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During rapid eye movement (REM) sleep, behavioral unrespon-
siveness contrasts strongly with intense brain-wide neural net-
work dynamics. Yet, the physiological functions of this cellular
activation remain unclear. Using in vivo calcium imaging in freely
behaving mice, we found that inhibitory neurons in the lateral
hypothalamus (LHvgat) show unique activity patterns during feed-
ing that are reactivated during REM, but not non-REM, sleep. REM
sleep-specific optogenetic silencing of LHvgat cells induced a reor-
ganization of these activity patterns during subsequent feeding
behaviors accompanied by decreased food intake. Our findings
provide evidence for a role for REM sleep in the maintenance of
cellular representations of feeding behavior.

lateral hypothalamus | REM sleep | feeding | calcium imaging |
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Rapid eye movement (REM) sleep (or paradoxical sleep) is
the most puzzling brain state in vertebrates. It is associated

with sensory-motor development and learning (1, 2), memory
consolidation (3–5), and dreaming (6). Neural substrates essen-
tial for the onset and maintenance of REM sleep have been
identified in the ventrolateral peri-aquaeductal gray (7), sub-
laterodorsal nucleus of the brainstem (8) and in the lateral hy-
pothalamus (9, 10), while the theta rhythm dominating rodent
REM sleep electroencephalogram (EEG) largely originates from
the septo-hippocampal structure (4). Other hypothalamic, tha-
lamic, and cortical neuron populations also show high activity
selectively during REM sleep in rodents (11–15) and humans
(16); however, their functions remain unclear.
Among LH neuronal population, vesicular GABA and glycine

transporter-expressing neurons (LHvgat) show high activity dur-
ing wakefulness or spontaneous REM sleep (11) and during
experimentally induced REM sleep hypersomnia (11, 17). While
populations of LHvgat neurons control wakefulness through
specific synaptic circuits (18–20), it is still unclear whether LHvgat

neuron activity is implicated in REM sleep regulation (21).
Neuronal activity in the LH has been linked to feeding be-

havior, including motivation (22) and food consumption (23–25).
Recent studies have highlighted a critical role for LHvgat neurons
in food seeking (26), food intake (27–31), compulsive behavior
(28) or hunting (32), and the induction of conditioned place
preference in the absence of rewards (27, 33). LHvgat neuron
projections to the ventral tegmental area (30, 33), the para-
ventricular hypothalamus (31), the ventrolateral peri-
aquaeductal gray matter (32), and the dorsal pons (34) were
shown to modulate feeding and motivation in mice. Taken to-
gether, these findings suggest that LHvgat neurons provide a link
between sleep and the motivational, or consummatory, aspects of
feeding behavior.
Here, we studied the activity of LHvgat neurons as a model to

understand the contribution of REM sleep to hypothalamic
control of food intake. Using in vivo calcium imaging and
optogenetic interventions in freely behaving mice, we recorded
the activity of LHvgat neuron populations across feeding and

sleeping behaviors and tested the role of REM sleep in the
encoding of neuronal representation of feeding behavior.

Results
Feeding Is Reliably Encoded by a Stable Map of LHvgat Neuron
Activity. We first recorded the activity profiles of LHvgat neu-
rons using in vivo calcium imaging from food-deprived, freely
moving mice during exploratory behaviors and feeding. To
achieve this, we genetically targeted the expression of the cal-
cium indicator GCaMP6s to LHvgat neurons by stereotactically
injecting an adeno-associated virus (AAV5) carrying a Cre-
dependent expression cassette of GCaMP6s (Syn-Flex-
GCaMP6s) into the LH of vgat-IRES-Cre mice (Fig. 1 A, Lower
Left). We observed long-lasting expression of GCaMP6s in the
LH area (up to 9 wk; Fig. 1B). Note that there was no colocal-
ization of LHvgat with melanin concentrating hormone (MCH)-
positive neurons (SI Appendix, Fig. S1A), another REM sleep-
active neuron population in the LH (35, 36). Transduced animals
were chronically implanted with both EEG/electromyogram

Significance

The lateral hypothalamus encompasses neural circuits that are
highly active during feeding behavior and rapid eye movement
sleep. Yet, it remains unclear whether these mutually exclusive
behaviors share common neural populations. Here, we recor-
ded and perturbed the activity of inhibitory neurons of the
lateral hypothalamus (LH) across feeding behavior and sleep in
freely behaving mice. We found that feeding is reliably enco-
ded by specific patterns of neuron activity and that these
patterns are reactivated during rapid eye movement sleep.
Disrupting the activity of these inhibitory neurons specifically
during rapid eye movement sleep decreased subsequent
feeding behavior. These results suggest that rapid eye move-
ment sleep stabilizes the hypothalamic representation of
feeding behavior and modulates future food intake.
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