Innovative strategies in nucleic acid therapeutics: harnessing nanoformulations for precision cancer therapy
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Introduction. Prospective tumor microenvironment (TME)-responsive nanoparticles offer a promising strategy to target multiple tumor types by facilitating the controlled release of encapsulated nucleic acids, such as microRNAs, and potential co-therapeutics. These co-therapeutics may include chemotherapeutics or endoplasmic reticulum stress (ERS) inducers, aimed at enhancing cancer treatment efficacy and safety, particularly for aggressive malignancies such as head and neck cancer (HNC) and pancreatic ductal adenocarcinoma (PDAC).

Methods. We conducted a variety of assessments, including physicochemical characterization, cytotoxicity analysis, cellular uptake, regulation mechanisms, immune response studies, and in vivo experiments. These aimed to evaluate the antitumor efficacy, biosafety, and underlying signaling pathways relevant to HNC and/or PDAC treatment.
Discussion. The nanoparticles selectively targeted HNC and PDAC cells, sparing non-transformed cells. They hindered cancer progression by downregulating oncoproteins, suppressing multidrug resistance and epithelial–mesenchymal transition, and inducing ERS-mediated autophagy and apoptosis. Their TME-responsive design enhanced drug delivery and therapeutic efficacy while minimizing healthy tissue toxicity. Additionally, the nanoformulation promoted durable antitumor immune responses, reducing tumor growth through increased T cell infiltration, dendritic cell maturation, and suppression of tumor-associated macrophages in mice. Customized for the TME, this approach enhances therapy precision, significantly advancing personalized cancer treatment.
