Cardiac contraction directly interferes with cell cycle activity
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Introduction. Functional recovery of the heart following damage is restricted to the very early neonatal period in certain species, in particular endotherms. Many ectotherms, however, can regenerate lost cardiomyocytes even as adults. Endothermy elevates cardiac functional demand to support the metabolic requirements of thermogenesis. Whether this stronger cardiac function directly interferes with regeneration is yet to be established. 

Aims. To assess the impact of inhibiting contractility on cardiac cell cycle activity in human cardiac organoids (hCOs).
Methods. hCOs (Mills et al, 2021; Voges et al, 2023) were treated with mavacamten (mav) (0.1, 0.3, 1 (M) or aficamten (afi) (0.3, 1, 3 (M) to specifically inhibit sarcomere contraction. Cell cycle activity was monitored through immunofluorescent detection of active cell cycle marker Ki-67, mitosis marker pHH3 and cardiomyocyte nuclei number (NKX2-5). Phosphoproteomics, transcriptomics and metabolomics were used to map out the downstream consequences of inhibition of cardiomyocyte contractility. 

Results. A reduction in contraction force and increase in overall cell cycle activity (Ki-67) was observed after mav treatment (48 h) across different concentrations. Follow up demonstrated increased cardiac mitosis (0.53% ± 0.07 vs control 0.31% ± 0.05, p=0.02) and cardiomyocyte nuclei number (+11% (p<0.0001) with 0.3 (M mav. Cell cycle re-activation was confirmed in afi-treated hCOs. Phosphorylation changes on proteins predominantly involved in RNA splicing and chromatin remodelling were observed while transcriptomics (8 h) demonstrated loss of sarcomere integrity. A metabolic dedifferentiation phenotype was suggested based on a reduction in aspartate/asparagine ratio. 

Discussion. The findings demonstrate a direct impact of contraction on cardiac cell cycle activity. The omics data collectively suggest a dedifferentiation-like response to occur upon contraction inhibition, thereby creating a cardiac phenotype that allows for cell cycle re-entry. 
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