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Abstract: Rheumatic immune diseases are chronic disorders driven by autoimmune dysregulation. Conventional
pharmacotherapies, including nonsteroidal anti-inflammatory drugs (NSAIDs), glucocorticoids, and disease-modifying
antirheumatic drugs (DMARDs), have significant limitations such as systemic toxicity, infection risk, and failure to achieve
sustained immunological remission. Cell-based therapies have recently emerged as groundbreaking strategies with the
potential to reset immune tolerance and induce deep remission. This review systematically advances the understanding of two
major cellular approaches: chimeric antigen receptor (CAR)-T cell therapy and stem cell therapy. CAR-T therapy targeting B-
cell surface antigens, particularly CD19 and BCMA, induces rapid and profound B-cell depletion, leading to remarkable
clinical responses in refractory systemic lupus erythematosus (SLE), rheumatoid arthritis (RA), immune-mediated necrotizing
myopathy (IMNM), and systemic sclerosis (SSc). Emerging innovations, including logic-gated CAR-T, RNA-engineered
CAR-T (rCAR-T), allogeneic CRISPR-edited CAR-T, and CAR-natural killer (NK) cells, are enhancing safety, scalability,
and accessibility. Fourth-generation CAR-T cells engineered to secrete anti-inflammatory cytokines (e.g., anti-IL-6, anti-
TNFa) have shown feasibility in early-phase trials for RA. Parallel advancements in stem cell therapy demonstrate that
mesenchymal stem cells (MSCs) modulate inflammatory microenvironments through paracrine signaling and cell-cell
contact, improving outcomes in SLE, RA, multiple sclerosis (MS), and Sjogren’s syndrome (SS). Hematopoietic stem cell
transplantation (HSCT) offers long-term, drug-free remission in severe refractory cases by resetting the immune system, with
established efficacy in SSc and MS. Despite these breakthroughs, challenges including optimal target selection, long-term
safety (e.g., infection risk), high costs, and manufacturing complexities remain. Future directions involve gene editing
(CRISPR/Cas9), combination regimens, and personalized protocols to translate these therapies from bench to bedside.
Collectively, cell-based therapies hold the potential to achieve deep remission or even functional cure for rheumatic immune
diseases.

Cell-Based Therapies for Rheumatic Inmune Diseases
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KREPES W (rtheumatic disease) & —H R KH  H1E(Sjogren’s syndrome, SS) i B HH K
50 LR B S, U AR G LUIER E (ankylosing spondylitis, AS) % . JT4FK, IgG4HHK
(12 PG . WIRPERE A ZFh 24 BZ280 PP . VEXASm(vacuoles,E1 enzyme, X-linked,
5 H B0 R w U, B W FERXIE  autoinflammatory, somatic ) 255 1E 45 Z R0 i XS
KT R (rheumatoid arthritis, RA) \RAEMELABR R EEHZRNE N, HETEERA SR A
J& (systemic lupus erythematosus,SLE)!" FHgs MBI AR B ETE , AR E R E RS R
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BRI 223 a2 3 KU 52 19 & 9
NE R S AT AR K DA R8s, Y
H B o2 2 A28 00077 N\, Hyfh i s 4045
1%, 25 B IR PR 70

W S is AL G it I 7 L2 nin sy oh &, £
fuFHAE 84K PT % 24 (nonsteroidal anti-inflammatory
drugs,NSAIDs) ¥ {7 i & (glucocorticoid, GC) |
2l 95 1 B BT XGRS % 2 (disease modifying anti-
rheumatic drugs, DMARDs) ., HH ,/NpF
DMARDsZ54) , T AR il 7732 8 O B8 $, X
L2y i A JAE 55 I, UNTAK -STATE % A
FEAER , BA D IRAE R AN T 20 T R
PIAE, Al )2 W H T RA (SLE  ASS5 (1Y
TR, IX L2 ) 32 B i ] SR - (AN TNF-a
IL-6 IL-1) B Hee 58 2 i (LB 20 L RN T4 f ) Sl s
RIS KLUk, W B I6 A 1 Bt s
S B[R] T I ) B2 X, A VAT T AR ME
TR A BB 8 S 52, B3k 2 i K
SRt , ME LR IR ELIE 1Y) SR 2 i AR T 5 W e
RIS AT 2N TS PRI A Ty S, 30 L T 1 o
W WA AEGER ZEdl FI2 25 2 80
B R GEAM ], R KBS 3G I, 38 v] RE S R L
R T RS R O

5T, ARG T IR R e B TR 7 I B 5 34
SR A PR Z R T (chimeric antigen
receptor T cell, CAR-T){GJ7 T 4HMEIAIT 5. 5
T GE AN AR L, 40 IG YT AT e R A D i 4
SRR, HAA S0 R 5 2 00 1 4 B il
A SCEFIR T I AR XN B 95 s 240 LG 97 1Y) e
&, BAE R X A B TR I I A 0T i 4t (b S %
HT 200 B 7 e KGR SR 58 i VT P I 0 R R
RIEDT 0]

1 CAR-TZHBEEIT

CAR-THI M7 & — PRI 9 e 107 ik,
T R R T AR O R BTN, (i R BERE IR
SRR 8 PR R A A2 AR o 3K S0 IS Y T 240 M Bk
R AR EIRNIG , BEUS St R ) 5 el 3
K AP AN . TRk, CAR-TAN MLy 7 ik e
FEVRYT S T 2 N OB R R A B g
I 4TI

CAR-THNMay7 v i 3L P T AR R e s T

A, LR R I B PR AZ 4% (chimeric antigen
receptor, CAR) ). CARFH 4304341 h% - Pt iR 53k
(il H A HEE YUK i BE (single chain antibody
fragment, scFv) B8k X (FEALLhH) RIGPE) (5 iR de
(R T AR ) A A5 5 Bl (S T4 A A 1 2
) o 2B B A5 B v BT B AR VT e B
SRR %) 240 B A S ) 248 L 254 ] (antibody-dependent
cell mediated cytotoxicity, ADCC )& BRIEFF B,
TR IR P 235 v TS B A S5 30 67 1) 4 2 4 B B A
i, e O P AL B AR M A4 3 B A AR e 2, B
SLE 8 3 H T M A8 188 28 40 B 7 W5 36 P PRI
iF— D HI S5 BAMLIE BRI . Bk, A B PB4
MITEWR L A8 B 32 BHLUP LA 7E . CAR-TZHAE
REfE S OB BT, 11CD19,CD20.,.CD38
FIBCMAKRE SRR BRBAN AL, M Jsi = B4R /=
() 1 B 528 9% , tNSLE \RA . £ & PEA# 1L (multiple
sclerosis, MS)Z£HAEIR . 5 B TERENIIAA L, CAR-
THIM AT 175 T BAN LAY PR R 2 ke s , A B H sk g
B G 04 e PRI 2 58 A G L1314
1.1 #E[ECD19HICAR-THRE

I PRI 2 WL [l CD 19 CAR-THH it 75 X
MR A T R I S T AL, BRI FE v B4
MU IF75 S I R A I 37 2% 2 i

20214F , Mougiakakos%5 > ¥ 4R 45 T CD194f
[ 1Y) CAR-TAH SIS AT 7 XA P SLE 1l R AR 1,
A T H S RBERET e, — & EXEE
P SLEAE R 2 P 8 35 28 ok Z2 R G e S0 ) 5] (B 45 A1)
T E BB DL BB ) WG I RORANE SRR R AR
B, BANAAN B S RN AP AR . TTCAR-
T2 e v A A AR P i R TR G, HL 5 7
JANFFEERT R Y o FEZI6YT 5 A B R G, 1l
THHMARKEIE# 4L, SLEIE 345 8 (SLEDAT) 3
Sr R 20, [F] B B2 M e 46 1 58 R |, J5 2B AN iR
DAGIHERS S 32, SR R0 3 S B 1 e DRORI LR 27 % fie
AR R . AN RN AU 58 5 20 i A
F R ZE A 1E (cytokine release syndrome, CRS), J&
FE N R F ., 20224F , [A]— P BAX 567 5 1 2l B
SLEE 3 fii i CAR-THI MY, thn SC B0 1 Il RAEIR | 52
AR A B ST 1Y 23 DL S B4 AR %) 1 BR A0 E
VS HAEE A, VAT E B R APk
FOEIFA R 2 T B, R CAR-THH M AURF =%
X B B tEbiik ., 20244F , 55— o7 W) i —
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BBAE T 5 CD 19 CAR-TAA il /844 SLEH: %
IR AL, B R S8 T I PRZE /% (SLEDAL-
2K R0) , HAEK 35294 H iR 1 o R gL 3] 95
RN,

R T SLESI , CAR-TAH LT ¥RV 2 HoAhMER
P XU SR A7 3kt B 38 A s AR 96 UE 52, 4
FEEAEALIC I (myasthenia gravis,MG) (18] AT
MSP2O R 2 RS B
1.2 ¥@BEE A CAR-THRE

B T CD194h, #8 [n] BAH LA A7 177 22 48 sk W] b6
5, BB AN IEH FBCMA .CD20 ,CD22 .CD38
o 20244F , AL BB A BN IE T 1 648 A 4t
BCMARCAR-TAHMLY 7 IR P HEB HED U 5 R
#i (signal recognition particle, SRP)IRFENE AL
(immune-mediated necrotizing myopathy ,IMNM ) 1]
Y ERE R T AR EIR T IR R A &
VERERCAE IR , 283 L [ BCMA I CAR-TZR AT T
SEER T ER e AN A WAL BB E 9N H e 42
VEIEF WL, 184 A B 4E R 2 & ) A Wibr i
B (LT CK PTSRPHIFTR oS 2P ) Fl s FE 4
BT, — 0 [A] i 4 [ BCMAFICD 19/ % 4 CAR-TZH
MEI6 97 SLEAYIG RIS , iR T & A #U 5 CAR-T
BT TESLER i 22 Ve g &k 200, I CAR-T
B S TR AR TR L

JLAE CD20HICD2245 HoAt BAR i 2 i bt J5 L 9t
FHFCAR-TIRYT BN LG MR AR H B e
IHIT H AL TIm IR AT IRSE B B . CD38FIBCMA &
P I 20 B v s I B AP P, SLEF— 28
Hofth 7 B S8 95055 19 JE =X PT R AR 3 A i
I, R R CD 19 BN LA K CD 38" 41 Jifd 1)
CAR-TZHMf, AT BESSTE A B S 3R 7 h R 45
UFPER At N TERE . AR LIRS %R
LB AR AR YT KU S 20 1V 7E B AN A R A5 1Y
ATREME
1.3 FHBICARHPETTHAHRFKRK A @

CAR-THi Y7 2 76 A W g e . A AR
CAR-TH7 & A A 7, R (2~4 08 )  MELLH R 2
PEFE R FE TR, AAKRCAR-THI AR LL , 544
HIBICAR-TYT i LB A TGIT LA A 40 A 5T =
TRITRCR A RVE ] e HE R A i
BHIEA TG EEF . 20244F 1R 1 BF 2% A BA
RFHE (Cell) WISCF /R T FFHCRISPR-Cas93

i AR (e BRI ) L 15] CD191% CAR-T
RS T I P T ARG, T & TR — 1 Sk
W HRICAR-TIF ETyU19, I Iiay7 T 1A T
IMNM & # F12 1 75 18 M R Bk & 40 M6 Ak e
(systemic sclerosis,SSc) i . TEIRYTE 671 H 1kl
Vi), 344 FEE e IR Y A5 B UR B 28 i, B I IR
SN HR BT b 3 G, ARE R B 27 A A A5 2]
Wik, H ICCRSEH A ™ FAN B4, i 38 F4qm
FHRICAR-TAMIAEIRYT ™ BEMEG T A B P 7
T ELA o 2 A MR v 22

55 P04 CD 190 [ 1Y CAR-T 40 gy 7 vk o 76 45
TAREEE —ARCAR-TILA b5 | A SCERAN AR A 1 sl 3t
R T AR i 20 L P R A, BTG A S b
DL B IR AR YT I T, R TIRYT AR
e R R BN TR . 202548, BRIT#
$Z . E LI A ARG FF AN A5 TR CD 1941 ]
CAR-T4Ifits (CD19/alL-6/aTNFa) A] ¥ [ B4 it I [
I A TIL-6 FITNFaftscEv , Jayifs $i il 8 i - />
CRSJUE: , I T AE 3B EVA TE R AL M £ 5 T U I
PRI el 2

i — I A BT B i FHRNA TR L CAR-T
(rCAR-T) Bt FIACARE A , B KIEIrCAR-TAE
H SR b il i 5 % &t . AIfE 5EDNA
CAR-THI L, Hoi b T BRI HE A BRI 4 e 32 X
W, JOT ok LA I B, AT T 12 4A 24, g T TR
S Ktk BFgE &l FHEL A BCMARYrCAR-TAN i
TE 142 MG B RN PEFT 1b/2a ]Il RIS , /R T
HA VR RERY . i TR AR RN
BB I T 1 BT ) B AT K A I

SRCAR-NKANS VAR A B e B h i
9T B 5552 501 . SEGECAR-TA AR LE ,
R FRN AR 2. CAR-NK45>
WA A AL PR T, NIL-6 . IL-1B7K-FA5AI% , I AR %k
i s HECRS A 22 81k 2 A= R A, HLZ2 M
(1~2%%) ; ENKZHAEERZ TH 214, SR i e
e 3 R 4 4 R AT sk S B AR oA 3 s Rl ek B
A B , CAR-NKAH A AT M R AR By 1 8 o B
L2 A ONK-92 240 if R RS AL A 7 kA T
CAR-THT T B £ B R4 R A T8 K 1 45 8 30 .
EA IS 7 CD19AY CAR-NK7ESLEH %A 5B
YREVERE, PTRESCEL e S ", I SRRk s
Ay 20 A BB CAR-TY T B 0 R BRI . &
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KT — AR R YN P T AR el AR R 4 DA
CAR-NK AR A7 B 18], I 8 B8 IO ) £ vh
OIFFE B8 UE G RAME

BSRAEIGTT I S/ META L T IR E 200 A 11 1t i 453,
O 8 [ CD5 27 28 R e D 712030 [y X T 40 L 1
CAR-THANMY 7 i, i85 T A 8k F e il , (5 i
KA WG ERXTCDS/CD7HE S AE H B G2 50 H 1)
BRI G , XA BB AT 7 1) o e BEHE
Z 1 1Ifs PRI 56 R 46 IE # [7] CDS/CD 7/ CAR-TEE H
BB P A R A A

BRI CAR-TH AR E T4 HACCAR-TAHAE,
HUB BN 4%, & —Fp R PRy ik B
M /R 2 %8 (Boolean logic) Ji B2 Hi|CAR-T
RIS VE . TEAE S CAR-TIAYT H, T4 ff 38 3o
FE PR TR A , DA R IR 4R E I CAR , X 2637 (K g
B VRN - 285 5 1) 9 200 i sk S5 00 2 TR ) R L
JE b, TG TARRE B A T RE . SR, X R vk
ARES FEEARR RS A EIE R . 218
CAR-TH A i B HEE 92 5T (WWAND \OR |
NOTZ) 3132 i £5.C AR-TAIML H A 7638 B4 e 41
AR PUIRE A S80S . Wi AR K ¥ Robbie G.
Majzner{$ -4 & T —F 41 HLINK CARIIH &R
4t , il L 45 G WA AR 155 0 F LATHISLP-76,
SCELCAND” 45T, B R A R A7 B R
FURRITE T , CAR-TAI A 2w s 123, i
9 HARCAR-THEARTE H B S e s v i & Jre i s
SYT R, AR ATRES A 20 A B a2 B3 X
FREET AT AR h 2 25 . RSB CAR-TH AR
AT T XS L .

PETPE TN (Treg ) 38 32 400 1 2500 T 40 M 4 |
Iy IR T (INTL-10 \ TGF-B ) 45 S 2 i 52 .
I, FoHT Y B CAR-Treg A YT i i BE A TR IR 7
Tregh U TR S , A HORS R [ g BT, [ P R B3
TPEVE T DIRE , Bk O 4 B eI 7E B e
EAHE KR, BAEMITE T —FCAR-Tregi i

PR B M IR BICD 1945 AR CARY TregZH
Ji, e BREAE ARSI B i I BAN ML 4T , - 7ESLE
NTEAR /N FRASER F i A2 b L 3 R A Be RS
L HE AN A YA AT AE A RIS

A U AZ R B A0 A (CAR-M) B[] I6 97 51
PR fEE O 2 TT R T I RIS, 1B 7 A B e b
TR B i AR AR, AR X ARAT AT B WL — T A
BT LR

CAR-THMIIGYTTE F B S8 167 o i i AT
RIFEARZ AR . A BHREm i H SR 2 4E BT
REBN AR , e = Jiryeg rhoRE S B ff 174 B — 3, 3 )
H— B JEURT B8 TC VA 3 e 1 R BT ) B B
I, SEYTRUEE RN E & . L B T
T R 5 L R N AU Y Z2 ¥ CAR-T LAk G
CAR-TRZLE BT . BLAl, B B ek £ Mg vt
T2, CAR-THIK I AFLE W] figad BE I S 240, #hn
R IR JRURS: , 171 66 300 77 45 ST RE TG0k i R 22 17
U, 3 2o 0 P R Y B A2 M B AT R S B
P AR R e I —MERE TR

2 FHRasT &

FHES T CAR-TYT VL ARG R 10 7 , T 20 B ik
FEAE H i e i 5 2UB E RE T, o MR S
WAL T o — . A 2042 704EA L
>k, 3 I T 40 M F2 A (hematopoietic stem cell
transplantation, HSCT) & F B &R ia Y7 ok 18
BB % . 8] 785140 Y (mesenchymal stem cells,
MSCs) Al =Rz & etm JFRAED 2
FHAG TCRs WAL AL FF IS T H SR Eminyr iy
B, AL RE W A A T | T AR 25
S5y e itt— 2D AR 7 2%, s HON SO xR 1
H B, e TR Ty R, AL A &
PSR IR 2 i, R AL
2.1 BEFERTHET

MSCs AJ 38 45 T 42 240 A 45 fiok 0 5 0 240 RS 1AL 5

F1 FEICAR-TH AL
Table 1 Comparison of novel CAR-T technologies

BRI N i 2] JRIBR E =BT
W TECAR-T  SUWURELS, Wi/t I RATAFSY(UILINK CARZRSE)  BTE 2L, MARIEAIRK  [31-33]

RNA TFE{LCAR-T BRI ZEIK, BEG LN AR
SEACAR-NK A, AR
CAR-Treg FEE SRRy, Sk o2 B i

MG(144)

SLECH I i)
SLE/NRUBEIA 2

TR REAS R, TSI [24]
A PTG I () [25,26]
G SUP NN [34, 35]




640 L USSR

H38%:

B R B K R 5 R A e g R T R . ilan
L R4 F (ICAM1 . VCAM ) 146 T 40 g 4 %,
FH#FTh1/Th173% ¥ A #E Treg /b . 5540 WAl v 1
K 1DO .PGE2 . IL- 1054 il 52 5 , H- R il 20 i &b
FEIAL 5 miRNA/mRNA , 4 s 4 g7,
MSCs#F ik BT P HIET BLA 1 (programmed death-
ligand 1,PD-L1)iA Al 5 3%0E i T M L 0 78 7 1
JET-#5 1 (programmed cell death protein 1,PD-
D) S5, 1 TIbk O 44 i A B4 5 A DD BE , M T A& 4% e
PEFNHRIVEFT . Al , MSCsid n] 345 B4R i 59 704k |
B = A FUAE TS 5 M N4 20 25 1 3% e 0 400
A=A, LLCJE A 28R 40 il (dendritic cell,
DC) B LR LI 336 M1 PR 10004, B TNF-au
K8

£ A B R E A TEMSCs U e %, 51l tn
TERAHT , MSCsHIRITh1 7H9E J1 T K, 50l ok i
e 3245t ; 7ESLEF ,MSCs i £ A (ROST & \p53/
plOFIRIG ) i {12 48 K 43 Wb KAl 5 SScHMSCsfil
A BCRE IR , N R A ARG 5 705 1 il 41 4
ferb bR T RERERG , 16 52 AE TR0 i,
AR AMSCs AT LUA sk il B B e . A
I e B SR S50 MISC s 1o Jig 5 ZEFEAE
K -2 (IGF-2 ) 3t ok A 3 o 2 75 01 15 s 4 i 3R A
oA Ute , SRR #E Treg I 4ME , A RGN H A B %
BER A0

MSCsFEHIFE L F H B G Hh Y7 3L 245 2
WEHH . 258 EESEMSCsiAY T SLER 24 3L -
5 X RAIAR HE , MSCsifYT 41 /5 SLED AT 73 I 2
TR, B REA LR E SR E NS, HAR
TR HATMSCsIA YT SLE IS M E
T TR BB A R 25 N R S A T
FH2Y L R4 AR B A0 3 45 10 B A 1
FEMIEAL . FTERAMIGYT o, MSCs ] B il £ Fft
AT M DR RN A h B3t R T S e AR (fiTh17/
Treg i L AE AT M 1/M2 W40 Fe 8 TF %1k ) , 2
2 JORE A EE , 91175 5 1B A TR A5 240 S 1Y)
b, AT AT BB SRR A SR B JAEREAR | D036 5615 1)
AE. HARIA T 2 20 R 0k fff pe 30 AT ) T
WALIRTT 7% (AT FMSCsH# HRA B FH H AT A
ROV 22 42 (3R Y7 B 4400 X FMS, MSCsTE%R:
PEVETT R 28 5 7 T ) B . WK N
FMSCs Al D MR U AEAR TR, e A M T BE , B

BE T A SR M S CsEBA R, T A ok U5
MSCs(UC-MSCs)SCRFAL . #2424
PG ZEVE T (H Z Bl R o B P9 S R
MCNS, I3 B EHEAER 2420 H AT RIESE 52
FEMSCs 9 48 1 2 4 P R0 707 330, AE R IR i
BRI — 2R IR ) A R4 s e Dk s e v
SIMSCs/i , S FI/IN R i 70 W e, e YRR
HH %) Ik T 20 B TR T O 2, 98 4 R D b B AR
20 B R 1 m 4o s B T B R A A M S Csil
IS IFN-BIE#EDCr = A 1L-27 , K & Th17/Treg -
7, i SSREREARYT . MSCsIA YT 46 5 P 1 o
(inflammatory bowel disease,IBD) B4 77, R
N RS b, H 22 ey (U BUA IR Z BT
e A B T — A AL T R I
T 78 2 A48

R T IHAEMSCsREARIRTT H B 3% R %
PRI YT e A N SR AR T AL HEAS: , B
HXFAS[FBI (AI PRACR S e R AIE . — e 303
KRG T e SR e 2 1834 f8 3 , 55 RA |
B 71 % (osteoarthritis,OA) \AS .SLE .IBD MS,
pSS& g 40 K FMSCsHHI7EOA . SLE . IBD .
PSSAER R L W8 AE T A L A R (FE T
AP, MSCsAH A R e A= F 5 0 R 2 T ik
) AT 2 ML A I Bl 7 ) B RE
IR 5 IEM S Cs AR 1A YT A I R N A E, It ik
TRTT R LASE AR ARS TR YT -

2.2 & FRREiETT

HSCT H A fEMS , SSc . SLEZE 5% Hh it s K
WA . BAF20094F , — A 5% L 48 A 50413k
TG PESLEM K5 H 3 A AN I 20 it A 1A A3 it
CD34 i vE £ & 4R S5 R UR IR AT, Wl 7F 280 ik
Pk i AN o i 4 9 2K 2K 11 (anti-thymocyte globulin,
ATG)IRIT IR BB . SR BN, BSR4
FEZR84% , SAE TR A AF R N 50%, Ak, SLEDAI
PE43 PUE PR (antinuclear antibody, ANA) \#T
dsDNAHUIA KMA L K 5% I 1 fili— S AL R BR
W, B oiak e E . — & 16 H B
K DOCK 8K R i B Treg I BEAZ 4 , S 28 i} 57
TR, 51 & B4 A & [ XSLE., #E$25%2HSCT
J&i , HAMA K  ANA K HidsDNABTIARZHE # AL,
W7 1240 JC A B e 1 e w2 BB L |k
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HSCTIAYTMSHI3 7T 58 2[RI 2 W, HoXH 52 % 22 i
RIMS RO B 2, AT e RN I & , 15
TE RAIMS (B iU B2 v g 5 i e BUMS i
F HRR 2 2R G N Y ST B A e 1
SScH, 5 BEMER IR TT A L, HSCT . 38 0035 iz Jik
JERE R RE , E KAk s B 24
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Table 2 Clinical application of stem cell therapy in rheumatic immune diseases
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