BOX 34.1

AUTONOMIC POSTGANGL IONIC NEURONS CAN CHANGE THEIR TRANSMITTER PHENOTYPES

Transmitter phenotypes of autonomic neurons generally seem fixed, dictated by both intrinsic and extrinsic developmental cues. At least some ANS neurons, however, can alter their phenotypes under appropriate environmental conditions. This conclusion first was reached when populations of postmitotic adrenergic and cholinergic neurons were cocultured in vitro in different media or in the presence of different tissues. Without changes in overall cell number, the percentages of adrenergic and cholinergic neurons in a given culture changed over time. Even more definitively, when single postganglionic cells were grown in microculture wells, the presence of a medium conditioned by heart cells caused some of these mature neurons to change from an adrenergic to a cholinergic phenotype (Potter, Landis, & Furshpan, 1980). 

This phenotypic switching does not appear to be an artifact of cell culture situations; the change appears to occur normally in vivo in development to generate the specialized minority of sympathetic postganglionic neurons that are cholinergic (e.g., for innervation of sweat glands). Landis and Keefe (1983) have verified this hypothesis by using rat foot pad sweat gland innervation in vivo and characterizing the transmitter phenotype of the autonomic projections at different stages of development. The developing sympathetic postganglionic innervations of the sweat glands initially expresses a typical adrenergic phenotype as the axon grows toward its target. Once the sweat gland target is innervated, however, the tissue induces the change in neurotransmitter phenotype to a cholinergic one. 

Such changes in transmitter are not unique to these examples. Perhaps reflecting pluripotential patterns seen earlier in phylogeny, at least some cholinergic neurons (e.g., avian ciliary ganglion cells) appear to remodel into an adrenergic phenotype, whereas other cells (e.g., maturing neural crest cells in the developing gut wall) exhibit a transient catecholaminergic stage that is lost during the ingrowth of extramural innervation. 

Finally, in addition to such switching, autonomic postganglionic neurons also have been shown to exhibit plasticity in altering their levels of transmitters and cotransmitters as a function of the activity of their preganglionic inputs. For example, after preganglionic inputs are blocked or transected pharmacologically, postganglionic neurons of the superior cervical ganglion decrease their levels of tyrosine hydroxylase while increasing their level of substance P.
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