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Lipid droplets are dynamic organ-
elles long thought to form in neurons 
only durin g disease. However, a
study by Manceau  et al.  discovered
that lipid droplets are not only 
present in healthy neurons but also 
regulate whole-body metabolism 
whe n formed in hunger-responsive
neurons in the brain.
 

Lipid droplets are dynamic organelles that 
store neutral lipids. In most cell types, they 
function as flexible metabolic hubs that 
help maintain lipid homeostasis; they 
buffer excess fatty aci ds, support cellular
energy demands, and protect against
lipotoxicity and membrane damage [1–3]. 
Despite these broadly conserved func-
tions, lipid droplets in neurons have tradi-
tionally been viewed through a restrictive 
lens. Under physiological conditions, lipid 
droplets were thought to be absent f rom
neurons. Instead, their presence was
primarily associated with aging and neuro-
degeneration and, therefore, interpreted
as pathological entities [4]. However, a 
recent study by Manceau et al. [5], 
published in Nature Metabolism,  shows
that lipid droplets are not only present in 
healthy neurons but also play a role in 
regulatin g whole-body metabolism when
formed in specific populations of neurons.

Using a fluorescent lipid droplet reporter 
and lipid staining, combined with g enetic
manipulation of core lipid droplet
machinery, Manceau et al. demonstrate 
that neurons in flies and mice routinely 
form lipid droplets under physiological 
conditions. This raises important consider-
ations for studying neuronal lipid droplets; 
for example, whether their rapid turnover 
may hinder detection by conventional 
labeling approaches, which could explain 
why neuronal lipid droplets have been 
systematically overlooked for so long. 
The study then goes beyond demonstrat-
ing their existence to position neuronal
lipid droplets as active regulators of neuro-
endocrine networks and, consequently,
systemic energy balance (Figure 1). 

Lipid droplets are regulated by a myriad of 
proteins that control their growth and
degradation [3]. One important enzyme 
highlighted throughout this study is adipose 
triglyceride lipase (ATGL), which releases 
fatty acids from lipid droplets to be used 
for beta-oxidation and/or phospholipid 
synthesis. Disruption of ATGL increased 
neuronal lipid droplet accumulation, as 
seen in other cell types. In fact, manipula-
tion of several lipid-droplet regulatory 
genes altered neuronal lipid droplet abun-
dance in a predictable manner, confirming 
that neuronal lipid droplets are subject to 
canonical regulatory pathways. A notable 
exception to this was DDHD domain 
containing 2 (D DHD2) in flies, where no
effect on neuronal lipid droplets was
observed, despite previous work showing
the importance of DDHD2 in regulating
lipid droplets in mammalian neurons [6]. 

Interestingly, while pan-neuronal loss 
of diacylglycerol O-acyltransferase 1 
(DGAT1) was lethal, the loss of DGAT1 or 
the DGAT1/2-independent enzyme 
synthesizing storage lipids (DIESL) in 
hunger-responsive neurons in the brain 
produced similar outcomes in reducing 
lipid droplets a nd downstream effects.
Both DGATs and DIESL act as indepen-
dent triglyceride synthases for lipid droplet
biogenesis but seem to prefer different
lipid substrates [3,7].  DGATs  u  se
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nutrient-derived fatty acids, whereas 
DIESL may prefer fatty acids derived from 
phospholipids during nutrient deprivation. 
As both support lipid droplets in neurons, 
this raises the possibility that hunger-
responsive neur ons may rely on multiple
lipid sources for generating lipid droplets
under physiological conditions.

The article’s most striking findings 
emerged when they assessed the conse-
quences of manipulating lipid droplets in 
neurons involved in systemic energy 
homeostasis. In mice, the team targeted 
hypothalamic agouti-related protein 
(AgRP) neurons, which are activated by 
hunger and drive feeding behavior. In flies, 
they studied adipokinetic hormone (Akh) 
neurons that play analogous metabolic 
roles. In both systems, disruption of ATGL 
reduced the activity of the neurons. This 
had important downstream consequences 
on whole-body metabolism, including 
reduc ed food intake and body weight,
impaired fat mobilization during fasting,
and altered responses to cold exposure.

Mechanistically, the authors propose that 
neuronal lipid droplets serve as intracellu-
lar reservoirs that supply fatty acids 
required to support mitochondrial and 
endoplasmic reticulum function. Consis-
tent with this, impaired ATGL activity 
induced multiple signs of cellular stress, 
including altered mitochondrial morphol-
ogy, defective fatty acid oxidation, dilation 
of the endoplasmic reticulum, disrupted 
phospholipid composition, and reduced 
protein synthesis, all of which could 
contribute to reduced neuronal activity. 
Despite alterations in body fat with pan-
neuronal knockdown of hormone-
sensitive lipase (HSL), the loss of HSL in 
Akh-producing neurons had no effect. It is 
possible that these enzymes are differen-
tially regulated in this specific cell type.
Unlike ATGL, HSL also breaks down
cholesterol esters stored in lipid
droplets, which may contribute to their
nonoverlapping phenotypes.
ndocrinology & Metabolism, Month 2026, Vol. xx, No. xx 1

https://orcid.org/0000-0001-6252-8626
https://doi.org/10.1038/s42255-026-01508-w
move_f0005


Trends in Endocrinology &Metabolism

TrendsTrends inin EndocrinologyEndocrinology & MetabolismMetabolism 

Figure 1. Schematic summary of the findings by Manceau et al. Lipid droplets were targeted by knocking 
out adipose triglyceride lipase (ATGL) in hunger-responsive neurons: agouti-related protein (AgRP) neurons in 
mice and adipokinetic h ormone (Akh) neurons in flies. This resulted in impaired whole-body metabolism in
both species, with the effects being more pronounced in males.

 

 

Intriguingly, the influence of lipid droplets 
on metabolism exhibited pronounced 
sex-dependent effects in both flies and 
mice. Males consistently displayed stron-
ger metabolic phenotypes following 
disruption of lipid droplet-regulatory 
genes than females. Why females appear 
more resilient remains unclear. Expres-
sion of lipid metabolic enzymes is largely 
comparable between males a nd females,
indicating that differences in expression
are unlikely to cause the sex-specific
phenotypes. The authors speculate that
compensatory mechanisms or differing
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sensitivity to altered neuropeptide signal-
ing could underlie the disparity. Another 
possibility is that sex hormones create a 
gene expression landscape that leads to 
differential susceptibility to perturbations 
of lipid droplet biology. These sex-
specific  influences add another layer of 
complexity to the m etabolic landscape,
which is especially important given that
sex differences remain underexplored in
metabolic neuroscience.

Lipid droplets are known to be present in 
cells of the nervous system during early
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development [8,9]. While the present 
study rules out a developmental contribu-
tion of neuronal lipid droplet regulation to 
energy homeostasis in mice, it does not 
fully exclude potential developmental 
confounds in flies, where the loss of lipid 
droplet regulatory genes occurs through-
out development. It would be interesting 
to disentangle developmental effects 
from adult ne uronal lipid droplet function-
ing using an inducible gene expression
system. Given that lipid droplets regulate
neural stem cell behavior [10],  there  are
likely to be important functions for lipid 
droplets in immature neurons as they
differentiate and develop.

Collectively, these findings suggest that 
lipid droplets within hypothalamic neurons 
are essential for maintaining systemic 
metabolic balance. They open new 
avenues for exploring whether targeting 
neuronal lipid droplets could help address 
disorders associated with altered appetite, 
body weight, and metabolism, including 
obesity and diabetes. This work also 
raises important questions about how 
lipid droplets affect additional populations 
of neurons and their corresponding 
circuitry. For example, cortical neurons 
si milarly utilize lipid droplets as a reservoir
of fatty acids for β-oxidation to sustain
energy production. Because disrupting
the release of fatty acids from lipid droplets
impairs cortical neuron activity [6],  it
stands to reason that in vivo disruption 
would destabilize cortical networks, result-
ing in impaired cognition. Together, these 
findings reshape our understanding of 
how cellular l ipid metabolism controls
neuron function in health and have impor-
tant consequences in diseased states.
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