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A prefrontal social circuit vulnerable to juvenile social
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Loneliness is becoming increasingly recognized as a threat to
mental health [1]. Social isolation during childhood is particularly
detrimental to the normal functioning of the medial prefrontal
cortex (mPFC) and the establishment of adult social behavior. In
mice, juvenile social isolation (jSI) following weaning for 2 weeks,
but not during a later period, leads to decreased sociability
in adult male mice, suggesting a juvenile sensitive period for
establishing adult sociability [2, 3]. Identifying a specific
mPFC social circuit vulnerable to childhood isolation will
likely point toward therapeutic targets for the amelioration of
social processing deficits shared across a range of psychiatric
disorders [4].
In our recent studies [3, 5], we identified specific sub-

populations of mPFC excitatory and inhibitory neurons that are
required for normal sociability and profoundly vulnerable to jSI in
mice (Fig. 1). Among excitatory pyramidal neurons, we found that
mPFC neurons projecting to the posterior paraventricular
thalamus (PVT), which relays signals to the classical reward
circuitry, are activated during social exploration in adult group-
housed mice, but not in jSI mice [5]. Chemogenetic or optogenetic
suppression of mPFC→PVT activity is sufficient to induce
sociability deficits in group-housed mice. jSI leads to both reduced
excitability of mPFC→PVT neurons and increased inhibitory input
drive in adulthood. In contrast, other mPFC neurons projecting to
nucleus accumbens or contralateral mPFC show no deficits in jSI
mice [5, 6], suggesting that mPFC→PVT neurons and the
associated inhibitory neurons are particularly vulnerable to jSI.
On inhibitory neurons’ side, we found that a specific subclass of

deep-layer Somatostatin-expressing low-threshold spiking inter-
neurons (LTS-SSTIs) showed increased excitability [5], likely
contributing to an increased inhibitory drive onto mPFC→PVT
neurons in jSI mice. In contrast, Parvalbumin-expressing inter-
neurons (PVIs) show reduced intrinsic excitability and decreased
synaptic drive [3] in a similar fashion to mPFC→PVT neurons in
adult jSI mice. These divergent changes in mPFC interneurons
seem to contribute to sociability deficits in jSI mice as
chemogenetic suppression of mPFC PVIs or activation of LTS-
SSTIs recapitulates sociability deficits caused by jSI [3, 5]. To our
surprise, these deficits are not observed immediately after the
isolation period but only later, in adulthood. This suggests that the

Fig. 1 A vulnerable mPFC social circuit in response to juvenile
social isolation in mice. A. Activation of mPFC→PVT projection
neurons (black) or mPFC PVIs (orange) is essential for normal
sociability in adult group-housed mice. B. However, these neurons
show decreased intrinsic excitability and an increased inhibitory
input drive from mPFC LTS-SSTIs (red) in juvenile socially isolated
(jSI) mice, which show decreased sociability in adulthood.
Decreased sociability can be induced in normal animals by
inhibiting mPFC→PVT projection/mPFC PVIs or activating mPFC
LTS-SSTIs in adulthood. Sociability deficits of jSI mice can be
rescued by increasing PFC→PVT projection neuron or mPFC-PVI
activity (bottom arrow).
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observed social deficits may be caused not by lack of social
experience per se, but by adaptations to living in isolation that
prevent mice from adapting to group living following re-housing.
The juvenile window may be a sensitive period for behavioral
plasticity, and once closed, mice may not be able to adjust their
social strategy.
Our studies also demonstrated that the identified vulnerable

mPFC social circuit is a promising target for treatments of social
behavior deficits. Through stimulation of mPFC→PVT neurons [5]
or mPFC PVIs in adulthood [3], we are able to rescue the sociability
deficits caused by jSI. Given that previous genetic and transcrip-
tomic studies show that many risk genes for autism and
schizophrenia are highly expressed in the identified vulnerable
social circuit, future studies are warranted to investigate the extent
to which disease risk genes impact maturation of the identified
circuit, and the effect of targeting the circuit for treating social
processing deficits relevant to psychiatric disorders.
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