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Development of Next-Generation Gene Therapy for Heart Failure Through Synthetic
Biology Approach
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We developed an innovative gene therapy that enables cardiomyocytes to
express therapeutic microRNAs with spatiotemporal precision. We performed massively parallel
combinatorial phenotypic screening of microRNAs. We identified the combination of microRNAs that
synergistically protect cardiomyocytes against pathological stressors. We developed synthetic gene
circuits that consist of a logic gate to discriminate cell-types and pathological conditions, a
closed-loop circuit that fine-tunes gene expression levels based on the intensity of pathological
stress, and a drug-inducible regulation system. When we delivered synthetic gene circuits harboring
therapeutic microRNAs into cardiomyocytes, protective effects against pathological stressors were
observed only under intended conditions. Our next-generation ?ene therapy would realize precision
medicine at the cellular level for the treatment of heart failure and provide more efficient and
safe therapeutic platforms than current therapies.
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