BEST1-related
autosomal
dominant
vitreoretino-
choroidopathy:

a degenerative
disease with a range
of developmental
ocular anomalies

Abstract

Purpose To describe the spectrum of
phenotypic characteristics of BEST1-related
autosomal dominant vitreoretino-
choroidopathy (ADVIRO) in a family

with p.V86M mutation.

Methods A retrospective review of the clinical,
psychophysical, and electrophysiological
phenotypes of six subjects with ADVIRC.
Five family members were sequenced for
mutations in the BEST1 gene.

Results A heterozygous change, p.V86M
(c.256G > A), was identified in the BEST1
gene in the three affected subjects tested,
and was shown to segregate with the disease
phenotype. The distance visual acuity ranged
from >20/25 to absent perception of light.
Clinical features observed included angle
closure glaucoma (1 =2), microcornea with
shallow anterior chamber (z =1), iris
dysgenesis (n=2), cataracts (n=4), classical
peripheral concentric band of retinal
hyperpigmentation (n=5), and optic nerve
dysplasia (n=1). Full-field electroretinogram
response amplitudes ranged from low normal
(two cases; 27 and 32 years) to non-recordable
(two cases; 42 and 63 years). Goldmann fields
were normal in two (27 and 28 years) but
were abnormal in two older subjects. Optical
coherence tomography showed macular
thinning in the proband, whereas his affected
daughter had normal macular thickness.
Electro-oculography showed borderline
Arden’s ratio (1.50) in the lone case tested

(27 years).
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Conclusion ADVIRC is a slowly progressive
vitreoretinal degeneration that demonstrates
marked intra-familial phenotypic variability.
Optic nerve dysplasia and iris dysgenesis are
novel observations that extend the ocular
phenotype of ADVIRC.
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Introduction

Autosomal dominant
vitreoretinochoroidopathy (ADVIRC) is
classically characterized by a circumferential
band of peripheral retinal hyperpigmentation
with a well-defined posterior demarcation' and
midperipheral chorioretinal atrophy. Associated
ocular findings'™ include microcornea,
microphthalmos, angle closure glaucoma,
cataract, fibrillary vitreous condensations,
disc gliosis, macular oedema, intraretinal white
deposits, and preretinal neovascularization.
Mutations causing ADVIRC were first
identified in BEST1 gene in five pedigrees,
which also included families previously
reported in literature.>>® BEST1 encodes
a 585 amino acid transmembrane protein
bestrophin-1, located in the basolateral
membrane of the retinal pigment epithelium
(RPE),” and was originally associated with
Best vitelliform macular dystrophy (BVMD).?
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We describe the phenotypic variability of ADVIRC in
a family with mutations in BEST1 (p.V86M), and report
novel ocular associations including iris dysgenesis and
optic nerve dysplasia.

Subjects and methods

The study was approved by the Research Ethics Board
of The Hospital for Sick Children. Retrospective chart
review of six affected subjects and related family
members was performed. Details of ophthalmological
evaluation, psychophysical testing and full-field
electroretinography (ERG) were obtained. Goldmann
visual field (GVF) results were available on four subjects.
Stratus optical coherence tomography (OCT) was
performed on two. Sensory electro-oculogram (EOG),
fundus autofluorescence (FAF), and fundus fluorescein
angiogram (FFA) were only available on one each. Direct
sequencing of the BEST1 gene was performed by the
Carver Laboratory on five family members including
three affected individuals.

Results

Family members had been assessed at The Hospital for
Sick Children at different times over the last 19 years.
Mutation screening of the BEST1 coding region identified
a previously reported heterozygous change, p.V86M
(c.256G > A),” in all three tested patients, and the
mutation was shown to segregate with the disease
phenotype. Figure 1 is a four generation pedigree
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demonstrating the co-segregation and the autosomal
dominant inheritance pattern.

The detailed phenotypic characteristics of all six
cases are given in Table 1. The best corrected visual
acuity ranged from >20/25 (four cases; age range
27-61 years) to absent perception of light (case II1;

63 years). Colour vision was normal in all four tested.
Angle closure glaucoma was documented in two

(cases II1 and II2), whereas microcornea with shallow
anterior chamber was noted in one (case IV2). Iris
dysgenesis with abnormal pupillary ruff (Figure 2a and f)
was observed in two (cases III2 and IV2). All except
case IV2 either had cataracts (1 =4; presenile in cases III6
and III5; Figure 2i) or had a history of cataract surgery
(case III2). The classical concentric band of retinal
hyperpigmentation (Figure 2d and j) was noted in all
except one (case II1), but the posterior extent of retinal
pigmentation was variable. Case II1 was blind with
dense cataracts at diagnosis that precluded retinal
evaluation, but had angle closure glaucoma, non-
recordable ERG, and she had the V86M mutation.
Bilateral optic nerve dysplasia was noted in one

(case IV2; Figure 2b).

GVF was normal in younger individuals (cases III5 and
IV2), but the progression was variable (Table 1). The ERG
amplitudes ranged from low normal to non-recordable
(Table 1). However, three of the four cases with
recordable ERG (except case III6) had normal implicit
times. The EOG showed borderline Arden’s ratio (1.50)
in the lone subject tested (case IV2; 27 years). Case IV2
had normal autofluorescence on FAF (Figure 2c), and
also demonstrated normal macular thickness on OCT
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Figure 1 Pedigree of the four generation family studied demonstrates autosomal dominant inheritance pattern. Solid symbols
indicate affected status and symbols with a slash indicate deceased individuals. The heterozygous change p.V86M was noted in three

affected and it segregated with the disease.
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Figure 2 (a—e) Phenotypic characteristics of case IV2 (a) Anterior segment photo of right eye demonstrating microcornea and iris
dysgenesis. Note the absence of krypts and abnormal pupillary ruff. (b) Fundus photograph of the left eye demonstrating optic nerve
dysplasia and otherwise normal posterior pole. The inset photograph is a magnified view of the dysplastic disc. (c) Fundus
autofluorescence image showing normal autofluorescence pattern in the posterior pole in the left eye. (d) Fundus photograph
demonstrating characteristic concentric band of hyperpigmentation in the extreme periphery of one quadrant. (e) Optical coherence
tomography (OCT) of the right eye showing normal central retinal thickness. (f-h) Phenotypic characteristics of Case III 2. (f) Anterior
segment photograph showing normal corneal diameter, iris dysgenesis and pseudophakia. (g) Fundus photograph of the right eye
posterior pole at 58 years showing pale optic disc, markedly attenuated vessels, background pigmentary changes and advanced
chorijoretinal atrophy. (h) OCT of the left eye at 58 yrs demonstrating significant central retinal thinning. (i-k) Phenotypic
characteristics of Case III 5. (i) Anterior segment photograph demonstrating posterior subcapsular cataract (32 years). (j) Fundus
photograph of the periphery at the same visit showing characteristic concentric band of retinal hyperpigmentation with a posterior
demarcation border. (k, 1) Fundus fluorescein angiography showed blocked fluorescence at the region of hyperpigmentation,
hyperfluorescence along the posterior border of the lesion suggesting retinal atrophy and the severe atrophy of the underlying
choroidal vessels.

(Figure 2e). However, her father (case III2 at age 58) Discussion

demonstrated macular thinning on OCT (Figure 2h).

The FFA (case III5) showed marked RPE atrophy along
the demarcation border with underlying atrophy of
choroidal vessels (Figure 2k and 1).

The proband, case III2 (42 years at presentation)
demonstrated a progressive phenotype over 16 years
(Table 1). The central vision in the right eye
demonstrated rapid worsening to light perception by
44 years of age. The left eye kept residual tunnel vision
for another 10 years. Over the period, he progressed
to have severe retinal vascular thinning, chorioretinal
atrophy, and optic disc pallor (Figure 2g).

Eye

ADVIRC described as a vitreoretinochoroidopathy,' is
also associated with developmental ocular anomalies
including microcornea,> angle closure glaucoma,>* and

cataract.>*

We noted developmental anomalies, such

as iris dysgenesis and optic nerve dysplasia, as novel
associations of ADVIRC. BEST1 is proposed to have

a role in normal ocular development.® Ex vivo studies
reveal that, all BEST1 mutations known to cause
ADVIRC (including p.V86M mutation®) result in
aberrant mRNA splicing, producing bestrophin isoforms

with internally deleted,” or duplicated” exons. This might



account for the distinct ocular phenotype and high
incidence of developmental anomalies in ADVIRC.

There is marked intra-familial phenotypic variability
with regards to disease severity and associated
developmental ocular abnormalities, such as
microcornea, presenile cataracts, angle closure glaucoma,
iris dysgenesis, and optic nerve dysplasia. The concentric
band of retinal hyperpigmentation is a constant feature
regardless of age. The disease appears to be slowly
progressive with regards to vision loss, field loss, and
retinal dysfunction. The visual fields are intact early in
the course and central fields appear to be affected late
as previously reported,® but pattern of loss and rate of
progression are variable. The ERG amplitudes varied
between individuals but tended to worsen with
increasing age. The preservation of normal implicit times
in subjects with measurable ERG suggests absence of
gross outer and inner retinal dysfunction in the residual
retina. These results are in keeping with earlier studies®
and suggest slow disease progression. Bestrophin-1 is
currently thought to modulate light peak depolarization
through its interaction with voltage-dependant Ca>*
channels.'”"" Although the p.V86M change in BEST-1 has
always been associated with abnormal EOG,*” the
borderline EOG light rise noted in one case probably
represents a milder phenotype identified early in the
disease course.

In addition to ADVIRC, mutations in BEST1 gene
also cause other ocular phenotypes, such as BVMD,*?
adult-onset foveomacular vitelliform dystrophy®
(AFVD) and autosomal recessive bestrophinopathy'*
(ARB). BVMD is autosomal dominant, AFVD is usually
sporadic, and ARB is an autosomal recessive disease.
Clinically, BYMD" and AFVD'® present with vitelliform
lesion at the macula that progress through stages
over time but usually the central vision is preserved until
late in the disease. In comparison with BVMD, AFVD'¢
is a milder disease with a later onset and slower
progression. In contrast, ARB presents early in life
with central visual acuity loss, irregular RPE alterations,
and whitish sub-retinal deposits,'*'” and is associated
with higher incidence of angle closure glaucoma.'*

The sensory EOG is usually severely abnormal in all
BEST1-related diseases, except AFVD, which usually
demonstrates normal Arden’s ratio.’® The ERG is
usually normal in BVMD'® and AFVD.'® ARB is
associated with reduced amplitude and delayed
implicit times of rod and cone responses."*'” In ADVIRC,
ERG amplitudes may vary between normal and non-
detectable, depending on the severity of the pheno-
type. The vitelliform lesion in both BVMD and AFVD
is hyper-reflective on OCT and may be associated
with sensory detachment of the macula.'”” In ADVIRC,
as noted in this report, the macular OCT is usually
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normal early in the disease and becomes thinned out
as disease progresses.

ADVIRC is a slowly progressive distinct
bestrophinopathy with marked intra-familial phenotypic
variability. Serial evaluations are required to determine
the rate of progression of retinal phenotype. The anterior
segment developmental anomalies should be identified
early and monitored closely as it is associated with
significant risk of developing glaucoma.

Summary

What was known before

Autosomal dominant vitreoretinopathy (ADVIRC) is
associated with ocular developmental anomalies such as
microcornea and shallow angle.

The p.V86 M change in BEST1 gene is known to be
associated with abnormal Ardens ratio of sensory
electro-oculogram (EOG).

What this study adds

Novel ocular developmental anomalies, such as optic
nerve dysplasia and iris dysgenesis, that extend the ocular
phenotype of ADVIRC are noted.

Borderline Ardens ratio of EOG is noted in a young
affected individual with p.V86 M change, suggesting that
the level of EOG abnormality depends on the disease stage.
A 16-year longitudinal follow-up of a case with ADVIRC is
described.

Fundus autofluorecence imaging of the posterior pole of a
young affected individual is described.
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