Propagation of focal imbalance through neuronal circuits
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We thank M. Sare for her insightful comments on our study. We totally agree
with her observation that, “the results obtained from their study have the potential to be
even more widespread in their applicability”. She points out the tuberous sclerosis
complex (TSC) as being an example of cognitive dysfunction caused by mutations in a
few neurons. In addition, our results might also be considered as a demonstration of
how abnormal positioning of neurons can potentially exert widespread effects on brain
functions. One candidate disorder with ectopic neurons is a subpopulation of
schizophrenia-related diseases, since an increased density and altered spatial
distribution of subcortical white matter neurons have been repeatedly reported in these
disorders. Approximately 25% of the overall patient population with these disorders is
reported to show robust alterations in the density of white matter neurons (Connor et al.,
2011). Another candidate disorder is autism spectrum disorder, in which the presence of
supernumerary neurons within the white matter is one of the most commonly observed
histological abnormalities (Hutsler and Casanova, 2015). The abnormal distribution of
neurons in the white matter might at least partly underlie the cognitive dysfunction in
these disorders. As shown in Fig. 2 of our paper (Ishii et al., 2015), ectopic neurons in
the white matter, especially when they have the lineage of neurons in the superficial
layers, are assumed to profoundly affect the cortico-cortical axonal projections, which
might contribute to connectional changes that have been proposed in the
above-mentioned disorders (Stephan et al., 2009; Hutsler and Casanova, 2015). We

must admit, however, that the supernumerary neurons observed in the above-mentioned
disorders do not generally form cell aggregates and may thus differ in their effect on the
functions of remote brain regions. Future studies will be required to address this issue.
While our paper was in press, an important hypothesis relating to
excitatory/inhibitory balance in autism spectrum disorder was presented (Nelson and
Valakh, 2015). According to this hypothesis, homeostatic mechanisms try to
compensate for the perturbed excitatory/inhibitory balance, but become inadequate
and/or maladaptive during development. Homeostatic mechanisms may change the
excitability of circuits in high-order regions, i.e., the association and limbic regions. In
our paper, the ectopic neurons within the heterotopias are thought to have abnormal
excitatory/inhibitory balance, at least at some specific times during development, since
the proportion of GABA-positive neurons in the heterotopias was lower and the seizure
susceptibility was increased, as shown in Fig. 1 (Ishii et al., 2015). The change in the
excitatory/inhibitory balance in a focal region (heterotopias) might be propagated via
compensatory mechanisms activated to maintain circuit homeostasis that involve
multiple regions (e.g., the prefrontal cortex). In addition to the circuit as a whole, the
compensation through circuits might also have to be considered, especially in cases of
developmental disorders.
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