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Background Asthma is a chronic allergic inflammatory disease that affects the airways, leading to impaired oxygen transport function, and the number of patients continues to increase worldwide. The onset of this disease is primarily mediated by T helper 2 (Th2) cells, which secrete cytokines (such as IL-4, IL-5, and IL-13) that promote the accumulation of immune cells in the lungs, further exacerbating the inflammatory response. To effectively treat asthma, it is essential to suppress the excessive immune response, a process that involves the polarization of tolerogenic dendritic cells (tDCs) and M2 macrophages, which can secrete immunosuppressive cytokines and promote the generation of regulatory T cells (Tregs). Traditional treatment methods, while effective, often come with significant side effects; thus, developing new drug delivery systems to enhance targeting and reduce side effects has become an important area of research. Hybrid nanoparticles (HNPs) serve as a novel drug delivery system capable of effectively delivering drugs directly to target cells, thereby improving therapeutic efficacy and minimizing systemic side effects.

Objective To prevent and treat asthma and other immune-related diseases by suppressing asthma onset, reducing immune cell infiltration, and promoting the generation of regulatory T cells (Tregs).

Results This study indicate that hybrid nanoparticles (DM-HNP) loaded with dexamethasone (Dex) and monophosphoryl lipid A (MPLA) were successfully synthesized, demonstrating good drug loading capacity and stability. In in vitro experiments, DM-HNP effectively induced dendritic cells (DCs) to transition into tolerogenic dendritic cells (tDCs) and promoted the polarization of M2 macrophages, significantly increasing IL-10 secretion. In a mouse model of asthma, DM-HNP significantly reduced airway inflammation, decreased the infiltration of eosinophils and other immune cells, and lowered levels of specific IgE and Th2-related cytokines. Additionally, DM-HNP exhibited good safety in mice, causing no significant side effects and being rapidly cleared from the body.
Conclusion Overall, this research provides a new strategy for the treatment of asthma and other autoimmune diseases, suggesting that DM-HNP has promising potential as a therapeutic tool.
