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Production and Quality Control of CAR-T Cells
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(Juventas Co., Ltd., Tianjin 300384, China)

Abstract CAR-T (chimeric antigen receptor T-cell) therapy is a novel form of immunotherapy with sig-
nificant breakthroughs achieved in hematologic malignancies in recent years. Additionally, remarkable progress has
been made in the treatment of autoimmune diseases and solid tumors. The manufacturing process of CAR-T cell
products is complex, and standardization of production and quality control processes is crucial to ensure the safety
and efficacy of the therapy. This article provides a detailed description of the production process for CAR-T cell
products, including materials, manufacturing models, equipment, and process development, as well as quality con-
trol. Furthermore, based on clinical experience, the article discusses ongoing developments of CAR-T cell technolo-
gies and analysis methods, offering valuable insights for professionals in the field to promote the standardization of
the development of CAR-T cell therapy.
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Table 1 Globally approved CAR-T products for market authorization

72 AR UiV &/ | A HLAENLAL AL ] T RIE
Product name Developing company Target Approval authority Approval date Indication
Tisagenlecleucel (Kymriah) Novartis CD19 FDA August, 2017 Pediatric r/r B-ALL
r/r LBCL
Axicabtagene ciloleucel (Yescarta) Gilead CD19 FDA October, 2017 r/r LBCL
LBCL
r/r FL
Brexucabtagene autoleucel (Tecartus) Gilead CD19 FDA July, 2020 Adult r/r B-ALL
r/t MCL
Lisocabtagene maraleucel (Breyanzi) BMS CDI19 FDA February, 2021  r/r LBCL
LBCL
r/rt MCL
r/r FL
r/r CLL/SLL
Idecabtagene vicleucel (Abecma) BMS BCMA FDA March, 2021 r/r MM
Ciltacabtagene autoleucel (Carvykti) &I BCMA FDA February, 2022 r/r MM
Obecabtagene autoleucel (Aucatzyl) Autolus CD19 FDA November, Adult r/r B-ALL
2024
Axicabtagene ciloleucel FosunKairos CDI19 NMPA June, 2021 r/r LBCL
LBCL
Relmacabtagene autoleucel W CDI19 NMPA September, r/r LBCL
2021 r/r FL
Equecabtagene autoleucel IASO BCMA NMPA June, 2023 r/t MM
Inaticabtagene autoleucel JUVENTAS CD19 NMPA November, Adult r/r B-ALL
2023 r/r LBCL
November,
2025
Zevorcabtagene autoleucel CARsgen BCMA NMPA March, 2024 r/t MM
Ciltacabtagene autoleucel LEGEND BCMA NMPA August, 2024 r/t MM
Ranicabtagene autoleucel HRAIN CD19 NMPA July, 2025 r/r LBCL

t/r B-ALL: &R B E PEB Ik L 41 H0 11 15 ; r/r LBCL: 5K SO VA M K BN B8 v/r MCL: SR SO VA PS40tk 298 o FL: B RS0 R
PEJEVE PR o/r CLL/SLL: SR BV PEAG 1 bk L 200 M 1 L9755/ IN bk 20 A 1 05 v/ MIME: R B VA M 22 R iR
r/r B-ALL: relapsed or refractory B-cell acute lymphoblastic leukemia; r/r LBCL: relapsed or refractory large B-cell lymphoma; r/r MCL: relapsed or

refractory mantle cell lymphoma; r/r FL: relapsed or refractory follicular lymphoma; r/r CLL/SLL: relapsed or refractory chronic lymphocytic leuke-

mia/small lymphocytic lymphoma; r/r MM: relapsed or refractory multiple myeloma.
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Fig.1 Schematic diagram of the CAR-T cell therapy workflow
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Table 2 Typical production processes of CAR-T products and corresponding process parameters and quality attributes for reference

AL TZ23H%% PN e

Production steps Reference process parameters Reference related quality attributes

Blood sample collection Apheresis procedure, anticoagulant ratio, whole blood processing ~ Donor infectious disease testing, cell viability,
volume, number of cycles, apheresis collection volume number of PBMCs in apheresis product, steril-

ity

Sample transportation Transportation temperature and duration Appearance, labeling

Cell sorting and cryo- Type and dosage of sorting magnetic beads, magnetic bead Cell density and viability

preservation incubation time and temperature, equipment sorting program and

parameter settings, cryoprotectant type and dosage, filling volume,
temperature reduction program, storage temperature and duration

Cell thawing and activation  Thawing temperature, thawing duration, viable cell count priorto  Cell density and viability, sterility
activation, type and dosage of activators, incubation conditions
and duration, activation conditions and duration

Cell transduction Cell count post-activation, viral vector dosage, incubation condi- Total viable cell count post-transduction

tions and duration, viral vector washing procedure

Cell expansion Culture system (medium type and dosage, cytokine type and dos- Cell density and viability, CAR-positive cell
age), culture conditions and duration ratio

Cell harvesting Maximum harvest time, bead removal conditions, number of Target cell count, cell density and viability,
concentration and washing cycles, washing solution composition sterility, mycoplasma testing

Excipient addition Formulation composition (e.g., cell cryopreservation solution Cell density and viability

containing DMSO, etc.) and dosage

Cell filling, labeling and Filling volume and number of filled units, labeling information, Appearance, labeling

cryopreservation temperature reduction program, storage temperature
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Table 3 Advantages and disadvantages of using fresh versus cryopreserved leukapheresis

IR JFE A EHE Rz

Starting raw material forms  Advantages

F%

Disadvantages

Fresh apheresis (1) maintains high cell viability

(2) eliminates the need for cryopreservation facilities

and equipment at collection centers

(3) low transportation costs

(4) rapid cell proliferation and short preparation cycle

Cryopreserved apheresis (1) flexible patient apheresis scheduling
(2) flexible transportation scheduling

(3) long shelf life

(4) sufficient timeframe for quality control testing

(5) facilitates production planning

(1) short shelf life post-collection

(2) inflexible patient apheresis scheduling, which must be
aligned with manufacturing timelines

(3) rigid transportation scheduling

(4) limited timeframe for quality control testing prior to use
(1) requires collection centers to be equipped with sepa-
ration and cryopreservation facilities and equipment,
imposing high requirements on collection sites

(2) high transportation costs

(3) impaired cell viability and low separation yield fol-
lowing freeze-thaw cycles

(4) slow initial cell proliferation and prolonged prepara-

tion cycle
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A: layout schematic diagram of the unit-based production workshop; B: layout schematic diagram of the functional room-based production workshop.
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Fig.2 Layout schematic diagram of the production workshop
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FeBRMg Bk, DL S B v AR BT AR .
TransActidyh ) TAUM, AR G 89 1 CE A e, 3
HAPER A L 5 e

12 TZ0 S A R v, SRS A 428 i P Ak B
TEBR B 2 L S E A B I TR S5 2 8. Bl s ok
i B8 (2 A T2 M 2k N\ PO S FER A, [RIIN PR¥F R4
IS PERI DI RE . — MR UL, 51635 7724~48/ M)
Ja, T2 BB B R A 5, R B 48 A4 A
WK, EEK.
133 CARAB#F  Hil, CARBERIF FiRH
96 BE B AR N 1803 B3 8 A R i o FE A . 18
BRI O I 2 ORI A A A 7 B RE SR
AMNRFE R RS e G B E B R R A SR
e ARG SR AR 7 SR L S5 0 A5 W SR
I BE B — MBI R AR A M R AR, B EAEA X
A AR AR R i FESEBRAE 2, FRAR
P 7= R ORI P2 T2 BORIE R GG i B

£ CAREE R 5 S #E b, A PRI & 2k
Tff s ) B 28 A 1R RS AY 52 28 (mwltiplicity of infection,
MOI), DA ORAE RIS 5 T A 1 R, o 4 R
TR R 22 B I G A S 2 CARE [F %%
G R TEHE AR H . sbab, T a gl ek
BRIkt e I R R RN SRR AR
Wil — MR R T RO TN MEEAT 0, I HAL T

IRZS, DR E T SR . IR, A SR 31
FO3, TS HN0E S I A G RR A, WS SR, RR
BT R R A S TN I 45 6 380%, eI+
R ldn, JEid A T %A, ATECAR-TEHH]
T I F130%~80%-

1.3.4 CAR-T@feyf 38354 LA ERIEME
FRHNS T CAR-THH ™ St AR 77 R 2 RS
SRR B 2877 i T CAR-THH M i) < B i B & 1k, 491l
Wy AE Jy. W CD4/CDSEL . FAIEIh eSS
B FRIAAE SRS, EATAT DR A RE R IE,
] DAY 40 Mg A A R . e Ak, BE TR AR
YEFF pHAEANSIE TR 7 TR R 54 2R EEMIEH ,
HAR 1) 35 75 55 B RE SR AL A PR A0 I AR K BRAB IR 8G

TERE R W HARY B, 1F TN 16 5% 7% i B
TE AR R 77 58 kb 78 A I3, SR, IX PR 52T RE
DA MRS IR AR B . Bk,
W F A 2 M A T T4 M 7% 10 0 35 R 77 2
eI RS TR IR BRI, A>T CAR-THH i =
AL AR S | PR AR T IR . BB B0 RS e
KU o R 22 00 L3 3% 77 580 1m) T — PP gl S8 2
(Rl G T 20 B 75 BT A B s i A e e %
FE . GG IR T 55 S 3R ik 8 R TR R
AT .

FAb, BEFRAR F R T BN IR ik T4 M 3 5
FEAMEFNGURE A R . A — LA
T CAR-T4HMEY 14, 4nIL-2, IL-7. IL-15A0IL-
21, FeE A A2 IL-2/IL-7/IL-7+IL-15. IL-242
T THHRY 3 i 4R 2 —, ‘BT M T
A UG ARG EE . SR, A IL-24 34 ¥ 40 i
B H BT R A ity RS TR 2 28, A FLAE iy
(A7 SR R PRAR . STL-240 bb, TL-778 38 55 5 A0 A 3G
FEI I, A #0) CAR-TZH M & K 434k . TL-7A1
IL- 1514 & ik v] DA 3 23 AR5 B S ARG 1 T4 e (41
LAIAE T2 BLRD 48 M A o et A2 T ) 1) A7 & A
YERE, 0 A 44T M B e 2 B A e 1 B 4 b
AT 4 AR YRR A ME B3, TL-2 100 T40 At B A 4
PEREAE L, o DM TAH R E . AR Ty
e, AT LAME 8 CAR-TAN LA va v . Wik
Y, IL-21 51L-2. IL-78RIL-15564& 4, Ay 5% T4
W de g, & AR RN 38 AR BERLIR [ CAR-T4H Y, I
o0 CAR-TAH MY B AR5 M, 31X -5 2505 40 e R 7 11
Sy UABE N <O, AL, A0 IE 5 CAR-T4H AR =
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f AT EE KA, BF TN B DA R G A A FH 2% A o

7E CAR-THN Y B i R e, B 4 i 35 77 30
BRI A AR B, — MR IR IR N 37 °C e
F, TEMBEIRE N S% A . AN, B I 40
AKORES . B IR ESESHH T R
AT B, W0 A0 R R R, R R,
I =0 AR A W C AR-TZH i 25 T/ CAR ) %% 7K
-, VAL CAR-TAHM ) i . G G (] (2B,
CAR-THN M 3 & RARESOY K, TEAE MR 7
ZAF T, BHE AL T AR YRR, ALk E] 5
2 BT BISGRFRUE o
135 Fabl&5448  PHEFEG CAR-T
LT AT WOE L BR 25 B (W FE 2 ) AR BRIR AR VR,
ol 4 AR AT T B 3@ I R S v p . TR R
IR TS REER 2R 25 1 . PRI PRik RS
ST TS T A 77 8 785 A2 75 X Ak 7
A%, W NI A E . DMSOIK S BT I 7T
A7 14 M 7R ¥ VR AR I R 2 25477 . FEERE
WRE, T RERE A% . BEBSAAN . BEL AN AL
BHBATHI, DL S E DRI A &, 1
TRIUEW 2 B E A RTIE T, A28 gl iss A
TR IR B A

TC i 4 1) CAR-THH A it — AR 75 EEHEAT VR AF
AT R0 R AR Y B s, K 40 A e g2 1
Bt 2 80 °CJia, FIHLH 2 S AH VR AU HE1T K0
TRAE . TERAEII AR, B4 | Bl 26, 7EAN (R
(IR B, B AN [R] ) PR R, 980D 4 i 7 VR A7 A
WG . RIS, BRSNS, AFRRAT
B8], VRAF AN AR . B, A EEE R

2 CAR-TZHBERYFRE4H|

£ CAR-THH 7™ i A S 56 =5 7 ] I PRS2 FH 1)
REREA, AU SR B R B E T iR
— PR 2 FEER AL AT I (VWL pHAB AR RIBIE K )
AR CEWE . WEER. SRR dRAE
KA. MZifE . CARBHIER . CARZEA
PEULRL, SRR AR I (L BR AR B
I B [ 1% BE Z5) IR CL/RCRAS I 25

Ji )b R RS R R 28 kAT R I, (H 5 R
F R AL S O 4 T A R, OB E R TN
RIS R, A AT BE X LA SE OB ARSI S T
CAR-THH L™ it R Jo B 55, HAS RER FH 24 0 K B

T BRI 38 T2, DRI AT SR FH el e 4 i) %
st JBCAT o U R 5 G ) 42 1) SR o 3 2 72 i 1EAT ol &
PGS AF BT« BRI SR FHAE 1] 2 3 A% AR AN [R] ) s L
FESE G CAR-TZH il 77 BORE R ATk T H AGr I ) 3
W, HOURE i (1) 8 75 EEARE T 245 S K T 2R
7 B E

CAR-THH ™ i A NG TR 24 i, o B4 H
JOL P 36 2 e I 2 LR SR EAT A, i pHfE L R
IRBIEE. Tl WFER. HAZE, HblTFHME
NBIE 2R IR M, R0 A A I T R 5 v TR
B G P BT DL TR S T I R, RSy
REERAIE, EEIAMIAFE R . CARPHIEZR . CARZE
DRI #5 DLE. g4l fE . A= iE % . RCL/RCRER
DA BT 1 T B B S PR I 45
2.1 HRRFERSHEBENE

S B A7 3% 2R 20 i B = 2 W B CAR-THH i ™~
e ELBE RIS B2 I PR R85 [ml i 7)o 1) B B b, DALt
2 A ST Y 4 T B S A R R A . H
R 2 R0 5 5 T CAR-TEH M6 T7 77 il R4 i %
FAE IS AT, 05 4% Gt L BR T B0 T 2502 S 4 it
H 20 TH BB, 4l B 2T B ERE AN
THEUFE I, a0 HE RO e T B RO kT
PN EI R - ST NI W € i 87 (12
H AT BoE B A PR . R R ML
IR Ao

AN B4 B0 240 e v B ERT o  E AN [E], X6E[R]
—FEARMIT SRS A HENER, XL E TG
K E TGk RrE R AR IO RE M . X 2 Al AN [E) 3
JPIRAS G4, BT, TG BIRE ) it
AR SE . H TSR BRI 7 2 A s
LRI AOPIHE e e iy, i HUE Y (i 2 1 il 41
i 5 B Wi g, e R — R B B T Gk, IR
75 240 PR ) A B T 25 A e, T HE R kb N 5 TTAE
1 6 B30 200 PP A2 453 PR A L, 4wkl R T B R N A 4
PR K i i e (R ). I B g B
O BRI 5 AR E B RN gl iR E s, THE a0
TG 77 AOPIYL ik 2 5 T AL TR e 5 1 O e et X
ST FETE AN, AOPTF /& FH Y WE % (acridine orange,
AO)FITAY, R IE (propidium iodide, P2 Herf,
AOT] 2835 BT A 415 (G5 4 L RSB 40 AR ), FHR BT
A0 R A A% , AR B S (5 . PIASREEIL 58
B MAE, HRERE N SEAN 4 M, IR A\ SEA
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M0 iR AZ , B4 a7 . @t B sh e g it
AR H AT 5, ST AIE4H M, 20 5%
S N FELR D, AT S I 40 B AE T 26 LA % 4 i 25
FERTIN I H o HE O e - 0k, BRAER R, X
BEORAG. A, (HHERIEAC. T, &
FAREATE R 28 . AOPTR G Yty mith . R
[EaE. BEE ML SR, (HR SRR ¥
M SAEX A BRI IR B Xt 1) “iR 5™,
FARYELIE H 0 FEARRRE . PR OB R R RS
TS

2.2 CARPHMZEEM

CAR-TZH 7™ i o R R ¥R 20 R R O A A
RS & CARFHTE ) TAH ML, I H CAR-TZH ™ i
{100 2 A 2 s A FH 77 58 2 DA CAR-TRH 14 4 i
PR B, Rk, JF & CARPBHME R (AR J7 v & 55 &
B, HATHE R ARRI CARBIPESS , G XS
CARAN A 46 1 X IR A I 7575, BLFE T 6 CARBLJR
SZEAAL, W CD19YU R BT ScFv LA, BieT X4z
5 BB X A PT Fabak Protein Lo 5 H AP fh 7 vk
FHEL, BF X PR 45 A 30 AL I CARBH 1 S A0 5 i B
BRI LR,

Protein LANHT Fab$i 44 # 2 5 FH 18 M ks
DR, AT RS 22 FhOAS ) B R R 22 1 CAR-T4H .
Protein LAEHS S5PUIRII R BELS £, WG RGE, (2
FORANE AR, RS EY R T AEANEX .
Pt FabPi A RENL IR HIFTIK FablX 35, (HIX ISR 758 5
KT Z by, B RER . Mz RHER.
AR AR AR TR P A S R S EANSE, TR
SRS (1) A AR

PUScFviLiA & —Fhvm FERe e ) T H, mT B 4%
PR sCFVEE R R PR 45 B 0 s o X KPR % =
Fesete. mRBUE. K RS, RCARK T
D ER AR, (H b T s T JE i, A 7 2
FR, IR S0 sl s EVE AR I T Bt P 3R
W2 —, FITVERAICARSE # i ScFv-5 H bRt IR 45
B, DR R A R RIRE S L SR i, e — e R
FPHECAR S HEFR I DI REPESE A 68 0, HFARI R B
[ 4252 B|ScFv- 5§ AL [ 2 [RISE R 7 0 2.2 5
2.3 CARE[E#E D&M

CARFEN ¥ D1 ¥ 5 CAR-TYH L (1) ThBE A4 45
PRSI, H AT, R CARFED ¥ DI ik
BT SE 98 8 B R A WEEE XU B (QPCR) R L

PCR(dPCR)"2, qPCR/E—FhHE T 9 J (5 5 B
R il 2R ARG BV, B AR i 2 (Pl s
Yt CAREE [K ) ORI AT R SR B3R AR ), DL AARYE
qPCR ) SN R A H T PCR U ) DNA 5 33173
05 1E R 2 CAR-TAI L 5 A () CARIE K] 3 DT
o HAZO R < ShrdE T, JB T AR e B .
dPCRE: T 553 F 4 1Y 5 1A FA 23 A7 (1 480 72 = Al
Tid, KRR AR Y 5 43 B BT 2 80E T3 AT
(IR S B T (U « L), A e R A
— M EIR T (CAREEH), £ PCRY M5, it 5k
SHHW T HWRS T 5 AT ERRS T MEE,
I e AR T A 20 A1 A ST S AR AR CARFEE R 1)
Y% 95 DUBL, AR AE S, E T bnE gk . WA
MTTEMEL, QPCRIEAMR . BIATEHE . Sl
R, R RARN i &, (R 3 FE IR A v A 12
F . ZANHIFE K . T dPCRIE L0 E &, MK
FbRE S, HuEmtE s, RS, HEMENRE, H
HlAR . shSUEZE. ENRCREE. Wik, 7
SR AT A, PR A B A I AR A A T SR R
TR, AL TR . — M CARKE K #5 I
BAEA & T 588 DL /4n ) ey, AT e RS 5 S 4
P 22 4 P RN AT R

2.4 YHRALEREE R

H A& CAR-TZH A ™ it 1 B TAH AR AN EE H 48
J, I 3 e 4 BT 7 5 R T e LA R R
M. DR, 7 B I TN A 4l B AS I R YAl CAR-T
S 6 7= ity A TR B B e 4 B LA R AR H 4 2
B, lan, Rigni . AZgIf . NK4iM. B4Njss.
H A, # g AR BE & A R 2 6 AR ik
A 0T AN [R] R 41 B 2R TH bR S kAT R, SReds il 4n
JghifE . thiniE A CD3. CD4. CD8% 45 EW
AT LA 73 T M S AN F A, &0 CD19 7] L4 &
BZH A, #6:MICD56MICD16 7] LL 4% 5E NK 40 %% .

R FH 37 X AR A O 2 A O kK
TARIUEREAR TN, BT R A R AL R
HEEMEZESTH . RA HENE AT LLCE AR v A
VEWDAR By SR P S LC 67 2SR THRE 5 1
SRS, s A A & ks dn ik . Pk
E 07 RWBL A ACERARAE RIbRUE A BB 3 T Y
BEAR A, P I 5 TG I 5 S R v A 2 5 ] S
25 REXESZEEEN

TG B A 25 R0 S AR & CAR-THH M 7= i i
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EEHIE AR BB SRR, R
ZARF LA, UE AT IO T, Hik s it
T T TG A A AN SR AR o F 25 R 21X
RS 5 3 PRSI By PR, DA . CAR-THH AR = & 1) 2B
TR, W] B A T T R R
TG B A A VR PR S AR AT I 7 VA S v ) T AR
ECBAT AL 732, HAETF R AR5 A 4z B [
24 )R DL K 22 ] o B AL B2 SR 6 T TR PR
R EVEREAT 78 70 B E B A o

H AT, CAR-THH A fib i JC A 25 o FH & AR
TR BN RS, KRG RET
A ) 7 85 37 3 8 R 7 2R T R AR A A AT A
o 24 A e85 7 P AR K 2 Bl A A
XL A A T T 3 IR B R SRR, O B
0B 24 P TR R Rl AL, o B B 38 I 7 AR R A
RN 5% PR € 1) 78 A 55 A AR TP AR A Tk B
IR, RS I & 5 KPR W i A= ) A K
T, ¥4 15 T R FE M S B AT X b, 7S
HAGMSE R . SRk @ fe B AR R A
ATPflUR 756 ks B AR ) AR KK

CAR-THH 7= i PR35 S s A4 I B qPCR 5
TEARBEAT , A0 B0 SR AR RE S PR DR 57 2 IR R
e Sehrid, MPCRY IG5 =W G 2Ok, FIFH
HAE T HIRACFICE A, 247 DNAY 3G R (1) 58
BRI o AR T 24 ML SR 1 3G IR VA AR AR 40 v
B AR e YR . REVEE. FrRtiaE.

T J 1 e 5 AR 7 v 1) O A B e 2 AR A
R TAE, 75 AR Oy 25 O RN B RO A B S
PEXTEG, #f AR5 AR T SRS I e AT skt T 25 3t
JiiE. b, ETHE IR 2 R E SRS LA RIS 1Y)
IS R AT ER

JUAERS TR T W IR A 0 BAY MR Ik B4
[ M9 (r/r B-ALL) [ E /& CAR-THH i = &, PRIETC
R G AR RRGEE S A M R A I PR 2 7, A e i
PRIEHAT F T R A, AR PR A I AN 22 24 7
E AR, — M PR A 1 R B R P AT
JRE 26 B J7 VA ARG, DARRAIE RO AS WU 85 B 1 &5 SR
LB B F I 252 4. Ak, X1 R 2 g e )T
7 i G E PR CAR-THH M ™ i, 2 40t g 2
&I 1K) H AR CAR-TAH ™ ity , TG TR PR IS AR 5
Ji A SRS T 72 o TSAT 1R B SR 2 T AT i
JR AR CAR-TA ™ SR FE 0B . FrbL, =it

JRIRF B 4 P RGN 7 vk () s B AN N FH 37 5
2.6 EHIEEERCL/RCR)EN

T8 RCL/RCRAG I 2 Bl FH e 0 5 25 8 4k B
H CAR-THUML ™ ) X578 83 Z AR BEAT R B, 38
o K9G B E A AR PR B TE ORI A PR A R AR S
AT m U E 40 i R C8 166347 I 8% 3% KB AT
R o RF T8 B3 AR, — MCELLE iR A T A ) e i
JE A BN o X T CAR-TYHMI ™ 5, LE5 B 4 i
RCL/RCRAY H 4H 55 72164 M A 4 TR, H AT
A R A A AT (2 2 8 i qPCR T iR E A7 PR
HURAT, [FIS 75 AR SR AT B, DA AR U
IV AR 1) 22 A P [

3 RE

CAR-THH MG 7 4E A — Ml Bl 7 ok A ia
JTFB, MR R R TR A . BT B
Fl N O 143K CAR-TAHML ™ b b1, 97 2l . %t
T R, — U, AT LAK AR AR, B4
FH UK R IEH AT Hi2, 9A O LT CAR-T4H
L= 3 8 T B e Y, AN BN R A AR AR
AFE % TREAS IR AT Ty BN I8 Y, T
SERIALERAE P AR P RIAS I A MK LR 2, AR
Eiy PEREA PR, KR TT HA TE A R m  ER
MBS R B B 487 WL 8L T, — DN
BURE O FE B R AR I, DU R T A
PERAE R . X5 8URH F B SRR A, S5
W) A T EAR AT, T R ER, Rk, BATTRR
BTN — AR CAR-THH L™ i A I SRl DARLGS
CAR-THH M AE 7= Fl 5 42w (1) BBk 58

CAR-TAH A= J7 1H , 4 55 A0 fai A 240 A 7= T
SR ER A R R AR CAR-TAN A = b 7T S A PR AR AT AT
KAEZEW R . B, P es 7 XA 1) CAR-T
YT M =, AT DA A R R e 4, R HL A0 3
AELL HRTAE S T2 CAR-T/ S B o, A KR R
B E A2 FKAEYEE 24k, Wik 25 (Novartis
AG). B35 & (Bristol-Myers Squibb, &K
BMS). HEAYEH (EE)AERAR .. GIREY
FBHE B A R A 755, S7E A R, 3T B A
CAR-TZH ™ it I AEAR P2, a4 77 i A B 3
b, AT PABRAR AR 7= BOAS , 800 NN S8R
PRI UL B N THAE v B R A s gL B3, thah, B3
38 AT DL 3 B AR BT 75 1 AR 72 N R B R R A 56 K
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o EAMEL IR E NN, RVF— L E S A R
G/t JE GMP It N IS AT, SCRFEIA A= BUAR 55 il
2, A RT DA G 3 S e A 7= i o SR, 7R
PRr= il i AR 24— W Rl KX By R 2R
HERITHOTIAR —NE R B, 1B
L, AT RIS BENAR A (in vivo)HE B CAR-T4H il
B FT A, AR A B fif vk B A& CAR-TAI LG T &
FERTET P 1), fedl O NI RS UE B LIt
FLRW, BERSAE B FE A . RS9 KRR (lipid
nanoparticle, LNP) IS4 KB AR EA N K CAR
HE R 20 32 21 G % A0 (TAD NK AR AR )P, N T
SEI TAH PLEE ) 14, B FTON G IEAE A A R CD3
CD4E{ CD8 [ B fr i v] A8 v Bl o Ath 25 & 451
B, X R R B K B (S W LNP)#EAT 21
TEAR A B CAR-THH AR ) 6 97 77 o A 75
RN, M RAR AT PUATN G T2 —
FUAAGAE 77 AR RSAS 2135 B A 25 7K, TR IR I
PRAS B BN 4 , K P9 CAR-THE -1 40 v 97
AR

7£ CAR-TZH o &4 77 1, T4 pia )T =
mn b BN . IR R AL, TR TR IR T
i T CAR-TZE = b, AL o] T I AR
AR5, A BRI B AR A 18 5 A 2 AR
FEA G IR o drfer 4 vk T 6, DA RAE /N B
A RS I AR S 20 M 2R B BURE S A AR AR, A2 AT
— RERBRER . AT AT I I VEAFRAEA G —, 520
T AR RTECE ) [R]E BG N T 42 A 1 £ 1 R 1)
R HMERE o R ST AR AE AL B4R A SR AR ARG WU A7 o4 A A
FRR IR 556, JFRB ARl EeoA, #F Kk

BRet 5 BRI &, BEE L2 MAL
BRESOAR, DASE B b BE SR AN 45 R HERA A

BURATML 5Kt & R %

CAR-THH ™ b RSN IR 2R e % 1 i 8
SRR L B AT, I PRI O CAR-T4R LT
VRN FH A e B SRR AN B B S % MR B IR T .
DRIk, i 2R S A 7 v o B CAR-THH ™ i )
R, TSR 2 AR R R T
BRELE. FERARKAW K EMEE, HERH
WA G 47 (¥ CAR-THH L= 5K 72 I R B FH
RIFERKMEM, ERE L EE . RN, Rpgonmst
CAR-THHE A 5 4 (AT U MY, 2 4B 1Z 40
AR e . WIHRER R R OCHE .
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