Highlights
1. Multi-pathway synergistic intervention: This review systematically elucidates how reshaping three core metabolic pathways—glucose, lipid, and amino acid metabolism—endows CAR-T cells with metabolic adaptability, serving as a central strategy to overcome the immunosuppressive tumor microenvironment.
2. Metabolic adaptability is a critical safeguard: It emphasizes that enhancing CAR-T cells’ metabolic adaptability—such as improving glucose uptake, optimizing lipid utilization, and relieving amino acid constraints—is decisive for their in vivo persistence, effector function, and antitumor activity.
3. Multidimensional intervention strategies: This review summarizes how genetic engineering (e.g., overexpression of GLUTs and metabolic enzymes), manufacturing process optimization (e.g., metabolic priming and DCA treatment), and in vivo pharmacological modulation (e.g., small-molecule agonists/inhibitors) collectively enable precise metabolic reprogramming of CAR-T cells.
