
HOT TOPICS

Shaping long-range functional connectivity through prefrontal
interneuron plasticity
David A. Kupferschmidt1✉ and Joshua A. Gordon1,2

© The Author(s), under exclusive licence to American College of Neuropsychopharmacology 2022

Neuropsychopharmacology (2023) 48:240–242; https://doi.org/10.1038/s41386-022-01395-1

Dynamic communication between prefrontal cortex and its distal
network partners underlies cognitive function and dysfunction
[1]. Measures of long-range functional connectivity, including
oscillatory synchrony, provide the means to quantify and
mechanistically dissect this neural dialogue. Prefrontal inhibitory
microcircuits, comprised of diverse subclasses of interneurons
and their targets, are uniquely positioned to gate long-range
functional connectivity (Fig. 1A). For example, during perfor-
mance of a spatial working memory task, activity in somatostatin-
positive interneurons (SST-INs) is essential for theta-frequency
oscillatory synchrony between mouse medial prefrontal cortex
(mPFC) and ventral hippocampus (vHPC) [2]. Inhibition of SST-INs
also disrupts encoding of spatial information in mPFC neurons
and working memory accuracy (Fig. 1B). Similarly, mPFC
vasoactive intestinal polypeptide-positive interneurons (VIP-INs)
support avoidance behavior and mPFC neuronal representations
in the elevated plus maze by disinhibiting theta-frequency
communication within vHPC-mPFC circuits [3]. How mPFC
interneurons dynamically interact with their long-range afferents
to mediate contextually tuned network communication, and how
genetic and environmental factors bias these interactions, remain
important unanswered questions.
Undergirding the study of these dynamic interactions are efforts

to map the structural and functional connections between long-
range inputs and mPFC interneurons. Indeed, work using trans-
synaptic viral tracing, retrograde labelling, optogenetic stimula-
tion, and whole-cell electrophysiology has revealed previously
unappreciated specificity in the synaptic targeting and modula-
tion of mPFC interneurons by inputs originating from disparate
and intermingled neuronal populations (e.g., [3–6]). In one striking
study, Sanchez-Bellot and colleagues [4] showed that a subset of
projection neurons in superficial vHPC preferentially synapses
onto diverse mPFC interneurons, whereas a subset in deeper vHPC

preferentially targets pyramidal neurons and fast-spiking inter-
neurons. This dissociable connectivity seems to underlie func-
tional specificity, as activation of these parallel pathways
promoted exploration and avoidance, respectively.
Emerging evidence further reveals that highly specialized input-

interneuron connections in mPFC are remodeled by disease-
relevant genetic insults and salient experience. In an elegant series
of experiments, Joffe and colleagues [6] found that acute restraint
stress in mice potentiated excitatory drive of basolateral amygdala
inputs onto mPFC SST-INs, likely through a metabotropic
glutamate receptor-5 (mGlu5)-dependent form of long-term
potentiation. Further, this potentiation preferentially facilitated
heterosynaptic inhibition of excitatory transmission at mediodor-
sal thalamus-derived inputs to mPFC pyramidal neurons. Genetic
deletion of mGlu5 in SST-INs also prevented restraint stress-
induced impairments in spatial working memory task perfor-
mance. Collectively, these findings indicate that experience-
induced plasticity at SST-INs can bias the routing of circuit-
specific, behaviorally relevant information though mPFC.
These and a growing collection of other studies showcase how

synaptic plasticity between mPFC interneurons and their afferents
is poised to exert dynamic control of cognition-supporting long-
range functional connectivity [1] (Fig. 1). Therefore, we propose
that characterization of the precise interneuron adaptations that
shape translationally relevant long-range functional connectivity
with mPFC stands to inform the development of novel
pharmacological and pharmacologically assisted brain stimulation
therapies. Lastly, we emphasize the critical need for establishing
in vivo induction paradigms (e.g., targeted circuit activations) and
readouts (e.g., combined optogenetic stimulation and fluores-
cence imaging) of input-interneuron plasticity to definitively link
such plasticity with functional connectivity dynamics in wildtype
and disease-relevant animal models.
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Fig. 1 Synaptic plasticity between mPFC interneurons and their long-range afferents is positioned to exert dynamic control of cognition-
supporting functional connectivity. A Heavily simplified schematic of canonical connections between rodent vHPC inputs and mPFC
microcircuits. Highlighted in yellow are neuronal elements (non-specific vHPC inputs [1], SST-INs [2] and VIP-INs [3]) that have been implicated
in cognition-supporting oscillatory synchrony and neuronal communication between the vHPC and mPFC. B Long-range functional
connectivity between the vHPC and mPFC following manipulations of prefrontal SST-IN activity and vHPC input-SST+ interneuron synaptic
efficacy. Phase locking of mPFC neuron spiking to vHPC theta oscillations, a measure of vHPC-mPFC theta synchrony, during performance of a
spatial working memory task (left) [1]. Optogenetic inhibition of mPFC SST-INs impairs vHPC-mPFC theta synchrony and spatial working
memory task performance (middle) [2]. How synaptic potentiation at vHPC synapses onto mPFC SST-INs impacts vHPC-mPFC synchrony and
spatial working memory task performance is an important question for future research (right). Created with BioRender.com.
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