Enhancing cyclic guanosine monophosphate (cGMP) to treat Heart Failure with Preserved Ejection Fraction (HFpEF)
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Introduction. Impaired nitric oxide (NO)-soluble guanylate (sGC)-cGMP signalling underlies left ventricular (LV) and coronary microvascular dysfunction, both of which are independent predictors of mortality in HFpEF. Treatments effective in HF with reduced Ejection Fraction (HFrEF) have failed to reduce mortality in HFpEF. LV cGMP is lower in HFpEF than in HFrEF. Enhancing cGMP may therefore represent a mechanism-targeted approach to treating HFpEF. 

Aims. Examine the impact of cGMP-enhancing therapies on i) LV and microvascular function in a rat model of HFpEF ex vivo, and ii) pathological drivers of HFpEF in induced pluripotent stem cell (iPSC)-derived cardiomyocytes (iCMs).
Methods. HFpEF was induced in Male Sprague-Dawley rats using a high-fat diet and low-dose streptozotocin (2x35 mg/kg, over 2 days). Responses to cGMP-enhancing therapies (DEA/NO, NO donor; Angeli's salt, nitroxyl [HNO] donor) were measured in isolated hearts (Langendorff-perfusion) and mesenteric arteries (wire myography). Mitochondrial function (MitoSOX, ROS production; TMRM, membrane potential) and cell injury (LDH; cytotoxicity; PI, late apoptosis) were assessed in iPSC-derived iCMs after 48h in control (5.55mM glucose, 14.45mM mannitol), or cardiometabolic stress conditions to simulate HFpEF (20mM glucose, 0.25mM palmitate, 0.1mM linoleic acid, 0.1mM oleic acid, 10nM endothelin-1, 1μM cortisol) ± cGMP-enhancing therapies (vericiguat, sGC stimulator; BAY 60-2770, sGC activator). 
Results. In HFpEF hearts, LV contraction, relaxation and coronary vasodilation to DEA/NO were decreased, whereas responses to Angeli’s salt were preserved or enhanced. Vasorelaxation to Angeli’s salt was greater in HFpEF mesenteric arteries, which were hyporesponsive to DEA/NO. In iCMs, cardiometabolic stress-induced elevations in mitochondrial ROS and membrane potential, and cell injury, were attenuated by BAY 60-2770, but not vericiguat. Discussion. Enhancing cGMP by direct sGC activation promotes LV relaxation and vasodilation of the microvasculature in HFpEF hearts, and protects against pathways implicated in HFpEF in iCMs under cardiometabolic stress conditions.
