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Major depressive disorder and 
metabolic deficits
The proportion of the global population 
living with major depressive disorder 
(MDD) is estimated at 322 million people 
(4.4%), with an additional 260 million 
(3.6%) being affected by anxiety disor-
ders (1), which are often comorbid with 
depression. MDD-associated symptoms 
and treatment responses are highly het-
erogenous, representing a challenge for 
understanding the pathogenesis of this 
mood disorder. While the neurobiology 
underlying MDD symptomatology is not 
completely elucidated, a major hallmark 
is dysregulation of monoamine (sero-
tonin, dopamine, norepinephrine) neuro-
transmission in midbrain circuits respon-
sible for emotion regulation and reward 
responses (2, 3).

Evidence supports that this dysfunc-
tion is due to erratic excitatory glutama-
tergic activity in the prefrontal cortex 
(PFC), a brain region involved in regu-
lation of social behavior and emotion, 
resulting in a loss of top-down control of 
midbrain activity (4). However, antide-
pressant drugs targeting synapses have 
proven only modestly effective, with 
a substantial proportion of treatment 
resistance, suggesting underlying factors 
remain unaddressed (5). Interestingly, 
MDD has been linked to metabolic dis-
turbances (6) and is highly comorbid with 
disorders characterized by disruption of 
glucose metabolism, including diabe-
tes (7). Positron emission tomography 
scanning of individuals with depression 
reveals diminished glucose metabolism 
in the PFC (8, 9), but a direct link between 

deficient glucose metabolism and depres-
sive symptoms has yet to be determined.

While glucose is mainly used in 
the brain for energy generation, a 
small amount is redirected through the 
hexosamine biosynthesis pathway, which 
produces N-acetylglucosamine (GlcNAc). 
This glucose derivative is appended onto 
certain proteins in a posttranslational 
modification referred to as O-GlcNAcyla-
tion and catalyzed by the O-GlcNAc trans-
ferase (OGT) enzyme. OGT is expressed 
ubiquitously, but its level is about ten times 
higher in the brain than in the periphery. 
OGT activity is essential during embryo-
genesis and development (10), and loss 
of OGT expression in adulthood leads to 
progressive neurodegeneration (11). Fur-
thermore, experimental manipulation of 
O-GlcNAcylation can influence depres-
sive and anxiety-like behavior in rodents 
(12), suggesting a role for OGT in regulat-
ing affective neural circuits. This role is 
supported by recent findings highlighting 
alterations in the brain of O-GlcNAcyla-
tion profiles in a rat model of depression 
(13). Nevertheless, a mechanistic pathway 
linking OGT to MDD pathogenesis has 
remained to be described.

Astrocytic glutamate reuptake 
and MDD
Astrocytes are crucial mediators of cere-
bral homeostasis, performing diverse 
functions ranging from transfer of nutri-
ents between blood vessels and neurons 
to regulation of neurotransmission (14). 
Each astrocyte can contact up to 100 syn-
apses, with fine processes ensheathing 
both pre- and postsynaptic boutons to 
monitor and manipulate neurotransmit-
ter concentrations in the synaptic cleft 
(15). Recent evidence points to astrocyte 
dysfunction as a mechanism underlying 
the disrupted neuronal circuitry associ-
ated with depression. First, postmortem  
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vation that corresponds with reports of 
increased extracellular glutamate in the 
mPFC in MDD, as measured by magnetic 
resonance spectroscopy (24).

O-GlcNAcylation of GLT-1 
regulates depressive behaviors 
in mice
In this issue of the JCI, Fan et al. (25) 
describe a mechanistic link between 
altered OGT-mediated O-GlcNAcylation 
and abnormal glutamate neurotransmis-
sion in a mouse model of depression (Fig-
ure 1). Initially, the authors discovered that 
OGT mRNA was upregulated in the blood 
as well as in the mPFC of men with MDD. 
To investigate the underlying biological 
mechanisms and possible contribution 
to this mood disorder pathogenesis, they 
took advantage of the chronic social-de-
feat stress (CSDS) model, a well-estab-
lished protocol inducing depression- and 
anxiety-like behaviors by subjecting mice 
to repeated physical altercation with a larg-
er, aggressive animal (26). After 10 days of 

where it assists in clearing glutamate from 
the synaptic cleft to maintain low, non-
toxic levels of this excitatory neurotrans-
mitter (22). Further, astrocytes convert 
this glutamate into nonactive glutamine, 
which can be cycled back to neurons for 
reconversion to glutamate, reducing the 
metabolic demand of constant firing. 
Thus, via GLT-1, astrocytes actively con-
tribute to maintaining optimal conditions 
for synaptic neurotransmission and plas-
ticity, exerting a substantial influence 
on cognition and behavior (22). Indeed, 
manipulation of glutamate uptake through 
GLT-1 can influence affective behavior in 
rodents. For example, pharmacological 
inhibition of GLT-1 in the PFC induces 
anhedonia in rats (23), a hallmark symp-
tom of MDD defined as the inability to 
feel pleasure, while GLT-1 knockdown in 
the same brain region in mice promotes 
glutamate dysfunction and depressive 
symptoms (4). GLT-1 is also reduced in 
postmortem brain tissue from individuals 
diagnosed with depression (20), an obser-

tissues from individuals with MDD dis-
play reduced astrocyte densities through-
out the brain (14, 16) and diminished 
astrocyte-blood vessel contacts (14, 17). 
In rodents, chronic stress exposure, which 
is the main environmental risk factor for 
developing MDD, induces more transcrip-
tional changes in astrocytes than other 
cell types, particularly in the medial PFC 
(mPFC) (18). Exposure to chronic stress 
also disturbs connections between astro-
cytes and neurons, impairing metabolite 
shuttling through the brain (19). Inter-
estingly, astrocytic dysfunction in MDD 
has been shown to occur in tandem with 
alterations in glutamate-related signaling 
(20), suggesting a disruption in astrocyte 
monitoring of glutamatergic synapses.

Glutamate transporter-1 (GLT-1, also 
known as EAAT2) is a sodium-dependent 
glutamate reuptake transporter present 
mostly in astrocyte plasma membranes 
and, to a lesser extent, in neurons (21). In 
astrocytes, this transporter is localized at 
endfeet processes ensheathing synapses, 

Figure 1. Increased OGT in mPFC astrocytes mediates stress susceptibility and depression. In healthy individuals and stress-resilient mice, astrocytes 
remove glutamate from synapses via GLT-1 to regulate glutamatergic neurotransmission. Importantly, this glutamate is converted to glutamine and shuttled 
back to neurons for reconversion to glutamate, thereby ensuring a continual supply of this essential neurotransmitter. Fan et al. (25) show that in men with 
depression and stress-susceptible male mice, OGT levels are increased in the PFC, a brain area involved in executive functions, social interactions, and mood 
regulation. This change is specific to astrocytes where the OGT enzyme catalyzes O-GlcNAcylation of GLT-1, modulating glutamate transport at the tripartite 
synapse. An elevated rate of this OGT-mediated posttranslational modification inhibits GLT-1 activity, leading to an increase in glutamate level in the synaptic 
cleft in the short-term, while simultaneously limiting transfer of glutamine to neurons and possibly reducing long-term glutamate availability. The resulting 
aberrant glutamatergic signaling causes reductions in dendrite complexity and depression-like symptoms, including social avoidance.
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types or durations of stress. Moreover, this 
research was conducted mainly in males. 
Though sex-specific symptomatology, 
prevalence, and treatment responses are 
observed with MDD, the findings cannot 
necessarily be translated across sexes. As 
OGT is an X-linked gene (10), its potential 
effects in women and female mice, if any, 
should be considered in future studies.
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