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Abstract:

The sympathetic nervous system strongly modulates the contractile and electrical function of the heart. The anatomical

underpinnings that enable a spatially and temporally coordinated dissemination of sympathetic signals within the cardiac

tissue are only incompletely characterized. In this work we took the first step of unraveling the in situ 3D microarchitecture

of the cardiac sympathetic nervous system. Using a combination of two-photon excitation fluorescence microscopy and

computer-assisted image analyses, we reconstructed the sympathetic network in a portion of the left ventricular

epicardium from adult transgenic mice expressing a fluorescent reporter protein in all peripheral sympathetic neurons. The

reconstruction revealed several organizational principles of the local sympathetic tree that synergize to enable a

coordinated and efficient signal transfer to the target tissue. First, synaptic boutons are aligned with high density along

much of axon-cell contacts. Second, axon segments are oriented parallel to the main, i.e., longitudinal, axes of their

apposed cardiomyocytes, optimizing the frequency of transmitter release sites per axon/per cardiomyocyte. Third, the local

network was partitioned into branched and/or looped sub-trees which extended both radially and tangentially through the

image volume. Fourth, sub-trees arrange to not much overlap, giving rise to multiple annexed innervation domains of

variable complexity and configuration. The sympathetic network in the epicardial border zone of a chronic myocardial

infarction was observed to undergo substantive remodeling, which included almost complete loss of fibers at depths >10

µm from the surface, spatially heterogeneous gain of axons, irregularly shaped synaptic boutons, and formation of axonal

plexuses composed of nested loops of variable length. In conclusion, we provide, to the best of our knowledge, the first in

situ 3D reconstruction of the local cardiac sympathetic network in normal and injured mammalian myocardium. Mapping

the sympathetic network connectivity will aid in elucidating its role in sympathetic signal transmisson and processing.
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