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Relationship between cortico-striatal and cortico-subthalamic projections from the
primary and secondary motor cortices

Graduate School of Brain Science, Doshisha University.

Fuyuki KARUBE

Recent experiments have revealed complicated activities of the basal ganglia
neurons during behavior, which are not well explained by a simple model of the direct
and indirect pathways. Thus, it is requested researches on more minute neural circuits
to explain actual complicated behaviors.

Here we re-examined anatomical circuitry of the rodent BG, focusing on cortical
projections and subregions of the each BG nucleus. Cerebral cortex provides massive
excitatory inputs to the striatum and subthalamic nucleus (STN), and affects the BG
circuitry. Calcium binding protein calbindin-D28K (CB) is known to be expressed
heterogeneously among striatal projection neurons, showing CB-immunopositive
(matrix) and immunonegative (patch) components. Globus pallidus external segment
(GPe) can be also divided into CB-expression subregions that reflect the striato-pallidal
terminal distribution. Here we used CB immunohistochemistry to identify the
subregions of the BG nuclei to uncover how cortical projections from the primary and
secondary motor areas relate to the BG circuitry.

Firstly, we found that the distinct cortical areas differentially innervated both the
striatum and STN. The cortico-striatal terminal distribution partially related to the CB
expression pattern of the striatum. Secondary, the pallidal projection was evaluated by
a small injection of a neural tracer in the CB-subregions of GPe. Each GPe subregion
possessed characteristic projection patterns toward both up- and down-streams of the
BG. In addition, STN subregions distinguished by either cortical or GPe innervation
patterns seemed to be well matched with each other, namely, the STN subregions
innervated by the frontal (no-motor) cortical area mainly received pallidal projections
from the CB-immunopositive GPe, whereas the central STN subregion was often
innervated by the primary motor cortex and the CB-immunonegative GPe subregion.

These data suggest that topographic organization of cortico-BG projections could well
correlated with that of the intra-BG micro circuitry. These correlated circuits could

contribute to control coordinated behaviors efficiently.
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