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Cerebellar stellate cells are interconnected GABAergic interneurons in the outer molecular layer that modulate the excitation of Purkinje cells together with the closely related basket cells. The main glutamatergic input to stellate cells is provided by parallel fibers, the granule cell axons. Recent studies indicate that somatosensory stimuli result in high frequency firing of granule cells (Chadderton et al., 2004), which can induce long term plasticity at excitatory synapses onto interneurons (Smith and Otis, 2005; Soler-Lavina and Sabatini, 2006). 

Here, we established such a sustained glutamatergic activity in the granule cell layer of acute slices and performed whole-cell paired recordings from synaptically connected stellate cells. Train stimulation at 50 Hz reduced the peak amplitude of IPSCs evoked by brief depolarization of the presynaptic cell by about 30% through presynaptic mechanisms mediated by AMPARs. Activation of postsynaptic AMPARs in stellate cells released GABA from surrounding cells, and consequential GABA spillover activated presynaptic GABABRs (Mann-Metzer and Yarom, 2002), which reduced the amplitude of eIPSCs. In addition, presynaptic AMPARs (Bureau and Mulle, 1998) activated via glutamate spillover constituted a parallel pathway capable to disinhibit stellate-to-stellate synapses. Disinhibition was reduced but not prevented when blocking G proteins in the presynaptic cell, indicating the co-operation of metabotropic GABABRs and ionotropic AMPARs. 2-photon Ca2+ imaging in axons of stellate cells showed that Ca2+ transients evoked by cell firing were reduced after the train stimulation. This reduction was partially affected by GABABR  blockade and suppressed by AMPAR blockade, like the effect on eIPSCs. 

Thus, sustained granule cell activity modulates stellate-to-stellate synapses by activation of presynaptic GABABRs and presynaptic AMPARs through spillover of GABA and glutamate.
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