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ABSTRACT

Objective: To determine the clinical relevance and frequency of BEST1 and PRPH2 mutations in a clinically
diagnosed adult-onset vitelliform macular dystrophy (AVMD) group with Caucasian ethnicity.

Methods: The study comprised 24 patients who had been diagnosed with AVMD via indirect fundus
ophthalmoscopy and presented with a dome-shaped appearance between the retinal pigment epithe-
lium and photoreceptors on their spectral-domain optical coherence tomography. They had lesion hyper-
autofluorescence on their fundus autofluorescence images and were also investigated for BEST1 and
PRPH2 mutations for a probable molecular aetiology.

Results: No pathogenic or likely pathogenic mutation was detected in the BEST1 and PRPH2 genes of any
of the clinically diagnosed AVDM patients. A heterozygous NM_000322.5:c.938C>T (p.Pro313Leu) variant
of the PRPH2 gene was detected in 2 non-consanguineous patients. According to current guidelines, this
variant was classified as a ‘variant of uncertain significance’.

Conclusion: In conclusion, AVMD is a genotypic and phenotypic heterogeneous disease. The genetic
aetiology could not be explained by sequencing BEST1 and PRPH2 genes in the AVMD patients; however,
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the variant of PRPH2 could be a cause of predisposition relevant to the phenotype.

Introduction

Adult-onset vitelliform macular dystrophy (AVMD) is a relatively
benign and prevalent macular degeneration in routine ophthalmol-
ogy practice with subretinal vitelliform macular deposits that
develop after the fourth decade. Although, the current name of
the disease was given in the late 1990s, it was first described over
45 years ago by Gass (1). Recently, the prevalence of AVMD has
been reported as 1/7400 to 1/8200 in the USA (2). AVMD has been
classified as a subgroup of pattern dystrophy, which is a group of
diseases that affect the retinal pigment epithelium (RPE) (3).
Pattern dystrophy also includes reticular dystrophy of the RPE,
butterfly-shaped pigment dystrophy (BPD), fundus pulverulentus,
and pseudo-Stargardt pattern dystrophy.

The age of onset for AVMD is variable and patients may remain
asymptomatic throughout their lifetime. Despite a relatively benign
prognosis, patients mainly complain of metamorphopsia and
decreased vision (4,5). The yellow to gray vitelliform lesions of
AVMD, which can be observed by funduscopy, can gradually increase
and/or decrease over time. In the majority of cases, these lesions have
a dome-shaped hyperreflective heterogeneous appearance and sub-
retinal accumulation on macular optical coherence tomography
(OCT) scans. They affect both neuro-retinal and RPE cells, and
have a hyper-autofluorescence on fundus autofluorescence (FAF)
images. Despite the variability of the electrophysiological electroreti-
nogram and/or electrooculogram (EOG) results, these are generally
reported as normal in clinical AVMD practice (6).

AVMD is likely an end result of several mechanisms that lead to
the accumulation of a vitelliform hyper auto-fluorescent substance on

the macula, with a minority of patients harboring disease-associated
variants in BEST1, PRPH2, IMPGI, and IMPG2. In addition, a single-
nucleotide polymorphism of HTRA1 (rs11200638) is likely coinci-
dental with the AVMD phenotype (7,8).

To date, some of the studies associated with AVMD have investi-
gated the role of genetics in terms of BEST1 and PRPH2 gene muta-
tions in this disease. Bestrophin-1, which is an integral membrane
protein encoded by the BEST1 gene, is expressed in the RPE and is
mainly localized in the basolateral region of the plasma membrane. It
acts as a pentameric anion channel and plays a role in the regulation of
intracellular Ca* signaling (9). The other functional protein is periph-
erin-2, which is encoded by the PRPH2 gene and is a glycosylated
membrane protein exclusively expressed in the outer segments of rods
and cones. It is defined as a scaffolding protein that has a remarkable
role in photoreceptor outer segment stabilization, disk morphogenesis,
and membrane fusion processes (10-12). Point mutations of periph-
erin-2 PRPH?2 affect rod and cone photoreceptors, and they have been
associated with retinal degenerative disorders including AVMD (13,14).

Since BEST1 and PRPH2 are the 2 most emphasized genes that
emerge with the AVMD phenotype, it was aimed herein to determine
the clinical relevance and frequency of BEST1 and PRPH2 mutations
in a group of clinically diagnosed Turkish AVMD patients.

Methods and materials
Ethical approval

All of the procedures performed in this study involving human
participants were in accordance with the ethical standards of the
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institutional research committee, and the Helsinki Declaration
1964 and its later amendments or comparable ethical standards.
This study was conducted after approval was given by the
Ankara Numune Training and Research Hospital Ethics
Committee (Date: 28.03.2019, No: E-19-2646). Informed con-
sent was obtained from all of the patients prior to their enrol-
ment in the study.

Clinical evaluation

In this study, 3 consecutive steps were used for the clinical
diagnosis of AVMD (Figure 1). After assessment of the ana-
mnesis, refraction, logMAR visual acuity (VA), tonometry,
anterior chamber, and fundus examinations, patients who
had grey-yellow vitelliform macular lesions without any ret-
inal-hemorrhage were directed towards the second step of the
evaluation, which comprised spectral domain-OCT (Zeiss
Cirrus HD-OCT 5000, Carl Zeiss Meditec AG, Germany).
Patients who had characteristic dome-shaped hyper-
reflectance, even with regional hypo-reflectance on the RPE
layer of the macula, and any intraretinal and/or subretinal fluid
and neovascular membrane were directed towards the third
step of the evaluation, which comprised short-wave (excitation
488 nm, emission >500 nm) FAF before fundus fluorescein
angiography (FFA, Visucam 500, Carl Zeiss Meditec, Jena,
Germany) with 5 mL of 10% intravenous fluorescein solution.
FFA was mainly applied to make a differential diagnosis from
the choroid neovascular membranes of the age-related macular
degeneration. Abnormal growth of the choroidal vessels in age-
related macular degeneration results in leakage, hemorrhage,
fibrosis, and scarring, which is also known as neovascular age-
related macular degeneration (15,16).

In the early phase of the FFA images of AVMD patients, it
was observed that the vitelliform lesions could block fluores-
cence due to their pigment and the material accumulation that
they comprised. The lesions became fluorescence-stained after
the recirculation phase of the FFA (17). Additionally, various
increased auto-fluorescence patterns (ring-like focal, patchy,
and linear) of AVMD lesions have been reported; however,
their relation with diagnosis and prognosis remains unclear
(18-20). Thus, patients who had hyper auto-fluorescence on
their FAF and sharp-demarcated slowly progressing hyper-
fluorescence staining towards the late phases, without any
progressive fluorescein leakage on their FFA images of the
macular lesions, were diagnosed with clinical AVMD and
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Figure 1. Schematic view of the methodology used in this study.

directed towards the fourth step of the evaluation, which com-
prised electro-diagnostic testing of the EOG.

The EOG was used to measure the resting potential of the
retina and its changes as a function during illumination. The
origin of this potential corresponds to the region between the
outer segment of the photoreceptors and the RPE. The
MonPack (Metrovision, Perenchies, France) program was used
to measure the amplitude of each saccade and then determine
the minimum amplitude during the dark phase and the max-
imum amplitude during the light phase, and their ratio, which is
already known as Arden. The International Society for Clinical
Electrophysiology of Vision guidelines were used for the elec-
tro-diagnostic tests in this study (21).

Patients with any type of history of diabetic retinopathy or
retinal vascular occlusion and moderate to severe hypertensive
retinopathy, according to the Wong and Mitchell Hypertensive
Retinopathy Classification (22), any type of wet age-related
macular degenerations, vitreous and/or vitreous interface dis-
orders, vitreous hemorrhage, degenerative myopia, anterior or
posterior uveitis, malignancy, previous history of trauma, glau-
coma, corneal ectatic diseases, hereditary retinal dystrophies,
retinal photocoagulations, secondary choroidal neovascularisa-
tion and/or geographic atrophy of the primary lesions of
AVMD, or any other conditions requiring intravitreal injec-
tions were not included in the study.

Patients who had been clinically diagnosed also underwent
genetic consultation for analyses of the BEST1 and PRPH2 genes,
which were previously associated with the AVMD phenotype.

Genetic evaluation

All of the patients were investigated with regards to their family
history and pedigree. Due to their high association with the
AVMD phenotype, both the BEST1 and PRPH2 genes were
sequenced in the included patients of the study.

DNA was isolated from peripheral blood lymphocytes using
the standard salting-out methods. Polymerase chain reaction
(PCR) primers for the BEST1 (NM_004183.4) and PRPH2
(NM_000322.5) genes were designed in-house with PRIMER-
Primer Designer v.2.0 (Scientific & Educational Software pro-
gram: Denver, CO, USA) software.

Library preparation, cluster amplification, and sequencing
of all of the coding exons and exon-intron boundaries of the 2
genes were performed using the MiSeq Next-generation
sequencing platform (Illumina, San Diego, CA, USA).

Alignments of the sequences were arranged to the hgl9
genome within MiSeq Reporter (Illumina Inc.) and analyzed
using Integrative Genomic Viewer (IGV) software (23).

Results
Demographic data

The mean age of the patients was 64.21 + 10.8 (median: 63.5,
range of 51-79) years. Of the 24 patients, 14 were female and 10
were male. The mean baseline VA was 0.23 £ 0.11 logMAR
(median: 0.18 logMAR, range of 0-0.7 logMAR), which corre-
sponded to approximately 0.6 decimals on the Snellen chart.
All of the patients were of Caucasian ethnicity.



Clinical data

The dome-shaped appearance of the vitelliform macular
lesions on the OCT and hyper-autofluorescence view of the
FAF images of the patients are presented in Figures 2 and 3,
respectively. Of the 24 patients, 19 underwent EOG testing. Of
those 19 patients, 1 (patient Q, 75 years old) had unilateral
AVMD with bilateral abnormal EOG results, and 2 (patients
A and 1, 56 and 68 years old, respectively) had subnormal EOG
results and were admitted with bilateral AVMD. The abnormal
(patient Q) and subnormal (patients A and I) test results, and
representatives of the normal EOG test results (patients G and
U), respectively, are presented in Figure 4. None of the patients
had anything that resembled choroidal neovascularization,
geographic atrophy, or scarring of the primary lesion of
AVMD and/or age-related macular degeneration on their FFA.

Genetic results

In the pedigree analysis, none of the patients had a family
history of AVMD. In this study, there were no clinically rele-
vant pathogenic or likely pathogenic mutations detected in the
BEST1 and PRPH2 genes of any of the 24 AVMD patients.
However, 2 of the patients (a male and a female, 84 and
68 vyears old, respectively) had the same variant of
NM_000322.5:c.938 C > T (p.Pro313Leu) in the PRPH2 gene
(patients B and I, Figure 5).

Discussion

The etiological role of genetics and the pathogenic mechanism
of the vitelliform lesions in AVMD has become a subject of
interest and research over recent years. Since the first descrip-
tion of the disease, various terms have been used to define the
similar pathology of AVMD, such as adult macular vitelliform
degeneration, adult vitelliform macular degeneration, adult
fovea-macular vitelliform dystrophy, and adult vitelliform
macular dystrophy (24-27). Unfortunately, this variability in
the terminology is a reflection of the lack of a strict consensus
with respect to the pathogenesis and diagnostic criteria of the
disease. In many cases, a genetic basis could not be detected,
supporting the terminology of degeneration. The mainstay of

Figure 2. Macular spectral-domain OCT scans of the AVMD patients. A-X: Single
eye OCT scans of the AVMD patients. The dominant lesion side was included in
the bilateral cases presented herein.
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Figure 3. Fundus hyper auto-fluorescence of the macular lesions in the FAF
images of the AVMD patients. A-X: Single eye FAF images of the AVMD patients.
The dominant lesion side was included in the bilateral cases presented herein.
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Figure 4. Abnormal, subnormal, and representatives of the normal EOG test
results of the AVMD patients. The Arden ratio is the ratio of the light peak to
the dark trough. An Arden ratio of 1.80 or greater is normal, 1.65 to 1.80 is
subnormal, and below 1.65 is abnormal. A and I: subnormal Arden ratios of
patients A and | (unilateral sub-normality) in the EOG, Q: abnormal Arden ratios
of patient Q in the EOG, and G and U: representatives of normal Arden ratios of
patients G and U.
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Figure 5. Demonstration of the variant of PRPH2 detected in 2 of the AVYMD
patients (IGV database).

the degeneration supporters in the definition of AVMD is that
a defined genetic reason could not be detected in most of the
examined cases. However, there may be additional disease-
related genes that have not yet been discovered, and in some
of the case series, the phenotype of AVMD with similar char-
acteristics has been shown in first-degree relatives and identical
twins (18,28).

To date, many of the diseases that need to be distinguished
from AVMD in clinical practice have been associated with
retinal vitelliform lesions. An age-related macular degenera-
tion form of basal laminar drusen (known as cuticular drusen)
(29) and reticular pseudo-drusen (30), Best disease (also
known as Best vitelliform macular dystrophy), systemic disor-
ders like pseudoxanthoma elasticum (angioid-streaks asso-
ciated diseases) (17), mitochondrial retinal dystrophies such
as Kearns-Sayre syndrome (31) and m.3243A>G mutations
(32), toxic retinopathies of desferrioxamine (33), and topira-
mate (34) are the most emphasized examples. The age-related
macular degeneration variant of cuticular drusen has a typical
‘stars in the sky’ appearance with extensive hyperfluorescency
on FAF images (35) and the reticular pseudo-drusen appear as
hypo-autofluorescent lesions on the FAF, which extend along
the posterior pole through the fovea. In addition, they have
a fundoscopic appearance of a network of pale yellowish, small
spots along the vascular arcades (36). Best disease, which has
an earlier age of onset, has multifocal and a larger lesion size,
and a high association with BEST1 gene mutations when com-
pared to AVMD lesions (37). The other abovementioned dis-
eases associated with vitelliform lesions have specific extra-
ocular findings and medical history underlying their aetiology.
Additionally, BPD, which was first described in a large Dutch
family, is also a vitelliform dystrophy with spoke-like patterns
of pigment changes on the macula (38). The location of the
vitelliform lesions between the outer segments of the photo-
receptors and the RPE in BPD are similar to those in AVMD
lesions, with identical genetic mutations and clinical courses
that also appear similar (6).

The genetic basis of AVMD is very complex and underlying
genes have extensive genotypic and phenotypic heterogeneity.
The same clinical phenotype may occur as a result of 2 different
mutations in 2 different genes, while 2 different mutations in
the same gene result in distinct clinical phenotypes. Therefore,
targeted multigene panels have been used in the diagnosis of

AVMD (39). It was decided to follow an algorithmic approach
for the molecular analyses of the BEST1 and PRPH2 genes,
which have been reported to be the genes most associated with
AVMD (39,40). Molecular confirmation of the diagnosis of the
AVMD group may be useful for the early diagnosis of at-risk
individuals, prediction of a prognosis, and the selection of
treatment options during the follow-up term, and as well as
for genetic counseling.

The variant found in the 2 non-relative patients in this study
was PRPH2:¢.938 C > T (rs61748434). This variant has recently
been reported with a classification of uncertain significance
(VUS) by Clinvar (2016, 2017, 2018) and it was also classified
as VUS by the American College of Medical Genetics and
Genomics guidelines (39,41). While this variant has
a population frequency of 1/2591 in GnomAD exomes (42), it
was not detected in any of the 100 healthy Turkish subjects
over the age of 40 (Turkish Genome Consortium). Since, the
frequency of this variant of PRPH2 was observed in 2 of the 24
patients (1/12) in the study group herein, but it was not
detected in any subjects in the healthy Turkish population
(Turkish Genome Consortium), it could be predicted as
a disease-related polymorphism, even if it is not a disease-
causing mutation. In order to clarify this situation, it would
be necessary to screen different populations with comprehen-
sive participation of the AVMD phenotype.

No pathogenic variant was detected in the genetic analyses of
the PRPH2 and BEST1 genes in the patients diagnosed with
AVMD who had also been evaluated with EOG. In addition,
EOG can be used as a supportive tool for possible diagnosis,
rather than direct diagnosis, due to the high amount of normal
results that have been reported (6). As the positive association of
the BEST1 and PRPH2 genes with AVMD was defined pre-
viously, it was expected to find pathogenic variants within the
study group (39). Although the clinical diagnoses were clear, the
absence of a positive family history of AVMD may have been the
basic explanation of the negative genetic detection. Since all of
the patients were elderly and most of their parents were not alive,
the information could not be clinically confirmed.

Finally, Meunier et al. concluded that BEST1 gene muta-
tions were more common in juvenile-onset vitelliform macular
dystrophies and PRPH2 mutations were more common in
adult-onset vitelliform macular dystrophies (40).

The vitelliform lesions were histologically examined and were
observed to be composed of the shed outer segment discs of the
photoreceptors, lipofuscin and/or pigment laden macrophages,
and lipofuscin accumulated in the hypertrophic RPE cells
(43,44). Photoreceptors have a high metabolism and increase
the turnover of the outer segment disks, which may exceed the
up-take capacity of the shed disks by the RPE. It has been
suggested that the vitelliform material over the RPE is the result
of abnormal photoreceptor outer segment uptake and/or abnor-
mal processes of the photoreceptor-RPE complex (45). Based on
the above findings, it was determined that genetic predisposition
may cause a tendency toward early onset of the disease.

In conclusion, AVMD is a genotypic and phenotypic het-
erogeneous disease. Its genetic aetiology could not be explained
by sequencing only the BEST1 and PRPH2 genes in the AVMD
patients. The relatively small sample size and lack of analyses of
the IMPG1 and IMPG2 genes, and the single-nucleotide



polymorphism of the HTRA1 (rs11200638), and segregation
data of the two patients were the limitations of the study. The
NM_000322.5:c.938 C > T (p.Pro313Leu) variant could have
been the cause of predisposition relevant to the phenotype.
Future studies with comprehensive participation from different
ethnicities, including other possible genetic factors, would be
enlightening and may help to shed light on the issue.
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