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Protein quality control (PQC) functions to minimize the amount and toxicity of misfolded proteins in the cell.  PQC is performed by intricate collaboration between molecular chaperones and targeted protein degradation.  The latter is primarily carried out by the ubiquitin-proteasome system and autophagy.  Data from both experimental studies and human failing hearts suggest that cardiac PQC inadequacy, especially proteasome functional insufficiency, plays a pathogenic role in the development of congestive heart failure (CHF) resulting from a large subset of heart diseases.  Hence, improving cardiac proteasomal function may conceivably become a novel therapeutic strategy to block the progression of these forms of heart disease to CHF.  We previously demonstrated that overexpression of proteasome activator 28 (PA28) enhances cardiac proteasome function in vitro and in vivo.  A small-molecule compound (a USP14 inhibitor) was shown by others to enhance proteasome proteolytic function in cultured non-cardiac cells.  Until very recently, no agent has been demonstrated to increase proteasome function in the heart.  To better understand how proteasome function is regulated, we have recently discovered that protein kinase G (PKG) positively regulates proteasomal degradation of misfolded proteins in both cultured cardiomyocytes and the heart of intact mice.  Likely through phosphorylating specific proteasome subunits and thereby priming the proteasome, PKG activation induced by either pharmacological or genetic means facilitated the degradation of a surrogate and a bona fide misfolded protein in cultured cardiomyocytes.  PKG enhancement by sildenafil significantly increased proteasomal peptidase activities and reduced the protein level, but not mRNA level, of a surrogate proteasome substrate in the heart.  Furthermore, long-term administration of sildenafil significantly reduced the accumulation of ubiquitinated proteins and protein aggregation in cardiomyocytes and delayed cardiac malfunction in a well-documented mouse model of cardiac proteinopathy. Our findings indicate that stimulating PKG can improve cardiac proteasomes, representing a novel protective mechanism of sildenafil. 

