Gene therapy of MAOA fine-tunes nuclear cAMP nanodomain and improves cardiac hypertrophy 
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Introduction. Pathological cardiac hypertrophy (PCH), a precursor to heart failure, represents a leading cause of global mortality and morbidity. Current therapeutic strategies focused on reducing the heart's workload, demonstrate limited efficacy. Nuclear-localized cAMP (NLS-cAMP) has emerged as a promising therapeutic target, as it regulates hypertrophic gene transcription and is overactivated in hypertrophic cardiomyocytes. However, the spatiotemporal regulation and molecular targets of NLS-cAMP remain unclear. 
Aims. This study aimed to elucidate the regulatory mechanisms of NLS-cAMP signaling and evaluate its therapeutic potential in PCH.

Methods. Using super-resolution imaging and subcellular-localized FRET biosensors, we visualized monitored the activation of β1 adrenergic receptors (β1AR) at the nuclear envelope in cardiomyocytes. 

The impact of monoamine oxidase (MAOA) on NLS-localized β1AR signaling was characterized using both genetic (e.g. cardiac-specific knockdown and adeno-associated virus-delivered expression) and pharmacological manipulation of monoamine oxidase A (MAOA). Integration of single-cell transcriptomics and ATAC-seq in a mouse model of PCH unraveled how MAOA-regulated NLS-cAMP signaling modulates pro-hypertrophic gene transcription by regulating chromatin accessibility. We constructed and delivered an adeno- associated virus 9 expressing MAOA in PCH mice to assess the therapeutic effect of NLS-cAMP in mouse PCH.

Results. Deletion or inhibition of MAOA amplified norepinephrine-induced NLS-β1AR activation, whereas MAOA overexpression suppressed it, identifying MAOA as a critical regulator of the NLS-cAMP nanodomain. Bulk and single-cell transcriptomics revealed reduced MAOA expression in hypertrophic mouse and human hearts. Cardiac-specific MAOA deletion in mice induced cardiac hypertrophy and progressed to heart failure. Mechanistically, loss of MAOA increased PKA-dependent phosphorylation of HDAC1, enhanced H3K27 acetylation, and promoted chromatin accessibility of hypertrophic genes (e.g. Nppa, Nppb). Notably, AAV9-delivered MAOA attenuated PCH in mouse and improved cardiac diastolic function.

Discussion. Our findings identify a nuclear envelope–localized β1AR–NLS-cAMP–PKA signaling axis regulated by MAOA in cardiomyocytes. MAOA deficiency disrupts this regulation, driving maladaptive hypertrophy, while restoring MAOA expression exhibits cardioprotective effects. Our work highlights MAOA as a promising therapeutic target for  PCH prevention and treatment. 

