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ABSTRACT 
Recent advances in synthetic mRNA and viral vector technologies are reshaping the field of precision medicine, offering innovative strategies for the treatment of cancer, infectious diseases, and genetic disorders. These delivery platforms enable the targeted transport of therapeutic proteins into specific cells, allowing modulation of cellular functions and immune responses. Synthetic mRNA therapeutics offer a transient and non-integrating method for expressing functional proteins, providing notable advantages in safety and design flexibility. The success of mRNA-based COVID-19 vaccines has highlighted their scalability, rapid development, and robust immunogenic potential, firmly establishing mRNA as a transformative therapeutic modality. Similarly, viral vectors have become indispensable tools for stable or semi-stable gene delivery and genetic modification in both somatic gene therapy and cancer immunotherapy.
Despite their promise, the performance of these platforms is profoundly influenced by interactions with the host innate and adaptive immune system. Innate immune sensors can recognize exogenous RNA or viral components, triggering inflammatory pathways that may compromise therapeutic efficacy or induce adverse events. Moreover, adaptive pre-existing immunity against viral vectors can result in rapid clearance or neutralization, further limiting effectiveness. Consequently, a deep understanding of the immunological barriers that affect these systems is essential for their optimization.
Dissecting the molecular mechanisms underlying immune recognition is crucial for enhancing delivery efficiency and minimizing toxicity. To address these challenges, several strategies are being developed: co-delivering immunomodulatory molecules, designing novel vector serotypes, and de-immunization of therapeutic proteins. Such approaches not only mitigate undesired immune responses but also enable the rational harnessing of immune pathways for therapeutic benefit.
Unlike conventional protein drugs, which are administered in their active form, mRNA therapeutics function as “pro-drugs,” with the pharmacologically active molecule produced endogenously through translation. Therefore, efficient and sustained translation of vector-encoded or mRNA-encoded transgenes is fundamental to therapeutic success. The level of protein expression directly determines efficacy, while low translation efficiency may necessitate higher doses and increase the risk of adverse effects. Conversely, improving translation efficiency could enable dose-sparing strategies, expanding vaccine accessibility during global health crises. For this reason, another effort of the lab is to optimize coding and non-coding regions of payloads that play pivotal roles in regulating both the translation and mRNA stability and durability.
In summary, the convergence of synthetic mRNA and viral vector technologies with precise immunological modulation represents a cornerstone of next-generation precision medicine. Continued interdisciplinary research into the interplay between immune systems and delivery platforms will be essential to fully realize their therapeutic potential, paving the way for safer, more effective, and truly personalized interventions across oncology, infectious diseases, and gene therapy.
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