The evolutionary loss of cardiac regeneration – the impact of the ectotherm-to-endotherm transition
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Introduction. The heart of endotherms such as humans and mice loses the ability to regenerate shortly after birth, leading to a compromised ability to recover following injury. In contrast, ectotherms like zebrafish and newts can effectively regenerate their hearts, even as adults. Understanding why this loss occurs and what prevents endogenous cardiac regeneration of the mature endotherm heart could uncover new targets for cardiac regeneration.
Aims. To assess whether the high metabolic/energetic demand of endothermy prevents regeneration of mature endotherm cardiomyocytes (CM).
Methods. To inhibit the primary energy-consuming processes in CM, Ca2+ cycling and contraction, we treated mature human cardiac organoids (hCO) (Mills et al, 2021 & Voges et al, 2023) with nifedipine (nif, 3 µM) or mavacamten (mav, 0.3 µM), respectively. Cell cycle dynamics were studied by immunofluorescent detection of cell cycle markers. Using RNA-sequencing and phosphoproteomics we assessed if transcriptional or post-translational changes drive the cell cycle response. Metabolic flux analysis was used to assess the changes in oxidative and glycolytic metabolism in hCO. 
Results. Functional inhibition by nif or mav (48 h) increased the proportion of CM in mitosis (pHH3+) (nif 0.53% ± 0.06 (p=0.009) vs control 0.20% ± 0.05, mav 0.53% ± 0.07 (p=0.02) vs control 0.31% ± 0.05) and the number of CM nuclei (NKX2.5+) (nif +10% (p=0.0015), mav +12% (p<0.0001)). Both the transcriptional (8 h) and phosphorylation (15 min) changes suggested diminished signalling associated with cardiac structure and function. A new metabolic homeostasis characterised by reduced oxidative metabolism without changes in glycolysis was established within 2 h of treatment. 
Discussion. These results highlight the importance of a temporary reduction in functional energy demand to release the cardiac cell cycle blockade. Our future experiments will aim to determine how the metabolic changes could be harnessed to aid the development of metabolic reprogramming strategies for cardiac regeneration. 
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