute lymphoblastic leuke-
mia, ALL)) 22 A i 521 B8 AEHU IR 2408, A
B R ) B R VA T AT ) B R
1.2 CAR-NKTHHRETT AR R R
NKTH 2 — S MEE CD3"CD56" af T4 iR
TERE, S H AR (natural killer, NK)4H Al 45
TR ITE A 5 TR ReiE B9 HoR & 46 T M iR iz
J5i H ) CD4*CD8* M FH 4 (double positive, DP)i i
YRR B, BE G 5% 0 TN 1 g 12 4y 1 5590,
X ) T 4% 48 T4 ., NKT4H i i 22 0 TCRiA )
1 7S MHC-TRE 40 7 CD L 2 33 1 i 5 RBE i 47t
JR 5760, NKTZH A HE TCR A 22 BE AP R S 7
PERT ) A RS . TR NKTA M, AR A ] A 7Y
NKT(invariant natural killer T cells, iNKT)4H g, {
FHR AT AZ 1) TCRadE (Vo24-Jalg), 354 TR TCRB
HERESE D, IR CD 1A 45 6 1 a- 2= FUHE 5 1 48 0k
[l (a-galactosylceramide, a-GalCer). i 1178 NKT4H
JiL U] 2655 T 2 REAL I TCR, R 5732 (g 44 25610,

INKTHI B ARG >, (AR B RSy, IF B2 o8
a8 WS R R ) 2 B R 2501, 5y S TR MO AR L, NKT
Y1 B LA TROSOE SRR, REBETE B aPT 40 A 52 B3
B 43 AR B H DR S Bl S B AR, I R & B
B A5 L A HE TR 1 97 iR A TR e ) R S S R s
5y, A, NKTE A 5306 22 Fh gl i 8 1 3
o TN 43t RN Th A%, AT AT R0% B2 50 K M Anid
7 B 8 I 258 (62031 NIKCT 4 L 2850 S AT L ) 6455 25 FL
B /UL A S I B 40 B B AR DA s AT %
KBRS SERAN AR T AR RS, XYl
I F B AR P T A S i 2 K R AT L PR 1 A a4k
B AT R RN . AT FIENKZ A, 35
NKG2D. NKp33F1NKp40™, #54r NKTHH Rk
K IECD16(y subunit of Fe receptors, Feyllla), {H'E
TIABEES 5 PR 1 40 i 255 P 1E H (antibody-
dependent cell-mediated cytotoxicity, ADCC)“*1,
20144, HECZEY 55 IF Gt b A\ 2K iINK T4
JH AT 35 R i, A5 JHL R 0 L ) 0 28 B 00 PR R S
PEFLUR GD2 CAR, HIF 78 b 1 AN St il il (e 3t
FER . B CD28EE 4-1BB LA M — 3 4 4 )% 4 it
DhRersmd . A 7RI, Joie CARBEHUN, ixX L&
T FE A6 INKTHH g 5 A8 8 i GD2-CARAI CD 1d 4k #i
PE TCRAE ML A 497 8 4 04 5 BB 19 &
(2, & 4-1BBILAIIBHR ) CARF AR (PRl k5
CD28HEA ) I INK T 1 410 Al [Al - 70 WA 1 7] Thl
RIR AL, B2 R T IFN-y Al GM-CSFEHIF= 4K . 5
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W CAR-THI AR EE , $T GD2 CAR-NK T AMY
F UL B b e MR R G R T, B R AN
R GVHD [P BRI 34 140 SRyt , XUSE ST 14 1
BIL-15FE A B HIGD2 CARE X H Ak, SLI8iE
SZIL-15684 20 503E NK T Y1 HE HUR MR oA 53
(tumor mircroenviroment, TME)FJ#I#I1E . 7EFIZE
TR R S Fh A AR A ) 3 it B S5 HR T T 4
ML A TR e 0 AN e g v 4 150,
A0 JE I A NKTAH M & 5 AR (<0.1% TEH), HRH
B Ak i 4 THI I 25 K R BRAR . HECZEY [A1BA "9
PEHLEE T T 5B cGMPARTE ) NK T 2 255 14 75
R, WA T 41K 96% . CARFIEF N 54%M1
R i, A JE BRI R IR ES (NCT03294954) (1) 7 e
BEOE TR . IX I IR NARB FUIEAL T Rk Bt GD2
CARFIIL-150) A& NK T 7E &2 K /e 1R T 4 B
Y1 R B R e e, WD A SRR 1041 52 K3
WA B SE A G AR, 14 2, 3BT AR e, B
RHIPEAR RN . 75— HEZH 54, TIAN
ZEUNFF T HE R CD19f CAR-NK T i F - T B4 i
AR IR T, AT R I B A L2 R B (CD62LY) I
NK T AE P )R R B H B CD62L- 3V 7 1= 84
(AR AN 38 68 77, HAEAR N 7R B RE I A2 I
[E) T AN HH B S REFE, 1X— R I N CAR-NK T4
HRIE ST SR AL 1B 7 oS
1.3 CAR-ydTZHARTT AR R R

YOTHI L & — 23R 1K vy 7 TCRI 5l A ik B2 41
MOSEAE, o540 I T 0.5%~5.0%, {H7E 74
ZARRE) Fl 2 ()UK L B AR ) 3K S i o i
KBRS I MG A1 4205 26 R 7 4
ITHRIEDNRE T, 551 apT4HAAREL, voTZH
I BACH e Y 38 /e JJM TCREZ AL, A
FyS TN ML LA & 5 i 1, AR % TCRBES AL AT 43
AVEL. V82, VO3 VOSZEW R, HA Vo2ir i+
L5 Vy9RER X T A VYOVS2 TCR, i V1AL A]
52 R vysE A T, Vyove2 TR AE#M & i b 5
T FHUAL, BEAE UL GUAE P AN T 2 RUR B R A
J5; Vel TN FE 25040 T B AR, Hpi il
TN B, FEThREREME L, VyOVe2 THM i Al R
73 W TNF-afll IFN-yZ5 4 2 V4R i 81, T Va1 T
B NG e T 7 AR R B FR AR AR K AT -1 (insulin-like
growth factor-1, IGF-1), fEAHZUEE Ffn O & &t
FE P R A AR U, [EAEERZ, B yeT

Y1 i A 35 B A SR I R A B e, AT N
S0 B Bl i 8 92 1k K B 4T PR R A . v T
M aets oy e, JREd T R EAL AR T A 14
(major histocompatibility complex, MHC)[R il i) /7
SO RS o TR RN THUE , 25z
DL —IB M 2. EANNEE W FLER . BRI
TNFFH KA T2 S HCAA (TNF-related apoptosis-
inducing ligand, TRAIL)F1 FasL %% B 2 4% 48 it 98 4
i, 32 5ADCC. B4, yOTH AL @ i NK A2 44 i
NKG2DHINKp3 05515 751 F1 75 453 fi I8 20 pa 18082531,

20044, RISCHER %S & ¥k il It CAR T 24k
I\ YSTHHM, A A TH 2 (1) GD2FI CD 1945 57+ 14 CAR-
VyYOVE2 T M TE A 71 52 56 v e IR HE T i A 55 14 1)
IFN-yZr iR )R # P D Re ™. b5, 2 IR 72
FAET LS AR BEPUAR (seFv) N EEAl Y 280 CAR
B AYS TN, 7E ML R G i g A s Ao B v
ESE 1 IX R0 B AE AR SR PN 38 B A 2 2 I B iR
TP H T, — TP HTICD19 CAR-ySTAH Y
TEIT ML IR T I R 1056 (NCT02656147)
IEFEHETH B, BEFURIL, 516581 CAR-op T4
FHEE, $TCD19 CAR-ySTHI A AN GEFE W] CD19BHPE
iy £ M, 3 g aE ik YR P ySTCRIAI CD19BA 14
i 20 L, X OBURE [ B ) £E MR IR (zoledronic
acid, ZOL)JIIS T 1 — 0 195, G 208 % 1 s it
JE R IR T EURRTT R T A ) A DY IR PR
R IELEWT S HE 5 CD20. CD7. CDI123% iR 4
PR 1) CAR-ySTHH L 7E L35 2R G0 % P Jir g o (1 7
FARTEE, i Tyd T4 B A R IR A B IR
TR REI R IRGE J , LR SRk g v T Hh B
L. Bk, EEHAT R R IR (NCT04107142)
fiti 7 3T NKG2D ) CAR-ySTHH I 7E 2 Fl 52 % /M TG
PESAR IR (ngs B e . = BIYEFLARE . AR
e VAT 20T, NKG2DJE IR CARfE F N2
NKG2D 1 a4 25 A6 38 A i R R 3 X, S0 ) 8 B
IS 5 B b 2235 B NK G2DEC A 293, Vy9o Va2 4 ity
Br 7 B AR PRGN R AN, I AT DL A 5R K I
Ll i 233 41 i (antigen-presenting cells, APC), E
P28 X5 3 iR A S R ) RE 9T
1.4 CAR-MAITZHMTT AR R i R

MAITHH A& — Kkt Em R TR RAT
YA, 32 B T RO R 2 21 04T, ax 2k
e AR SR>, 2 BRSO R, &
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BLZ /D NI B A Bk B KT P8, MATTZH
FIEFA B IR AIPE ) ofT TCR, A% 5P 150
HIAEZ S TEMHC A7 7 MRS AR
JR O, ARYE R bR EMHI RIS, NEMAITSH
WA 73 AN TRIEAE, Forp A0 JE I b 6 MATT4E i 5=
%y CD8PHPEEL CD4/CD8 M P MR AL . (HfFHE =
12, MAITAH M BE nf i i TCRAK A M s 42, thniE
I TCRUCIE IBAR IO, I H 5 K (%) 24 it 75 4
Dihe o100, HA AL A FE - F LR . IR
B. TNFAHIH 1275 FECAK 10(tumor necrosis factor
superfamily member 10, TNFSF10)F1 FasHc 42541 iy
BT, RN IERE ™ L T4 & -y(interferon-gamma,
IFN-y). M8 PRFEIA-F (tumor necrosis factor, TNF).
o 20 B — 15 Wk 4 B B 7 Rl (granulocyte-macro-
phage colony-stimulating factor, GM-CSF)AI [ 41 Jit)
42 -17(interleukin-17, TL-17)%% 22 F e 48 40 i X 1~
T X e A R A R A S A R
TN S5 B S e i P 45 B9, itk Ah , MATT4H
Ji 3 ik 145 NKG2D. NKp33 A1 NKp407E A i £
Fh B AR R AL A TS A AR, IX B2 AR — P 5 |
A P PO

AR, & PUR ZARE ) CAR-MAITs A
HMEF UM 7152 B2 RiE . WP T R
7N, CAR-MAITSTESE 1] CD19AI A R F A K R F 52
{A&2(human epidermal growth factor receptor 2, HER2)
S MR AR OGP RN, I k3 I 2 B B 1 AR AN
R AP A PERRIE . IX 655 58 CAR-MAITSIT 2
TE MR S VR T U R it T SEER AR, TN
Hlt—B I R ee 7wl . BARmE, AL
], CAR-MAITs MY JEBLH T 5 CAR-TAH A 241
A EEE, T HAERLESE DL, HoR RO LR Ny
R, [FIRREE T AR 2 il 1, X — K
N CAR-MAITSTEAE V6 TT H RS2 158G /)
B HF. BbAl, —I0F 3D/ TAM/TAH i 2848 &
B IR R R BB FE it — D878 T CAR-MAITs/E TME
I T AR R T TAMB) %2 910 Dhae, 45
REIR, PUlA & CAR-MAITsAE S 7F I FR 53 b {3
FEHPUMREME DY), X —Re I 4ERF ] e 5 CAR-
MAITsid s H 5 SR 05 4 0 32 A4 (NK 24K ) AT T
YN 5244 (T cell receptor, TCR) EL$Z 48 [7] TAMA 5%,
T 58 R T S 92 ) (1 B A O . A SR IE S FRAT]
A] L3 1 s B 4 5 AN A I HA% 40 Y (peripheral

blood mononuclear cells, PBMCs)H AE 5l #E 7] 7] Ji7
Z I CAR-MAITHT fifg 1041951, — AN By M2k B
Wk £ i %) — R 2R 2% B B IR, AR T G g e g
TR R, I R B 2R ) CAR-THH M () 40 Al 2 74 B
JIRKAZ B4, 1 ¥ [ 7] )7 25 1) CAR-MAIT 41 g
TREE T H AR 2y, IX AT RE 2 T eEq s
NKJEA 22 AR FIMAIT TCR B4R 5 TAMs!®, iX 4t
SERELI, CARTFEAL 1 MATTHH i 7F S A8 o %o}
TAMs B A H AR a8 7, IEdi/b ok H TAMsAl
FE AU D 4 B S 28 1) G 2 400 1) SR 1 5 e R R 9 0
BOHINEUST% "4 /) CD19 CAR T.F2{L MAIT
iR 7, X SR YA T M MATTZN A AT LLAE I R BT
P ERBE /N SR R RS A T AN 22 51 R B AR PaE 0%
(GvHD), iX 5 CD19%# 7] ] CAR-TA AN [F] . AT,
JUE I BE BT 58 9 CAR-MAITs N B S 34k 1 A
WIS S, (AEE BT, WA EM IR RS R B
BLIRUECAR-MAITSTE AR P 197 R0RN 2 4tk o DR,
KK TE T ERET RIS EMNIE R RS T E,
LU CAR-MATTs M S 56 % 75 1] I PR S FH (iR A2
XA ) R 8 R R A e SR R BT KR T
PR B0,

2 A THRICART A SRS

bEE S iR RE K g, CARBORTE & FhE
A& 48 T2 WA Fh 1 SR 2 e L HH L 7). ax et
HHHITIE S H B MRS, R s — i 1
SRR TE(FR2).

CAR-Tregsy7 15545 Tregs i o 2 f0HFME | B
WA G I B S e OB, TR B e e PR
FIFEAEHE S5 SR U010, Tregs i) DLE L 5 % fa
A k> FE B SLRRA WL AAR e 52 A g D071 08 1L
AL, TregsBEWAEAR AN 1S, FEAE IR AR A5 e 2
R GF ()2 A VA 2 1 . SR, A DR ) 2
Sl Tregs Al Re 27 k)2 B ARRE e M S 2 ], 184
or R G e i XS U314 Tregs i AiE 3 DA 7 R AR
gl B RN, W FOXP3RAL . 7
IL2RA (PR CD25) RAS [ AN o & A B 14 5 & f
PEPEPIR o FFE I HLASEAL LR 58 DL B 5 %)%
PR ¢, —LeSEA LR 2 B & e it by L A
T BER ORISR R 1O Rl i — I SRR B, AR
GoodpastureZ i (—Fi 1 TV i Ik e P CD4* T
HM AT B B S B M), Tregs4h & IKTE
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Table 2 Advantages, disadvantages, and future development challenges of chimeric antigen receptor cell therapies targeting

various non-traditional T cell subpopulations

i) et Bl A AT ESE S 10 M R 3o 10E e
Cell type Features Advantage Disadvantage Challenge Clinical trial progress
CAR-Tregs  The expression of Strong immunosuppres- Difficult to amplify, Non-specific suppres- Phase I clinical trials
regulatory mark- sive function, capable unstable, and may sion may increase primarily for liver and
ers such as FOXP3 of suppressing autoim- convert into effector  the risk of infection kidney organ transplants,
relies on cytokines mune responses, with T cells and cancer, while its and exploratory studies for
like IL-2 to maintain  potential for treating persistence in the body  type | diabetes and multiple
function autoimmune diseases and is limited sclerosis
GvHD (graft-versus-host
disease)
CAR-NKT Recognizes lipid Dual-targeted Low frequency in Enhance persistence Early-phase clinical trials
antigens presented (CAR+TCR). peripheral blood, within the body. for neuroblastoma and
by CD1d. No risk of GvHD, with with short persis- Optimize amplification ~ lymphoma
Exhibits both innate ~ strong tumor microen- tence in vivo. protocols.
and adaptive im- vironment penetration Low amplification Low infiltration effi-
mune functions capability efficiency. May in- ciency in solid tumors.
duce CRS (cytokine  Challenging to scale up
release syndrome) production
CAR-y8T Combines NK-like MHC-independent kill- High heterogeneity Subpopulation selec- Phase /11 trials for hema-
killing with APC ing. (V81/V82 subpopu- tion standardization. tologic malignancies (e.g.,
function. Potent antitumor activity.  lations exhibit dis- Overcoming tumor multiple myeloma).
High tissue penetra-  Significant potential tinct functions), with ~ microenvironment sup-  Early-stage studies for solid
bility. against solid tumors. the V&1 subpopu- pression. tumors (e.g., breast cancer)
Strong ability to in- Low risk of graft-versus-  lation potentially Reducing off-target
filtrate solid tumors host disease. promoting tumori- toxicity
Capable of cross-activat-  genesis.
ing other immune cells Depletion phenotype
control
CAR-MAIT  Expresses MR1- Mucosal tissue enrich- Scarce in quantity, A stable amplification No registered clinical trials
restricted TCR. ment, suitable for muco-  difficult to amplify, system must be estab- are currently available.

Secretes cytokines
such as IL-17 and
IFN-y.

Innate immune

memory function

sa-associated tumors.
Rapid response to mi-
crobial metabolites (e.g.,
vitamin B derivatives)
against solid tumors (es-
pecially liver/colorectal
cancer), with significant
potential for allogeneic

therapy

and currently limited
in target develop-

ment

lished, and the mecha-
nisms regulating its in
vivo function must be
elucidated.

In vivo safety and
persistence must be
validated

Research is primarily fo-
cused on preclinical studies
targeting colorectal cancer

and lung cancer
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il 1 40 g (myeloid-derived suppressor cells, MD-
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R AEIFN-y = A2 J7 T8I, PRI T NKTZH 58 5
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