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Objectives: The aim of this study was to investigate the role of tetrahydrobiopterin (BH4) in the regulation of heart and cardiac mitochondrial function.
Background: The multifunctional cofactor tetrahydrobiopterin (BH4) has antioxidant effects, and lower BH4 concentration have been found in various cardiovascular diseases. However, the putative role of BH4 in heart and mitochondria was unknown. 
Methods and Results: We investigated the role of BH4 in the regulation of heart and cardiac mitochondrial function using sepiapterin reductase knockout (Spr-) mice as a model of BH4 deficiency. BH4 deficiency induced cardiac damage and systolic dysfunction that resulted in shortened life span. BH4 deficiency resulted in significant oxidative phosphorylation remodeling at the protein level. BH4 deficiency reduced mitochondrial number, impaired mitochondrial inner membrane integrity and oxidative phosphorylation, and increased reactive oxygen species generation and oxidative stress on mitochondrial DNA. BH4 deficiency also reduced mRNA and protein expression of major regulators of mitochondrial biogenesis and respiration, such as peroxisome proliferator-activated receptor γ coactivator-1 α and mitochondrial transcription factor A. Major mitochondrial antioxidant proteins, peroxiredoxin 3 and super oxide dismutase 2 were also decreased in Spr- heart. In vitro knock down spr gene in HL-1 cell by lentiviral transduction show similar mitochondrial dysfunction as mice model. Importantly, exogenous BH4 supplementation rescued mitochondrial and cardiac dysfunction in Spr- mice and in vitro model.
Conclusion: Collectively, these results indicate that BH4 is essential for mitochondria-mediated heart energy metabolism. 
