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ARTICLE INFO ABSTRACT

Keywords: Background: Retinal diseases can lead to severe visual impairment and even blindness, but current treatments are

Iron metabolism limited. For precise targeted therapy, the pathophysiological mechanisms of the diseases still need to be further

Retina explored. Iron serves an essential role in many biological activities and helps maintain the function and

Age-related macular degeneration . . . . .

Gl morphology of the retina. The vision problems caused by retinal diseases are affecting more and more people, the
aucoma

study of iron metabolism in retinal diseases possesses great potential for clinical application.

Main text: Iron maintains a dynamic balance in the retina but in excess is toxic to the retina. Iron overload can lead
to various pathological changes in the retina through oxidative stress, inflammation, cell death, angiogenesis and
other pathways. It is therefore involved in the progression of retinal diseases such as age-related macular
degeneration, glaucoma, diabetic retinopathy, retinitis pigmentosa, and hereditary iron overload. In recent years,
iron chelators have been shown to be effective in the treatment of retinal diseases, but the exact mechanism is not
yet fully understood. This question prompted further investigation into the specific mechanisms by which iron
metabolism is involved in retinal disease.

Conclusions: This review summarizes iron metabolism processes in the retina and mechanistic studies of iron
metabolism in the progression of retinal disease. It also highlights the therapeutic potential of iron chelators in

Diabetic retinopathy
Retinitis pigmentosa
Hereditary iron overload

retinal diseases.

1. Introduction

Iron is a crucial element in organisms and involved in numerous
processes in cellular life activities, such as energy production, the
transportation of oxygen, catalysis of metabolic events, and biosyn-
thesis.! It is one of the most abundant metals in the retina, and the role of
iron metabolism in the retina is self-evident. Iron as an iron sulfur (Fe-S)
structural motif involved in various cellular machinery proteins plays a
critical role in retinal physiology and pathology.® Isomerization of
all-trans retinol ester to 11-cis-retinol catalyzed by retinal pigment
epithelial (RPE) 65 is a key step in the visual cycle, while iron is a metal
ion essential for the activity of RPE65 isomeric hydrolase.* The trans-
duction of light depends on phagocytosis of photoreceptor (PR) segments
by RPE cells and continuous turnover of membrane discs, a process that
requires iron as a cofactor for fatty acid desaturase.” Iron is also involved
in neurotransmitter secretion as it regulates glutamate secretion by RPE
cells via the cytosolic aconitase pathway.® Therefore, iron metabolism
disorders are closely related to the pathological process of retinal
diseases.

Iron can easily change its valence and switch between Fe?" and Fe3*
forms, catalyzing the generation of highly reactive hydroxyl radicals via
the Fenton and Haber-Weiss reactions.” As one of the strongest chemical
oxidants, hydroxyl radicals react with almost all types of molecules in
cells, including lipids, peptides, proteins, nucleic acids, and sugars. In
addition, hydroxyl radicals mediate accumulation of peroxidation by
extracting electrons from fatty acids, which ultimately leads to tissue
damage.” The retina's exposure to bright light, hyperoxia, hypermetab-
olism, high concentrations of polyunsaturated fatty acids, iron accumu-
lation and reduced efficiency of the intracellular antioxidant defense
system render the retina susceptible to oxidative stress-induced cell
death. Ferroptosis can induce retinal RPE, PR and retinal ganglion cells
(RGCs) death and is involved in the development of retinal diseases such
as age-related macular degeneration (AMD), glaucoma and diabetic
retinopathy (DR),®'° which provides a new way for us to understand the
pathogenesis of retinal diseases from the perspective of iron metabolism.

This study seeks to elaborate the process of iron metabolism in the
retina, summarize the research progress of iron metabolism in retinal
diseases, and discuss the application of iron chelators in retinal diseases.
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2. Main text
2.1. Iron metabolism in the retina

2.1.1. Iron import

There are two forms of iron import in the retina, one is transferrin-
bound-iron (TBI) import and the other is non-TBI (NTBI) irnport.1 The
inner retinal layer is supplied by the retinal vasculature and the outer
layer by the choroidal vasculature. The inner and outer blood retinal
barriers (BRB) separate the retina from the blood circulation.

The majority of circulating iron exists in hemoglobin, other non-heme
iron binds to transferrin (Tf) in the form of ferric iron for transport to
various tissues. Since iron laden Tf is unable to cross the BRB, Tf receptor
(TfR) are required in order to assist. The Fe>*-Tf-TfR complex complex is
then endocytosed across the cell membrane into the cytoplasm to form
endsome. This process is regulated by TfR on the cell membrane.’!!
Immunohistochemistry shows that Tf is expressed in retinal RPE, inner
and outer segment of PRs, inner retina and choroid.® TfR is expressed in
the RPE, ganglion cell layer, inner nuclear layer, outer plexiform layer,
inner segment of PRs and choroid.'? Among them, the distribution of TfR
at specific locations in different cells correlates with its function. In the
RPE cells, TfR specially locates on the basolateral membrane and trans-
ports TBI from the choroid into the RPE, which in turn enters the neu-
roretina from the basolateral membrane side to the apical membrane by
endocytosis to supply iron to cells in the retina. In the vascular endo-
thelial cells, TfR mediates the transcellular input of TBI through the inner
BRB.'?

In addition to the TBI pathway, the NTBI pathway has been found to
mediate iron import in recent years. In 2014, Luisa et al. found that class
A scavenger receptor, member 5 (Scara5), is present in all cells of the
retina, including vascular endothelial cells. They also noted that it binds
to serum ferritin (Ft) as it directly mediates Ft import across BRB.'* In
models for retinal iron overload, Dunaief et al. observed increases in Zrt
and Irt-like protein Zip8 and Zipl4, mediating NTBI input, which ex-
plains why intraretinal iron remains increased even when the TBI
pathway is inhibited. Zip8 and zip14 are expressed across the sensory
retina and RPE layers, particularly in retinal vascular endothelial cells
and Miiller cells. Given that Miiller cells span the entire thickness of the
retina, iron in the retina is redistributed and plays an important role in
maintaining the homeostasis of retinal iron.'® In addition, ferroportin
(Fpn) is located on the abluminal side of retinal vascular endothelial
cells, and iron input from TBI into endothelial cells can be exported to the
neuroretina through Fpn here.'®

2.1.2. Iron storage

In the TBI import pathway, as the pH in the endosome decreases from
7.4 to 5.6, Fe>* will dissociate from the complex.'” It will then be reduced
to Fe?™ by six transmembrane epithelial antigen of the prostate 3
(STEAP3) on the endosome membrane'® and will translocate to the
cytoplasm through divalent metal transporter-1 (DMT1) on the endosome
membrane.! The specific localization of DMT1 in PR, horizontal and bi-
polar cells suggests that DMT1 may be involved in supplying iron to these
cells for phototransduction or neurotransmitter synthesis.'® Tf-TfR, how-
ever, moves to the cell membrane. TfR returns to the cell surface, where Tf
is released to the extracellular space for the transport of free iron ions due
to intra- and extracellular pH differences.' In the cytoplasm, Fe?" is
involved in a variety of biochemical reactions, and due to the tight regu-
lation of intracellular iron metabolism, other iron ions form labile iron
pool (LIP) in the cytoplasm or are stored in Ft and Mitochondrial Ft
(FeMp).! Ft is a polypeptide dimer composed of heavy(HFt) and light
chains (LFt) and can store up to 4500 Fe? *. HFt in particular has fer-
roxidase activity, oxidizes Fe?"in LIP to Fe> *, and then stores in the cavity
formed by LFt. Ft was expressed in all retinal layers, especially in the inner
segments of PR and RPE.'? FtMt located in the mitochondria structurally
resembles HFt and functions as an antioxidant. It was widely expressed in
the inner segment of the PR and the inner retina.”’
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2.1.3. Iron export

In mammals, unused or unstored iron is exported via the only known
export pathway — Fpn.?! Because circulating Tf can only bind Fe3", the
exported Fe?t must first be oxidized by ferroxidase to Fe>* before it can
enter the next iron cycle. Ceruloplasmin (Cp) is a multicopper oxidase
with ferroxidase activity, which increases in various pathological con-
ditions such as glaucoma and diabetic retinopathy.?>?® Hephaestin
(Heph), another multicopper ferroxidase, is a homolog of ceruloplasmin
with 50% amino acid identity. Cp and Heph co-localizes with Fpn in RPE
and Miiller cells, which synergistically promoted iron export from cells.
Fpn is present in the RPE, the inner segment of the PR, the outer plexi-
form layer, the inner plexiform layer, the Miiller cell endplate, and
vascular endothelial cells.”’ Fpn on RPE is located in the basolateral
membrane and mediates iron export to the choroidal circulation; on
Miiller cell endplates, Fpn can mediate iron export to the vitreous.?
Hepcidin (HepC) is synthesized by Miiller cells, RP, and RPE and is a key
hormone in regulating the homeostasis of intracellular iron levels by
binding to the extracellular region of Fpn leading to its internalization
and degradation and effectively preventing cellular iron export.2*
(Fig. 1).

2.1.4. Excessive iron damage to retina

Although iron is essential for the physiological processes of the retina,
excess iron can cause damage to the retina through oxidative stress,
inflammation, cell death, angiogenesis, etc. When iron levels exceed
intracellular oxidative levels, abnormal generation of reactive oxygen
species(ROS) will cause extensive oxidative stress damage to the retina,
resulting in increased superoxide radicals, lipid peroxidation in PR
cells,?® disruption of RPE cell phagocytosis and lysosomal function,?® and
induction of ganglion cell death.?” Iron overload is also involved in
retinal inflammatory responses in that it activates the inflammasome
pathway and triggers the release of inflammatory factors. Futhermore,
iron overload can also induce retinal cell death by apoptosis and fer-
roptosis. Ferroptosis as a newly identified iron-dependent programmed
cell death is characterized by intracellular iron accumulation and lipid
peroxidation.?® Ferroptosis has been found to induce RPE, RGC, PR and
capillary endothelial cell death in the retina. It also involved in the
progression of diseases such as AMD, glaucoma, diabetic retinopathy and
retinitis pigmentosa (RP).%7%°732 Increased levels of iron in the retina
may also promote the expression of G-protein coupled recep-
tor91(GPR91), thereby stimulating the production of the proangiogenic
factors, namely vascular endothelial growth factor (VEGF) and
angiopoietin.33

Iron metabolism involves many key molecules and different diseases
have their own pathogenic mechanisms, which will be discussed below.

2.2. Age-related macular degeneration

AMD is the main cause of visual impairment and severe visual loss in
the elderly. It is clinically divided into dry AMD (moderate drusen and
retinal pigment changes) and wet AMD (neovascular and atrophic). Its
exact pathogenesis is not fully understood and may be related to factors
such as inflammation, lipid metabolism, complement pathway, oxidative
stress, angiogenesis, genetics, and environment.>’>? (Table 1) In the
retina of AMD patients, excess accumulation of iron can be found in the
macular area, RPE, Bruch's membrane, drusen and others.?>?® Tf, Ft, Fpn,
which are involved in iron homeostasis, are also increased.>>>°

Iron overload can produce an inflammatory response through multi-
ple pathways. First, an iron overload can increase the translation of
amyloid precursor protein containing iron-responsive elements, and its
cleavage product amyloid p (Ap) is deposited in the RPE. This results in
local inflammatory response, as well as an acceleration of the formation
of drusen, and ultimately lead to RPE atrophy and PR death.?” Second, an
iron overload significantly reduces the expression of cholesterol efflux
transporters ATP binding cassette transporter Al and ATP binding
cassette transporter G1 in RPE, Miiller cells and ganglion cells, disrupting
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Fig. 1. Iron metabolisim in the retina. Iron in the retina is supplied by two vascular systems, the choroid and the retina, and imports are mediated by two forms, TBI
and NTBL Iron flows between cells and is distributed in various layers of cells to meet the physiological function of each cell, and unutilized iron will be stored in the

cell or be exported.

cholesterol homeostasis and promoting the occurrence of inflamma-
tion.>® Third, this overload induces Complement C3 expression in the
non-classical transforming growth factor-p signaling pathway through
extracellular signal-regulated kinase 1/2, small mothers against decap-
entaplegic 3 and CCAAT/enhancer-binding protein-5, leading to in-
flammatory response.>® Finally, an excess of iron induces NOD-like
receptor family, pyrin domain containing 3 inflammasome activation
depends upon accumulation of AluRNA, which accrete due to impaired
double-stranded RNA-specific endoribonucleasel, eventually causing
RPE death.*’

Iron overload is also involved in AMD progression through many
oxidative stress pathways. (1) It up-regulates retinal wingless-related
integration site/p-catenin signaling and its downstream target genes,
such as VEGF, promotes AMD progression through oxidative stress.*! (2)
The overload impairs the phagocytosis and lysosomal function of PR
outer segments by RPE through oxidative stress,2® which accelerates the
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deposition of lipophorin in drusen, RPE and Bruch's membrane, and
promotes the death of PR and RPE cells in AMD patients.42 (3) Bone
morphogenetic protein (Bmp6) is secreted by the RPE and affects iron
homeostasis by increasing the degradation of Fpn through up-regulation
of HepC.*® In the early stages of AMD, oxidative stress leads to iron
accumulation in the retina by inhibiting the BMP/small mothers against
decapentaplegic 3 signaling pathway, which in turn inhibits the expres-
sion of HepC.** In the late stages, Bmp6 increases due to iron overload.
The interaction of iron overload and oxidative stress forms a vicious cycle
that ultimately promotes the progression of aging, apoptosis, angiogen-
esis, and other processes.43 (4) FtMt plays an antioxidant role in AMD™*
and triggers mitophagy to remove damaged mitochondria under nor-
moxic conditions. However with aging, its content increases, which
stabilizes hypoxia-inducible factor-1a (HIF-1a) and promotes the secre-
tion of VEGF, and the main cause of choroidal neovascularization in wet
AMD. In dry AMD, the accumulation of subretinal yellowish white
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Table 1

Study of iron metabolism in pathogenesis of AMD.
Pathogenesis Pathway References
Inflammation o Increases the translation of APP; its cleavage 37

product Ap deposits in the RPE

Induces NLRP3 inflammasome activation

depends upon accumulation of AluRNA, which

accrete due to impaired DICER1

Reduces the expression of cholesterol efflux

transporters ABCA1 and ABCG1

Induces Complement C3 expression in the non-

classical TGF-p signaling pathway through

ERK1/2, SMAD3 and C/EBP-3

Up-regulates retinal Wnt/p-catenin signaling

Impairs the phagocytosis and lysosomal

function of photoreceptor outer segments by

RPE

e Bmp6 affects iron homeostasis by increasing
the degradation of Fpn through up-regulation
of HepC

e Drusen impedes oxygen supply, leading to FtMt

maturation and mitophagy reduction

Up-regulates retinal Wnt/p-catenin signaling

and its downstream target genes, such as VEGF

Increased FtMt stabilizes HIF-1a and promotes

the secretion of VEGF

Genetic variants in TfR2, HO-1, HO-2, IRP-1,

and IRP-2

Promotes the oxidation and degradation of

retinoids under light

40

Lipid metabolism e 38

Complement . 39

pathway

Oxidative stress .
47,48

43

Angiogenesis . a1

46

Genetics . 48-50

Environment .

AMD - Age-related macular degeneration; APP - amyloid precursor protein; Ap -
amyloid p; RPE - retinal pigment epithelium; NLRP3 - NOD-like receptor family,
pyrin domain containing 3; DICER1 - double-stranded RNA-specific endor-
ibonucleasel; ABCA1 - ATP binding cassette transporter Al; ABCGl - ATP
binding cassette transporter G1; TGF-f - transforming growth factor-p; ERK1/2 -
extracellular signal-regulated kinase 1/2; SMAD3 - small mothers against
decapentaplegic 3; C/EBP-8 - CCAAT/enhancer-binding protein-§; Wnt -
wingless-related integration site; Bmp6 - bone morphogenetic protein 6; Fpn -
ferroportin. HepC - Hepcidin; FtMt - mitochondria ferritin; VEGF - vascular
endothelial growth factor; HIF-1a - hypoxia-inducible factor-1o; TfR2 - trans-
ferrin receptor2; HO-1 - heme oxygenase 1; HO-2 - heme oxygenase 2; IRP-1 -
Iron-regulatory proteins-1; IRP-2 - Iron-regulatory proteins-2; DMT1 - divalent
metal transporter-1.

deposits and drusen hinders the oxygen supply of the choroid to the
retina, and under this hypoxic condition, the maturation of FtMt is
reduced. Additionally, the protective effect against oxidative stress is
weakened, and mitophagy is also reduced, which results in RPE degen-
eration and geographic atrophy and promots the progression of dry
AMD.*® Isolated Miiller glial cells from transgenic mice expressing
human Tf were protected against iron-mediated stress and could resist
iron overload-mediated neuroretinal oxidative stress toxicity, and this
mechanism is related to Tf binding iron and reducing oxidative stress.*”

Polymorphisms in some iron homeostasis genes have been identified
as risk factors for AMD, and variants in genes for TfR2,*® heme oxygenase
1 and heme oxygenase 2,*° Iron-regulatory proteins-1 and
Iron-regulatory proteins-2°° play a regulatory role in the development
and progression of AMD. In addition, the expression of miRNAs that
control the translation of TfR1 and DMT1 proteins is modified in the
serum of AMD patients.>!

Iron overload promotes the oxidation and degradation of retinoids
under light, causing the death of PR and the accumulation of lipid. This
also initiates light-mediated injurious mechanism, which confirms the
relationship between the risk of AMD and sunlight exposure proposed in
epidemiological studies.*>>2

2.3. Glaucoma

Glaucoma is the most common cause of irreversible blindness in the
world, which is characterized by progressive death of RGCs causing optic
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atrophy,but the mechanism of RGC death has not been fully elucidated.>
Alterations in iron homeostasis have been found in glaucoma patients.
Compared with healthy individuals, glaucoma patients have a different
distribution of iron in the retina, with iron overload around Miiller cells,
RGCs, and optic nerve axons and reduced iron in cones.” In the retina of
glaucoma patients and monkeys, the mRNA and protein expression levels
of iron regulatory proteins Tf, Cp and Ft were increased.>> Iron meta-
bolism plays an important role in the pathogenesis of glaucomatous
neuropathy through cell death, oxidative stress, inflammation, mito-
chondrial dysfunction, and gene mutations.

The role of glutamate excitotoxicity in the pathogenesis of glaucoma
has been demonstrated in past studies, with excess glutamate binding to
cell surface N-methyl-p-aspartate receptors (NMDARs) triggering massive
calcium influx and activation of the RGC proapoptotic signaling cascade.
In addition, glutamate-induced activation of NMDARs was found to in-
crease iron uptake via the iron import channel DMT1.°%>’ Following
intravitreal injection of NMDA, RGCs undergo iron accumulation and
trigger RGC apoptosis.”® Iron chelators protect RGCs from NMDA
excitotoxicity-induced apoptosis by decreasing intracellular iron content
and oxidative stress in rats.>®>° In addition, nuclear receptor coactivator
4-mediated degradation of HFt is also responsible for the imbalance of
iron homeostasis after pathological ocular hypertension, after which iron
accumulation and the occurrence of ferroptosis are involved in the pro-
gressive loss of RGCs.%® Tf can interfere with different cell death mech-
anisms such as apoptosis and iron death in the pathogenesis of glaucoma
and has a protective effect on RGCs exposed to ocular hypertension.>

In addition, iron metabolism is also involved in the oxidative stress
mechanism of glaucoma. In glaucoma, the inflammation triggered by Af
and p-tau deposition during the amyloid precursor protein amyloidosis of
RGC triggers the release of cytokines, up-regulates retinal HepC expres-
sion, and causes iron overload. Iron catalyzes ROS to activate inflam-
matory factors through the Fenton reaction, further promoting Ap
production and aggregation.®’ The redox state of RGC cells therefore
forms a positive feedback pathway with Fe?*, aggravating RGC death in
glaucoma.

Mitochondrial dysfunction plays a key role in RGC loss in glaucoma,
ROS and lipid peroxides triggered by iron overload damage mitochon-
dria. Ferroptosis inhibitors can promote RGC survival and protect retinal
structure by maintaining mitochondrial function.?”

Mutations in optineurin have been implicated in the pathogenesis of
glaucoma,®® in which variants at the m98K site induce RGC death by
increases the degradation of TfR through the autophagy-lysosome
pathway, coexpression of transferrin receptor or supplementation of
media with an iron donor reduced M98K-induced cell death.®*
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2.4. Diabetic retinopathy

Diabetic retinopathy is a sight-threatening diabetic complication that
seriously affects the quality of life of the middle-aged and elderly pop-
ulation.®® Iron, Cp, and Tf are increased in the retina of DR patients,ZS’66
and increased iron levels in the vitreous are associated with the occur-
rence of proliferative DR.®” There may be several reasons for iron over-
load: (1) hyperglycemia destroys the heme in hemoglobin and
myoglobin, and iron ions dissociate from the heme68; (2) intraretinal
hemorrhage or vitreous hemorrhage aggravates iron overload in patients
with proliferative DR; (3) the high expression of angiotensin II in DR may
promote the production of Tf, thereby increasing iron intake®®; (4) iron
transport from the vascular endothelium to the retina increases when
Miiller cells are lost or dysfunctional.®

Iron overload affects the integrity of the BRB and accelerates the loss
of retinal cells by enhancing oxidative stress and NOD-like receptor
family, pyrin domain containing 3 inflammasome signaling pathways.”°
In addition, an excess of iron induces retinal renin expression through the
succinate receptor GPR91 signaling pathway.>®> GPR91 regulates
pro-angiogenic factors such as VEGF and angiopoietins, which are
involved in the formation of new blood vessels in DR.” Overexpression
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of the renin-angiotensin system is involved in neurodegeneration and
vascular changes in DR.”! Therefore, iron overload accelerates the pro-
gression of DR. In DR, capillary occlusion causes severe hypoxia and
activates HIF, which is closely related to angiogenesis.”? Iron plays a role
in HIF transcriptional regulation of pro-angiogenic genes.”® Futhermore,
HIF plays a key role in regulating iron metabolism by regulating the
expression of iron-related proteins, such as DMT1, Fpn, and TfR.”*

2.5. Retinitis pigmentosa

Retinitis pigmentosa is the most commonly inherited retinal degen-
erative disease characterized by irreversible death of PR, and there is no
effective treatment.”” Iron overload was found to exist in the retina of
two RP animal models, retinal degeneration10 mice (rd10 mice) and
Royal Collegeof Surgeons Rats,’®’” and iron metabolism-related pro-
teins, Tf, TfR, Ft and Cp were also increased in rd10 mice.”® Tron leads to
PR death by inducing oxidative stress, and cones are more susceptible to
iron-mediated oxidative stress injury than rods.”® Phagocytosis of
Fe?*-oxidized photoreceptor outer segments further damages the RPE,
reducing RPE phagocytosis and lysosomal function and leading to RPE
autofluorescence.?>?° In response to iron overload, the rd10 mice’ retina
alleviates oxidative stress by chelating excess iron by increasing the
expression of Tf. Overexpressed or intraperitoneally injected human
transferrin effectively inhibited PR death.”® In addition, iron chelators
were also effective in rescuing retinal degeneration in RP.5%8!

2.6. Hereditary iron overload

Accumulation of iron can be found in the retina of patients with
inherited iron overload disorders, which involve mutations in genes
encoding proteins for iron homeostasis, thus leading to an imbalance in
retinal iron metabolism.

2.6.1. Aceruloplasminemia

Aceruloplasminemia (aCP) is an autosomal recessive disorder that
occurs more often in adulthood and is caused by mutations in the gene
encoding ceruloplasmin, which can lead to tissue iron overload due to
impaired iron output.82 In autopsies of patients with aCP, iron accumu-
lation in the retina can be observed.?® Case reports for many patients
with aCP have described retinal changes associated with iron overload,
such as macular degeneration (similar to drusen), melanotic changes
(increase or decrease), RPE changes (hypertrophy, atrophy) and other
pathological findings similar to AMD.®*5°

2.6.2. Hereditary hemochromatosis

Hereditary hemochromatosis (HH) is a common genetic disorder and
can be seen as mutations in iron metabolism-related genes such as he-
mochromatosis gene (HFE), Fpn, hemojuvelin(Hjv), TfR2, with HFE
having the most mutations.®® HFE is located in the RPE layer of the retina
and regulates intracellular iron uptake. It dose so by reducing the affinity
of TfR for Tf and binding to TfR into a stable complex. HFE also regulates
the level of HepC.*” In HFE knockout mouse models, Ft accumulation has
been found to be present in the retina, with reduced numbers of ganglion
cells, disruption of the inner and outer nuclear layers, RPE cell hyper-
trophy and proliferation, and differential regulation of cell cycle-related
genes.®® Hjv knockout mice are a rare juvenile model of HH in which Hjv
regulates iron levels by regulating HepC expression. Retinal iron over-
load, neovascularization, reactive gliosis, and BRB destruction also occur
in this model.®’

2.7. Treatment

Substantial literature indicates that iron chelators have broad pros-
pects in the application of retinal diseases and have shown positive ef-
fects in the treatment of AMD, glaucoma, RP, etc. 5859798190 1p4n
chelators inhibit the Fenton reaction by chelating excess iron ions. They
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also play a role in reducing retinal pathological damage, anti-oxidation,
and anti-apoptosis. At present, there are three types of chelators. The first
is chemical chelators, which include deferoxamine (DFO), deferiprone
(DFP) and deferasirox (DFX). DFO was the first iron chelator approved by
the Food and Drug Administration (FDA) in 1968 for the treatment of
chronic iron overload in patients with acute iron intoxication and
transfusion-dependent anemia. As a hydrophilic iron chelator, DFO must
be administered by slow subcutaneous infusion, intramuscularly or
intravenously.”! Its use in ophthalmology is limited by the means of
administration and side effects. Zinc DFO, a zinc complex of DFO with
better cell permeability, has already demonstrated the protection of PR in
rd10 mice.®® DFX received FDA approval in 2005 for the treatment of
transfusional iron overload, but to date there is no evidence that it re-
duces brain or retinal iron levels. DFP was approved by the FDA in 2011.
It later received approval for use in Europe and Asia due to its low mo-
lecular weight and easy penetration across the blood-brain barrier.
However, reversible agranulocytosis occurs in approximately 1%-2% of
thalassemic patients treated with oral DFP,? necessitating continuous
monitoring of blood counts during use. DFP can reduce retinal iron levels
and oxidative stress, thereby reducing retinal degeneration.”® The second
is natural chelators, usually from plants, such as curcumin, polyphenols,
and flavonoids. These can chelate iron and have been shown to be
effective in mouse models of retinal degeneration.”*°° Tf is an endoge-
nous iron chelator, and each Tf can chelate two iron ions. Tf has shown
therapeutic potential in diseases such as AMD and RP.*”°*7° It should be
noted that the long-term therapeutic effect of iron chelators remains to be
seen. In the future, iron chelator drugs should be able to cross the BRB,
target iron-overloaded tissues and have a sufficiently long half-life and
rapid elimination pathways.

3. Conclusions

Iron is an extremely common element on Earth, and it has a clear
impact on the retina. Iron metabolism involves many processes in retinal
physiology and pathology, and a large number of studies have confirmed
its key role in retinal diseases, but there are still many outstanding
problems that need to be solved urgently. The process of iron metabolism
still requires further exploration, especially with regard to the regulatory
processes of key molecules, such as DMT1 and Zip. Iron overload is
involved in the progression of retinal diseases through a variety of
mechanisms, and further clarifying the specific regulatory mechanisms
will provide us with new ideas for targeted precision therapy. Iron
chelator therapy has shown positive effects in animal models of retinal
diseases and offers solid application prospects; however, more clinical
trials are needed to verify its clinical application value in the future.
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