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Role of electrical activity in horizontal axon growth in the developing cortex: A time—lapse
study using photostimulation

Malyshevskaya Olga', Shiraishi Yoshihiro!, Edward Ruthazer? and Nobuhiko Yamamoto!

Neuroscience Laboratories, Graduate School of Frontier Biosciences, Osaka University, Osaka
565-0871, Japan, and “Dept. of Neurology & Neurosurgery, Montreal Neurological Institute, rm
F121, McGill University, 3801 University St., Montreal, QC, H3A 2B4

During development, upper layer neurons in the neocortex extend axon collaterals in the same
layers. These horizontally elongating axons (horizontal axons) stop growing in appropriate
locations to form synaptic connections with distant cells. Neuronal activity is thought to be
involved in these processes, but the role is not fully understood. Here we studied how horizontal
axon growth is controlled by firing activity in organotypic slice cultures of rat cortex. For
this, plasmids encoding channelrhodopsin-2 (ChR2)-EGFP and DsRed were coelectroporated into
a small number of upper layer cells. Electrical activity induced by photostimulation (488 nm)
was monitored using multielectrode dishes. Axonal growth was observed by time-lapse confocal
microscopy with different excitation (560 nm) at 10-20 min intervals for several hours. We found
that firing activity of cortical cells was elicited by photostimulation with short durations
(50-200 ms). During the first week in vitro, when spontaneous activity is low, DsRed and
ChR2-expressing axons grew constantly. Once repetitive photostimulation (4-10 Hz) for 1 min
was applied to soma or axons, most transfected axons paused growing. In contrast, low frequency
stimulation did not elicit the stop behavior. These results suggest that increasing firing
activity suppresses horizontal axon growth and alters the developmental mode.
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