Silencing PDE4 in DCs via Phospholipid Nanoparticles for Enhancing Pancreatic Cancer immunotherapy
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Introduction. The reduced abundance of the cDC1 subset in pancreatic cancer severely impairs dendritic cell (DC)–mediated antigen cross-presentation and antitumor immunity. Dysregulated lipid droplet metabolism has been identified as a key contributor to cDC1 depletion in DCs. Therefore, identifying therapeutic targets that restore DC lipid metabolism represents a promising strategy to enhance cDC1 abundance and antitumor immunity. Although lipid nanoparticles (LNPs) have emerged as effective gene delivery vehicles, current LNP platforms are constrained by safety concerns, limited delivery precision to DCs, and substantial patent barriers, underscoring the need for next-generation LNP designs.
Aims. To identify novel targets that restore lipid droplet metabolism in DCs and to develop new LNPs for safe and efficient gene delivery to DCs.
Methods. Multi-omics analyses were conducted to screen lipid metabolism–related genes in DCs from pancreatic cancer models. In parallel, novel ionizable phospholipids were designed and synthesized via multicomponent reactions, and their gene delivery efficiencies were systematically evaluated.
Results. Multi-omics analyses revealed that elevated PDE4 expression was closely associated with lipid droplet accumulation in DCs. PDE4 silencing normalized lipid metabolism and significantly increased the cDC1 proportion. Among newly developed formulations, the LNP B9-SP achieved superior gene delivery efficiency and safety in DCs compared with the clinically used SM-102. In vivo, B9-SP LNPs markedly inhibited tumor growth in Panc02 tumor-bearing mice.
Discussion. Targeting PDE4 restores lipid metabolism in DCs and enhances cDC1 abundance in pancreatic cancer. The novel LNP B9-SP enables safe and efficient delivery of PDE4 siRNA to DCs, resulting in improved antitumor immune responses. This strategy represents a promising approach to enhance immunotherapy efficacy in pancreatic cancer. 
