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Cardiomyocyte heterogeneity in heart failure
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Heart failure is caused by dysregulation of mechanical stress response, but
the molecular mechanisms underlying cardiomyocyte heterogeneity remain elusive. By integrating
single-cell RNA-seq, single-molecule RNA in situ hybridization, genetic perturbation, and molecular
pathology, we analyzed molecular heterogeneities in cardiomyocytes from mouse
pressure-overload-induced heart failure model and human patients with heart failure. We found that
hypertrophied cardiomyocytes, induced by pressure overload, are divided into adaptive and failing
cardiomyocytes and that failing cardiomyocytes, which express fetal-type myosin, emerge specifically

in the middle layer of the heart. We also demonstrated that DNA damage and p53 signaling are
critical for the induction of failing cardiomyocytes and that the content of DNA damage in
cardiomyocytes determines the response to medical treatment in patients with heart failure. These
findings provide a basis for cardiovascular precision medicine.
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