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— PP BE H T IR k. BRE T MRS
RS PR — D EE R A EEAG CAR-T
YRR I Y  JR D R DL KAz O LA CAR WY S5H 5
ifie.
1.1 CAR-THRfrERI X BHZ
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Kuwana 55 ** 1987 4E 418 158 3 4 TCR 1H
FE DX G E SR BIPUAR R AT AR RS, 5B — NIk
B T HUAR AU R R S T UM S5 TS &
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V) HEA BRI AR T A A s A% s

F 3 5 1989 4F, Eshhar % B¢ B UCHE H CAR Y
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NEB 4 filA T8 B CAR, "B KT T 4i g 51 2 e it
MIREST, X(HA5 TAMSEI T hunse st . EE
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20 20 90 4FAR, Bl A BRI ER M I, AATTAT
Phid st F] R m i S DR I X St () S R T T e, A
T 508 T 9k B 40 e 5L A U B i B R S Y
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BUS T RAFRIFR ™. 20124F, Emily, —{18A
B2tk I ) L3, 7E425Z 1 Carl June -1 A1 BA
& BIEEXT CD19 () CAR-T 4I5S ), Wik
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Table 1 Marketed agents for CAR-T cell therapy
&1 CAR-THREYT xR ETHZY

Hay 3 A — A it B % MR I A R TG L

s 2R L i) AT S 3 N w0 wAE %
B8] S R RfER 0k
1 Kymriah (Tisagenlecleucel) CD19  2017.02 e % H B-ALL 81% 60% [53]
LBCL 52% 40%  [54]
FL 86% 69%  [55]
2 Yescarta (Axicabtagene Ciloleucel) ~ CDI19  2017.10 ) 4 %[E LBCL (=)  82% 58%  [56]
FL 92% 74%  [57]
LBCL (=4  83% 65%  [58]
3 Tecartus (Brexucabagene) CD19  2020.07 o Al EH MCL 93% 67% [59]
B-ALL 71% 56%  [60]
4  Breyanzi (Lisocabtagene MaraleuceD)  CD19  2021.02 HE E LBCL (Z#) 3% 53% [61]
LBCL (£  86% 66%  [62]
5 Abecma (Idecabtagene Vicleucel) =~ BCMA  2021.03 H /S FEHE MM 73% 33%  [63]
6  Carvykti (Ciltacabtagene Autoleucel) BCMA  2022.02 LT B MM 97% 67%  [64]
7 ZEYLis (BTG 20 CD19  2021.06 TREYR i LBCL 82% 58%  [65]
8 ik GBS ZE) CD19  2021.09 iU B i LBCL 78% 53%  [66]
9 CT103A (ffHEBA5E) BCMA 2023.06 JlIEAEMEELEY HE MM 96% 74% [49,67]
10 CNCT19 (443 ERFE) CD19  2023.11 G4 o B-ALL 82% 64%  [50]
11 CT053 (FIRIEHR A0 BCMA  2024.02 BRI W MM 100%  79%  [51]
B-ALL: ZPEBMEAIMA M ; LBCL: KBANMEMKEIE; FL: JEEMEMREIE; MCL: JERAUME AN ; MM: £ & ME 5.
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Fig. 1 The basic structure of the CAR [’
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Fig. 3 Treatment steps for CAR-T cell therapy
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Ja 1ol YR BEE KB CAR (R3E R T8 G R 5
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YL RE T . CAR-T 4 i 4% P 155 e I B ¢
HOLER, OB HEX RS CAR-TIF LM KT 5
Mo WEEEAR " BLZESL (electroporation, EP)
AR 0 R R 1 R H AT BE I CAR
BRI O T H . i B2 A Y AP ARV TE 1 22 PR X
W, [RIEE, R A A R, SRR, HIE
PER IR o DR AR T sk 26 H AR 2
H—RIM, XA 2k .
TREIVER . BRARRA S T o R 2R . X
AHBERE, FITF CAR-T 41 Y 4 K45 AR 1
R iR 737 T & LA W % CAR-T il 46 H 25 19K A 2%
MR, H ETRFEAN K AR B A0 A R 16 2R G e
YL 5 e 5l A B A Y ORI O AE — S 5T TP E 7R B
TEA ol

SRR YAR L, RGO ORI e vT LASE
FE PR ) B G g o3 107 e R DR 1) G R S
s R FE D B/ INI BRI 11, [T s 4 oK R R Ak
A I R AR XS TR B, 5 TAREAL RS A A
A B FREARSAS o gl R Uk 5 16 2R Gt ] LASE
PR o 5 PR ) 3 6 ) N 2K T AN LA 394 58 B 2 0%
W C AR EIAE " 40 Olden 25 ' A BT VEAL T
—2H [ B 154 pHEMA-g-pDMAEMA, T
RIS R BRI T40M . BRI, &
4% pHEMA-g-pDMAEMA W3 7] DL 7E Jurkat (A
THAMER) PAFEIE50% MFE YL RCR, [l mHEHy
KF 90% 73 LB M o [RIBUE B T A
RNA F1 5 ki DNA % % CD4* H1 CD8*JFAY A T 41 iy
PRI 2R3 ) 5 3 25% 1 18%, I HLEA ALY =
R, AL, AEIL T RN T 4 ff s
Yokttt IRTRILATIR], AU . DNAF &5
HFFEHGE, 5 HATEG AR5 T H i EPE R
mRNA 54 57 1 F T4 i CAR-T 40 (1 7 s A L
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CAR-T 4 fa 7E (A 4h 7R H B 35 1K 97 3 A e B
A6 S AT A 440 B R 02 ) CAR-T 41 gy g
AN, LNPs#; 444 CAR-T A1) CAR Fik FifAsh
B EP #5319 CAR-T 4 i AH Y, {H A E AL,
XS ZE R, LNPs T EP, %W T mRNA-

LNP i 2% V5 M I R A58 09 T — 4SR5 vk 1 TR
Hb CAR-T 4B R F R J) o Stephan 45 ' #Y
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Abstract Chimeric antigen receptor T (CAR-T) cell therapy is an innovative and cutting-edge treatment in the
field of adoptive cell therapy. It represents an important milestone in personalized and precision medicine. T cell
immunotherapy has gone through more than 30 years of development, making CAR-T cell therapy increasingly
mature. Currently, CAR-T cell therapy has achieved significant success in the treatment of hematological system
tumors, and the FDA has approved 6 CAR-T cell therapies for the treatment of hematopoietic cancers. However,
on one hand, the preparation of CAR-T cells is a highly technical process involving multiple steps, each requiring
precise operation and strict condition control to ensure the quality and activity of the cells. The high-quality
materials, specialized equipment, and highly specialized personnel required in the production process have led to
very high preparation costs for CAR-T cell therapy. The high cost has led to increased treatment fees, which may
limit the popularization and accessibility of CAR-T therapy. On the other hand, CAR-T cell therapy faces a series

of difficulties and challenges in the treatment of solid tumors. The first is the insufficient targeting and infiltration
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ability of CAR-T cells to tumors. The tumor microenvironment (TME) of solid tumors is usually composed of
dense extracellular matrix, forming a physical barrier that severely limits the targeting and penetration ability of
CAR-T cells to tumors. The second is the immunosuppressive factors in the TME. In the TME, there are a large
number of immunosuppressive factors, such as interleukin-10, transforming growth factor-§, and suppressive cells
including regulatory T cells, tumor-associated macrophages, and myeloid-derived suppressor cells. These factors
not only weaken the persistence of CAR-T cells but also severely hinder their effective anti-tumor effect. Finally,
CAR-T cell therapy can cause serious cytotoxicity. The activation of CAR-T cells may cause cytokine release
syndrome and attack normal cells expressing the CAR-T target antigen, causing “off-target” toxicity, and thus
causing systemic inflammatory reactions and potential serious side effects. These factors lead to unsatisfactory
therapeutic effects of CAR-T cell therapy. Fortunately, the advancement of nanotechnology has brought new hope
to this field. In particular, nano drug delivery systems have become an extremely active research direction in the
development of anti-tumor drugs. Nanoparticle delivery systems can address the challenges encountered by
CAR-T cell therapy in treating solid tumors through various mechanisms. These mechanisms include enhancing
tumor targeting and CAR-T cell penetration ability, regulating the tumor’s suppressive microenvironment, and
overcoming the side effects of CAR-T cell therapy. The implementation of these strategies is expected to
significantly improve the efficacy of CAR-T cell therapy in the treatment of solid tumors, thereby bringing more
significant therapeutic effects to patients. This article focuses on the background of CAR-T therapy and solid
tumor treatment, systematically reviews the application of nanotechnology in CAR-T cell preparation and solid
tumor treatment in vitro and in vivo in recent years, and provides a forward-looking perspective on future

development directions.

Key words CAR-T therapy, nanotechnology, cancer therapy, nanodrug delivery systems
DOI: 10.16476/j.pibb.2024.0209



