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Study of somatosensory circuit development using brainstem NMDAR-deficient mice

Mammalian neural circuits develop in activity-dependent manners during late
embryonic and early postnatal stages. The rodent whisker-barrel system is an excellent
model for studies of activity-dependent neural circuit formation. In rodents, tactile
information from the whiskers reaches through the brainstem ventral trigeminal
principal nucleus (vPrV) and thalamic ventroposterior medial nucleus (VPM) to layer 4
of the posteromedial barrel subfield (PMBSF) region of the somatosensory cortex,
where there are whisker-related patterns called barrelettes, barreloids, and barrels,
respectively. These patterns are formed sequentially from the periphery to the center in
activity-dependent manners during the first postnatal week. Previous studies in our lab
have revealed that N-methyl-D-aspartate-type ionotropic glutamate receptors
(NMDARSs) in the cortex and thalamus play important roles in somatosensory circuit
refinement. On the other hand, the roles of brainstem NMDARs in the development of
somatosensory neural circuits, particularly cortical neural circuits, is not well known.
To address this issue, I here used mice that lack NR1, the essential NMDAR subunit,
in the brainstem. I crossed NR1-flox mice with Krox20-Cre mice, in which Cre-
mediated recombination was found in the brainstem vPrV but not in the thalamus or
cortex, and obtained Krox20-Cre; NRl1flox/flox (Bs[K]-NR1KO) mice. In Bs[K]-
NR1KO mice, barrelettes were absent and barreloids and barrels were partially impaired.
Functional one-to-one relationships between whiskers and barrels were also partially

disturbed in these mice. I thought that these mild phenotypes in Bs[K]-NR1KO mice



may ascribe to low recombination efficiencies in the vPrV in Krox20-Cre mice. To
improve the recombination efficiency in the vPrV, I crossed Hoxa2[R2]-Cre (Tg2) mice,
which also show Cre-mediated recombination in the vPrV, with Bs[K]-NR1KO mice to
obtain Krox20-Cre; Hoxa2[R2]-Cre (Tg2); NR1flox/flox (Bs[KH]-NR1KO) mice. I
found that, in Bs{fKH]-NR1KO mice, all barrelettes, barreloids and barrels were absent.
The detailed analysis of the barrel structure in Bs[KH]-NR1KO mice showed that the
boundaries of thalamo-cortical axon (TCA) patches were hardly distinguished and
cortex layer 4 neurons, which are arranged around individual TCA patches in normal
mice, were uniformly distributed in the PMBSF. In normal mice, the septa, which are
the regions between barrels, can be visualized by immunostaining for an extracellular
matrix marker, whereas in Bs[KH]-NR1KO mice, septa were not detected. These results
demonstrate that brainstem NMDARs are important not only for barrelette and barreloid
formation but also for barrel formation. Thus, brainstem NMDARs indirectly regulate
neural circuit refinement in the cortex.

On the other hand, it was somewhat unexpected that barrels were present to some
extent in Bs[K]-NR1KO mice, which have no barrelettes, because barrels are thought
to be formed by using barrelettes as a template. My above results suggest that even
though there are no barrelettes, a trace level of template could be present in Bs[K]-
NRI1KO mice. If so, how are barrels formed from that template in Bs[K]-NR1KO mice?
I assumed that thalamic NMDARs may contribute to barrel formation in Bs[K]-NR1KO
mice. To assess this possibility, I generated Krox20-Cre; Sert-Cre; NR1flox/flox
(Bs/Th[KS]-NR1KO) mice, in which thalamic NMDARs of Bs[K]-NR1KO mice were
ablated. I found that barrels were absent in Bs/Th[KS]-NR1KO mice. These results may
suggest the possibility that thalamic NMDARs serve for cortical circuit refinement in
Bs[K]-NR1KO mice by compensating a brainstem-derived incomplete template.

During the analysis of Bs[K]-NR1KO and Bs[KH]-NR1KO mice, I also found

that areas of vPrV, VPM and PMBSF in both Bs[K]-NR1KO and Bs[KH]-NR1KO mice



were smaller than those in control mice. These results suggest that brainstem NMDARs
affect the size of somatosensory maps not only in the brainstem but also in the thalamus
and cortex.

In this study, I found followings. First, all barrelettes, barreloids and barrels were
absent in Bs[KH]-NR1KO mice, demonstrating that the brainstem NMDARs are
important for the somatosensory neural circuit development in the brainstem, thalamus
and cortex. Second, in Bs[K]-NR1KO mice, barrelettes were absent but barrels were
present to some extent, indicating that it is possible that barrels are formed even without
detectable barrelettes. Third, when thalamic NMDARs were ablated in Bs[K]-NR1KO
mice, barrels were absent, suggesting the possibility that thalamic NMDARs may play
arole in the barrel formation when the brainstem-derived template is incomplete. Fourth,
vPrV, VPM and PMBSF were shrunk in Bs[K]-NRIKO and Bs[KH]-NR1KO mice,
demonstrating that brainstem NMDARs affect the size of somatosensory maps not only
in the brainstem but also in the thalamus and cortex.

Taken together, the present study demonstrates important roles of brainstem
NMDARSs in the somatosensory neural circuit development and also highlights aspects

of thalamic NMDAR function in the cortical circuit refinement.
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