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Synaptic connection patterns between pyramidal cell subtypes in layer V of rat frontal cortex

Pyramidal cells in the cortex are heterogeneous in their extracortical projection sites. Excitatory
pyramidal cells are recurrently connected with eachother. The connection specificity among diverse
pyramidal cells is crucial for understanding the local circuit organization. However, the local
synaptic connectivity and excitatory interactions between the same ordifferent types of pyramidal
neurons remain to be investigated. In the frontal cortex, corticostriatal pyramidal cells in layer V are
composed of two classes based on their axonal projection patterns (1) those projecting to the pons
(corticopontine cell, CPn cell), often with collaterals to the striatum, and (2) those projecting to both
sides of the striatum, but not to the pons (crossed corticostriatal cell, CCS cel). The intracortical
interaction between different channels of the cortex and basal ganglia loop is critical for their
- functions. Here she shows that subpopulations of corticostriatal neurons in the frontal cortex are
selectively connected with each other based on their subcortical targets.

At first, she used two different fluorescent tracers injected into their projection target aras to
confirm that CCS and CPn cells were distinct cell types. Double-labeled cells were never observed,
indicating that two types belonged to completely separate neuronal populations. They were
morphologically differentiated especially in regard to their apical tufts. CPn cells had larger tuft
areas, longer length of layer I dendrites, and more branch points in layer I than did CCS cells

To reveal the synaptic connectivity between two pyramidal cell types, she recorded from pairs
of retrogradely labeled corticostriatal neurons CCS cells had reciprocal synaptic connections with
each other and also provided synaptic inpus to CPn cells. However, reciprocal connections from
CPn neurons to CCS cells were rarely found. The postsynaptic currents generated by pesynaptic
CCS neurons were quantitatively similar regardless of postsynaptic target.

To test whether there are targetspecific differences in CCS synapse formation onto postsynaptic
CCS or CPn cells, She reconstructed both the axons and dendrites of paied neurons. The
morphological parameters were compared between presynaptic and postsynaptic cells
Interconnected CCS cells often shared similar dendritic morphologies. They were quantitatively
similar in morphological parameters such as the lengths of tuft branches in layer I and the mean
internode intervals of basal dendrites

To measure the morphological variety of CCS cells in comparison with CPn cells, they aligned
dendritic reconstructions in accordance with the somatic depth from the pia The dendritic
morphologies of CCS neurons were correlated with their somatic depthfrom the cortical surface.
Tuft dendritic lengths in layer I were heterogeneous, but were significantly shorter in neurons with
their somata in the deeper areas of layer V.The internode intervals and horizontal dendritic distances
of basal dendrites were longer in superficial CCS neurons than deeper CCS neurons These data
suggest that while CCS cells are heterogeneous intheir dendritic structures, there is a significant

correlation between the size and robustness of their dendritic fields and their sublaminar position
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within layer V.

The axon contact patterns on the dendrites were compared betweenpostsynaptic CCS and CPn
cells. Significantly fewer contact sites were observed in CCS cells than were made onto CPn cells
CCS axons contacted apical branches more frequently in postsynaptic CPn cells than in CCS cells
She compared the mean EPSC amplitude with the contact site number and their positions from the
soma along dendrites. EPSC amplitudes were more correlated with the number of contact sites
rather than their spatial distribution. Further, this correlation was stronger in CCS to CCS pairs than
in CCS to CPn pairs. As expected, coefficient of variation of EPSC amplitudes inversely correlated
with the number of contact sites. These data suggest that the contact number reflects the number of
synaptic release sites.

Given the data above, she hypothesized that CCS neurons show specificity in synapse formation
onto postsynaptic dendrites. To investigate whether CCS neurons show preferences in postsynaptic
targets, we compared the spatial distributions of contacts generated by presynaptic CCS axons onto
postsynaptic dendrites with those of approaches (potential contact sites) in CCS to CCS or CPn
pairs. This analysis suggests that CCS axons make synaptic contacts onto postsynaptic neurons with
a high degree of specificity, failing to make synaptic contacts onto nontargeted neurons even
though opportunities for synaptic connections exig as evidenced by numerous approach points onto
both apical and basal dendrites.

These findings suggest that the two types of corticostriatal cells are hierarchically organized, and
that intratelencephalic corticostriatal cells are segregated in a sublamnar fashion within layer V and

often make connections with other CCS neurons sharing morphological similarities.
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