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Application and prospect of universal CAR-NK cell therapy for systemic lupus erythematosus
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[ Abstract ] Systemic lupus erythematosus (SLE) is characterized by a large number of anti-autoantibodies produced
by abnormally activated B cells, which form immune complexes with autoantigens to induce systemic inflammation, leading
to the involvement of multiple systems and organs. Existing treatment strategies targeting B cells (such as belimumab,
telitacicept, and rituximab) had limited efficacy. Recently, CD19 targeting chimeric antigen receptor (CAR)-T cell has shown
excellent efficacy in the treatment of SLE. However, autologous CAR-T cell therapy has potential risks such as cytokine
release syndrome (CRS), T cell tumors, and infections, and it is expensive. CAR-natural killer (NK) cell therapy, on the other
hand, is an off-the-shelf cellular therapy with high safety, no neurotoxicity or tumorigenic risk, and with low treatment costs.
Currently, CAR-NK cell has achieved remarkable research results in treating hematological malignancies, and preliminary
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clinical studies of CAR-NK cell therapy for SLE have showed good efficacy, excellent safety, and predictable durability. This

article focuses on the characteristics of the new generation of universal CAR-NK cell and the latest clinical research results

for the treatment of relapsed and refractory SLE, offering insights into its promising future in the treatment of SLE and B-cell-

related autoimmune diseases.
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F 213G (systemic lupus erythematosus,
SLE) Z —F# AN BABAE XN ZAAEE & 7%
i, BAT 16~40 3 Hik M, F & B hl A
1:(7~9); SLER#mEREF, fEEHL. i
(R, b %) 5 MEMTERAMGERY,
SLE B# WA T4 flumt Fiwlc e BALe s, B3
B T 2 R iy W 4% DNA ((double stranded DNA,
dsDNA) % B B iR £ EH 5, £REAE KR
B B R R AL, BEB AR AT A
1 J1 dsDNA, ¥ # DNA (single stranded DNA,
ssDNA) &£ # 8 g9k, M5 8 FHEL KA
HEANANBTARAL P, RFIMKRRLEH
WL PR AT A R B & ROR M R 4E A G e 3K E
BT aul, RAERESLBESZARE,
B A, SLE B Wla KT A& . HEH A
TN AN £, RETFRCEMET AL 27
oY 2 2 & F F A T SLE, EAH A
LHEENEFRERELLIRE, FERTHR
T &, WM& SLE LR ALH A REEN, 677 SLE
Wy 6 3 25 4 W AR, A2 5E R EX — RO R BT
A2,

1 K& MI&TT SLE Mk E E XS BkE

B A SLE B % 7 64 AR X B B B
7. G ERRE P ARE A RE
(TR AR 8 R R R B %D
BAESEWABRAHHTK, kB RAMN &
¥ 097 R TR AR IRAERE (% A< me/d
4RO B R ) o % T2 & # SLE &
¥ KM TR RGBT, T U AT
By OMEH SR REBTHATE, SHENE
Kok E A% 4 A B LT W SLE B 4, K
REAH A (B PR, LB BEEEH
B4 ) s SLEM KRR E A, WG H
R RSB AR RSB T

BREAFE, AW ZE KR ENSLE &2, T
AEMHEF (w A LB, FEBELE) S4T
B

R, FHEPTA BN KL EEA A R
BB, REEHWMEE5REAMAXRNHNER TS
MR R, M EE AT AN EFEERRTE,
W RN BB 2L B, H B
MeAn BUE M2 AT E R, 2020 FH AR
T, BERH 0.76% fr 2.47% th BH 4%k B L 2
Wi IT kG T2 Z MR T E REM; RES
4 Wy SLE B, %4 25% W EEZ Gy Tk
REM, 45% W R H HIBEE G, EXZSIE R
HH NGRS E, SIEEH 4 FAEE RN
60% . B, SLE & %57 Rfng ot B4t ity
F o

2 SLE W48R87TF

SLE # & & #A % 5 Bk B 4 ikl B 7 (B
lymphocyte stimulator, BLyS ) % &4 4%, B Al
HX BB EET ZSLEBTMEE T H, &
W B 20k @R CD20 W 2G4 Fl & 40, £l
BLyS #y JUF| & #4570 & [ B 2 15] BLyS A0 3 78 14 % e
& ( proliferation-inducing ligand ) # % ¥ 7 & % B
48 1 7% % 97 % (B cell depletion therapy ) £ 7& SLE
BRI o DRk AR T R R AT
U677 SLE W93 75, M b4 %] BLyS & & 4 & I,
WA ENB @ e B &, KE W B4
AR RS D EAEFRET ABERRB A
EHMRAR, ERETZGHEA RIFHIE KT
Fu AW Er, %K ILSLE B B RE
8] 75 i F 28 B ( mesenchymal stem cell, MSC ) 7
LM R AE, TEABEMSCHIERT,
% 8y R MSC 4 36 1 SLE B %4, A",
R, AW 2B K E L SLE & KM F
K, HMoBHFREMY FHARIH—FIHE,
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M A 3 th B 9T R

#rat, ¥ CDI19 & # & 3R % & (chimeric
antigen receptor, CAR ) -T %1 i, X CAR- H ¢k & 17
(natural killer, NK ) % fil37 3% 7 697 SLE # t 5L
% B\ MR % W e
2.1 ihskMREmARE; CAR G MY HEIAE
AR ERERERET RAATHEGM, &
% T 40 i Fn NK 40 f %8 %, 9% 40 g &% 35 CAR 2 F,
HEAT HEEMBEFERNATRRET N —
AT k. BORT, T4 MR Z 408 BT B3 CAR-T
%0 Jf, . CAR-NK 41 i % CAR- E " 4 fin %1%, &
¥, CAR-T 4 U 7 fL 7% fF 8 & & 3 it 53 o 6
TRE, BWEH S A CDI9 2 B 41 j0 ik #4471
FRCARTHMBERAE R EEERGHFEITS
X3 ( Center for Drug Evaluation, CDE ) # ¥ T
BAfjg itk B £ B mmiaT. Ba, BERAEK
CAR-T % i % CAR-NK %1 #f1 il T SLE % B & #. /%
Y BT R RF R, KkA LA T SLE &
I R BT
2.2 SLE# CAR-T % J. 76 75 CAR-T 4 Jii, % %
WEE—MNERNET &, FAEESHEA
B CARGINTHM, 2HNT HEFEREEH
KA. XM T LR B B E, T RET
FE U4 LA A M E A K (major histocompatibility
complex, MHC ) , M 77 3 % T 40 fg &9 ¥ i P& |
A5 AR A B CART 4 )7 3= B o7 B
ZERTAMEMNRE @I A LR EERAF R
R

2021 4 Jin %" % SLE /) B 4 & & 3F 52, %
F .5 CD19 CAR-T 4 L6 77 i, NRAANH B 28
S, B & JLERE PP, BAE R
Ht BT ZHRAAF USSR, 2022459 A, &
[ 3£ /R B AR — 4146 4 K 5 B9 Georg Schett 2 4% Bl TA
T Nature Medicine 43 7 5 ] # i& 4 SLE & #
B CAR-T 48 ik iy % 2" . % 5 ] B4 % CAR-T
%0 136 Y 5 R 4 dsDNA F kol &, B & itk 4
WHD; EUTAAMMETERHALL, B2
Y % 74 DORIS ( definitions of remission in SLE ) %%
M, FHEBTHEAREZEME SLEM X2
Wiy . WA, Frm BE AT (110£32) d
HATBaAWERE, ZANE224F2AKHT
CD19 CAR-T %1 i, 76 47 t 8 7] SLE & # . 3 i 4

AMREVENFEEZ 46 ZAEFENEL NI
KARBE  HRET, FiASLE EEE BT
& 6 /N A #5135 2| T DORIS & ##, 4 & M 3% 8 AL
MAEFWNIERNALE, 2AMEFAEHNIKFE
HEHFER, AT, FEETNEHR 100 EH
K AET 1 Fdm i HF B 4 A4E (cytokine release
syndrome, CRS) , 1%l & # & H 2 % CRS, 1 %
9% 0L U8 ML A A 2 W 4 AT RO 3K TR I
BT

FRFEERREIESL T CD19 CAR-T 41 i 76
WX TSLEWBETR, BHALENLAEMBT
W A7, {2 CAR-T 4 i1 36 J7 & 7 72 19 CRS,
MAEMFEAMMELE AL RLAN. EEEH
&, HRCAR-T 40657 A48 T 40 6 B 78 1L AL,
B % %£ E FDA """ #n i |5 CDE # 47 BAE# &, H %
kMM ER TSLES H B AW BE T HEIEE
KWK, BARCARTHMET HZAES, BN
BT ERCAR-THEME T AMEN LT R
AR E, HABHNER, & 500 BFEL
K2 SLE B Tix N7 EdHkham. Fik, F
RHWE 4, 697 F AR A 20 i 6 77 F &
EHLE,

3 ERZMMATT

A AT &= T — RIS A (off-the-
shelf) AT EMEE M, TANEEEANLE
FEam, AR EREFN AT AR ETA
M. NK 40, Bt HEEAR LR, ¥
WOKERGREN ARG IHATEREH . B
W, BAAARTERELERAE L R MEIE, £
¥ 41,45 CAR-NK ., CAR-ydT X i | &l CAR-T %1 i
Tk, EMmEETRAMNK, BREA, RAHES
T T RO
3.1 CAR-NK @ftigs7 NK 48 16 H 546 K % 9% 40
M, EARR e m R R,
BEREXBAEMN, 55 % ek x b & iR
o NK 28 8 o 66 % % A 8 A a4 M A,
4 7 CD56™"CD16~ #2 CD56°"CD16™ " . NK 4
MLE I NK 408 Kk 2 & R D % 2 AR A% & R 4
MR R T IR, R EN R
VR IX e gm i BbAh, NK 48 35 7 3 o 4 AR
M 28 ff % P£ (antibody dependent cytotoxicity ) L]
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WH M, KA b W ALEY R, X
AW F RS NK AR R EF N EEA
REA, FRAREEF KW AA S E A 2
AN N A e a il N i A
BT S RE . B AT, CAR-NK 40 i 78 3657 M7k 2 4 f
BHHRBAET BRENFR KR, B, MD ZERE
FEF S T/ 10 als K% (NCT03056339) 4R &
7, A o 5k JE CD19 CAR-NK 48 Jig, 34 37 By 11
R EMEB @M PR 13.8
(2.8~20) MA &, EWEMEEL 73% (8/11)
5 K & i %= ik 64% (7/11) , T CRS., # %4 &%
M F H A M B £ (graft versus host disease,
GVHD) %71 g g m ",

A8 %% T CAR-T 40 j. 75 57, CAR-NK 41 il 78 £
kT AP AR (1) CAR-NK 4
MG Emk 4, T CRSFuZ &M, CAR-T 41
B2 3k o {7 3k M 28 L B F 40 TNF-a, IL-1 f2 IL-6
ERHCRSWEEmMH T ™ . Kty CAR-NK
R R R AT E y fek - B A e B R R
T, 5THE@AR-EMEREFHEAERAT
Bl. (2) CAR-NK 40 i T 70 3 (5 4 4 B 7] K [
#r, H T 45| # GVHD, NK %40 i & % K %.9% 4},
TR # T MHC 2 F R A1, &% 81 CAR-NK 41
LA 4% & GVHD. (3) CAR-NK 41 ffl i 57 %
K, HSEIT Fut A A B9 . NK 4048 F % MHC
PR, T LUE A AR R B9 NK 28 ff 3EAT i1 T &
A& A A A CAR-NK #0 f, 7 xt SLE 3t & R 3# &y
BARMBREETY, AR E4FHRE &3
W9 &, Wk, CAR-NK 4 it 7= SLE X £ #, B 41
ML 5 B B R 6T SR R
AT B R RAME .

32 CAR-NK o FTSLE#S /o H
M 2 T CAR-T 4 g i J7 SLE By A % % fn
CAR-NK 4 i th & % 2 W . F & B #EE 0%,
KA E IR T “CDI9 CAR-NK 41 i 7% 4t 36 7 &
KIEBMEE SRR L2 ErmA R R
I KR 3 FF % (NCT06010472)” . ZHF R 4h N
ZR#H Fwm T &M: (1) SLE &R &Rk
2000 ( systemic lupus erythematosus disease activity
index 2000, SLEDAI-2K ) if 4=8 4-th v & £ &
KAHHSLE £4; (2) NHRTHZ o Rk
B ERKARENF A EDFAN BT ED 64

AEFHAE;, (3) HZIANBERANKATT]
B B IR 9% 3T A 41 45 42 2004 ( British Isles Lupus
Assessment Group index 2004, BILAG-2004 )
AR VESEAF 2 H =2 N EE R AN BILAG-2004
B X1 HiF 4 (4) LR AKFF RZ KN
MERZFE=L 2 80, H g TEFAFHR
dsDNA i f&, 2 4 Smith 470 & f1 M. X 5 3 6 &
# 75 # % CDI19 CAR-NK 41, 5 57 # % # % FC
FE (RELRREHITB B ) ok e a0 e Bk 32
BT, R JE % 3 4 7 CD19 CAR-NK 4 j# i 77
(B RRE ) o Yur e R 20 B & 3 W67,
B 1) B % 5 B CAR-NK 40} i 97 & 1 3L
1 % CRS 4b, H 4 & 3 K W % 5| CAR-NK 41 /g
BTGB CRS, WAFWHR L MmEFE K IL;
HoA& W22 A EF E I CAR-NK 40 #3657 5| A2 Y
R, AT 3 A A ey 7 # 8, SLEDAI-2K ¥
N THBIL6 4, & 1HERFLITEIMALA
DORIS # 24 % ##., CAR-NK 41 i, & 57 %= SLE & #
FRIAEBFNIETHR. MR LZ AR HH
iEE R/

4 CAR-NK ZiRa7ElfG PR R A Bk i

R# CAR-NK 4 97 k& 67 Rk £ 4 %
Py e SRR 7 R I B F A, (BT I R AL
B AR A A — Bek bk P . ¥ 48, CAR-NK 48 1 75 1k
AFERE M RE, X—FEERGLAMNE
B R T A b Ok, NK 4R R A2
I # BUR, REE NK 4 M 8 77 % 5 Fn 2 3 M A
B BAK, REDmaaE-FIL-2 7 U KkE L&
WS Bt R R I E A RS e
TEEE, e EAERGEFESLHENG N
REMNG, MERFLLERTRT X —FAE
HARBEREAR, MEERHADY; W, FERENK S
MLFT HE % B T 40 77 4+, F 3 GVHD An ik B 8 4
MR By & A, BB IR M T 48 e A B R M A
20 A, 7T B % B B, X A2 % CAR-NK 40 fii i
TR

5 CAR-NK ZHBa 5 FF SLE R8T HIRE

ERSLEZ B B R/ XA “WE+ &
AT A+ £ E F” BT R, BEEKBR
B, F i ThbEHRBHE, 30% U Lt EE
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