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been identified and associated with treat-

ment response,9,10 the results of this

study further highlight the importance of

small non-coding RNAs in brain disor-

ders. Namkung et al. identified a neurobi-

ological pathway associated with the AM-

PAR-dependent regulation of behavioral

dimensions relevant to the psychopathol-

ogy of both SZ and BD.4 If confirmed, this

finding may lead to the discovery of new

pharmacological interventions beyond

the mechanisms of action of current anti-

psychotic drugs.
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In this issue of Neuron, Babij, Ferrer, and colleagues provide new evidence that b3 subunit of GABAA recep-

tors is critical for the maturation of functional networks in the neonatal somatosensory cortex.
Imagine for a moment that you are an

excitatory pyramidal neuron in a 5-day-

old mouse. You were born a week ago in

the subventricular zone, and you finally

migrated to your permanent home in layer

(L) 2/3, where you will live for the next two

years. You are busy growing dendrites,

frantically extending and retracting den-

dritic protrusions in search of suitable

axon boutons to synapse with. You will

grow an axon too, but that’s a lot trickier

because you must decide whether to

project its branches within the same

hemisphere or go contralaterally across

the corpus callosum. As this is all

happening, you are also learning how to

fire action potentials, both in response to

sensory stimuli that reach the cortex and

as a function of spontaneous network de-

polarizations that seem to pop up period-

ically around you. You quickly realize that

for now, you are part of a collective that

discourages individuality: when a wave

of activity courses across the neonatal

cortex, you must fire with your neighbors,

even if they are GABAergic inhibitory neu-

rons. Whether or not you participate in

these early synchronous patterns of

network activity is a matter of life and

death. If you fail to make enough synap-

ses and remain active, you will succumb

to programmed cell death.1

These structural and functional aspects

of cortical development are orchestrated

by precise genetic programs. These pro-

cesses are stochastic, but the brain can
146 Neuron 111, January 18, 2023 ª 2022 Elsevier Inc.
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accommodate some genetic variability

and still achieve developmental goals to

ensure survival of the animal. Still, certain

mutations in key genes can steer the tra-

jectory of cortical development far

enough away from the intended plan

that they will cause seizures, intellectual

disability, or autism symptoms. Further

research into these developmental pro-

cesses is likely to yield a much clearer

understanding of the causes of various

neurodevelopmental conditions and how

to treat any troublesome symptoms.

Babij, Ferrer, et al.2 investigate the role

of GABAA receptors, which are ligand-

gated chloride channels that mediate

fast inhibition in the central nervous sys-

tem in early cortical development.

GABAA receptors are heteropentameric

structures composed of two a subunits,

two b subunits, and a g subunit, with

each of these subunits having 4 trans-

membrane domains (Figures 1A and

1B).3 The authors characterize the impact

of loss of function of the b3 subunit using

genetically modified mice in which the

gene Gabrb3 has been deleted from all

excitatory neurons. To do so, they cross

a conditional mouse line with the floxed

allele for this gene (Gabrb3fl/fl) to Emx1-

Cre mice, which restricts knockdown of

Gabrb3 to neurons of the dorsal te-

lencephalon starting around embryonic

day 9. These experiments have high clin-

ical significance because mutations in

GABRB3 are strongly associated with

several neurodevelopmental conditions

in humans (Figure 1C).

The authors first document that Emx1-

Gabrb3 null mice lack any gross ana-

tomical differences in brain size, cortical

lamination, or dendritic complexity, even

though they are smaller than wild-type

(WT) controls during the first month.

Next, they record network activity using

in vivo 2-photon calcium imaging in

primary somatosensory cortex (S1) of un-

anesthetized Emx1-Gabrb3 mice at post-

natal day (P) 7 and P14. They observe that

early network activity in L2/3 at P7 is

dominated by infrequent events where

Figure 1. b3 subunit of GABAA receptors and m

(A) Structure of GABAA receptor.
(B) Structure of b3 subunit.
(C) Approximate locations of >40 pathogenic missens
(D) Emx1-Gabrb3 mice exhibit larger synchronous ass
(E) Emx1-Gabrb3 mice show larger arborizations of ax
contralateral cortical areas in mutants.
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local neuronal assemblies fire sync

nously, but subsequently decorrelat

P14, as previously described.4,5 Nota

Emx1-Gabrb3 null mice show a highe

gree of synchrony than WT contro

both ages as assessed by pairwise co

lation coefficients (Figure 1D). A gre

recruitment of L2/3 neurons in S1 is

observed after contralateral whisker s

ulation in the mutants. Using slice elec

physiology, the authors report that los

Gabrb3 leads to a lower density of in

tory synapses onto L2/3 pyramidal

rons at P7 compared to controls an

significantly lower frequency of inhib

post-synaptic currents (IPSCs)

elevated excitation-to-inhibition rati

P14. While not unanticipated, these

sults suggest that b3 subunits

GABAergic inhibition are important fo

stricting network synchrony in the de

oping neocortex. Much more surpr

is their observation that Emx1-Ga

mutant mice have a much higher den

of parvalbumin and somatostatin in

neurons in S1. The authors suggest

could be due to improved survival

programmed cell death because of

greater activity of excitatory neuro

That may be the case, but it is notewo

because a lower (not higher) densit

parvalbumin neurons has been repo

in many mouse models of neurodeve

mental conditions, including some

similar network hypersynchrony.6

Things get more interesting when

analyze axonal projections of L2/3

rons at P14 and find an increase in ar

izations within the homotopic S1 regio

the contralateral hemisphere (cS1

contrast, axonal projections from S1

3 neurons to other brain regions are u

fected in mutants, including those

ipsilateral S1, motor cortex, or prefro

cortex (Figure 1E). The increase in

cS1 projections was confirmed u

retrograde virus tracing. To further inv

gate this functionally, the authors use

defield calcium imaging at P14

discover that some Emx1-Gabrb3 mu

mice show global network events
e variants in Gabrb3.
emblies than WT controls.
ons projecting from S1 and cS1 than to S2,
 M1, or
spread in both hemispheres. In the re-

maining mutants, which exhibit only

slightly higher amplitude of calcium sig-

nals than WT controls, they note higher

correlation coefficients for activity be-

tween S1 and cS1 than for activity be-

tween ipsilateral regions. Future studies

will be needed to determine whether the

greater axonal coverage of cS1 in Emx1-

Gabrb3 mice is due to impaired pruning

or initial overgrowth and whether whisker

stimulation also elicits greater responses

in the ipsilateral S1 compared to controls.

Finally, in a translational effort, the authors

analyze publicly available MRI and tran-

scriptomic data from humans diagnosed

with autism spectrum disorder (ASD) to

show that atypical circuit connectivity in

ASD correlates with expression of high-

risk autism genes, including GABRB3,

but not with expression of genes that

have not been linked to ASD.

We are accustomed to elegant studies

from the De Marco-Garcı́a lab, and this is

no exception. They utilize the latest tech-

niques in modern neuroscience, meticu-

lously confirm their results using multiple

mouse lines, and perform important con-

trols. And for the non-experts, let’s just

say that doing calcium imaging in 1-

week-oldmice is not trivial. The authors ul-

timately conclude that Gabrb3 is critical

for proper functional network connectivity

between S1 and its homotopic cS1, but

not for ipsilateral connections, and much

of the data supports this.

Still, the widefield calcium imaging

shows higher correlation coefficients in

mutant mice not just for S1-cS1 but also

for ipsilateral S1-V1, and there are similar

trends for S1-cM1, S1-TeA, and V1-cV1

(the sample size may have been too small

to reach significance). Thus, loss of

Gabrb3 might just lead to widespread

network hypersynchrony with subtle reg-

ional differences. The axon phenotype

may also be widespread and reflect de-

layed pruning due to excessive network

synchrony. And it’s not just Gabrb3. The

authors find similar phenotypesof elevated

network synchrony7 and exuberant axonal

ice
V1. Activity is also more correlated across ipsi- and
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innervation of cS1 in Emx1-Gabrg2 mice,

which lack the g2 subunit of GABAA recep

tors. This goes to show that functiona

GABAA receptors are critical to limit the

spread of synchronous network events in

early postnatal mice. However, though

Gabrg2 and Gabrb3 mutants have much

higher network synchrony, they both un

dergo significant decorrelation between

P7 and P14, suggesting these subunits

may not be necessary for desynchroniza

tion. Whether subtle differences exist be

tween Gabrb3 and Gabrg2 mutants re

mains unclear.

To put these results in context, it is

important to mention the global Gabrb3

knockout mice (Gabrb3�/�), most o

which die soon after birth with severe pal

ate deformities.8 The few that survive to

adulthood display obvious behaviora

phenotypes, including seizures of various

semiologies, and notably, EEG recordings

show subclinical seizures and intericta

epileptiform discharges. In contrast

Camk2-Gabrb3 mice engineered to del

ete the b3 subunit from forebrain excit

atory neurons after the third postnata

week do not have seizures or obvious

behavioral phenotypes.9 The Emx1

Gabrb3 mutants likely represent an inter

mediate of b3 expression and clearly

manifest neonatal network hypersyn

chrony that would predispose them to sei

zures. Even though the authors do no

observe clinical seizures, one wonders

what the EEG might have shown at P14

since overt clinical seizuresmay be harde

to notice in neonatal mice.

The potential clinical relevance of this
study cannot be understated given how
dozens of mutations in the GABRB3

gene in humans are associated with

developmental delay, autism, intellectual

disability, and severe treatment-resistant

epileptic encephalopathies.10 Angelman

syndrome, which is characterized by in-

tellectual disability and seizures, is also

associated with GABRB3, as the gene is

located within a 15q11-q13 region that in-

cludes the UBE3A gene and those en-

coding other GABA receptor subunits.

Gabrb3 mutant mice are therefore poten-

tial models of human neurodevelopmental

conditions from epilepsy to autism. Future

studies should carefully examine Gabrb3

and Gabrg2 mutant mice for behavioral

deficits both at 2 weeks and as adults.
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