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Design of CAR-T cells targeting solid tumors: strategies for enhancing safety and
universality
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Nanjing University Medical School, Nanjing 210008, Jiangsu, China)

[Abstract] Chimeric antigen receptor gene-modified T (CAR-T) cell therapy represents an immunotherapeutic approach wherein
autologous T cells are genetically engineered ex vivo to express specific chimeric antigen receptors (CARs), expanded, and reinfused
into patients to specifically recognize and eliminate tumor cells. Despite substantial efficacy in hematological malignancies, CAR-T cell
therapy encounters significant barriers in solid tumors. Immune-related adverse events (irAEs), including cytokine release syndrome
(CRS), compromise safety profiles, while tumor-associated antigen (TAA) heterogeneity restricts both single-target CAR-T cell
applicability and universal CAR-T cell development. Consequently, breakthrough refinements remain essential for clinical translation in
solid tumors. This review examines CAR-T cell therapy for solid tumors, critically evaluating safety and universality enhancement
strategies through three core approaches: structural CAR design optimization, universal immune receptor retargeting, and antigen
universality augmentation. Each approach undergoes systematic analysis of research pathways, advantages, and limitations, with future
trajectories delineated. By synthesizing advances in safety and universal design paradigms, the review aims to establish innovative
frameworks for CAR-T cell therapeutic development in solid tumor therapeutics.
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B R JF 17 3 Bk 5470 JB 6 DSPE-PEG 41 >k BURL 1 4 JR AL 471
BF &, o LAl & R Bk 8 7 RS CAR-T 4
MBS, A mE g e, b, A R
PEG-Fig Jit 1% B 49y b, ®] | T 24T b 98 & W #9151 , ZHANG
SR A RT B LAAE N\ e 48 L RE A B9 amph-FITC,
TNREE F AR B I EEE45 5] A CAR-T 40
e S B0 1 FITC B9 2545 3K AL .

ETREWFEARESE Z 42 —HHANE
B, FAN &2 3 F K 45 I8 B B2 (long chain fatty
acid, LCFAYFF & T — F 4t x4 ff J& 28 B 6 370 B 6 1
Kk, MEARNERARREE, EME THER
LCFA, # £ TLCFAM#H X R AR BT A THRMEEN
BV b, RIS E R F LB FITCE AT
Be AR, & & A48 F1 A A BR (palmitic acid, PA) 4 &
B4 Lip-FITC, 71k 52 [ % FITC 4% 5 M CAR-T 4B }f1 /5 ,
HEEeEEE/ N REA FWEEEEWETHE.
3.2 AFIB R IRAIRIE 6 Yo e Rk

ETERBEAEMINEEA L 0K R GMET
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Fk AT 4 20 i vE A& B (Fibroblast activation
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£ KB FPIGR123-140) , 7 T Z# R £ R EE & .
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