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receptor to the rescue

Sho Inami, Dinis J.S. Afonso"*, and Kyunghee Koh*

Department of Neuroscience and the Farber Institute for Neurosciences, Thomas Jefferson University, Philadelphia, PA, USA

‘Corresponding author. Kyunghee Koh, Department of Neuroscience and the Farber Institute for Neurosciences, Thomas Jefferson University, 233 S. 10* St., 219B,

Philadelphia, PA 19107, USA. Email: Kyunghee koh@jefferson.edu.

Many biological processes undergo an age-associated progressive
decline, and sleep is no exception. Aging leads to several changes
in sleep patterns, such as increased sleep latency, reduced slow-
wave sleep, and sleep fragmentation [1]. Consistent with sleep’s
critical role in learning and memory, disrupted sleep in old age is
accompanied by memory impairments and cognitive decline [2].
Studies have revealed numerous molecular changes associated
with aging [3-5], some of which are implicated in age-associated
memory impairment [6, 7]. However, the molecular mechanisms
underlying sleep disturbances in old age and their role in memory
impairment are poorly understood. Due to a short lifespan and
conserved molecular mechanisms underlying sleep, memory, and
aging, Drosophila is a valuable model for discovering molecular
pathways underlying age-dependent sleep and memory decline
[8-16].

In this issue of SLEEP, Hou et al. [17] employed a small mol-
ecule screening approach to look for compounds that could
enhance sleep in aged Drosophila. The authors first confirmed
a previous finding that flies only 30 days old exhibited reduced
and fragmented sleep [12], which are characteristics of age-as-
sociated sleep decline. This finding, along with an automated
high-throughput sleep assay, made it feasible to screen 1280 small
molecules to look for those that can rescue the age-dependent
sleep decline. After multiple verification steps, the authors found
that 3,3"-difluorobenzaldazine (DFB), an allosteric enhancer of
the metabotropic glutamate receptor (mGluR)S, promoted longer
and more consolidated sleep in young and old male and female
flies. mGIuRS5 is one of the eight mGluRs, G-protein coupled recep-
tors that modulate synaptic plasticity and neural network activ-
ity [18, 19]. Drosophila has only one mGluR, reflecting the general
tendency for low genetic redundancy in flies compared with
mammals. Using mGIuR mutants, the authors showed that the
sleep-promoting effect of DFB required functional mGIuR.

Consistent with the sleep-promoting effects of DFB, transient
pan-neuronal mGIluR overexpression improved sleep in young
and old flies. Furthermore, the authors found that transcript lev-
els of mGluR and genes encoding its binding partners, homer and
shank [20, 21], are reduced in aged flies, supporting the view that
decreased mGIuR activity contributes to age-dependent sleep

decline. Given these genes’ critical role in synaptic plasticity,
learning, and memory [18-22], the authors next tested whether
reduced mGluR expression in old age leads to memory impair-
ment using the well-established aversive olfactory conditioning
assay [23]. They found that pan-neuronal knockdown of mGluR
significantly impaired memory in young flies but did not further
impair the poor memory of old flies, consistent with mGluR play-
ing a role in age-dependent memory decline. However, while DFB
feeding and transient mGluR overexpression tended to improve
memory in old flies, the improvement was not statistically sig-
nificant. Together, these findings indicate that reduced mGluR
expression mediates age-dependent sleep and memory decline
and suggest mGluR as a potential therapeutic target for improv-
ing sleep and memory in old age.

A significant strength of this study is its use of a small-mol-
ecule screen to search for compounds that can improve sleep
when administered to older animals, which differs from previous
studies that focused on young animals. For instance, earlier small
molecule screens identified genes and compounds that regulate
sleep in young flies and zebrafish larvae [24, 25]. In contrast, the
current study’s screen using animals exhibiting signs of aging set
a higher standard, as some age-related changes may be irreversi-
ble. Aging is associated with numerous transcriptomic, proteomic,
and metabolomic alterations [3-5], and many genes and signaling
pathways regulate sleep [8, 9, 26, 27]. Thus, it is encouraging and
exciting that the authors were able to identify a compound, DFB,
that could promote sleep in aged flies on its own.

The study’s identification of a positive allosteric modulator of
mGluR5 fits well with previous findings regarding the roles mGluRs
play in memory and sleep. For example, a decline of mGIluR2
expression in the hippocampus correlated with memory impair-
ments in aged rats [28]. In addition, several studies in rodents
and flies have implicated mGluRs in sleep regulation [12, 29, 30].
Interestingly, a study found that mGluR mutant flies displayed
accelerated age-dependent sleep decline [12], consistent with the
view that reduced mGluR contributes to sleep problems in old
flies. However, there was no direct evidence that boosting mGluR
activity alone would improve sleep in old age. Thus, the present
study provides a significant advance toward understanding the
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mechanisms underlying age-dependent sleep decline and finding
potential therapeutic targets. Since patients with neurological
diseases often suffer from sleep and memory problems, it will be
interesting to test whether enhancing mGIuR activity can rescue
sleep and memory decline associated with diseases.

Drosophila is a valuable tool for discovering drugs to treat human
diseases, as demonstrated in the study of Fragile X syndrome (FXS),
a genetic disorder resulting from mutations in Fragile X messenger
ribonucleoprotein 1 (FMR1) [31, 32]. Drosophila has a highly conserved
FMRI1 ortholog, and disrupting this gene in flies produces pheno-
types resembling those observed in humans with FXS, including
sleep and memory abnormalities [33, 34]. Building on research
indicating hyperactive mGIluR signaling in a mouse FXS model
and reduced cyclic adenosine monophospate (cAMP) production
in cells from human patients [35-37], McBride and colleagues [33]
found that mGIluR antagonists rescued several FXS-relevant phe-
notypes. Subsequent screening of 2000 drugs in the fly FXS model
identified three compounds that promote Gamma-aminobutryric
acid (GABA) receptor activity and rescue memory defects [38].
Together with the findings that GABA receptor signaling is deficient
in the fly and mouse FXS models [39], these data suggest an appro-
priate balance between mGIuR and GABA signaling is essential for
optimal memory. The rescue of FXS-relevant phenotypes by mGluR
antagonists and GABA agonists was validated in mouse models [33,
40, 41] and led to clinical trials in human patients [42]. An excit-
ing recent development is a phase II clinical trial showing that an
inhibitor of phosphodiesterase-4D, a key modulator of cAMP lev-
els, significantly improved cognitive function in FXS patients [43].
Earlier studies found that phosphodiesterase-4 inhibition success-
fully rescued memory impairments in the fly FXS model [44, 45],
highlighting the power of Drosophila as a tool for drug discovery.

In the present study, enhancing mGIuR expression and activ-
ity significantly improved sleep but had a small, nonsignificant
effect on memory. These findings may appear somewhat unex-
pected given the well-documented effects of sleep on memory
consolidation [46, 47]. However, since both too much and too little
mGluR activity can lead to poor memory, as mentioned above,
multiple doses of DFB may have to be tested to find the appropri-
ate dose to enhance memory. Additionally, determining whether
manipulating the balance between mGluR and GABA signaling
and their downstream effectors, such as cAMP and cAMP-re-
sponse element binding protein (CREB), which are known to reg-
ulate sleep and memory [48-50], can improve sleep and memory
in old age will be interesting.

Sleep and memory decline in old age likely result from a com-
plex interplay of multiple molecular changes. Further research is
needed to understand the mechanisms mediating age-dependent
sleep and memory impairments and develop effective interven-
tions to improve sleep and memory in older adults. The present
study in aged flies provides a good entry point for future studies.
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