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Introduction
Best vitelliform macular dystrophy is an autosomal

dominant disorder characterised by an egg yolk-like
appearance of the macula. The vitelliform “egg yolk”
lesions result from abnormal accumulation of lipofuscin in
the retinal pigment epithelium (RPE). Variable expression
may be observed among affected family members, and the
disease may present asymmetrically in a given patient.
Clinical features vary in the different stages of disease. In
the early stages, accumulation of lipofuscin-like material in
the RPE is observed, but acuity remains excellent.
Disorganisation of the RPE eventually affects the overlying
photoreceptors and leads to vision loss.1 Electro-
oculography (EOG) is abnormal in affected individuals,
even in the presence of a normal fundus.2

In 1992, VMD2 was mapped to the long arm (q13) of
chromosome 11,3 and the VMD2 gene has been identified
by positional cloning as the gene causing Best vitelliform
macular dystrophy.4,5 The gene contains 11 exons and
encodes a 585-amino-acid protein known as bestrophin,
which is selectively expressed in the retinal pigment
epithelium (RPE) and has sequence homology with the
RFP protein family. Marmorstein et al6 demonstrated that

bestrophin is a plasma membrane protein localised to the
basolateral surface of RPE cells. Recently, Sun et al7

demonstrated that bestrophin belongs to a new chloride
channel family.

Since VMD2 was cloned, 79 mutations associated with
Best vitelliform macular dystrophy have been reported.4,5,8-

10 In this study, we present a Chinese family with Best
vitelliform macular dystrophy and describe a novel mutation
in the VMD2 gene.

Materials and Methods
This study was granted approval from the Beijing Tongren

Hospital Joint Committee on Clinical Investigation.
Informed consent was obtained from all individuals. Two
individuals at risk for Best vitelliform macular dystrophy in
a small Chinese family participated in this study (Fig. 1).

Clinical Examination
Both individuals underwent clinical examination

including best-corrected visual acuity measurement, slit-
lamp examination, dilated fundoscopic examination and
optical coherence tomography (OCT) examination
(Professional series PT 770, Humphrey Instruments, San
Leandro, CA, USA).
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Molecular Studies
Blood samples were obtained by venipuncture, and

genomic DNA was extracted using standard methods. All
11 exons of the VMD2 gene were amplified by polymerase
chain reaction (PCR) using primers as reported previously.4,5

Mutation screening was carried out by the single-strand
conformation polymorphism (SSCP) technique. Amplified
DNA was mixed with an equal volume of formamide
buffer (95% formamide, 10 Mm EDTA, 0.1% bromophenol
blue, 0.1% xylene cyanol). Denatured samples underwent
electrophoresis on a 14% non-denaturing polyacrylamide
gel (acrylamide:bisacrylamide = 49:1) for 12 to 16 hours at
300 v at 4ºC. After electrophoresis, gels were silver-stained
and analysed.11 Individual exons that showed aberrant
band shifts were sequenced in 2 directions by ABI Prisms
310 Genetic Analyzer. The exon 4 heterozygous PCR
product was subcloned into the pGEM-T Easy vector
(Promega) prior to sequencing of the mutant and wild-type
alleles, using internal gene-specific primers.

Results
Clinical Characterisation

The proband and his sister, who were at risk for Best
vitelliform macular dystrophy, were examined. The proband
was a 28-year-old Chinese male who presented with vague
complaints of metamorphopsia. His best-corrected visual
acuity was 20/200 OD, 20/50 OS. Dilated fundoscopic
examination demonstrated a faded vitelliform macular
lesion associated with RPE atrophy in the right eye; a
typical vitelliform-like macular lesion was observed in the
left eye (Figs. 2A and 2B). OCT images acquired through
the yellow macular lesions showed a highly reflective
thickened layer at the level of the RPE and choriocapillaris
in both eyes of the proband. There was a well-circumscribed
elevation of the RPE in the left eye (Figs. 2C and 2D). The
proband’s sibling demonstrated vitelliform-like lesions in
both macular regions; there was no associated visual deficit.
Her best-corrected visual acuity was 20/20 OU.

Detection of Mutation
SSCP analysis of the VMD2 gene coding region in the 2

affected patients revealed a shift band on exon 4. Then,
sequence analysis of exon 4 revealed a C-to-G change on
427, predicting a Phe-113-Leu substitution (Fig. 3). This
sequence change segregated with the disease phenotype
and was not observed in 100 control chromosomes.

Discussion
In this study, we have identified a novel mutation in the

VMD2 gene, F113L in a Chinese family affected with Best
vitelliform macular dystrophy. Although the F113L
mutation in exon4 of VMD2 gene does not occur at highly
conserved amino acid residues, the VMD2 gene F113L is
expected to be pathogenic. First, the mutation altered the
predicted amino acid sequence of the VMD2 gene. Second,
the mutation was cosegrated with the affected patients in
this family and was not found in 100 normal control

Fig. 1. Pedigree of the family with Best Vitelliform macular dystrophy.
Individuals are identified by generation.

Fig. 2. Proband. Ophthalmoscopic appearance of the right eye (A) with faded
vitelliform lesions, and left eye (B) with a typical vitelliform lesion. OCT
images through the fovea show a highly reflective thickened layer at the level
of the RPE and choriocapillaris of both eyes (C and D), and well-circumscribed
elevation of the retinal pigment epithelium in the left eye (D).

Fig. 3. Direct sequencing analysis of the VMD2 gene of patients in the family
with the F113L mutation; (A) wild-type allele (B) mutant allele.
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Squares indicate males;
Circles, females;
Slashed symbols, deceased;
Solid symbols, affected;
Open symbols, unaffected; and
Symbol with arrow, proband.
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individuals.
To date, 79 different mutations have been identified in

Best Macular dystrophy patients. These are summarised at
the VMD2 mutation database (www.uni-wuerzburg.de/
humangenetics/vmd2.html). Of these, 75 are missense
mutations resulting in substitutions at 56 different amino
acids. The mutations mainly cluster in or near exons 2, 4,
6 and 8, which are the regions of predicted transmembrane
domains. This suggests these regions may have an important
functional role.

Bestrophin, which has an approximate mass of 68 kDa,
shares a homology with the C. elegans RFP gene family,
named for the presence of a conserved arginine (R),
phenylalanine (F), proline (P), amino acid sequence motif.4,5

Immunocytochemical staining of macaque and porcine
eyes indicated that bestrophin is localised at the basolateral
plasma membrane of the RPE.6 Sun et al7 recently provided
evidence that bestrophin and other RFP family members
represent a new class of chloride channels, indicating a
direct role for bestrophin in generating the light peak.
Marmorstein et al12 have demonstrated that bestrophin is in
the signal transduction pathway that modulates the light
peak of the electro-oculogram, and that it is regulated by
phosphorylation.

In summary, we have identified a novel VMD2 sequence
variation in a Chinese family with Best vitelliform macular
dystrophy. The diversity of mutations in the VMD2 gene
that can result in a similar clinical phenotype attests to this
gene’s central role in maintaining the function of the RPE.
Further characterisation of the VMD2 gene mutations in
the development of Best macular dystrophy may yield
insight into the pathogenesis of these disorders, and possibly
lead to the development of new treatment strategies.
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