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HOT TOPICS

Developing breakthrough psychiatric treatments by
modulating G protein-coupled receptors on prefrontal cortex
somatostatin interneurons
Nicole A. Crowley1

✉

and Max E. Joffe2,3,4

✉

© The Author(s), under exclusive licence to American College of Neuropsychopharmacology 2021

Neuropsychopharmacology (2022) 47:389–390; https://doi.org/10.1038/s41386-021-01119-x

Prefrontal cortex (PFC) interneurons expressing the neuropeptide
somatostatin (SST-INs) are implicated in the etiology of several
psychiatric diseases [1, 2]. Emergent ﬁndings from animal models
now demonstrate that PFC SST-INs are essential in orchestrating
adaptive affective behaviors and that aberrant SST-IN signaling is
involved in maladaptive emotive responses. An exemplary recent
study by Cummings and Clem revealed that synaptic potentiation
through SST-IN microcircuits mediates associative fear learning in
male mice [3], suggesting shared or similar molecular mechanisms
likely contribute to affective behavioral alterations in diseaserelevant models. Indeed, studies from our laboratories have
revealed that stress and chronic alcohol consumption alter SST-IN
function [4, 5]. These studies, along with others linking SST-IN
function with generalized fear, chronic pain, and acute psychosis,

provide great motivation for developing translational approaches
to manipulate SST-IN activity. Modulating PFC SST-INs may
therefore provide avenues towards ameliorating anxious and
depressive symptoms in diseases like major depressive disorder,
anxiety disorders, and substance and alcohol use disorders.
Nonetheless, continuing to probe how exactly SST-IN modulation
affects PFC circuit function remains a key question for continued
research. Recent ﬁndings suggest some SST-INs (i.e., X94 cells)
inhibit other types of INs to facilitate cortical disinhibition [3],
revising and updating the canonical SST-IN dendritic inhibition
motif. Thus, positive and negative modulation of distinct
subclasses of SST-INs harbors great diversity in opportunities for
developing new SST-IN-directed treatments to sculpt PFC circuit
function (Fig. 1).

Fig. 1 Unique GPCRs expressed on PFC SST-INs may be leveraged as novel therapeutic targets for treating psychiatric disorders.
Adaptations to PFC SST-INs have been observed in postmortem studies and across several preclinical models related to psychiatric disease.
SST-INs exhibit unique proteomes relative to other cell types in PFC; therefore, targeting GPCRs on SST-INs represents an avenue towards
circuit-speciﬁc modulation via conventional pharmacology. Proof of this concept is found in new ﬁndings indicating chemogenetic
approaches and small molecule modulators of mGlu1 or mGlu5 receptors can modulate PFC SST-INs and disease-relevant behaviors. GPCR G
protein-coupled receptor, IN interneuron, PFC prefrontal cortex, SST somatostatin.
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SST-INs display unique patterns of transcript expression, splicing
variants, and cell signaling pathways relative to other types of
neurons in the PFC [1]. Based on this, there exists tremendous
potential to harness endogenous cell type-speciﬁc mechanisms to
manipulate discrete PFC microcircuits via conventional neuropharmacology. To this end, G protein-coupled receptors (GPCRs)
deserve our continued attention as pharmacologically accessible
targets for therapeutic intervention. GPCRs are generally
expressed at the cell surface, where they respond to neurotransmitters, hormones, and other signals by initiating ampliﬁed
cascades of intracellular signaling. While many widely expressed
GPCRs have been explored as targets for psychiatric medications,
INs contain vast untapped potential to modulate neurocircuit
function through receptors with unique or limited expression
patterns. For example, mGlu1 metabotropic glutamate receptors
are enriched in SST-INs and expressed in those cells as an
uncommon splicing variant. We recently discovered that mGlu1
receptors potentiate excitatory transmission on SST-INs but not
neighboring pyramidal cells. Consistent with these actions, small
molecule modulators conferred microcircuit-speciﬁc effects on
PFC microcircuit function and disease-relevant behaviors. Studies
from our labs and others leveraging chemogenetics conﬁrm that
GPCR-based manipulation of PFC SST-INs can modulate diseaserelevant behaviors in animal models [6].
These new and cutting-edge examples provide exciting proofof-concept that GPCR modulation of SST-INs can be efﬁcacious in
preclinical models related to disease. Moving forward, some lessabundant receptor subtypes for acetylcholine, monoamines, and
SST itself, represent potentially straightforward paths to develop
microcircuit-speciﬁc GPCR modulators. Contemporary single-cell
transcriptomics studies offer extraordinary, unbiased insight into
candidate GPCRs expressed in limited populations of INs as well.
Leveraging these valuable datasets to develop means to modulate
SST-INs and other IN subtypes will provide great opportunities for
developing breakthrough treatments for psychiatric disease.
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