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Electrophysiological and Molecular Mechanisms of Corticostriatal Synaptic
Plasticity
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The striatum is a part of the brain that is involved in learning through "trial-and-error". The striatum receives
glutamatergic input from the cortex and dopaminergic input from the substantia nigra. These inputs, acting
together, induce long-term change of corticostriatal synaptic strength. A number of laboratories have investigated
corticostriatal synaptic plasticity: however, contradictory results and properties have been reported, and the
underlying electrophysiological and molecular mechanisms have not been understood well. It is difficult to
elucidate the dependence of corticostriatal synaptic plasticity on dopamine, as well as the timing of presynaptic
inputs and spike output only by experimentation. To clarify the mechanisms behind the plasticity of striatal
synapses, I have performed experiments and constructed realistic models at two different levels: cellular and
molecular. First, I studied synaptic plasticity in the principal neurons of the striatum, of which these are two
types. To verify whether the properties of synaptic plasticity depended on cell type or not, electrophysiological
experiments were performed in which cell types could be distinguished. I found that similar properties were
observed in both cell types. Second, to investigate the electrophysiological mechanisms underlying spike-timing
dependent synaptic plasticity (STDP) in the striatum, as well as dopamine timing effects on STDP, 1 constructed
an electric compartment model with realistic morphology obtained from the experiment. The model prediction
was that the dependence of the calcium response on the timing of glutamate input depends on dopamine timing,
which indicates dopamine timing regulates STDP. Third, to examine the dynamics of dopamine- and
calcium-dependent plasticity, I constructed a signaling pathway model of synaptic spines expressing D1-type
dopamine receptors, and I then analyzed the system. According to the simulation results, the direction of change
in the phosphorylation level of dopamine- and cAMP-regulated phosphoprotein of molecular weight 32 kDa
(DARPP-32) is dependent on calcium input strength, and a positive feedback loop including DARPP-32 shows
bistability, which induces dopamine dependent long-term potentiation (LTP). Finally, by connecting the two
models, 1 predicted synaptic efficacy induced by physiological triggers. The model reproduced calcium
(membrane potential) dependent synaptic plasticity, dopamine dependent synaptic plasticity, and spike-timing
dependent synaptic plasticity. The model showed that leaky integration of calcium was a good approximation of
change in synaptic efficacy and that it was mediated by Ca2+/calmodulin-dependent protein kinase IT (CaMKII)

activity. Also dopamine timing effect on synaptic efficacy was via calcium influx.
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