HIF SIGNALING CONTROL IS ESSENTIAL FOR POSTNATAL CARDIOMYOCYTE MATURATION AND CARDIAC FUNCTION
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During cardiac development HIF1 presents a heterogeneous and dynamic expression and controls the establishment of metabolic boundaries in the myocardium that are important for cardiac function and maturation. After birth, higher oxygen tensions favor a metabolic switch from glycolysis to more efficient fatty acid oxidation. This energetic transition results in cardiomyocyte cell-cycle arrest associated with increased ROS production and DNA damage. Moreover, a rare adult population of HIF1+ cardiomyocytes displaying characteristics of proliferative neonatal myocardium, such as smaller size, mononucleation and lower oxidative DNA damage, have been identified, pointing to hypoxia signaling as an important hallmark of cycling cardiomyocytes. Chronic hypoxia exposure leads to reduced mitochondrial ROS and oxidative DNA damage in adult and neonatal cardiomyocytes and to an increase of mononucleated cycling cardiomyocytes.
In order to determine the role of HIF signaling in hypoxia-induced cardiomyocyte proliferation and maturation, we generated mice with cardiomyocyte-specific deletion of Vhl, Hif1a and Hif2a using the Myosin heavy chain 6 (Myh6) Cre line as a driver. Elimination of Vhl leads to stabilization of both HIF1alpha and HIF2alpha in neonatal cardiomyocytes and results in structural and functional defects leading to pre-weaning lethality. Vhl null hearts present lipid accumulation, increase in glycogen storage granules and Glut1 overexpression, suggesting an enhanced glycolytic program. Moreover, mutant hearts exhibit cardiomegaly during postnatal development and develop a progressive ventricular cardiac dilation phenotype and cardiac dysfunction. Interestingly, neonatal Vhl mutant hearts display increased cardiomyocyte proliferation rate and smaller cell size compared to controls. Ultrastructural analysis indicates that Vhl mutants display sarcomeric disarray and disassembly, with irregular spacing of Z-bands and lack of defined M-bands. In addition, Vhl mutants present an abnormal expression of connexin-43 that is not localized in cell-cell contacts (gap junctions), but all over the cardiomyocytes, suggesting a potential impairment of ions propagation and electrical conduction defects. Interestingly, cardiomyocyte-specific deletion of Vhl leads to increased capillary density and has an indirect impact on cardiac endothelium, which shows a significant increased proliferation rate relative to controls, pointing to a paracrine regulation from cardiomyocytes to endothelial cells in Vhl/MHC null hearts.
Altogether these observations indicate that Vhl null hearts exhibit an embryonic-like phenotype, and suggest that negative modulation of HIF signaling pathway after birth is crucial for proper cardiomyocyte maturation and effective heart function. These results have clinical relevance in the setting of births associated with hypoxia like preeclampsia, maternal diabetes or additional complications during delivery. However, further ongoing investigations are needed to understand the mechanism by which HIF1 and/or HIF2 activation results in all the described abnormalities, as well as, which is the relevance of the crosstalk between cardiomyocytes and endothelial cells and its consequences in cardiac performance.
