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The maturation of cerebral cortical
networks during early life involves a
major reorganization of long-range
axonal connections. In a recent
study, Bragg-Gonzalo, Aguilera,
et al. discovered that in mice, the
interhemispheric connections sent
by S1L4 callosal projection neurons
are pruned via the tight control of
their ipsilateral synaptic integration,
which relies on the early activity of
specific interneurons.

Higher cognitive processes are computed
by the neocortex, the wiring of which
undergoes major refinements during early
postnatal life, throughout the so-called criti-
cal period [1]. In mammals, cortical neurons
comprise two major classes: projection neu-
rons and inhibitory interneurons. Projection
neurons are born during successive waves
of neurogenesis and migrate radially to form
the ‘inside-out’ patterned six-layered neo-
cortex. Among them, the callosal projection
neurons project contralaterally via axons,
some of which are eliminated postnatally
[2]. Yet, the functional relevance of these
transient interhemispheric circuits and
how they are restructured after birth re-
mains unclear. The functional maturation
of callosal projection neurons relies on cor-
tical spontaneous neuronal activity [3], as
well as sensory inputs received during the
critical period [4]. This goes along with
studies suggesting that early neuronal ac-
tivity must be spatially balanced between
somatosensory cortical regions to allow

proper internemispheric callosal axon
targeting [5]. In rodents, layer (L) 4 of the
S1 region of the somatosensory cortex (aka
barrel cortex) contains an array of barrel-like
structures, each of which corresponds to
a facial whisker. S1L4 is contacted by
thalamocortical axons arising from the tha-
lamic ventral posteromedial nucleus. This cir-
cuit enables the processing of tactile stimuli
[4] and a bilateral disruption of ventral
posteromedial nucleus connections results
in an increase in the number of S1L4 callosal
projection neurons [2]. Concomitant to the
formation of their axons, newborn somato-
statin (SST) interneurons form transient
synapses with S1L4 callosal projection
neurons. Both neuron cell types receive
excitatory thalamocortical inputs and SST in-
terneurons promote feedback inhibition to
S1L4 callosal projection neurons. This circuit
is refined in mice after the first postnatal
week [6]. Moreover, early elimination of
some of the SST interneurons that contact
parvalbumin (PV) interneurons, or disrupted
maturation of SST interneurons, impairs the
PV feedforward inhibition to projection neu-
rons after thalamocortical stimulation [7].
These lines of evidence support a key role
for SST interneurons in thalamocortical cir-
cuit maturation. Furthermore, a dysfunction
of GABA, receptors (GABAAR) in callosal
projection neurons prevents proper pruning
of their contralateral projections, leaving
their ipsilateral ones intact [8]. This observa-
tion suggests that a GABAergic activity mod-
ulates the contralateral network integration of
callosal projection neurons.

In a recent publication, to test whether
the interhemispheric axonal projections of
S1L4 callosal projection neurons are di-
rectly modulated by the activity of inter-
neurons, Bragg-Gonzalo, Aguilera, et al.
administered diazepam to mice in vivo to
potentiate GABAergic activity via its posi-
tive allosteric modulation of GABAARS [9].
Diazepam was injected during the first 2
weeks after birth and led to an increased
number of adult S1L4 callosal projection
neurons. Using in utero electroporation,
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the authors traced the axons of these neu-
rons and showed that the diazepam treat-
ment, by changing the balance between
excitatory/inhibitory (E/I) inputs received
by S1L4 callosal projection neurons, stabi-
lizes their callosal projections that would
normally be eliminated postnatally. Alto-
gether, these results suggest that a tight
control of the presynaptic activity during
the critical period underlies the postnatal
remodeling of the long-range projections
of S1L4 callosal projection neurons [9].

As discussed earlier, SST interneurons also
receive thalamocortical axons and establish
transient synaptic contacts with S1L4
callosal projection neurons and PV interneu-
rons during postnatal development [6]. To
analyze the contribution of SST interneurons
to the postnatal long-range rewiring of S1L.4
callosal projection neurons, Bragg-Gonzalo,
Aguilera, et al. leveraged the SST-Cre:DTA
mouse model. The depletion of SST inter-
neurons led to a premature increase in the
inhibition of S1L4 callosal projection neu-
rons. Interestingly, SST interneurons contact
PV interneurons and contribute to their mat-
uration during development [7]. Using an
early enhancer element (E2) to trace imma-
ture PV interneurons and their synaptic in-
puts, the authors revealed that SST-Cre:
DTA mice present a premature innervation
of their S1L.4 callosal projection neurons by
the PV interneurons, likely contributing to
the enhanced inhibition of S1L4 callosal pro-
jection neurons observed in this mouse
model. The aforementioned experiments
raised two questions: (i) Are mature contra-
lateral S1L4 callosal projection neurons ac-
tive in SST-Cre:DTA mice? (i) What would
be the functional consequence of maintain-
ing S1L4 callosal projection neuron long-
range connectivity in this mouse model?
To address these questions, Bragg-
Gonzalo, Aguilera, et al. performed calcium
imaging in control or SST-Cre:DTA adult
mouse cortices during object exploration
sessions. The authors demonstrated that
the callosal axons of S1L4 callosal projection
neurons were active during exploration, but
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importantly, these mice presented whisker-
sensory related deficits.

Overall, the results from this novel study re-
veal that interfering with early postnatal ipsi-
lateral connectivity impairs later pruning of
interhemispheric S1L4 callosal projections.
Indeed, enhancement of local inhibition dur-
ing the critical period prevents the remodel-
ing of S1L4 projections. This work raises
additional questions. For example, what is
the pruning mechanism at play that progres-
sively reshuffles these interhemispheric pro-
jections? Is it a cell-autonomous driven
mechanism (e.g., destabilization of the axo-
nal cytoskeleton) or do other cellular actors
(e.g., microglia, astrocytes) play key func-
tions during this dynamic process? This
work also describes an unexpected in-
crease in number of S1L4 callosal projection
neurons in both SST-Cre:DTA mice and
those who received postnatal diazepam
treatment. Where do these supernumerary
neurons arise from? Future experiments
should test whether changes in contralateral
circuit integration promote longer-term sur-
vival of the callosal projection neurons.

Initially, the projection neurons that wire
contralaterally share corresponding tran-
scriptomic features [10]. However, gene ex-
pression is modified by activity-dependent
mechanisms and may drive the mature
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projection pattern of these neurons. Along
with this concept, Bragg-Gonzalo, Aguilera,
et al. highlighted a key role for SST and PV
interneurons in shaping this maturation
process. However, whether these inhibi-
tory inputs also sculpt the molecular
fingerprint of the callosal projection neu-
rons remains to be explored. The identifi-
cation of various cortical interneuron
subtypes by scRNAseq raises the ques-
tion as to whether the axonal pruning of
the S1L4 callosal projection neurons is
controlled by specific subpopulations of
SST and PV interneurons. This work also
paves the way to investigate further spe-
cific perturbations of the E/I balance at the
callosal projection neurons that in humans,
may contribute to neurodevelopmental
conditions such as autism spectrum disor-
der and schizophrenia.
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