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Proper neuronal circuif function relies on precise dendritic projection, which is
established through activity-dependent refinement during early postnatal development.
Mouse barrel cortex layer 4 (L4) have been used as a model of dendritic refinement.
This area contains “barrels” corresponding to the arrangement of whiskers. Spiny
stellate (SS) neurons located around the barrel edge extend their basal dendrites (BDs)
toward the barrel center (BD orientation bias), where thalamocortical axon (TCA)
termini are clustered. This feature is formed during the first postnatal week depending
on TCA inputs. However, how SS neurons dynamically refine their dendritic
projections and how TCA inputs regulate these dynamics are poorly understood.

To elucidate the dynamic mechanism of dendritic refinement, I conducted in
vivo 2-photon imaging of neonates. Qur laboratory previously developed the
Supernova system and TCA-GFP Tg mouse to visualize L4 neurons and TCA termini,
respectively. I here designed experimental apparatus/procedures for long-term
imaging. Using these methods, I performed imaging repeatedly every eight hours‘ from
postnatal day 3 (P3) to P5 and at P6.

In adult L4, there are two types of excitatory neurons: SS and star pyramid
neufons, which are classified by the absence/presence of an apical dendrite (AD). I
observed that most L4 neurons had an AD at P3 and the majority of them retracted
their AD during later development. I found that neurons which retracted ADs had BD
orientation bias at P6, suggesting that these neurons were SS neurons.

Long-term imaging enabled retrospective cell type identification even before

the initiation of AD retraction. By retrospective analyses, I found that prospective S8



neurons located around the barrel edge (eSS neurons) already had BD orientation bias
at P3. However, BD morphology was still primitive at this stage, and I found that BD
orientation bias increased from P3 to P6. I also found that BD orientation bias at P3
and that at P6 had different characteristics. At P3, the number of inner B]j trees was
larger than that of outer trees, while the morphologies of inner and outer BD trees
were similar. Between P3 and P6, the number of inner trees and outer trees and the
rﬁorphology of individual outer trees remained similar. In contrast, the length and tip
numbers of individual inner trees were larger at P6 than at P3. These results suggest
that BD orientation bias at P3 is accomplished by forming more BD trees inside than
outside, while orien‘ta.tion bias enhancement between P3 and P6 primarily relies on
inner BD tree-selective eIabqration. In other words, eSS neurons acquire BD
orientation bias through at least two phases bordered by around P3.

Next, I investigated the BD tree dynamics by analyzing eight-hourly images. I
found that BD trees emerged and disappeared extensively throughout the imaging
period. BD tree turnover was observed both inside and putside the barrel. Inner trees
had higher survival efficiency than outer trees, and only long-survived inner trees
were elaborated extensively. These results suggest that long survival is preferentially
conferred to some trees extending toward TCAs and that these trees are elaborated to
be winners.

In addition to €SS neurons, I also characterized SS neurons in infraorbital
nerve (ION)-cut mice (iSS neurons). At P6, eSS neurons had many short trees both
inside and outside the barrel, and elaborated trees were found only inside. On the
other hand, most trees of 1SS neurons had lengths close to the mean value, and
shorter/longer trees were rare. Additionally, iSS neurons exhibited little BD tree
turnover.

We récently reported unique features of spontaneous activity in neonatal barrel

cortex L4, which shows spatially separated patterns corresponding to the barrel. I here



found that, when IONs were cut at P0, spatial patterns of spontaneous activity were
disrupted and overlapped each other. These results suggest that iSS neurons should
receive TCA inputs without bias in the directionality. In contrast, eSS neurons receive
TCA inputs from one direction. I propose the bias in TCA inputs affects BD tree
turnover and selective elaboration. To test this idea, I analyzed BD tree turnover of SS
neurons located in the barrel center (¢SS neurons), which should receive TCA inputs
from all direction, similar to iSS neurons. I found that ¢SS neurons showed BD tree
turnover rate and individual tree length distribution similar to those of iSS neurons.
The result supported my idea that eSS neurons establish the characteristic BD
projection pattern through BD tree turnover and selective elaboration induced by
spatially biased TCA inputs.

In this study, I succeeded long-term in vivo imaging of neonates and revealed
dynamic mechanisms of dendritic refinement of barrel cortex SS neurons. In additipn,
my retrospective analysis highlights the novel features of L4 neurons in early neonatal

stages.
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