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Enrichment of galanin (Gal) in hypothalamic neurons and serum during HSD feeding.
Within the mediobasal hypothalamus, the 1-day access to HSD led to a significant upregulation of
neuropeptide genes, like Gal and Pomc, and a downregulation of Gal3r. While Gal mRNA
expression was significantly increased after only 1-day access to HSD, heightened levels of
circulating serum GAL were detected in mice with both 1-day and 3-day access to HSD, when
compared to data from animals with NCD access. n=12/13; *p<0.05 and **p<0.01
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In situ hybridization data for Gal mRNA in the mouse 
hypothalamus. (ARC, arcuate nucleus; DMH, dorsomedial 

hypothalamus; VMH, ventromedial hypothalamus)

Diet-Induced Metabolic Alterations

Preoptic PNOC neurons regulate brown adipose tissue thermogenesis

Unbiased identification of sucrose-responsive neuronal circuits

Our lab's research is focused on providing detailed insights into neurocircuitries activated by palatable, energy-dense food. We are using neuroscience
approaches to investigate the long-term effects governed by these neurons to determine their physiological relevance and their role in the deregulation of
whole-body energy and metabolic homeostasis during obesity development. The ultimate goal of this research is to develop novel non-invasive therapeutic
interventions for obesity and other prevalent metabolic disorders.
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To gain new knowledge on the pathophysiology of obesity, we employed an unbiased experimental approach to profile molecular signatures that define the neuronal populations activated after
the ingestion of a hypercaloric palatable high-sucrose diet (HSD).

Our experiments reveal that acute HSD feeding activates galanin-expressing neurons in the arcuate nucleus of the hypothalamus (GALARC neurons). Importantly, the role of GALARC neurons in
the regulation of feeding and energy homeostasis is still unknown and remains to be addressed.

GO term ‘neuropeptide signaling
pathway’

(A) Strategy for the identification of acute 
HSD-activated neurons. 
(B) Enrichment of neuropeptide genes 
during acute HSD feeding. 
(C) Analysis of Gal mRNA enrichment 
(IP/Input) during NCD- and HSD-feeding. 
(D) Quantification of in situ hybridization 
of Fos-positive GAL neurons in the ARC 
after NCD or 1 day of HSD feeding 
(n=3/3). 
(E) Representative images showing Gal 
(magenta) and Fos (yellow) expression 
after NCD or 1 day of HSD feeding. 
Results are mean ± SEM. *p < 0.05 as 
determined by 1-way ANOVA followed by 
Tukey’s post hoc test (C) or 2-tailed, 
unpaired Student’s t test (D). 

PNOC POA neurons project to the
dorsomedial nucleus of the
hypothalamus (DMH). DMH
neurons send projections to the
rostral raphe pallidus (rRPa),
which contains sympathetic
premotor neurons regulating BAT
activity.
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Activation of PNOC neurons in the arcuate nucleus of the hypothalamus
(ARC) promotes feeding (1). However, the impact of PNOC-expressing
neurocircuits in other brain areas on metabolic homeostasis is still
unknown. This study aims to investigate how prepronociceptin (PNOC)-
expressing neurons in the preoptic area of the hypothalamus (POA)
regulate energy expenditure.

sagittal

PNOC POA neuronal regulation of BAT activity plays a significant
role in glucose clearance (A), but it does not affect whole-body
insulin sensitivity (B).
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Chemogenetic activation of preoptic PNOC neurons decreases
subcutaneous temperature in the interscapular brown fat depot (A),
resulting in reduced energy expenditure (B).
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Unravelling the relationship between food intake and energy expenditure
is crucial for understanding the mechanisms underlying metabolic
regulation. Collectively, our data reveal that POA PNOC neurons facilitate
the metabolic shift towards energy preservation by decreasing energy
expenditure in thermogenic tissues, such as brown adipose tissue (BAT).
(1) Jais, A. et al. PNOC(ARC) Neurons Promote Hyperphagia and Obesity upon High-Fat-Diet Feeding. Neuron 106, 1009-1025 e1010, 
doi:10.1016/j.neuron.2020.03.022 (2020). 

(A) In situ hybridization data for Gal mRNA in the mouse POA. (B) Viral targeting strategy to restrict the
chemogenetic receptor to PNOC neurons in the POA. (C) Chemogenetic activation of PNOC neurons.
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The central nervous system (CNS) plays a crucial role in regulating glucose metabolism and energy
homeostasis; therefore, alterations within the CNS can be correlated
with metabolic dysfunction and potentially lead to diseases like
obesity or diabetes.
An area essential for homeostatic regulation is the mediobasal
hypothalamus and especially its ventral part, the arcuate nucleus
(ARC). Within the ARC, there are genetically, anatomically, and
functionally diverse populations of neurons that adapt the
physiological processes of the organism to its energy state.

In the ARC, peripheral signals are integrated via orexigenic and anorexigenic like the agouti-
related peptide/neuropeptide-Y (AgRP/NPY) or the pro-
opiomelanocortin (POMC) expressing neuronal subpopulations,
respectively.
As recently demonstrated, neurons specifically activated upon a
high-fat diet are prepronociceptin (PNOC) expressing neurons
in the ARC.
We investigated if there are neurons in the ARC exclusively
activated by consumption of hypercaloric sweet diet.

Background

Identification strategy

High-sucrose diet feeding activates galanin neurons in the ARC

Summary and outlook
Our experiments reveal that acute HSD feeding activates galanin-
expressing neurons in the arcuate nucleus of the hypothalamus (GALARC

neurons).
Importantly, the role of GALARC neurons in the regulation of feeding and
energy homeostasis is still unknown and remains to be addressed.

Therefore, we will characterize short- and long-term consequences of
GALARC neuronal activity and define the role of GALARC neurons in the
regulation of peripheral metabolism and metabolic sensing.
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GALARC neurons are distinct from the classical feeding-regulatory neurons

HSD feeding activates Gal-expressing neurons within the ARC. In situ
hybridization for Gal mRNA in the mouse hypothalamus. ARC staining for Gal and
the activity marker Fos showed increased co-localization after 1d access to HSD,
hence an activation of GAL neurons after HSD consumption. n=3, *p<0.05.
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Gal-expressing neurons in the ARC are GABAergic but distinct from the
neuronal Pomc and AgRP subpopulations. Single-cell sequencing data of
the ARC – median eminence complex showed neuronal expression of GAL (A),
Pomc (B), AgRP (C) and GABA (D).

(ARC, arcuate nucleus; DMH, dorsomedial 
hypothalamus; VMH, ventromedial hypothalamus)
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Phosphorylated ribosome profiling of the
mediobasal hypothalamus of animals with access
to high-sucrose diet (HSD; see box) and analysis of
dietary effect on metabolic markers. Experimental
groups had ad libitum access to either normal chow diet
(NCD), 1 day or 3 days access to HSD. HSD increased
serum glucose and insulin levels, dependent on duration of
access. n=15, *p<0.05, **p<0.01 and ***p<0.001


