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Autophagy, a critical mechanism for maintaining cel-
lular homeostasis, participates in the growth and refine-
ment of neuronal axons, dendrites, and synapses in both
the developing and adult brain [1]. In a groundbreaking
study published in Nature, Yang et al. [2] found that stress
modulated depression via dynamic control of neuronal au-
tophagy in the lateral habenula (LHb). The authors showed
that LHb autophagy regulated neuronal excitability and
synaptic plasticity through activity-dependent clearance
of alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid (AMPA) receptors to maintain emotional homeostasis
against stress, thereby identifying an entirely new avenue
for therapeutic development in major depressive disorder
(MDD).

Depression indicates a dysregulated stress response,
during which the brain undergoes three progressive phases:
alarm reaction, resistance, and exhaustion [3]. A key conse-
quence of stress is structural remodeling of neural architec-
ture; recovery from these changes reflects successful regu-
lation of homeostasis, whereas persistence indicates failed
resilience [4]. The cumulative pathophysiology resulting
from such dysregulation and excess stress may contribute
to neuropsychiatric disorders including MDD. Autophagy
is recognized as a critical homeostatic regulator: mutations
in autophagy genes cause congenital neurological disorders
(e.g., epilepsy, intellectual disability, neurodegeneration);
and functional deficiency leads to motor dysfunction, cog-
nitive impairment, social deficits, and seizures, which are
associated with impaired synaptic maturation, plasticity and
neurotransmission [5]. Accumulating evidence has demon-
strated that functional restoration of impaired autophagic
components, such as p62, nuclear receptor binding factor 2,
and nineteen-kilodalton Interacting Protein-3-like protein
X (NIX), in depression models, ameliorates depressive-like
phenotypes through distinct molecular mechanisms [6—8].
The LHD, being a stress-vulnerable target, exhibits hyper-
activity, synaptic protein dysregulation and compromised
neuronal homeostasis under chronic stress [9]. The study
found a causal role of LHb autophagy in coping with stress.

Yang et al. [2] found that chronic stress im-
paired LHb autophagy, and both paroxetine and ke-
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tamine selectively increased autophagic activity specifi-
cally in LHb, without affecting other depression-associated
brain regions. It is interesting that the authors fur-
ther found that acute and chronic stress had opposite ef-
fects on autophagy: acute stress activated 5’-adenosine-
monophosphate-activated-protein-kinase (AMPK) to initi-
ate LHb autophagy, whereas chronic stress activated mam-
malian target of rapamycin (mTOR) to terminate LHb au-
tophagy. Recent evidence has demonstrated that antide-
pressants exert therapeutic effects through diverse mecha-
nisms, with substantial heterogeneity observed even in their
autophagy-mediated actions [10,11]. Critically, that same
study revealed that multiple antidepressants required LHb
autophagy activation to ameliorate depression-like pheno-
types in chronically stressed mice by normalizing both neu-
ronal hyperactivity and synaptic deficits. These findings
suggest that chronic stress induces physiological structural
alterations through LHb autophagic impairment, whereas
pharmacological activation of LHb autophagy reestablishes
neuronal homeostasis. This identifies LHb autophagy as a
critical regulator of neuronal homeostasis. Based on the dis-
tinct effects of acute and chronic stress on LHb autophagy,
this study proposed a stress-phase-dependent regulatory
mechanism by which LHb autophagy maintains neuronal
homeostasis: (a) acute stress activates LHb autophagy via
AMPK signaling (alarm phase); (b) sustained stress poten-
tiates LHD excitatory inputs, requiring persistent autophagy
to degrade excess AMPA receptors (resistance phase); and
(c) in chronic stress, mTOR-mediated autophagy suppres-
sion prevents AMPA receptors clearance, leading to synap-
tic overload and depression-like phenotypes (exhaustion
phase).

To elucidate the neuronal mechanisms underlying
depression-like behaviors caused by impaired LHb neu-
ronal autophagy, the authors employed a dual-viral ap-
proach to monitor stress-induced calcium responses in
autophagy-deficient LHb neurons. Genetic elimination of
LHD neuronal autophagy directly elicited depression-like
phenotypes, neuronal hyperexcitability, and exaggerated
calcium responses to diverse stressors. Genetic elimination
of LHb neuronal autophagy can be interpreted as disrup-
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tion of a crucial homeostatic mechanism, functionally elim-
inating the resistance phase of the stress response. Given
that LHb hyperactivity is a cellular hallmark of depression-
like status, the authors used a dual viral strategy to si-
lence autophagy-deficient LHb neurons chemogenetically,
which successfully alleviated depression-like behaviors in
autophagy-deficient mice. These results indicate that LHb
hyperactivity constitutes the cellular substrate underlying
the depression-like phenotype induced by impaired LHb au-
tophagy. Although this study demonstrated that autophagy-
gated depression-like states are localized to specific brain
regions and cell types, autophagy regulates not only neu-
ronal homeostasis but also metabolic and immune home-
ostasis [12]. During stress adaptation, the autonomic ner-
vous system, metabolic system, and immune system en-
gage in dynamic nonlinear crosstalk to orchestrate cerebral
homeostasis [4]. The effects of autophagy on metabolic
and immune homeostasis cannot be ignored in mechanis-
tic research on depression. Although this study established
that autophagy deficiency in either LHb astrocytes or ven-
tral hippocampal neurons does not produce behavioral ef-
fects, the potential role of glial autophagy in stress-related
depression remains significant given two key mechanisms:
astrocytic regulation of neuronal metabolic support; and
microglial control of neuroinflammation [13,14]. Future
investigations should explore whether stress-induced dis-
ruptions of astrocytic autophagy impair metabolic home-
ostasis, or whether dysregulation of autophagy in astrocyte
and microglia influences depression-like behaviors through
neuroimmune mechanisms.

LHb autophagy controls neuronal excitability, synap-
tic transmission (by means of on-demand degradation of
glutamate receptors), and critically contributes to synaptic
plasticity, particularly long-term depression (LTD). Here,
the authors established a causal relationship between LHb
autophagy activation and LTD induction; the blockade of
LHb autophagy led to excessive accumulation of post-
synaptic AMPA receptors during long-term potentiation
induction. Together, these findings established that au-
tophagy in LHb neurons critically regulates both the fre-
quency and amplitude of synaptic plasticity events. Neu-
rons in the neocortex typically adjust the strength of excita-
tory synapses to maintain activity around a homeostatic set
point [15]. These findings demonstrated that LHb neuronal
autophagy regulates excitatory synaptic homeostasis, sug-
gesting its potential in maintaining brain balance through
homeostatic regulation of network function.

Again, depression indicates a dysregulated stress re-
sponse, during which the brain undergoes three progressive
phases: alarm reaction, resistance, and exhaustion. Crit-
ically, the prevention of depression and the action of an-
tidepressants rely on regulatory mechanisms that maintain
brain homeostasis during the resistance phase. This study
determined the mechanism of synaptic adaptability in the
LHb that dynamic regulation of surface AMPA receptor lev-

els by autophagy mechanisms of synaptic adaptability in
the LHb. The selective modulation of LHb autophagy by
stress and antidepressants implies that stress exerts spatially
and cellularly restricted control over autophagic processes.
Such regulation may reflect functional diversification of au-
tophagy, wherein distinct autophagic programs orchestrate
discrete aspects of brain homeostasis.
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