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The Eph receptor A4-mediated demyelination in depression
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Abstract

Accumulating evidence reveals that major depressive disorder, one of the most common mental illnesses, is
characterized by abnormal myelination. However, the relationship between demyelination and depression-
related behaviors and the molecular mechanism underlying demyelination and synaptic deficits in depression
is largely unknown. In a recent study, Li and his colleagues found that the ephrin A4 receptor (EphA4), a mem-
ber of the Eph family of receptor tyrosine kinases, was essential to mediate demyelination and regulate synap-
togenesis in depression. Using the chronic, unpredictable mild stress (CUMS) exposure or lipopolysaccharide
(LPS) administration-induced animal model of depression, the authors found that depression could induce
demyelination, and the increased EphA4 levels mediate demyelination and depression-like behaviors. In this
commentary, we reviewed this critical finding and discussed future directions on this topic.
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Major depressive disorder (MDD), also known as clini-
cal depression or depression, is one of the most common
mental illnesses. It is characterized by pervasive and per-
sistent low mood, disturbed memory, concentration, sleep,
low motivation, and a loss of interest in enjoyable activi-
ties [1, 2]. Evidence from genetic, neuroimaging, non-
human animals and post-mortem has suggested abnormal
myelination in the MDD [3]. However, the relationship
between demyelination and depression-related behaviors
remains unclear. The molecular mechanism underlying
demyelination and synaptic deficits in depression is large-
ly unknown.

In a recent study, Li and his colleagues found that the
ephrin A4 receptor (EphA4), a member of the Eph family
of receptor tyrosine kinases, was essential to mediate de-
myelination and regulate synaptogenesis in depression [1].
The authors hypothesized that depression would include
demyelination, and the increased EphA4 levels mediate
demyelination and depression-like behaviors.

Using the chronic, unpredictable mild stress (CUMS)
exposure or lipopolysaccharide (LPS) administration-
induced animal model of depression, the authors first
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analyzed the association between depression and demy-
elination. They conducted the three most commonly used
behavioral tests for depression and found depressive-like
behavior in the CUMS and LPS-induced depression mod-
els [1]. Moreover, the myelin basic protein (MBP) stain-
ing and the luxor fast blue (LFB) staining demonstrated a
significantly decreased myelination in the depressive ani-
mal models, which was also confirmed by Western blot-
ting. Furthermore, the author also stained the contactin-
associated protein (Caspr) and analyzed the nodal length
between the Caspr-positive regions. Interestingly, the
nodal length was increased in the CUMS mice, suggesting
demyelination in the corpus callosum of these depressive
animals, which was further confirmed by electron micros-
copy with thinner axonal myelin sheath and border nodal
length. These findings confirmed demyelination in the
mouse model of depression.

To further evaluate the role of demyelination in depres-
sion-related behavior, the authors next asked whether
myelination could inhibit depressive-like behavior and
restore normal behavior. To answer this question, clem-
astine, a widely accepted remyelination therapy, was ap-
plied to induce pharmacological remyelination [4]. MBP
staining and electron microscopic analysis confirmed the
remyelinating effect of clemastine in both the CUMS and
LPS models. Intriguingly, remyelination induced by clem-
astine normalized depressive-like behaviors and restored
synaptic deficits, as evidenced by increased numbers of
synapses and thicker postsynaptic density in CUMS mice
with clemastine treatment.

To elucidate the mechanism underlying the association
between demyelination and depression, the authors per-
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formed RNA-seq using hippocampal tissue from CUMS
mice. The expression of EphA4 was significantly upregu-
lated in CUMS mice and selected for further analysis due
to its essential role in regulating synapse development,
synaptic plasticity, neuronal growth, and its increased lev-
els in axonal lesions in the demyelinating brain disorder
[1, 5]. Intriguingly, the authors found that the ubiquitin-
mediated degradation pathway contributes to the changes
in EphA4 levels. The decreased ubiquitinated EphA4 and
the upregulated immunoprecipitated EphA4 suggested
that decreased ubiquitination was involved in the upregu-
lation of EphA4.

To further evaluate the role of EphA4 in CUMS-induced
changes in myelination and depression-related phe-
notypes, EphA4 was knockdown by using an Adeno-
associated viral (AAV) vector encoding EphA4 shRNA.
As expected, the EphA4 knockdown inhibited depressive-
like behaviors and significantly attenuated demyelination
and synaptic deficits caused by CUMS. Furthermore,
the authors stained EphA4 with various specific cell
makers, including Vglutl (excitatory neuronal marker),
GADG65/67 (inhibitory neuronal marker), MBP (expressed
in oligodendrocytes), Ibal (microglial marker), or GFAP
(astrocyte markers), to determine the specific cell type
with EphA4 responding to the CUMS. The author con-
firmed that EphA4 was mainly expressed in the excitatory
neurons under normal conditions, and the expression

of EphA4 was significantly upregulated in response
to CUMS. Moreover, consistent with the results of the
EphA4 shRNA knockdown mentioned previously, specific
knockdown of EphA4 in the excitatory neurons can also
prevent behavioral deficits and alleviated changes in my-
elin sheaths and synapses induced by CUMS.

In the end, the authors examined the changes in myelina-
tion, synapse, and EphA4 levels in post-mortem brain tis-
sue from patients with major depressive disorder (MDD)
or control individuals. Consistent with the findings from
CUMS mice, MDD patients displayed markedly demy-
elination, synaptic deficits, and significantly increased
EphA4 expressions, suggesting the potential to translate
their findings in the animal study to humans.

In summary, Li et al. demonstrated that the increased
EphA4 expression is essential to induce depressive-like
behaviors and demyelination in response to physical or
inflammatory stress [1]. EphA4 knockdown could signifi-
cantly attenuate demyelination and behavioral changes in
the animal models of depression (Figure 1). Their study
provides additional information about the association be-
tween demyelination and depression and extends our un-
derstanding of the mechanisms underlying demyelination
and synaptic deficits in depression. Their study supports
the potential use of the EphA4 inhibitor as a treatment ap-
proach for depression and provides evidence on promoting
remyelination as a general treatment strategy for depres-
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Figure 1. The Eph receptor A4-mediated demyelination in depression. The physical or inflammatory stress induces the increased expression of
EphA4 in the excitatory neurons. The increased EphA4 levels induce demyelination and synaptic deficits in mouse models of depression (left panel).
EphA4 knockdown in excitatory neurons can attenuate demyelination and rescue the synaptic deficits induced by chronic unpredictable mild stress

(right panel).
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sion. Although Li ef al. have made excellent progress in
understanding EphA4-mediated demyelination in depres-
sion, several intriguing topics arise and deserve further
investigation (Figure 1). First, oligodendrocyte precursor
cells (OPCs) are necessary for remyelination and may be
a potential therapeutic target for demyelinating diseases
[6]. It would be helpful to examine the expression of
EphA4 in OPCs to determine whether EphA4 is enriched
in OPCs following physical or inflammatory stress. In ad-
dition, OPCs senescence contributes to diminished remy-
elination in the brain disorder. It would be interesting to
investigate whether OPCs senescence exists in physical or
inflammatory stress-induced depression and whether the
changes of EphA4 in the excitatory neurons affect OPCs
senescence. Second, synaptic metaplasticity and depres-
sion are displayed in a sex-specific manner [7, 8]. There-
fore, it would be helpful to consolidate the role of EphA4
in depression if there is evidence demonstrating that the
change of EphA4 in depressed female animals is similar
to that in males. Third, their study also identified Epha 7,
another member of the Eph family of RTKs, upregulated
in the hippocampus CUMS mice. Investigating the role of
Epha7 in demyelination following physical or inflamma-
tory stress may further our understanding of the associa-
tion between demyelination and depressive-like behavior.
Finally, because anxious-depressive-like behavior is an
early endophenotype and predictor of Alzheimer’s dis-
ease, the role of Epha7 in the initiation and development
of Alzheimer’s disease deserves further investigation.
Addressing these questions will help us identify potential
therapeutic targets for depression and demyelination-
related brain diseases.
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