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Glaucoma is a multifactorial eye disorder that
can cause vision loss and irreversible blindness,
affecting individuals aged 40 to 80 years
worldwide. Due to the aging population, it is
expected that the number of people affected
by glaucoma will surpass 111 million by 2040 as
the disease becomes more prevalent. Glaucoma
primarily contributes to optic nerve axon loss and
the progressive degeneration of retinal ganglion
cells (RGCs), subsequently leading to vision
impairment. The onset of glaucoma is affected by
various factors, including genetic predispositions,
environmental influences, and physiological
conditions. The major risk factors include elevated
intraocular pressure (IOP), aging, genetic/
epigenetic factors, immune system dysregulation,
and vascular dysfunction. Elevated IOP is currently
the only adjustable and treatable risk factor for
glaucoma through medications, laser procedures,
and surgical interventions. However, reducing
IOP by these treatments is insufficient to manage
the progression of glaucomatous optic nerve
degeneration and RGC death. There is growing
interest in elucidating the pathophysiological
mechanisms underlying glaucoma pathogenesis,
particularly regarding the involvement of glia-
mediated neuroinflammation.

Cholesterol is essential for the structural and
functional integrity of RGCs, playing a pivotal
role in maintaining cell membrane integrity,
signal transduction, synaptic function, and
neuroprotection. However, excessive accumulation
of cholesterol deteriorates cellular functions
by enhancing toll-like receptor (TLR) signaling,
activating inflammasomes, and inducing
inflammatory responses (Tall and Yvan-Charvet,
2015). Recent evidence indicates that ATP-
binding cassette transporter 1 (ABCA1) deficiency
triggers retinal cholesterol accumulation, resulting
in alterations in mitochondrial function and
autophagy flux, and RGC death (Yang et al., 2023).
Additionally, glia-specific ABCA1 deficiency induces
cholesterol accumulation in the astrocytes, which
is linked to RGC degeneration and inflammation
(Shinozaki et al., 2022).

Recent studies from our group have demonstrated
that downregulation of apolipoprotein A-I
binding protein (AIBP) and ABCA1, which regulate
cholesterol depletion from the plasma membrane,
increases the TLR4-lipid raft formation and

interleukin-1B production in the retinas of patients
with primary open-angle glaucoma (POAG) and
experimental mouse models of glaucoma (Choi et
al., 2020, 2024; Ju et al., 2023). Epidemiological
evidence suggests that hyperlipidemia and
increased levels of blood lipids are linked to
POAG, elevated IOP, and ocular hypertension. A
recent study demonstrated a correlation between
glaucoma and high total cholesterol levels, along
with low high-density lipoprotein levels (Wang
and Bao, 2019). However, conflicting findings
are present regarding the relationship between
POAG and serum lipid levels, suggesting there may
not be significant differences in the association
between POAG and blood lipids. In a glaucomatous
mouse model, disrupted cholesterol homeostasis
was associated with RGC death, supporting the
notion that cholesterol accumulation may be a risk
factor in glaucoma pathogenesis (Ju et al., 2023).
Considering that the retina regulates cholesterol
balance through a complex interaction involving
biosynthesis, lipoprotein uptake, transport, and
efflux, understanding the pathophysiological
mechanisms of increased cholesterol levels in
the glaucomatous retina could provide valuable
insights for the treatment of glaucoma.

AIBP is a secreted protein that interacts
with apolipoprotein A-I (Fang et al., 2013).
Apolipoprotein A-l, a primary component of
high-density lipoprotein, plays a crucial role in
facilitating cholesterol efflux to regulate cellular
cholesterol levels. Cholesterol, an essential
element of cellular membranes, plays a critical
role in maintaining the integrity of lipid rafts,
which serve as pivotal platforms for the regulation
of membrane protein trafficking, facilitating
receptor-mediated signal transduction. Alteration
of cholesterol homeostasis and its buildup in
the membrane can lead to the formation of
inflammarafts, characterized by enlarged lipid
rafts containing inflammatory receptors, and
adaptor proteins, thereby initiating inflammation
in glial cells (Miller et al., 2020). Physiologically,
cholesterol efflux relies on the membrane and
endosomal ABCA1 stabilized by AIBP. Genome-
wide association studies revealed that individuals
experiencing the onset of POAG have susceptibility
loci with genes such as ABCA1, TXNRD2, FOXC1,
and ATXN2, all of which play roles in lipid
metabolism (Gharahkhani et al., 2014; Bailey et
al., 2016).
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While several investigations have highlighted
the role of AIBP in cholesterol efflux in
endothelial cells and macrophages/microglia,
the underlying mechanisms by which AIBP
mitigates glaucomatous neuroinflammation and
neurodegeneration remain to be fully elucidated.
Thus, we hypothesized that AIBP deficiency would
result in the activation of TLR4 and increased pro-
inflammatory response; conversely, AIBP gain-
of-function would inhibit TLR4-mediated retinal
neuroinflammation and would be neuroprotective.

Glaucomatous neuroinflammation is linked to glial
activation in the retina and results in the release
of proinflammatory cytokines and chemokines,
leading to RGC death (Choi et al., 2020, 2024;
Ju et al., 2023). A recent study has revealed
that IOP elevation led to a significant reduction
in AIBP expression levels in RGCs, concurrently
resulting in the increase of TLR4 and interleukin-
1B expression in Muller glia (Choi et al., 2020). In
Apoalbp™ mice, the AIBP deficiency triggered
impairment of visual function, heightened TLR4
activity, compromised mitochondrial structure and
function, elevated oxidative stress, and increased
inflammatory responses in Muller glia (Choi et al.,
2020). Furthermore, AIBP deficiency disrupted
mitochondrial structure and function in RGCs
and intensified RGC vulnerability in response to
IOP elevation (Choi et al., 2020). In glaucoma,
mitochondrial dysfunction is commonly observed
in glaucomatous neurodegeneration, further
linking it to oxidative stress and inflammation,
leading to glaucomatous neuroinflammation.
A recent study from our group has shown that
AIBP expression in macrophages is crucial for
effectively regulating reactive oxygen species
generation and preventing cell death, as well as
for maintaining mitochondria quality control in
the context of atherosclerosis (Choi et al., 2021).
Intracellular AIBP is localized to mitochondria and
interacts with E3 ubiquitin-protein ligase PARK2
(Parkin), as well as with mitofusin 1 (MFN1),
and MFN2, and regulates the ubiquitination of
MFN1/2, which is the key process of mitophagy
(Choi et al., 2021). AIBP deficiency significantly
impairs oxidative phosphorylation (OXPHOS) in the
retina. Additionally, it disrupts the mitochondrial
network and reduces ATP generation in Miller
glia and RGCs. These disturbances lead to
extensive mitochondrial fragmentation, resulting
in energy depletion and the potential formation of
mitophagosomes. Thus, the data showing reduced
AIBP expression and activated Mdller glia in
glaucomatous retina suggest that AIBP deficiency
may not only impact the somas and axons of RGCs
but also affect the dendrites and synapses of
RGCs in the retina through an autocrine/paracrine
mechanism during the process of glaucomatous
neuroinflammation and neurodegeneration.

AIBP has been demonstrated to protect RGCs
against both glaucomatous neuroinflammation
and neurodegeneration (Choi et al., 2020, 2024;
Ju et al., 2023). Our findings have shown that
administering recombinant AIBP enhances the
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survival of RGCs, prevents apoptotic cell death,
and inhibits inflammatory response in Miller glia
when subjected to acute IOP elevation (Choi et al.,
2020). More importantly, our emerging evidence
utilizing adeno-associated virus serotype 2-AIBP
transduction system suggests that restoring AIBP
expression in the retina has neuroprotective
effects in experimental glaucoma (Ju et al., 2023;
Choi et al., 2024). Notably, this restoration of AIBP
expression not only enhanced RGC survival and
preserved RGC axons in glaucomatous DBA/2)
mice but also rescued RGCs and reduced vision
impairment in optic nerve crush, an experimental
model of traumatic optic neuropathy (Ju et al.,
2023). Moreover, restored AIBP expression notably
reduced cholesterol deposition in the inner retina
and suppressed the expression of TLR4 and
interleukin-1 in glaucomatous Mdller glia (Ju et
al., 2023). Furthermore, restoring AIBP expression
prevented the activation of mitogen-activated
protein kinase and 5’AMP-activated protein kinase
in glaucomatous retinal cells, including RGCs and
glial cells (Ju et al., 2023). Taken together, our
findings indicate that restoring AIBP expression
can promote RGC survival and axon protection, as
well as energy preservation in RGCs by modulating
inflammatory pathways in activated Muller glia
during glaucomatous neuroinflammation.

We here present evidence supporting
the proposed functional role of AIBP in
rescuing RGCs and inhibiting glia-mediated
inflammatory responses against glaucomatous
neuroinflammation and neurodegeneration.
We highlight AIBP as a promising therapeutic
candidate pivotal in controlling TLR4-associated
lipid rafts, managing cholesterol accumulation,
regulating mitochondrial network and function,
and modulating inflammatory pathways in the
retina during glaucomatous neuroinflammation
and neurodegeneration (Figure 1). Hence, it would
be valuable to further investigate the protective
mechanisms of AIBP on RGCs and glial cells in
glaucoma.
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Figure 1 | A model for the protective role of AIBP in glaucomatous neuroinflammation and neurodegeneration.
AIBP controls TLR4-associated lipid rafts, inhibits cholesterol accumulation, regulates mitochondrial network

and function, and modulates inflammatory pathways in the retina during glaucomatous neuroinflammation and
neurodegeneration. In glaucoma, reduced AIBP expression may deregulate retinal lipid metabolism, potentially lowering
ABCA1 expression and resulting in cholesterol accumulation. Thus, cholesterol accumulation within lipid rafts activates
TLR4 signaling, leading to mitochondrial dysfunction and inflammasome activation. Created with Microsoft PowerPoint.
AAV: Adeno-associated virus; ABCA1: ATP-binding cassette transporter 1; AIBP: apolipoprotein A-I binding protein; MD2:
an extracellular molecule; RGC: retinal ganglion cell; TIR: Toll/interleukin-1 receptor; TLR4: toll-like receptor 4.
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