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SPATIAL CONFINEMENT OF NITRIC OXIDE/SUPEROXIDE SIGALING IN THE HEART (Invited lecture)
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The mechanism(s) by which nitric oxide (NO) regulates cardiac function remains extremely controversial.  Our work addresses the hypothesis that spatial localization of different NO synthase (NOS) isoforms explains the physiologic impact of NO on cardiac function.  For example, NO inhibits cardiac L-type Ca2+ channels, but stimulates sarcoplasmic reticulum (SR) Ca2+ release, leading to variable effects on myocardial contractility.  Work in NOS deletion mutant mice demonstrates that subcellular spatial confinement of specific NOS isoforms regulates this process.  Mice lacking neuronal NOS (NOS1), an isoform localised to the SR, have suppressed cardiac contraction due to decreased SR Ca2+ release during b-adrenergic stimulation.  In contrast, mice lacking endothelial NOS (NOS3), targeted to caveolae, have enhanced inotropic responses and SR Ca2+ release.  Mice lacking both isoforms (NOS1/3-/-) have suppressed b-adrenergic responses compared to NOS3-/- in the same proportion as  NOS1-/- to wild type.  Both NOS1-/- and NOS3-/- develop similar degrees of age-related hypertrophy, although only NOS3-/- has hypertension.  The NOS1/3-/- develops a unique hypertrophic phenotype characterized by marked ventricular remodelling, indicating that both isoforms influences cardiac structure independently.  In heart failure, specific aspects of NO cardiac signaling are inactivated by oxidative stress; we have shown that xanthine oxidase a source of superoxide is upregulated in dogs with pacing heart failure and produces energetic inefficiency by disrupting NO signaling (presumably within mitochondria).  Thus, NOS1 and NOS3 mediate independent, and in some cases directionally opposite, effects on cardiac contraction and SR calcium release, revealing the critical importance of subcellular localization in NO signaling.
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