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ABSTRACT

Background: Hereditary hemochromatosis (HH) is an inherited autosomal recessive iron metabolism
disorder resulting from a C282Y mutation in the HFE gene. Mutations in the HFE gene may result in iron
accumulation and oxidative stress in the retina, resulting in macular degeneration. This article describes
two patients with HH who were treated with erythrocytapheresis or phlebotomy, with no exposure to
deferoxamine or any other chelation therapy, and who developed visual symptoms.

Case Presentation: Both patients had known diagnoses of HH. Because of visual symptoms, they were
referred to the ophthalmology clinicand underwentaretinal exam, multimodalimaging, and electrodiagnostic
studies, which revealed structural and functional degeneration of the central macula. Fundus photography,
fluorescein angiography, and fundus autofluorescence revealed changes at the level of the retinal pigment
epithelium (RPE) in the central macula. In addition, optical coherence tomography revealed subfoveal
accumulation of hyperreflective material at and below the RPE. Multifocal electroretinography confirmed a
decreased cone response, whereas the full-field electroretinogram was unremarkable. Genetic testing ruled
out Best’s vitelliform macular dystrophy and the other known hereditary macular dystrophies. The patients
had known diagnoses of HH, homozygous C282Y mutations in the HFE gene, and no comorbidities; thus,
we presumed that HH led to the observed morphological and functional disorders of the RPE, which in turn
caused structural macular changes in both patients.

Conclusions: Considering the macular findings and the nature of the patients’ primary illness, we believe
that the accumulation of iron and photoreceptor metabolic products caused dysfunction in the RPE, which
led to morphological and functional changes in the macula. Because the patients were not treated using
chelating agents, we attribute the macular changes solely to iron accumulation and oxidative stress caused
by the pathophysiological processes of HH. Further studies are needed to identify the plausible molecular or
cellular insults underlying pseudovitelliform macular degeneration in patients with HH.

KEYWORDS
hereditary haemochromatosis protein precursor, human, haemochromatosis, mutations, overload, iron,
pseudovitelliform, macula luteas, electroretinographies, electrooculograms, visual field test

Correspondence: Ante Vukojevic, Department of Ophthalmology, UHC Sestre Milosrdnice, Zagreb, Croatia. Email: ante.vukojevicl @gmail.com. ORCID iD:
https://orcid.org/0000-0002-0718-4135

How to cite this article: Vukojevic A, Vukojevic M, Jukic T, Petricek I, Mandic K, Vukojevic N. Pseudovitelliform maculopathy associated with hereditary
hemochromatosis. Med Hypothesis Discov Innov Ophthalmol. 2023 Winter; 12(4): 203-212. https://doi.org/10.51329/mehdiophthal 1487

Received: 11 December 2023; Accepted: 30 January 2024

IV@ RCR which permits copy and redistribute the material just in noncommercial usages, provided the original work is

o properly cited. .

Copyright © Author(s). This is an open-access article distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/)

Med Hypothesis Discov Innov Ophthalmol. 2023; 12(4) 203


http://www.ivorc.com
https://creativecommons.org/licenses/by-nc/4.0/
https://mehdijournal.com/index.php/mehdiophthalmol/index
mailto:ante.vukojevic1@gmail.com
https://orcid.org/0000-0002-0718-4135
https://doi.org/10.51329/mehdiophthal1487

Pseudovitelliform maculopathy associated with HH

Hereditary hemochromatosis (HH) is the most common hereditary disorder of iron metabolism [1]. It is
an autosomal recessive disorder caused by a mutation of the HFE gene, which is found in the short arm of
chromosome 6. The C282Y mutation is the most common mutation linked to hemochromatosis and occurs
in 90% of diagnosed patients of northern European origin [1, 2]. The disorder is characterized by increased
absorption of iron due to a disordered expression of hepcidin, which is the main regulator of iron homeostasis.
Hepcidin expression is controlled by the free HFE protein (not bound to transferrin receptor 1 [TfR1]), which
upregulates hepcidin expression. If the binding of HFE proteins to TfR1 increases, the signal is interrupted and
hepcidin expression decreases [3]. A reduction in hepcidin expression leads to progressive accumulation of iron
in cells and tissues, ultimately causing organ dysfunction [4].

Patients experiencing secondary iron overload are known to have changes in the retina. However, these
changes are caused by the toxicity of deferoxamine mesylate, which, on account of its chelating characteristics,
is used to eliminate excess iron [ 5, 6]. Patients treated with deferoxamine have developed several disorders such
as retinopathy, bull’s eye maculopathy, and vitelliform maculopathies [, 6]. Importantly, the morphological
changes in the retina are not only related to deferoxamine mesylate toxicity, but can also result from iron
deposition in secondary hemochromatosis and in the pathophysiological processes of HH that has not been
treated with chelating agents [7]. The importance of the HFE gene in regulating retinal iron homeostasis was
previously described, and a knockout mouse model has shown that iron accumulation may have destructive
effects on the retinal pigment epithelium (RPE), causing oxidative stress and damage [8, 9].

This article describes the structural macular changes in two patients with diagnoses of HH caused by the
C282Y mutation of the HFE gene. Both patients were treated with erythrocytapheresis or phlebotomy, were
not exposed to deferoxamine or any other chelation therapy, and had no pre-existing genetically confirmed
diagnoses of known inherited retinal dystrophies.

Patient 1

A 63-year-old man presented to the ophthalmology department because of blurred vision and diplopia, for
which he has been monitored. For the prior 11 years, he had been monitored for a diagnosis of HH with a
homozygous C282Y mutation of the HFE gene. Figure 1 displays the pedigree [10] of the patient. The patient
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Figure 1. Pedigree of patient 1.
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underwent examinations by a cardiologist [11], endocrinologist [12], and gastroenterologist [ 13], all of whom
excluded the presence of cardiomyopathic diseases and diabetes. Since then, whole-blood phlebotomy [14, 15]
had been performed every three months, along with monitoring of blood cell counts and ferritin levels.

Abiochemical assessment [ 16] during the ophthalmological workup revealed a serum ferritin concentration
of 159 pg/L (reference range: 20 — 250 pg/L), whereas the serum iron concentration was 19 ymol/L (reference
range: 8 — 30 pmol/L) and the unsaturated iron binding capacity was 30 ymol/L (reference range: 26 — 59
pmol/L).

During the first ophthalmological evaluation, the best corrected distance visual acuity (BCDVA) using a
Snellen chart (CC-100XP LED LCD Chart; Topcon Corp., Tokyo, Japan) was 1.0 in the right eye and 1.0
in the left eye in decimal notation [17]. A detailed ocular examination using a slit lamp (Topcon SL-D301;
Topcon Corp.) revealed only an incipient cataract on the posterior pole of the left crystalline lens. Intraocular
pressure measured using a Goldmann applanation tonometer (AT900; Haag-Streit, Koeniz, Switzerland) was
within normal limits in both eyes. Fundus examination using a slit lamp (Topcon SL-D301; Topcon Corp.) with
a 78 diopter lens (Volk Optical Inc., Mentor, OH, USA) revealed a yellowish lesion at the center of each macula,
measuring < % disc diameter in greatest dimension, with distinct and well-defined margins (Figure 24, B).
Fundusautofluorescence (VISUCAM NM/FA; Carl Zeiss Meditec AG, Jena, Germany) showed autofluorescent
lesions in the corresponding areas (Figure 2C, D), whereas fluorescein fundus angiography (VISUCAM NM/
FA; Carl Zeiss Meditec AG) showed early hyperfluorescence in the foveas due to window defects and minor
hypofluorescence without evidence of leakage (Figure 2E, F).

Optical coherence tomography (OCT) (Copernicus HR-SOCT; Optopol Technology SA, Zawiercie,
Poland) revealed subfoveal, oval, and dense deposits and disruption of the ellipsoid zone and external

Figure 2. Fundus photographs (VISUCAM NM/FA; Carl Zeiss Meditec AG, Jena, Germany) of the right (A) and left (B) eyes
revealed a depigmented yellow lesion (black arrows) in each macula, measuring < % disc diameter in greatest dimension, with
distinct and well-defined margins. Fundus autofluorescence (VISUCAM NM/FA; Carl Zeiss Meditec AG) revealed an oval
subretinal autofluorescent deposit presenting as a single lesion (red arrows) in the central macula of the right (C) and left (D)
eyes. Fluorescein fundus angiography (VISUCAM NM/FA; Carl Zeiss Meditec AG) revealed early hyperfluorescence in the
corresponding areas due to window defects and minor hypofluorescence without evidence of leakage in the right (E) and left (F)
eyes (red circles).
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limiting membrane (Figure 3A, B). A full-field electroretinogram (Ganzfeld Q450; Roland Consult Stasche
& Finger GmbH, Brandenburg/Havel, Germany) revealed a normal retinal response. An electrooculogram
(Ganzfeld Q450; Roland Consult Stasche & Finger GmbH) revealed a reduced Arden ratio of 3/2.5 [18]. A
multifocal electroretinogram (Ganzfeld Q450; Roland Consult Stasche & Finger GmbH) revealed diffusive
and emphasized amplitude reduction in the P1 waves for both eyes (Figure 3C, D). The visual field (Manual
Goldmann Perimeter 940; Haag-Streit) was slightly concentrically narrowed in both eyes (Figure 3E, F).

The patient underwent clinical exome sequencing using the Trusight One sequencing panel (Illumina, San
Diego, CA, USA) on the NextSeq 550 sequencing platform (Illumina). Homozygous p.C282Y mutations in the
HFE gene were detected. The Trusight One sequencing panel [19] consists of 4800 genes. Among these are
genes related to the most common known macular dystrophies according to the HP term macular dystrophy
(HP:0007754). No pathogenic or uncertain significance (VUS) [19] variants were detected after filtering
for macular dystrophy genes. Throughout five years of ophthalmological monitoring, the patient’'s BCDVA
remained stable and the macular lesions remained unchanged.
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Figure 3. Optical coherence tomography (Copernicus HR-SOCT; Optopol Technology SA, Zawiercie, Poland) revealed a
subfoveal, hyperreflective lesion (yellow circles) in the outer layers of the macula in the right (A) and left (B) eyes. A multifocal
electroretinogram (Ganzfeld Q450; Roland Consult Stasche & Finger GmbH, Brandenburg/Havel, Germany) revealed diffusive
and emphasized amplitude reduction in the P1 waves (blue circles) and emphasized reduction of the cone response (red circles)
in the macula of both the right (C) and Ieft (D) eyes. A slightly concentrically narrowed visual field (Manual Goldmann Perimeter
940; Haag-Streit, Koeniz, Switzerland) was detected in the right (E) and left (F) eyes.
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Patient 2

A 47-year-old man presented to the ophthalmology department because of visual symptoms in the form of a
central dark spotin the visual field of the right eye. The patient had been monitored for dizziness by a neurologist,
who recommended magnetic resonance imaging of the brain, the results of which were unremarkable. The patient
was examined at the hematology department because of elevated serum concentrations of ferritin and iron. A
biochemical assessment [16] during the ophthalmological workup revealed a serum ferritin concentration of
962.8 pg/L (reference range: 20 — 250 pg/L), whereas serum iron concentration was 25 pmol/L (reference
range: 8 — 30 pmol/L) and the unsaturated iron binding capacity was 22 ymol/L (reference range: 26 — 59
umol/L).

Before presenting to the ophthalmology clinic, HH (homozygous C282Y mutation) had been diagnosed,
for which the patient underwent erythrocytapheresis every three months [15]. Figure 4 displays the pedigree
[10] of the patient. The patient underwent examinations by a cardiologist [11], endocrinologist [12], and
gastroenterologist [13], all of whom excluded the presence of cardiomyopathic diseases and diabetes.

The ophthalmological assessment revealed a decrease in BCDVA in both eyes. The BCDVA evaluated using
a Snellen chart (CC-100XP LED LCD Chart; Topcon Corp.) was 0.8 in the right eye and 0.7 in the left eye in
decimal notation [17]. A detailed slit-lamp examination (Topcon SL-D301, Topcon Corp.) revealed normal
anterior segments. Intraocular pressure measured using a Goldmann applanation tonometer (AT900; Haag-
Streit) was normal in both eyes. Fundus examination using a slit lamp (Topcon SL-D301; Topcon Corp.) with
a 78 diopter lens (Volk Optical, Inc.) revealed a small, round, yellowish lesion at the center of each macula, the
largest measuring < ¥4 disc diameter, with distinct and well-defined margins, along with RPE changes in the
right macula (Figure SA, B). Fundus autofluorescence (VISUCAM NM/FA; Carl Zeiss Meditec AG) revealed
oval autofluorescent lesions in the corresponding areas (Figure SC, D), whereas fluorescein fundus angiography
(VISUCAM NM/FA; Carl Zeiss Meditec AG) revealed a hypofluorescent blocking lesion in the central macula,
surrounded by a narrow zone of early hyperfluorescence due to window defects without evidence of leakage
(Figure SE, F).

OCT (Copernicus HR-SOCT; Optopol Technology SA) revealed subfoveal disorders of the RPE, a
disruption of the ellipsoid zone and external limiting membrane, and deposits in the outer layers of the macula
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Figure 4. Pedigree of patient 2.
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Figure 5. Fundus photography (VISUCAM NM/FA; Carl Zeiss Meditec AG, Jena, Germany) of the right (A) and left (B) eyes
revealed a depigmented yellow lesion (black arrows) in each macula, the largest measuring <% disc diameter, with distinct
and well-defined margins, along with the retinal pigment epithelium changes in the right macula. Fundus autofluorescence
(VISUCAM NM/FA; Carl Zeiss Meditec AG) revealed partially depigmented subretinal autofluorescent deposits presenting as
a single macular lesion (red arrows) in the central macula of the right (C) and left (D) eyes. Fluorescein fundus angiography
(VISUCAM NM/FA; Carl Zeiss Meditec AG) revealed early hyperfluorescence in the peripheral part of the lesion due to window
defects without evidence of leakage, along with blockage in the center of the lesion due to pigment accumulation (clumping) in
the right (E) and left (F) eyes (red circles).

(Figure 6A, B). A full-field electroretinogram (Ganzfeld Q450; Roland Consult Stasche & Finger GmbH)
revealed a normal retinal response, and an electrooculogram (Ganzfeld Q450; Roland Consult Stasche &
Finger GmbH) revealed a reduced Arden ratio of 2.1/2.3 [18]. Despite foveal structural changes, a multifocal
electroretinogram (Ganzfeld Q450; Roland Consult Stasche & Finger GmbH) showed the amplitude of P1
waves to be within normal limits in both eyes (Figure 6C, D). The visual field (Manual Goldmann Perimeter
940; Haag-Streit) was slightly concentrically narrowed in both eyes (Figure 6E, F).

The patient underwent clinical exome sequencing using the Trusight One sequencing panel (Illumina)
on the Nextseq 550 sequencing platform (Illumina). Homozygous p.C282Y mutations in the HFE gene were
detected. The Trusight One sequencing panel [ 19] consists of 4800 genes. Among these are genes related to the
most common known macular dystrophies according to the HP term macular dystrophy (HP:0007754). No
pathogenic or VUS variants [19] were detected after filtering for macular dystrophy genes. Throughout three
years of monitoring in the ophthalmology clinic, BCDVA has remained stable, and the macular lesions have
remained unchanged.

This study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethics
Committee of the University Hospital Center Zagreb (02/21-JG [Class: 8. 1-21/85-2]). Written informed

consent was obtained from both patients for publication of this material.
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Figure 6. Optical coherence tomography (Copernicus HR-SOCT; Optopol Technology SA, Zawiercie, Poland) revealed damage
to the retinal pigment epithelium, deposits of hyperreflective material, and pigment migration toward the inner layers of the
macula of the right (A) and left (B) eyes. A multifocal electroretinogram (Ganzfeld Q450; Roland Consult Stasche & Finger
GmbH, Brandenburg/Havel, Germany) revealed the amplitude of P1 waves to be within physiological limits for both eyes and
a discrete reduction of cone response more to the periphery (red circle) in the right eye (C), and a normal cone response in the
left eye (D). A slightly concentrically narrowed visual field (Manual Goldmann Perimeter 940; Haag-Streit, Koeniz, Switzerland)
was found for both the right (E) and left (F) eyes.

We have presented two patients with visual symptoms, manifesting as blurred vision and diplopia in the first
patient and a dark spot in the central visual field in the second patient. They underwent clinical examinations
involving multimodal imaging and electrodiagnostic studies, which confirmed pseudovitelliform macular
degeneration in the central macula for both. Clinical exome sequencing ruled out Best’s disease and other known
hereditary macular dystrophies. The patients had known diagnoses of HH, homozygous C282Y mutations in the
HEFE gene, and no comorbidities; thus, we presumed that HH led to the observed morphological and functional
disorders of the RPE, which in turn caused structural macular changes in both patients.

Iron has an important function in the RPE, primarily as a cofactor of the RPE6S protein. This protein is
important for retinoid metabolism [20], the activity of guanylate cyclase in the synthesis of cyclic guanosine
monophosphate in phototransduction, the activity of fatty acid desaturase in synthesizing lipids for new disk
membranes in the outer segments of photoreceptors, their phagocytosis, and the lysosomal activities of the
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RPE [20, 21], thereby ensuring photo-excitability [8]. Moreover, iron is crucial for the functioning of several
enzymes responsible for neurotransmitter homeostasis [20]. Therefore, disorders of iron metabolism may lead
to pathological functions and morphological changes in the retina. This could explain the clinical and paraclinical
changes that we observed in our patients.

In HH with mutations of the HFE gene, there is disordered expression of the HFE protein, which is
predominantly found on the basolateral side of the RPE, and there, binding to TfR1 and TfR2, it participates in
controlling metabolism and iron homeostasis [ 8, 22]. Iron homeostasis disorder leads to a series of pathological
changes. Asinall tissues affected byhemochromatosis, iron overload occurs in eye tissues aswell [ 23], as observed
in the study with Hfe'/- mice [8]. In addition to iron accumulation, hypertrophy and/or hyperplasia of the RPE
also occur [9], which is not only inherent to pathological processes in HH but also in aceruloplasminemia
with disorders of the ceruloplasmin ferroxidase enzyme [24] and in age-related macular degeneration [25].
Degenerative changes in these conditions could be attributed to iron overload, which leads to the production
of highly reactive hydroxyl radicals through Fenton reactions, thus creating oxidative stress and damage [26].
These pathological processes could explain the macular changes in our patients.

The observed thickening in OCT may correspond to the accumulation of metabolic products and residual
outer segments of photoreceptors, which are usually phagocytosed in the normal physiological state [27].
Outer segments of photoreceptors remain accumulated in the external layers of the retina due to dysfunction
of phagocytosis and transport through the RPE. Damage to the RPE, evident as window defects on fluorescein
fundus angiography (Figures 2E, F and SE, F), could be attributed to iron overload in RPE cells and the
intercellular spaces and degeneration of RPE cells, which could explain the other components of the macular
lesions. Structural changes were also visible on OCT as disrupted continuity of the RPE and migration of RPE
cells (Figures 3A, Band 6A, B).

In addition to the aforementioned structural alterations, functional modifications also confirmed the damage
to the RPE. The Arden index for both patients was less than 1.5 [18], suggesting that the damage occurred at
the RPE and possibly Bruch’s membrane and the interstitial space between these two structures, as observed in
Best’s disease [28, 29]. Considering that genetic testing excluded Best’s disease, iron overload may have played
a substantial role in the pathophysiology associated with HH in our patients. We believe that the low Arden
indexes in our patients could be due to several mechanisms such as iron overload [30], oxidation by oxygen free
radicals, disruption of the RPE [31], or other undiscovered mechanisms.

In addition to the presence of oxidative effects of hydroxyl radicals, we believe that the duration of exposure
to oxidative stress [32] is an essential factor in the development of morphological and functional changes in the
retina. Morphological changes were described in 18-month-old Hfe'/- mice, whereas in Hfe'/" mice at 4, 8, and
12 weeks of age, no morphological changes were found [9]. This suggests that morphological changes increase
with a longer duration of tissue exposure to oxidative stress. For the prior 11 years, our first patient had been
monitored for a diagnosis of HH with a homozygous C282Y mutation of the HFE gene. Before presenting to the
ophthalmology clinic, HH (homozygous C282Y mutation) had been diagnosed in the second patient, for which
the patient underwent erythrocytapheresis every three months [15].

Functional changes in the retina could explain the conditions of our patients. Specifically, the 63-year-old
patient with subjective blurring of vision exhibited a poorer response of the cones, along with diffusive and
emphasized reduction of P1 wave amplitude in both eyes (Figure 3C, D), whereas the 47-year-old patient with
a dark spot in the central visual field of the right eye showed a slightly reduced response of the peripheral cones
with physiological amplitudes of P1 waves in both eyes (Figure 6C, D). The decreased amplitude of the P1 waves
could indicate that iron toxicity and oxidative stress caused retinal dysfunction at the level of photoreceptors and
bipolar cells [20]. Considering that the cones may be more sensitive to oxidative stress than other parts of the
retina [33], the duration of exposure to oxidative stress may have great significance in the onset of morphological
and functional changes to the retina.

Herein, we have reported two cases of pseudovitelliform macular degeneration in patients with genetically
confirmed HH who were treated with erythrocytapheresis or phlebotomy but not with deferoxamine or
any other chelation therapy. However, we were unable to determine the molecular or cellular nature of the
pseudovitelliform appearance in the macula. Further studies using comparative animal models of human HH
could provide compelling evidence for the involvement of our proposed mechanisms in the pathogenesis of the
observed macular changes in these patients.

Ocular examinations of two patients with genetically confirmed HH revealed morphological and functional
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changes in the macula. Because the patients were not treated using chelating agents, we attribute the macular
changes solely to iron accumulation and oxidative stress caused by the pathophysiological processes of HH. In
addition, further deterioration of macular function and morphology is expected owing to the duration of the
primary disease. Further studies are needed to identify the plausible molecular or cellular insults underlying
pseudovitelliform macular degeneration in patients with HH.

Ethical approval: This study was conducted in accordance with the Declaration of Helsinki and was approved
by the Ethics Committee of the University Hospital Center Zagreb (02/21-JG [Class: 8. 1-21/85-2]). Written
informed consent was obtained from both patients for publication of this material.
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