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The goal of this research is to establish a novel cardiac regeneration therapy that directly
generates new cardiomyocytes from existing heart muscle. To achieve this, we focused on mRNA, a
modality that has recently gained prominence through the development of COVID-19 vaccines. In
prior studies, the principal investigator discovered that the transcription factor KI1fl acts as
a potent cardiac regeneration factor capable of inducing proliferation in mature cardiomyocytes
through its expression. Building on this unique insight, the present study aimed to develop a
KLF1-mRNA therapeutic capable of inducing myocardial regeneration. Specifically, we first
developed techniques to enhance the expression of exogenously introduced mRNA in the heart. Using
this technology, we then induced KIf1-mRNA expression in the hearts of mammalian model animals
following myocardial infarction. Cardiac function and regeneration were subsequently evaluated
over time using echocardiography and histological analysis to assess the therapeutic efficacy of
the developed K1f1-mRNA drug.

We examined carriers, non—translated sequences, KLF1 mutants, and the SEND method, and found
that mRNA was most effectively transduced to the myocardium in mouse hearts using a novel additive
X, which was developed in collaboration with Kaneka Corporation. Using the additive X, we
administered K1f1-mRNA in the peri-infarct myocardium in a rat ischemia-reperfusion model one
week after the injury. A gradual improvement was observed in cardiac function two weeks after the
administration, and cardiac function was significantly improved by 30 days after the injury
demonstrating the therapeutic effect of KIfl1-mRNA in infarcted rat hearts

To gain insight into the role of KLF1 in the functional recovery of human hearts, we analyzed
KLF1 expression in heart tissues derived from patients with ischemic cardiomyopathy or
myocarditis—two patients who experienced spontaneous recovery following the implementation of the
left ventricular assist device (LVAD). Samples that did not show spontaneous recovery in each
disease were used as controls. Using the anti—hKLF1 antibody developed in this study, we observed
KLF1 expression in the myocardial tissue of the spontaneously recovered cases, suggesting a
potential role for KLF1 in the functional recovery associated with LVAD implementation. We also
conducted spatial transcriptomics analysis using the recovered samples, and expression profiling

is currently underway and scheduled for completion soon.



