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Editorial on the Research Topic
Regulation of inflammation and metabolism in retinal
neurodegenerative disorders

Inflammation and metabolic alterations are two significant contributors to retinal
degenerative disorders (RD) including diabetic retinopathy (DR), retinopathy of
prematurity (ROP), glaucoma, and age-related macular degeneration (AMD). To
facilitate research on new potential therapeutic targets, in this Research Topic we
highlighted the role of inflammation and metabolism, as well as their interaction in
disease progression.

Inflammation

DR and AMD are leading causes of vision loss in working-age adults and seniors,
respectively (Bressler, 2004; Lee et al., 2015). DR initially manifests with cellular features
of an inflammatory phenotype and reduced retinal blood flow due to arteriopathy,
leading to hypoxia. Ischemia and reperfusion (I/R) injury can be used to model the
hypoxic condition and screen therapeutic approaches to inhibit DR (Zheng et al., 2007).
Goit et al. showed that anti-inflammatory a-melanocyte-stimulating hormone (o-MSH)
alleviated I/R-induced retinal damage in diabetic mice under hyperglycemic condition.
A follow-up study in non-diabetic conditions is warranted to better understand the
mechanism, and local vs. systemic effects a-MSH should be clarified.
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The degeneration of retinal pigment epithelium (RPE) cells
results in the death of photoreceptors and to the loss of
central vision in AMD (Kauppinen et al., 2016). Wong et al.
provided an update about the interplay of RPE dysfunction
and the innate immune system in AMD. It has long been
held that the healthy eye is an immune-privileged environment
and the subretinal space is devoid of microglia/macrophages.
However, following the RPE damage, circulating mononuclear
phagocytes (MP) can infiltrate into the subretinal space.
The accumulation of MPs is likely meant to be a defense
mechanism resulting in low-grade inflammation, called para-
inflammation, maintaining tissue homeostasis. However, if the
normal inflammation resolution mechanism fails, for instance,
due to abnormal complement function, inflammation can shift
from beneficial para- to detrimental pro-inflammatory state.
Accordingly, MP factors that maintain the adaptive para-
inflammation in aging RPE vs. those that trigger an overt pro-
inflammatory response is a promising strategy for developing
therapies to slow vision loss in AMD. Certain complement
pathway inhibitors have slowed down dry AMD-associated
geographic atrophy progression in Phase II trials. However, the
clinical risk-to-benefit profile of these approaches requires close
monitoring (Lin et al.,, 2021; Tolentino and Tolentino, 2022).
Tao et al. reviewed the role of receptor-interacting protein kinase
(RIPK)-dependent necroptosis in RD. Accumulating data from
experimental models suggest that RIPK inhibition can reduce
inflammation and necroptosis, phenomena that enhances each
other, in various types of RD, including dry AMD. More research
is needed to understand whether RIPK-dependent necroptosis
could be a feasible drug target in AMD and/or other types
of RD.

In retinal disorders, such as AMD, RPE cells suffer
from the dysfunctionality of autophagy and mitochondria
both of which contribute to the induction of inflammation
and disturbed cellular metabolism (Kauppinen et al., 2016).
Liu et al. suggested that suppressor of cytokine signaling 2
promotes autophagy activation by regulating glycogen synthase
kinase 3 and mammalian target of rapamycin. Autophagy
and inflammation are known to regulate each other in
RPE cells and therefore autophagy activation could reduce
inflammation (Kauppinen et al., 2016). Shu et al. demonstrated
that the central pro-inflammatory cytokine tumor necrosis
factor-alpha (TNF-a) enhanced inflammation and disturbed
glycolysis and mitochondrial morphology in primary human
RPE cells, suggesting an interaction between inflammation
and metabolism. They also showed that the pre-treatment
of RPE cells with dimethyl fumarate (DMF) prevented
TNF-a-induced mitochondrial dysfunction and morphological
abnormalities. In an animal model of Parkinson’s disease, DMF
protected the brain by activating autophagy and modulating
neuroinflammation (Lastres-Becker et al., 2016). DMF has
been associated with autophagy activation in human RPE cells
(Catanzaro et al., 2020).
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Metabolism

Metabolic alterations in the neural retina and the supporting
cells (glia and RPE) contribute to retinal abnormalities including
retinal vessel regression and proliferation (Joyal et al., 2018;
Fu et al, 2019, 2021). Nilsson et al. provided an insight into
the serum metabolome of extremely premature infants, which
changed substantially in the neonatal period. No significant
association between serum metabolome and retinopathy of
prematurity and bronchopulmonary dysplasia was identified.
Interestingly, circulating lipid and amino acid profile correlated
with enteral energy intake. Further exploration of enteral vs.
parenteral energy intake on premature complications is needed
to personalize nutritional management in premature infants
during the neonatal period. Shahandeh et al. summarized retinal
iron metabolism and the clinical phenotypes of retinal changes
including drusen-like deposits and progressive loss of visual
function in iron disorders. Experimental studies also showed
RPE damage and retinal dysfunction in mouse mutants with
systemic iron loading and in mice with administration of
exogenous iron. Further understanding of retinal pathology in
systemic iron loading disorders is needed to develop therapies
aimed at restoring retinal iron homeostasis. Pappenhagen
et al. found that primary rat optic nerve head astrocytes
had increased glycolysis under stretch stress, mimicking those
findings that have been seen in glaucoma. Interestingly, the
dependency of pyruvate and fatty acid as mitochondrial
fuel increased in stretched optic nerve head astrocytes.
Further validation in animal models in vivo would solidify
the finding.

Clinical features and animal models
of eye diseases

The that
retinal diseases with similar traits to humans has provided

increasing recognition animals develop
a means for testing possible treatments and successful
gene therapy trials. These animal models provided much
insight into the underlying pathological mechanisms. Qiang
et al. summarized the clinical, multimodal imaging, and
pathological features of Type 3 macular neovascularization
(MNV3), described the diversity of animal models, and
compared their strengths and limitations. These models
have revealed the roles of retinal hypoxia, inflammation,
(VHL)-hypoxia-
inducible factor (HIF) pathway, and retinoblastoma tumor

lipid metabolism, von Hippel-Lindau

suppressor (Rb)-E2F cell cycle pathway in the development

of MNV3.
Collectively,

this includes

research and review articles regarding the contribution of

Research  Topic original

inflammation and metabolic alterations to retinal disorders.
Improved understanding of the disease mechanisms is
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indispensable to the exploration of new potential therapeutic
targets.
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