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Thalamic Input Drives Cortical
Maturation

Yasunobu Murata and Matthew T. Colonnese

(see pages 8772– 8786)

A key milestone in brain development
comes with the onset of spontaneous cor-
tical activity and its subsequent modula-
tion by sensory input around the time of
birth in humans and in rodents around
the time they open their eyes. Before then,
the cortex exhibits long periods of silence
punctuated by oscillatory bursts and little
sign of coordination with arousal state.
The transition to more coordinated activ-
ity can be detected by electroencephalo-
gram (EEG), which is used as a sign of
healthy brain development in preterm in-
fants. What guides maturation of the con-
tinuous, state-dependent activity is unknown.

This week, Murata and Colonnese dem-
onstrate that cortical activity development
in the rat visual system is driven by thalamic
input. They made electrophysiological re-
cordings simultaneously from the dorsal
lateral geniculate nucleus (dLGN) and the
primary visual cortex (VC) of awake, head-
fixed rats using multielectrode arrays start-
ing at postnatal day (P)5-P7 into adulthood
(P46–P60). The researchers used animals’
movements as a readout of arousal state. As
expected, until P11, the VC and dLGN both
showed long-lasting quiet periods inter-
rupted by occasional bursts, and activity was
not correlated with the animals’ behavioral
state. After P13, however, activity in VC and
dLGN became continuous and was modu-
lated by thalamic bursts that correlated with
animals’ movements. The activity devel-
oped in parallel in the two regions, with a
�10-fold increase between P5–P6 and P13–
P14 and little further change in the follow-
ing weeks. Movements were associated with
increased multiunit spiking and decreases in
the large, slow local field potentials.

Next, the researchers pharmacologically
silenced the dLGN with an injection of mus-
cimol, which decreased VC spiking and
continuity by more than half at all develop-
mental stages, suggesting that dLGN activity
is required for proper cortical function not
just during development but in adult ani-
mals. In the corollary experiment, they si-
lenced activity in the VC with glutamate

receptor antagonists. VC activity was not
required for movement-associated modula-
tion of dLGN activity at any age, highlight-
ing the importance of the thalamic activity.
After P13–P14, silencing of the dLGN also
disrupted modulation of VC spiking and
LFP by movement, but silencing of the
VC had no impact on movement-induced
modulation of dLGN activity, again sug-
gesting that the thalamus provides the input
controlling the circuit’s activity.

Axons Demyelinate, Degenerate
after Traumatic Brain Injury
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Traumatic brain injury (TBI) can cause
disruptions in memory, cognition, and
mood, but the neuronal pathophysiology
underlying them is not understood. Spe-
cifically, it is not known whether cognitive
deficits, such as slower information-pro-

cessing speeds, are due to dysfunction that
is neuronal, axonal, or dendritic in origin.
Marion et al. used an animal model of TBI
in which mice were given a concussive in-
jury. Using the CLARITY brain-clearing
technique in Thy1-YFP mice, which ex-
press yellow fluorescent protein (YFP) in
sensory and motor neurons and are com-
monly used to visualize axon tracts, the
authors used large-scale imaging of the
corpus callosum (CC), the large white-
matter tract connecting the brain’s hemi-
spheres. Three days after injury, they
identified axonal swelling at the site of in-
jury and beyond. Electrophysiological re-
cordings of compound action potentials
from the CC showed that conduction ve-
locity was slowed in TBI mice compared
with sham mice in myelinated but not un-
myelinated axons. Axons were function-
ally lost, but not until 6 weeks post-TBI.

Interestingly between 3 d and 2 weeks,
conduction velocity displayed a recovery
that may reflect myelin repair, the authors
say. They next used high-resolution elec-
tron microscopy to visualize the damage.
At early and late phases, axons in the TBI
mice were degenerating and demyeli-
nated, sometimes with healthy axons in-
terspersed with diseased ones. Paranodes,
the place where myelin attaches to the
axon, were disrupted in TBI mice. Using
the NG2CreER;mTmG reporter line of
mice to detect newly made myelin, the
researchers found that oligodendrocyte
progenitor cells continued to proliferate
in the CC after TBI, and myelin continued
to form after injury. Quantification of the
fate-mapped oligodendrocytes, however,
showed that the increase in myelin produc-
tion peaked �4 weeks and at 8 weeks had
declined. The CC was significantly atro-
phied compared with sham mice at 8 weeks.

Together, the experiments elucidate
the effects of TBI on white-matter tracts.
Reduced conduction velocity and axonal
degeneration and demyelination immedi-
ately after injury were followed by a win-
dow of recovery when axons become
re-myelinated, and ultimately by func-
tional loss of axons. The results might
guide the development of new biomarkers
or therapeutic interventions aimed at TBI,
particularly during the recovery window.
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A, Sagittal sections through the CC show axons from sham
mice, many of which are myelinated. B, C, Dispersed degen-
erating axons (green arrowheads) and demyelinated axons
(blue arrowheads and fill) are evident early (B) and late (C)
post-TBI. Scale bars, 2 �m.
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