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[ Abstract]  Neuroimmunological diseases are immune-mediated neurological disorders,
such as neuromyelitis optica spectrum disorders, multiple sclerosis, and myasthenia gravis. With
several monoclonal antibodies that target B cells approved and marketed, the treatment of
neuroimmune diseases experienced rapid advances. Despite these successes, challenges remain,
particularly for patients who do not respond to conventional therapies, underscoring the need for
innovative approaches. Since initial success in the treatment of B cell-derived malignancies, chimeric
antigen receptor T (CAR-T) cell therapy as a novel cellular therapy has shown dramatic therapeutic
potential in neuroimmunological diseases recently. In this review, the therapeutic evidence, research
progress and the challenges of CAR-T cell therapies targeting B cells in neuroimmunological diseases
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are summarized, providing a novel perspective for the treatment of neuroimmunological diseases.
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(neuromyelitis optica spectrum disorder, NMOSD) \ 75 *%-F4 75

25 4 fF (Guillain-Barré syndrome, GBS) Fil 5 5 L J& H1
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I P P ) 0 7 B A A RS T T R A, e
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JEL i B 41 ML FE 58 , 73 TC 1A s il RE R s R A R
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TG TT T RS R TS BR BANIEAIRE ) . ALRIR B TE R
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AR 22 S P MR IR TT T SNV T, AR TR BOR S
T PR

SCHRE R4 P E 2R PubMed . Web of Science £ #ji
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¥ 22 18] : “multiple sclerosis” and ( “neuromyelitis optica” OR
“neuromyelitis optica spectrum disorder” ) and “myasthenia
gravis”  and  “chronic inflammatory demyelinating
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Figure 1 [llustration of chimeric antigen receptor T cells treatment process (Original picture

by the authors of this article)
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Figure 2 [llustration of chimeric antigen receptor T cells’ structure (Original picture by the authors of this article)
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Table 1 Published clinical evidence of chimeric antigen receptor T cell therapy for neuroimmunological diseases
‘ ——
s 44 s CAR-THI S I Gt
MS'S) CDI9  0.5x10° CAR TN/ K42 33 SREEERER KT REAE AR« e S g 7K Y-
FRBEMERE : 300 mg/m*x3 d Fh IR T
FIEHIIE :30 mg/m™3 d 14% CRS
H & ICANS
NMOSD! BCMA  0.5x10°CAR'T4ifi/kg (n=3)  5.5(1~14) FrA & ML AQP4 B AR 4 B AL, R R « I 40 fTis /> |
1.0x10° CAR'T #ififi/kg (n=9) 11491(92% ) i35 SR T2 ) 2 S
FBEBERY : S00 mg/m’>3 d 5 — WBEVT I, T AT 3 1Y EDSS 24 CRS
SIBHIE : 30 mg/m?x3 d VAT A SR R AR F % ICANS
CIpp'®' CD19/BCMA  1.0x10° CAR'T 4l Jfi/kg 12 GMAFL AT GD3 HLAAE K ARSI : A AR
FBEBER : S00 mg/m™3 d WU WA E b phze Rz e R &4 CRS
SRILPLIE : 30 mg/m*x3 d SR 2 R A 20 e AR BRI R & TICANS
e
S TCZ G
MG BCMA  3.5x10°CAR'T 4fifl/kg 5(3~9)  AChR I KTFREAL NN FATET S I NN
17.5%10° CAR'T 41l it /kg MG-ADL, QMG MGC il MG-QOL15r %4k
52.5%10° CAR'T 4 it /kg AR KA CRS
Al FH b B2 20 B Bk Ak 2R T F KA ICANS
MG BCMA  1.0x10°CAR'T 4fifffl/kg 18 AChR UK BRI AR KL R < I 20 ek 2> |
FBEIENE : 500 mg/m*x3 d MuSK Bt 47K T FEA 55 240 o g 5 R
FIEHIIE : 30 mg/m™3 d MG-ADL, QMG MG-QOL15r 1 mRS 1%%CRS
PO REAR F % ICANS
SEBEREREE: WG T
MG CD19  1x10° CAR'T 4N/ sk 24 26 2 AChR FUA KA RS Sk F- T
BRI : 300 mg/m’>3 d Besinger Fll QMG P4 AREACRS
SIAHIEE : 30 mg/m?x3 d LR g s B AT B 1 KK H:ICANS
MGAFFLEMS™  CD19  1x10° CAR'T At/ Sk 4452 53 AChRHUHAIKT-FEAK 24% CRS
FRBABERL : 300 mg/m’x3 d MG-ADL I QMG P43 B I 14(ICANS
SIKPIEE 130 mg/m?x3 d i e A TR B
MG £ JF RAPY CD19  1xX10° CAR'T M/ Sk 45 2% 5 AChRALIAR KA AE A 144 CRS
AW : 300 mg/m’>3 d MG-ADL HI QMG P4 (% RFHEICANS
FILPIEE : 30 mg/m*x3 d
MG CD19/BCMA  1.0x10° CAR™T 4l fitl/kg 7 AChRHLfAK AR A RN - S5 | EIE
FWERERE : 300 mg/m™x3 d MG-ADL A QMG ¥4 [ I W T
SIAHIE : 30 mg/m?x3 d K% CRS
KA ICANS
MOGAD'™! CD19 1.0x10° CAR*T 4iiifd /kg 12 MOG Hi (4K PR K J L CRS
FRBEE I : 300 mg/m™3 d S TC G % i KA ICANS
SAB I : 30 mg/m?x3 d Ji FIAEBE MR LA M2 OCT 3751k
Spsi* CD19  1x10° CAR'TANM/ K 4525 6 GAD6S HL A /KT FE A AN BB« AR 590
PR WAL : 300 mg/m’x3 d MAS NRS P43 T [ Y UEAY NN )
FIAHIEE - 30 mg/m?™x3 d 5.5 mAAT R N fig7K P T
ANTR) WA TR B 24% CRS
KA ICANS
ASS! cD19 1.0x10° CAR'T 4 i /kg 3 Jo-1 B FEAIR 14 CRS
RN : 1 000 mg/m?x3 d MU WL R 2K Rk R A ICANS
SRILPLIE : 25 mg/m’x3 d WLPA T2 i
T KA AT R B 3
JUL AL 92 HiE i 6 E 73R
ASSP® CD19  1.23x10° CAR'T 4ifil/kg 8 Jo-1 FUHA R WA AR R L e

PRI - 1 000 mg/m?3 d
SRIKPLIE : 25 mg/m*x3 d

1L UG KT B A1

19 CRS

Be A AT 3 LR 0 BRI AR R A2 TCANS
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&gkl
o 41 i CAR-THI e b Gt
IMNM"™" CD19 1.0x10° CAR™T 4fifd/kg 6 SRP HL 4K - AR K% CRS
FRWERE I : 500 mg/m™3 d LT HILTE RT3 S K- R A1 A KA ICANS
ST : 30 mg/m*x3 d LR g ke
HILPA 92 SiE B3
IMNM"® BCMA  1.0x10° CAR'T 4fiJifi/kg 18 SRPHUIA \Ro52 LM SSA LMK AN RSN - 1 246 A i 2>
FRBAIENE : 500 mg/m*x3 d 42038 144 CRS
SRILPIE : 30 mg/m*x3 d ML 375 SR RN LZL 5 11 K P B A K%M ICANS
WUPA F3 S B30, 5% s WL PR 2 sk >
S TG 2 R

1 MS: Z R ; CAR it B BUSZ K s CRS : 40 DA F B 2R B A1 s ICANS : G 5800, 4R ML AH DG 2 B MR LR G AE ;s NMOSD - UM 21 4
T P s BCMA « B AN ALADTA s AQP4 : /KB I 2 11 4; EDSS : 97 JE R BOIRAS 138 5 CIDP - 18 M A ME BB P 22 2% ME M AR 229 ; MG T
WULTE 77 5 AChR : Z Bk AR A 32 1 5 MuSK : WL PA) 4 55 1 32 1 16 22 BR U8l 5 MG-ADL: TAE LG 1 H 4 3% 8h & 3% 5 QMG FOE WLJG 1 2 9P 4% 5
MG-QOL15r: FREALIC 7 15 T AL 3% B PES)> s mRS : 24 B Rankin f3% ; LEMS : Lambert-Eaton JJUJE JJZE G 1E s RA : 28 KR ST 4 s MOGAD - #6450
5 8 I 440 M AR 10 AR AH S B0 5 MRL: 1 eI J80 5 s OCT - 24 4 1 W 2 434 5 SPS: 8 N 2R G 1IF s GAD6S : 4% %2 182 I F2 8 653 MAS: Il B
Ashworth T35 ; NRS: BUFTEE 5355 ASS : W5 TR L S AE s IMNM : GuZs /- SR IR FENE LG ; SRP : (5 5 1R UL ; SSA : TR 255 1E A

K2 PUBHCE S T(CAR-T) 4 LI Y7 i 2 G A i T W 16 PR 16

Table 2 Ongoing clinical trials of chimeric antigen receptor T cell therapy for neuroimmunological diseases

o 44 MRS CARTAMREE CARTAE  NeTH AP matew mE
A5 Rk BRI SR MS CD19 CAR-T KYV-101  NCT06138132 1] 3% P
MR P HE R MS CD19 CAR-T KYV-101  NCT06451159 1]  #f7d, iMkdpss £

M v P I & R AN AR K R A MS CD19 CAR-T KYV-101  NCT06384976 1]  #fiHh, ki £H
NMOSD .GMG ,MS ,CIDP CD19/BCMA i Jf] CAR-T AP NCT06485232 1] i A 5 i
B RZMAMS MG NMOSD .IMNM ~ CD20/BCMA  CAR-T C-CAR168 NCT06249438 1] {55 i
NMOSD MG ,CIDP \MS ,AE . MOGAD , BCMA  CAR-T CT103A  NCT04561557 11 4% i

IIM ,POEMS £ 4 fiF

AT Bk T MS CD19 CAR-T YTB323  NCT06675864 T /I#H AL SN IR
B RTINS CD19 CAR-T YTB323  NCT06617793 1/II4H $A%erh BRI
52 RAMS A MS HER MG CD19 NEX-T CAR-T CC-97540 NCT06220201 14 A% %
R MS CD19 [F] b 54 CAR-T Azer-Cel ~ NCT06680037 T3] i BS
52 KA NMOSD KR % NMOSD CD19 CAR-T AP NCT05828212 T i i
SR RRIMETR ) AQP4+NMOSD CD19/CD20  CAR-T AP NCT03605238 T 4l EHE
HE L AQPA+NMOSD BCMA  lJf] CAR-T BRL-302  NCT06633042 1M1  WiRins: e
1IM ,MS .NMOSD . MG CD19 CAR-T RD06-04  NCT06548620 T M  iiRHsE i
MGt GMG CD19/BCMA  CAR-T ATE NCT06371040 13  #i35h EaE|
MR HEMG CD19 CAR-T ATE NCT05828225 14 % i
MeiatE GMG CD19 CAR-T KYV-101  NCT06193889 [13] 3% B
GMG BCMA  mRNA CAR-T Descartes-08 NCT04146051 114 A% ESE|
MeidHE GMG BCMA  mRNA CAR-T SYS6020  NCT06688435 1]  iAk4psE EaE|
Mgt GMG CD19/BCMA  FasT CAR-T GCOI2F  NCT06419166 1]  R5E EaE|
GMG BCMA  CAR-T Anito-cel  NCT06626919 1] 55 ESE|
GMG CD19 CAR-T CABA-201  NCT06359041 1/I1M] 455 ESE|
MuSK'™MG MuSK MuSK-CAART NS NCT05451212 1 # %5 B
SPS CD19 CAR-T KYV-101  NCT06588491 T  fHZEh eS|
SPS.IIM CD20 [F) b 544 CAR-T ADI-001  NCT06375993 11  4fZEd ESE|

TE - MS: £ L PERE AL s NMOSD « #0025 8 28 1% 225005 5 GMG « 4> 5 B F 4 JJLJG 7 s BOMA : B 4TS AT IS s CIDP - 48 1 58 M Bt 1 22 &
AR AR L s MG« FEAENLIC ST 5 TIM < 455 Pk RAE VRNV 5 AR : [ B G e PERN 58 s MOGAD - B /1 5 J5¢ I 41 BB 25 1 A AH SS90 5 SPS - fRE A
ZEBAE s AQP4 - K T T 1 45 MuSK : JUL A 5 32 R 15 o P o il
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A0ME . CAR-T 20 M0 ) 20 25 35 ol ol e A6 7 R 3R 4
— IG5 48 FH 4 AU AL CD19-CAR-T 41 it (KYV-101) 3377
2 {5k e B MS B3 IR YT IR AE R I E TR T LSS B CAR-T
ANME RIS RS B PR 2 R[] I N AT A B ek
AL BT, 245 F CAR-TAUHLIAYT MS M1l RIS 1 76
AT

2.NMOSD : NMOSD J2& LAHL I 28 A5 i 52 320 F 9= %
PEPAXHE 22 R 58 A B e YR PR BRI , Bkt , ok
Jp3 F L i K 38 38 2K A 4 (aquaporin 4, AQP4) LK &
AQPA AT AMA R G, 05 BB IR B4 i , 51 A h A b
ZRGERMEWRER AR . — IR E Y TG R £
BCMA-CAR-T il , 78 2 N5 KPR iRd7r T 12 6182 K& 5
HMEJA T AQPA+NMOSD [, fiKf 52 14 122 4xk RL4F, I T
M TEBRECRHEUIR T  BIESE AT BAE— 25 DA B4 K -
FGiH%: T CAR-T A1 i #E NMOSD 8 3 14 4 1) sh & 28 fk 4
W, A RAE X 28 2R 8 BRI A3 F-RAE , S CAR-T
240 M RE 5 2 3 L 57 B, T R A PP A R 22 R G 1Y S
AN, DSBS E BRI 530, DT 55 R Al 28 R G
FREEETLRAS A HE PR S e ™. XL Bk CAR-T
A0S AE NMOSD H g R AR A T 2 A R A e

3.0 M 8 M Mt OB P 22 M i 28 AR 220 (chironic
inflammatory demyelinating polyradiculoneuropathy, CIDP) :
CIDP 2 —Fi Jil [l $h 22 R ¢ B B S B , 5 iE Ay 1 e e
B S A Rl 2R BB AR O, £ 2R AR S 28R i R L
JBAATE T S S A AR . CIDP iy 40 S e
PR LR T (EE B B B S Be ik S N i) BT AT A
B 280 CIDP S5 VR A A I 8 B0 P 4, #E ) B
MO AR S R 2 AR K L 29 10%~15% 1Y
CIDP (B PR PR LT HURB © 4% XRS5 55 X A 1 hiik . X
S A FRPE Y CIDP S8 5 T X S e Bk 1 b i VR P RCR
A i X 1) B 20 A B R A 2 24 20% HY
CIDP B X PR Bz L) b B9 S eI T ROCR A 2 J0%0, FR
HHEIR T CIDP™ . — I3 (4R 45 H i CD19/BCMA XUHE
S CAR-T 4 MLIGYT 1 BIMEVS M CIDP 83 7EIR YT 5 (%
SEARFF S, LA 1 R AEIR Y7 )5 180 d LT 58 k&
TE VAR BETIN: , F825 45 FH BT AT S 2 400 i 59 EL JC 9 s 52 4 e
G e A VETT I, R WA B >R )3 58 R o A
(Common Terminology Criteria for Adverse Events, CTCAE)
2PN R 12 B CAR-T 4l il iR YT CIDP 4R AL 1
—ELRE H P Bz E AR UESON T, i A B E H
XA 2R CIDP 1A &0t . FE T L], F SrpuiA ik
(1) CIDP 8 4% 5] fE CAR-T 40 IAYT 3k 2k

4.MG: MG 2R 1y iy A ST T i #h - LA H2 3k
(neuromuscular junction , NMJ) 1% i B i () # 28 G e 9530 , -
4 Bl Ry B L S PEIC ) R BRI 57 . LRI
Z Ak (acetylcholine receptor, AChR) $t PRAE MG % % Fh e 52
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