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Purrosk. To describe the clinical characteristics associated with a newly identified mutant of
autosomal recessive bestrophinopathy (ARB) and confirm the associated physiological
functional defects.

MertHoDS. Two patients with ARB from one family underwent a full ophthalmic examination,
including dilated fundus examination, fundus photography, fluorescein angiography, fundus
autofluorescence imaging, spectral-domain optical coherence tomography (OCT), electroret-
inography (ERG), and electrooculography (EOG). Subsequently, genetic analysis for
bestrophin-1 (BEST1) mutations was conducted through direct Sanger sequencing. The
effect of ARB-associated mutations of BEST1 on the cellular localization was determined by in
vitro experiments. Whole-cell patch clamping was conducted to measure the chloride
conductance of wild-type BEST1 and the identified BESTI mutants in transfected HEK293T
cells.

Resuirs. Two related patients (66-year-old brother and 52-year-old sister) presented with
reduced visual acuity and bilateral symmetrical subretinal deposits of hyperautofluorescent
materials in the posterior pole. Spectral-domain OCT showed macular thinning with
submacular fluid. The female patient had a concomitant macular edema associated with
branched retinal vein occlusion in the left eye, which responded well to intravitreal
bevacizumab injections. Genetic analysis demonstrated that both patients were compound
heterozygous for one novel (Leu40Pro) and one previously identified (Ala195Val) BEST1
variant. HEK293T cells transfected with the identified BEST1 mutant showed significantly
small currents compared to those transfected with the wild-type gene, whereas cells
cotransfected with mutant and wild-type BEST1 showed good chloride conductance. Cellular
localization of BEST1 was well conserved to the plasma membrane in the mutants.

Concrusions. We have identified and described the phenotype and in vitro functional aspects
of a new BESTI mutation causing ARB. Clinically suspected ARB cases warrant genetic
confirmation to confirm the diagnosis.
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he bestrophin-1 (BEST1, also known as VMD2) gene is

located on chromosome 11q13 and encodes a transmem-
brane protein consisting of 585 amino acids located on the
basolateral membrane of retinal pigment epithelial (RPE) cells
(Supplementary Fig. S1).1'2 Although the exact function of
BEST1 is still not clear, it is generally believed to act as a
chloride ion channel and has been shown to regulate voltage-
gated Ca?" channels in RPE cells, thus possibly having a dual
function as a channel and a channel regulator.!? The BEST1
gene is expressed predominantly in RPE cells, and a mutation of
this gene can generate a variety of ocular diseases with a broad
phenotypic spectrum, which are now collectively referred to as
bestrophinopathies. To date, five major categories of such
diseases have been classified,?? among which Best vitelliform
macular dystrophy (VMD, Online Mendelian Inheritance in Man
[OMIM] 153700), or Best disease, is the first and perhaps most

widely known.*> Other diseases in this family include adult-
onset vitelliform macular dystrophy (AVMD, OMIM 608161),
autosomal dominant vitreoretinochoroidopathy (ADVIRC,
OMIM 193220), retinitis pigmentosa 50 (RP50, OMIM
613194), and autosomal recessive bestrophinopathy (ARB;
OMIM 611809).

Schatz et al.° published the first report of ARB patients with
a compound BEST1 heterozygous mutation in 2006. However,
since the BEST1 mutation was believed to segregate only in an
autosomal dominant manner, they referred to this condition as
a “variant phenotype” of Best disease, and speculated that the
first mutation had a modifier effect on the second mutation. In
2008, Burgess et al.” defined this condition as a distinct
category of bestrophinopathy and coined the term autosomal
recessive bestrophinopathy. Unlike the situation with Best
disease, no patient with ARB has been shown to demonstrate
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vitelliform lesions in a typical “egg yolk” shape in the center of
the macula; rather, the main characteristics of ARB are
multifocal vitelliform lesions with subretinal fluid or macular
edema.?°-13 Other associated clinical features of ARB include
hyperopia, a shallow anterior chamber, and increased inci-
dence of angle-closure glaucoma.”%-1? Electrophysiology tests
tend to demonstrate normal or abnormal eletroretinogram
(ERG) with absent light rise in electrooculogram (EOG).
Although interest in ARB has been increasing recently, much
remains to be discovered about the spectrum of symptoms and
clinical variability of ARB phenotypes.

More than 100 Best disease variants and 20 ARB variants in
BEST1 have been reported so far'?>-15 (http://www-huge.
uni-regensburg.de/BEST1_database [in the public domain];
Supplementary Fig. S1). Some of the Best disease mutations
were shown to act in a dominant-negative manner by severely
reducing wild-type whole-cell currents when coexpressed in
HEK293 cells with wild-type isoform.'®-'® Similarly, Burgess et
al.”7 carried out whole-cell patch clamping of HEK293 cells
transfected with their newly found ARB alleles with recessive
mutation and showed that, in contrast to Best disease
mutations, cotransfection with wild-type BEST1 did not
weaken the activity of wild-type BESTI, consistent with
recessive features of a patient.

In this article, we present the results of a clinical, genetic,
and in vitro electrophysiological investigation of a family with
ARB. Whole-cell patch clamping of ARB alleles was conducted
to confirm that a newly identified mutation leads to altered
BEST1 function in a recessive manner.

MATERIALS AND METHODS

Clinical Investigation

This study was approved by the Institutional Review Board of
the Yonsei University College of Medicine and adhered to the
tenets of the Declaration of Helsinki. Informed consent was
obtained from all subjects prior to conducting investigations.
Two patients with ARB and four of their first- and second-
degree relatives were included in the study (Fig. 1). Clinical
investigations in patients included best-corrected visual acuity,
slitlamp examination, indirect ophthalmoscopy, fundus pho-
tography, fundus autofluorescence imaging, spectral-domain
optical coherence tomography (OCT), fluorescein angiography
and indocyanine green angiography, and full-field ERG and
EOG. Fullfield ERG and EOG were performed according to the
guidelines of the International Society for Clinical Electrophys-
iology of Vision (www.iscev.org). The normal range of the
Arden ratio of the EOG (ratio of the light peak to the dark
trough) is more than 1.8 for our laboratory.

Genetic Analysis

Genomic DNA was isolated from the subjects’ blood using
QIAamp RNA Blood Mini Kit (Cat. No. 51106; QIAGEN, Hilden,
Germany). Each exon of the whole BESTI gene was amplified
from genomic DNA by polymerase chain reaction (PCR) using
the intronic oligonucleotide primers and PCR conditions
described previously.'® Each PCR was performed using
Maxime PCR PreMix (Cat. No. 25167; iNtRON Biotech, Seoul,
Korea). The PCR products were analyzed by direct sequencing
using an Applied Biosystems (ABI) 3730 DNA sequencer (ABI,
Foster City, CA, USA).

Plasmids and Cell Culture

Human embryonic kidney 293T cells (HEK293T) and Hela cells
were cultured in Dulbecco’s modified Eagle’s medium
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(DMEM)-HG (nvitrogen, Carlsbad, CA, USA) supplemented
with 10% (vol/vol) fetal bovine serum, 100 U/mL penicillin,
and 0.1 mg/mL streptomycin. The mammalian-expressible
plasmids for human BESTI1 (hBEST1) were purchased from
GeneCopoeia (clone ID: EX-Q0269-M02; Rockville, MD, USA).
The cDNA of hBEST1 was subcloned into a pCMV-myc(N)
plasmid using PCR amplification. The hBEST1 L40P, A195V,
and W93C mutant plasmids were generated using PCR-based
site-directed mutagenesis. Plasmids were transiently transfect-
ed into cells using Lipofectamine Plus (Invitrogen). For
electrophysiological experiments, hBEST1 plasmids without
tags were transfected at a 9:1 ratio with a plasmid expressing
green fluorescence protein (pEGFP-N1). For surface biotinyla-
tion, immunoblotting, and immunocytochemistry, hBEST1
plasmids containing a Myc tag were used.

Electrophysiology in Cultured Cells

Anion channel activities were measured in HEK293T cells
using the whole-cell patch-clamp techniques reported previ-
ously.2%?! Briefly, cells were transferred into a bath mounted
on a stage with an inverted microscope (IX-70; Olympus,
Tokyo, Japan). Conventional whole-cell clamp was achieved by
rupturing the patch membrane after forming a gigaseal. The
bath solution was perfused at 5 mL/min. The voltage and
current recordings were performed at room temperature (22-
25°C). Patch pipettes with a free-tip resistance of approximate-
ly 2 to 5 MQ were connected to the head stage of a patch-
clamp amplifier (Axopatch-700B; Molecular Devices, Sunny-
vale, CA, USA). pCLAMP software v. 10.2 and Digidata-1440A
(Molecular Devices) were used to acquire data and apply
command pulses. Silver chloride reference electrodes were
connected to the bath via a 1.5% agar bridge containing 3 M
KCl solution. Voltage and current traces were stored and
analyzed using Clampfit v. 10.2 and Origin v. 8.0 (OriginLab
Corp., Northampton, MA, USA). Currents were sampled at 5
kHz. All data were low pass filtered at 1 kHz.

The bath solution for the whole-cell patch clamp
contained 146 mM N-methyl-p-glucamine-Cl (NMGD-CD), 1
mM CaCl,, 1 mM MgCl,, 5 mM glucose, and 10 mM HEPES
(pH 7.4). The pipette solution contained 148 mM NMDG-CI, 1
mM MgCl,, 3 mM MgATP, 10 mM HEPES, and 5 mM ethylene
glycol tetraacetic acid (EGTA) (pH 7.2). The free Ca?*
concentrations of the buffer solutions were fixed to 1 pM
by adjusting the Ca?" chelator EGTA (5 mM) and CaCl,
concentrations using WEBMAX-C software (http://www.
stanford.edu/~cpatton/maxc.html [in the public domain]).
The osmolarity of the bath solution was set to be 10 mOsm
higher than that of the pipette solution by adding sorbitol to
suppress the volume-activated anion channels. To determine
the current-voltage (I-V) relationship, the clamp mode was
shifted to voltage clamp mode, and the I-V curve was obtained
by applying step pulses from —100 to 100 mV (voltage
interval: 20 mV; duration: 2 seconds; holding potential: O
mV). In some experiments, hBESTI-expressing HEK293T
cells were subjected to 5-Nitro-2-(3-phenylpropylamino)ben-
zoic Acid (NPPB) (100 puM, Sigma-Aldrich Corp., St. Louis, MO,
USA).

Surface Biotinylation and Immunoblotting

Surface biotinylation and immunoblotting was performed as
described previously.?? Transfected HEK293T cells were
washed three times with ice-cold phosphate-buffered saline
(PBS). The cells were then treated with sulfo-NHS-SS-biotin-
containing buffer (Pierce, Rockford, IL, USA) for 30 minutes to
biotinylate the plasma membrane proteins. After biotinylation,
the cells were washed with quenching buffer to remove the
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Figure 1. Pedigree of the family. Genetic screening of family members demonstrated two BEST1 mutations in patients. Leu40Pro mutation has not
been reported in previous studies and was identified as a novel mutation. The chromatograms of selected subjects are shown.

excess biotin and washed twice again with PBS. The cells were
harvested and incubated overnight with avidin solution (Ultra-
Link Immobilized NeutrAvidin Beads 10%, Pierce) at 4°C.
Avidin-bound complexes were washed three times and the
biotinylated proteins were eluted in a 2X sample buffer. The
protein samples were suspended in a sodium dodecyl sulfate
buffer and separated by sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis. The separated proteins were
transferred to a nitrocellulose membrane and blotted with
appropriate primary and secondary antibodies. Anti-Myc (Santa
Cruz Biotechnology, Santa Cruz, CA, USA) antibody was used as
primary antibody, and anti-Mouse IgG Horseradish peroxidase
(HRP) (Thermo Scientific, Rockford, IL, USA) antibody was
used as secondary antibody. Protein bands were detected by
enhanced chemiluminescence (Amersham Biosciences, Buck-
inghamshire, UK).

grown on coverslips were fixed in 10% formalin for 10 minutes
and permeabilized with 0.1% Triton X-100 for 10 minutes at
room temperature. Nonspecific binding sites were blocked by
incubation for 1 hour at room temperature with 0.1 mL PBS
containing 5% horse serum, 1% bovine serum albumin, and
0.1% gelatin (blocking medium). After blocking, cells were
stained by incubation with appropriate primary antibodies and
then treated with fluorophore-tagged secondary antibodies.
Fluorescent images were obtained with a Zeiss LSM 780
confocal microscope (Carl Zeiss, Berlin, Germany). Anti-myc
(Santa Cruz Biotechnology), anti-calnexin, and anti-Na‘*/K"
pump (Abcam, Cambridge, MA, USA) were used as primary
antibodies and purchased from commercial sources.

Statistical Analysis

The results are presented as means = SEM. Statistical analysis
was performed with analysis of variance (ANOVA) followed by
Tukey’s multiple comparison test as appropriate. P < 0.05 was
considered statistically significant.

Immunocytochemistry

For immunocytochemistry, Hela cells were cultured on
coverslips and immunostained 2 days after transfection. Cells
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REsuLTs
Clinical Findings

The demographic and clinical details of the two related patients
with ARB are summarized in the Table. Patient 1 was a 66-year-
old man who reported significant central visual loss at the age of
25. His best-corrected visual acuity was 20/400 in both eyes at
66 years of age, which did not change during the follow-up of 2
years. The patient was hyperopic, and his intraocular pressure
was within the normal range with no definite evidence of angle-
closure glaucoma. The fundus showed bilateral symmetric RPE
irregularity in the posterior pole with scattered punctate
yellowish flecks (Fig. 2). These findings were more evident
with autofluorescence imaging, which showed widespread
variability of the autofluorescence. The OCT showed a
disrupted outer retinal layer with serous macular detachments.
Fluorescein angiography showed a patchy, mottled hyperfluor-
escent area in the affected lesion. Fullfield ERG showed
scotopic and photopic responses within the normal range.
The EOG showed an absent light rise (Arden ratio, 1.0).

Patient 2 was a 52-year-old woman, the younger sister of
patient 1. Like her brother, she noted significant visual loss in
both eyes at the age of 20 years. She presented with a further
decrease in her left eye visual acuity for 2 months. Her fundus
findings were almost identical to those of patient 1, except for
the recent development of branched retinal vein occlusion
(BRVO) with macular edema in her left eye (Fig. 3). Her visual
acuity was 20/400 in her right eye and 20/800 in her left eye.
After two monthly intravitreal bevacizumab (1.25 mg/0.05 mL,
respectively) injections, the macular edema in her left eye
promptly resolved, but the serous macular detachment
remained, which appeared similar to that of the fellow eye.
Branched retinal vein occlusion did not recur during the
follow-up of 2 years. Electrophysiology showed normal
findings for the fullfield ERG, but an absent EOG light rise
(Arden ratio, 1.0) in both eyes. Her intraocular pressure was
within the normal range and there was no clinical evidence of
angle-closure glaucoma.

Genetic Findings

A Leu40Pro missense change and an Ala195Val missense change
were detected in the BESTI gene of both patients 1 and 2. No
other nonsynonymous mutation was found. The Leu40Pro
mutation has not been previously reported in patients with
either VMD or ARB. Among the eight siblings in the patients’
family, blood samples of four deceased siblings along with the
deceased parents could not be obtained for genetic analysis.
One living sister had the Ala195Val mutation in one allele, and
her phenotype was normal. Another sister had no mutation in
the BEST1 gene and had a normal phenotype.

One of two sons of patient 2 had the Leu40Pro mutation in
one allele, and the other son of patient 2 had the Ala195Val
mutation in one allele. The son with the Leu40Pro mutation
had a normal phenotype, whereas the son with the Ala195Val
mutation showed a focal hypopigmented RPE change in the
right eye macula and a mottled orange placoid lesion in the left
eye macula (Supplementary Fig. S2). This son had no ocular
symptoms, with a visual acuity of 20/20 in both eyes. Full-field
ERG and EOG findings were normal, and OCT findings were
unremarkable for both lesions. The lesion size and character-
istics did not change during the 2-year follow-up period.

In Vitro Study

Given the finding of one novel (Leu40Pro) and one previously
reported (Alal95Val) variant of BESTI in the two related
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Ficure 2. Clinical features of patient 1. A 66-year-old otherwise healthy man presented with reduced central vision in both eyes, which he first
noticed when he was 25 years old. (A, B) Color fundus photographs showed bilateral, multifocal subretinal yellowish deposits and diffuse retinal
pigment epithelial changes in the posterior pole in the right eye (A) and the left eye (B). (C, D) Corresponding lesions showed diffuse
hyperfluorescence in the late-phase images of fluorescein angiography. (E, F) There are intense hyperautofluorescence of yellowish deposits and
moderate hyperautofluorescence surrounding the macular lesions. (G, H) Horizontal spectral-domain optical coherence tomography images
through fovea show retinal thinning, subretinal fluid, and the thickening of the choroidal layers.

Investigative Ophthalmology & Visual Science

Downloaded from iovs.arvojournals.org on 06/30/2019



A Novel BESTT Mutation in ARB IOVS | December 2015 | Vol. 56 | No. 13 | 8146

Ficure 3. Clinical features of patient 2. A 52-year-old otherwise healthy woman presented with decreased visual acuity in her left eye. She had
noticed reduced central vision in both eyes since she was 20 years old. (A, B) Color fundus photographs showed findings similar to those for her
brother (Supplementary Fig. S2), but her left eye (B) showed the additional finding of flame-shaped retinal hemorrhage, a feature of branched retinal
vein occlusion (BRVO). (C, D) Late-phase fluorescein angiography showed hyperfluorescence of the macular lesions and along superior arcade (D).
(E, F) Yellowish deposits showed intense hyperautofluorescence and moderate hyperautofluorescence surrounding the macular lesions. There is a
blockage of autofluorescence in the left eye (F) due to retinal hemorrhage. (G) Right eye optical coherence tomography (OCT) showed retinal
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thinning, subretinal fluid, and thickened choroid. (H) Left eye OCT showed subretinal fluid and intraretinal fluid that are in part ascribed to
copresent BRVO. (I) After two successive monthly intravitreal bevacizumab injections, left eye OCT image now looks similar to the right eye OCT

image.

patients, we conducted further in vitro experiments to
elucidate the potential functional defects resulting from these
mutations. First, we examined the membrane expression of the
mutant proteins. We transfected wild-type and mutant hBEST/
clones into HEK293T cells or Hela cells and conducted a
surface biotinylation assay, which can demonstrate the mem-
brane expression of a protein selectively, and immunocyto-
chemistry. All mutant and wild-type hBEST1 proteins showed
good membrane expression (Fig. 4A; Supplementary Figs. S3,
S4). Next, we measured the calcium-activated currents using
whole-cell patch recording of the human BESTI protein
expressed in HEK293T cells (Figs. 4B-F; Supplementary Fig.
S$5). Similar to results from previous studies,” larger currents
were observed in cells transfected with the wild-type plasmid
compared to those observed in the mock-transfected HEK293T
cells (Figs. 4B, 4C). And the currents were inhibited by NPPB, a
chloride channel inhibitor, confirming that the measured
currents are hBEST1 chloride currents indeed (Supplementary
Fig. S5). Furthermore, the currents observed in the cells
transfected with the Leu40Pro and Ala195Val mutant plasmids
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were significantly smaller than those transfected with the wild
type (Figs. 4D, 4E). These data indicate that the Leu40Pro and
Ala195Val mutations significantly reduced BESTI function
compared to that of the wild-type protein.

To evaluate whether the identified mutations show an
evident autosomal recessive pattern, we cotransfected wild-
type and mutant hBEST1 plasmids to HEK293T cells and
measured the current activity. As reported previously,”-1823
coexpression of Alal95Val mutant and wild-type BEST1
resulted in activation of large currents (Fig. 5B), whereas
coexpression of an autosomal dominant-type mutant,
Trp93Cys, and the wild type resulted in activation of small
currents (Fig. 5C). The novel mutation Leu40Pro showed
autosomal recessive features similar to the Alal95Val mutant
(Fig. 5A). Therefore, the Leu40Pro and Alal195Val mutations
show an autosomal recessive pattern of inheritance, confirm-
ing the clinical data. To mimic the patients’ condition, we
measured the currents under coexpression of the Leu40Pro
and Ala195Val mutants and confirmed that no current was
generated (Fig. 5D). There was no significant difference in
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Ficure 4. L40P and A195V mutant BEST1 shows tiny currents in comparison with wild type. HEK293T cells were transfected with plasmids
expressing wild-type and mutant hBEST1. (A) Surface biotinylation of hBEST1. Immunoblotting of transfected HEK293T cells using anti-Myc
antibody. (B-E) Representative traces of HEK293T cells transfected with EGFP alone (B), wild type (C), Leu40Pro (D), or Ala195Val bestrophin-1
(B). Voltage was stepped from a holding potential of 0 mV to between —100 and +100 mV in 20-mV steps. Step duration was 2000 ms. (F) Current-
voltage relationship of mock, wild-type, and mutant bestrophin-1. Data are presented as mean * SEM.
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L40P and A195V bestrophin-1 shows autosomal recessive character. Plasmids expressing wild-type and each mutant bestrophin-1 were

cotransfected to HEK293T cells. (A-C) Representative traces of HEK293T cells transiently transfected with wild-type bestrophin-1 plus either (A)
Leu40Pro, (B) Alal95Val, or (C) Trp93Cys. (D) Representative traces of HEK293T cells transiently transfected with Leu40Pro and Ala195Val
bestrophin-1. (E) The mean outward chord conductances (Geporg) in transfected HEK293 cells, calculated over 0 mV to +100 mV. *Not significant

compared to wild type using ANOVA. Data are presented as mean = SEM.

conductance between cells transfected with the wild type only
and those cotransfected with the wild type and either the
Leu40Pro or Ala195Val mutant (Fig. 5E).

DISCUSSION

Since it was first defined as a distinct type of bestrophinopathy
in 2008, there has been growing interest in ARB, with
subsequent case series and reports that soon fol-
lowed.8-1324-29 A important clinical component of ARB is
its autosomal recessive nature with a BESTI-null phenotype,
which makes it a potentially attractive candidate for gene
replacement therapy.!? Unlike ARB, most other diseases
ascribed to BESTI mutations are autosomal dominantly
inherited. We believe that ARB may not be as rare a disease
as previously thought and is possibly easily misdiagnosed as
other conditions such as chronic central serous chorioretin-
opathy, fundus flavimaculatus, Vogt-Koyanagi-Harada disease,
and other types of vitelliform dystrophies.!>3° With a high
clinical index of suspicion, more cases with new mutations
should be identified and reported.

Downloaded from iovs.arvojournals.org on 06/30/2019

It may be noteworthy that one of the sons of patient 2, who
had the Alal95Val mutation in one allele, also had a hyper-
autofluorescent macular lesion in one eye. This lesion did not
appear to be a typical lesion that has been described for either
autosomal dominant- or autosomal recessive-type bestrophin-
opathy. The patient was asymptomatic with normal ERG and
EOG findings. The lesion has been followed up for 2 years, and
so far there has been no change in its size or characteristics.
This lesion may not be ascribed to the presence of the
Ala195Val mutation in one allele, since one of the sisters of
patient 2 also has the Alal95Val mutation in one allele but
showed completely normal fundus findings. We could not find
a previous study on the phenotypic changes associated with
only the Alal95Val mutation of BEST1. Therefore, this lesion
could be an incidental finding unrelated to ARB, although
periodic follow-ups are planned to further investigate its
nature. And one of our patients presented with concomitant
BRVO with worsened cystoid macular edema in one eye, which
promptly responded to intravitreal bevacizumab treatment
(Fig. 3). However, we suspect that bevacizumab was successful
in resolving the macular edema ascribed to BRVO only because
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the subretinal fluid remained. To our knowledge, this is the
first report of ARB associated with BRVO.

We conducted in vitro experiments to directly evaluate
whether the novel variant of BEST1 (Leu40Pro) is associated
with physiological defects and is an autosomal recessive trait.
Some autosomal recessive mutations of membrane proteins
such as cystic fibrosis transmembrane conductance regulator
(CFTR) and pendrin are related to protein misfolding, retention
in the endoplasmic reticulum (ER), and ultimate degradation
by the ER-associated degradation (ERAD) pathway.??3! There-
fore, we examined the membrane expression of the hBEST!
mutant using a surface biotinylation assay and immunocyto-
chemistry, and found no defect on the membrane localization
of BEST1. These results suggest that the Leu40Pro mutation is
associated with defects to current activation rather than
protein expression.

We therefore evaluated the current activation of the
hBEST1 mutants by patch-clamp recording. The Leu40Pro
mutant did not generate calcium-activated currents, whereas
the wild type generated large currents. Furthermore, the
Leu40Pro mutant showed autosomal recessive features in cells
cotransfected with the wild-type gene, confirming previous
findings. The Leu41Pro mutant was reported as autosomal
recessive previously.”-'8 This adjacent autosomal recessive-type
mutant data support an autosomal recessive inheritance
pattern of the Leu40Pro mutant. To simulate the patients’
compound heterozygous mutations, cotransfection of Leu40-
Pro and Alal95Val mutant plasmids in HEK293T cells was
performed. No current was generated in the cotransfected
cells, suggesting that the Leu40Pro mutation causes ARB in
both homozygous and compound heterozygous patterns.

In conclusion, we conducted a comprehensive clinical and
molecular evaluation of an ARB family with a compound
heterozygous mutation in BESTI. An in vitro functional
experiment confirmed the autosomal recessive nature of the
Leu40Pro mutation. The ARB of one of the patients was
complicated with BRVO-associated macular edema, which was
successfully managed with intravitreal bevacizumab injections.
The autosomal recessive nature and clinical features that mimic
other more common macular diseases indicate that clinically
suspected cases of ARB warrant genetic confirmation to
confirm the diagnosis.
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