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Abstract

Cardiomyocyte and Adrenoreceptor Modeling with Fluorescence Deconvolution Microscopy to Understand Heart Repair as a Result of Ventricular Unloading: Cell culture to LVAD

Objective: This research describes changes in number, density and localization of adrenoreceptors (ARs) following left ventricular unloading, after earlier reports of a loss of adrenoreceptors in heart failure, as well as cardiomyocyte dedifferentiation, another repair mechanism associated with heart failure, and suggests how these two ‘protective’ mechanisms work together to spare cardiac muscle from damage.

Hypothesis: Receptor down-regulation and number reduction, coupled with a change in location of ARs, is an attempt to preserve myocyte function and integrity by avoiding myocyte calcium overload and irreparable cell damage, and that in the ailing heart the circulation might become a primary source for calcium required for myocardial contraction. Adrenoreceptor compensations, together with cardiomyocyte dedifferentiation, protect the heart and allow for recovery.

Methods: Using fluorescent deconvolution microscopy we visualized ARs in left ventricle tissue samples harvested from left ventricular assist device (LVAD) patients at device implantation, and then at device explantation. 3D models of adrenoreceptors/ myocardium were constructed from acquired images, providing us with a detailed view of receptor locations and giving us a better understanding of adrenoreceptor changes resulting from ventricular unloading. Cell culture studies of dedifferentiating adult cells were also performed, and real time calcium flux images were acquired together with fluorescent labeling of ARs.

Conclusions: ARs in pre-LVAD myocardium were ‘clumped’, but after unloading they were homogeneously redistributed throughout the myocardial muscle fibers, suggesting an improved unloadingdependent, calcium regulation and signaling, and resulting improved cardiac function. This rearrangement might accompany the reintroduction of myocytes into a reparative and protective cycle via dedifferentiation. (251).
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