Tumor-specific generation of panCAR in vivo for enhanced cancer immunotherapy
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Introduction. Generating immune cells with chimeric antigen receptor (CAR) in vivo is promising for cancer immunotherapy. Unfortunately, CAR-T/natural killer (NK) cells show limited efficiency in solid tumor due to poor intratumoral infiltration and off-target toxicity. 
Aims. Developing a metabotropic glutamate receptor 4 (GRM4)-targeted and tumor-penetrable lipoplex to generate NKG2D CARs in triple-negative breast cancer (TNBC) in vivo.
Methods. The lipoplexes are modified with tumor-penetrable peptide and O-Phospho-L-serine to target GRM4, and load plasmid DNA (pDNA) encoding NKG2D and interleukin 15 (IL-15). To ensure tumor-specific generation, a promoter containing 9×HREs and ODD domain are incorporated in pDNA.
Results. By specifically targeting GRM4 in TNBC, the system enables high tumor accumulation and deep penetration, facilitating the in situ generation of panCAR in T and NK cells. This process is further refined by HIF-1α-regulated CAR expression, which minimizes off-target CAR generation in healthy tissues. The resulting CAR-T and CAR-NK cells subsequently remodel the immunosuppressive tumor microenvironment, enhancing the infiltration of CD8⁺ T cells and NK cells. This amplifies antitumor immunity and effectively suppresses TNBC progression.
Discussion. This strategy distinguishes itself from prior approaches in several key dimensions. First, it combines active GRM4 targeting with enhanced penetration for breast cancer-specific delivery and in situ generation of panCAR within tumor-infiltrating CD8⁺ T and NK cells, addressing tumor heterogeneity. Second, it overcomes trafficking barriers by generating functional CAR cells directly within the tumor. Third, a dual-control mechanism utilizing GRM4 targeting and HIF-1α regulation ensures high safety in vivo, mitigating off-target toxicity. Finally, the approach induces broad antitumor immunity by elevating intratumoral NKG2D levels via engineered CARs.
