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Purpose:

 

 To explore whether the mutation in the retina-specific ATP-binding cassette trans-
porter (ABCR) gene, the Stargardt’s disease gene, contributes to the prevalence of the dry
form of age-related macular degeneration (dry AMD) in Japanese unrelated patients.

 

Methods:

 

 Twenty-five Japanese unrelated patients with dry AMD who were diagnosed by
fluorescein angiography and indocyanine green angiography were chosen as the dry AMD
group. None of these cases had apparent choroidal neovascularization. To detect the muta-
tions in the ABCR gene, genomic DNA was extracted from leukocytes of peripheral blood,
and 26 exons of the ABCR gene were amplified by polymerase chain reaction (PCR). All the
PCR products were then directly sequenced. When a mutation was detected, the occurrence
of a mutation was compared between these AMD patients and the control group.

 

Results:

 

 After direct sequencing, a point mutation in exon 29 was found in one of the 25 dry
AMD patients. In addition, a polymorphism in exon 45 was found in two other patients, and
three sequence variations in exon 23 were detected in all patients. The incidence in AMD pa-
tients in whom a mutation in exon 29 (4%) was detected was less than that in controls (5%).
Screening of the intron-exon boundaries also led to the identification of intronic mutation in
intron 33.

 

Conclusion:

 

 In this study we found no relationship between allelic variation in the ABCR
gene and the prevalence of dry AMD in Japanese unrelated patients.
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Introduction

 

Age-related macular degeneration (AMD) can
cause acquired visual impairment that has been esti-
mated to affect as many as 30% of the population
over age 65.

 

1,2

 

 Age-related macular degeneration is a
multifactorial disorder that is associated with envi-
ronmental risk factors.

 

3

 

 Genetic factors may also
contribute to AMD.

 

4,5

 

 Clinically, AMD is divided
into two subtypes: dry AMD and wet AMD.

 

9

 

 At
present, there is no reliable prevention or therapy
for dry AMD. One approach to identifying the genes
responsible for multifactorial disorders is to survey

inherited eye diseases that resemble the phenotypes
of AMD. There are several hereditary retinal dys-
trophies that resemble AMD; however, no mutation
in retina-specific genes has been reported in dry or
wet AMD.

Recently, mutations in a retina-specific ATP-bind-
ing cassette transporter (ABCR) gene have been as-
sociated with Stargardt’s disease.

 

7

 

 The locus of this
disease was originally mapped to markers on chro-
mosome 1p13–p21.

 

8

 

 The ABCR protein is a member
of the ATP-binding cassette transporter superfam-
ily.

 

7,9

 

 Immunohistochemical analysis of macaque, bo-
vine, and mice retinas showed that the ABCR/Rim
protein is restricted to the rim and incisures of the
rod outer-segment discs (ROS).

 

8–10

 

 The ABCR pro-
tein is involved in the transport of specific substrates,
such as retinal derivatives, metabolites, anti-oxi-
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dants, lipids or peptides, to and from the discs. Star-
gardt’s disease is a common form of autosomal re-
cessive macular dystrophy characterized by juvenile
onset, central visual dysfunction, perimacular yellow
deposits, and atrophy of the retinal pigment epithe-
lium.

 

13

 

 Stargardt’s disease has phenotypic similarities
to AMD. Recently, Allikmets et al

 

14

 

 hypothesized
that mutations of the gene that cause Stargardt’s dis-
ease may enhance susceptibility to AMD in the het-
erozygous state. They reported that mutations in
ABCR were associated with 16% (26/167) of AMD
cases, while 0.45% (1/220) of a racially matched pop-
ulation had mutation of ABCR. However, the meth-
odology they used in that study was controversial.

 

15

 

Among 26 patients that had ABCR-associated alter-
ation, 25 patients had dry AMD.

The purpose of the present study is to explore
whether a mutation in the ABCR gene contributes
to the prevalence of the dry form of age-related mac-
ular degeneration (dry AMD) in Japanese unrelated
patients.

 

Materials and Methods

 

We selected 25 unrelated Japanese patients with
dry AMD (20 men and 5 women: mean age 

 

5

 

 70.2
years) and 40 Japanese controls (25 men and 15
women; mean age 

 

5

 

 40.5 years) from the ophthalmic

clinic of the Tohoku University School of Medicine,
Sendai, Japan. We did not choose an elderly, AMD-
free control group, because this would require the
differentiation between the retinal changes involved
in normal aging and early AMD. Routine ophthalmic
examinations were performed in all patients on each
parameter. Examination included slit-lamp examina-
tion, indirect ophthalmoscopy, macula examination
with contact lens biomicroscopy, and fluorescein and
indocyanine green (ICG) angiography with a scan-
ning laser ophthalmoscope. The diagnosis of dry
AMD includes one or more of the following: the
presence of drusen in or under the retinal pigment
epithelium (RPE), and irregularities in the pigmen-
tation of the RPE (or geographic atrophy). Appar-
ent choroidal neovascularization and vascularized
pigment epithelial detachment were absent in all
cases. Cases with other macular disease, for exam-
ple, idiopathic central serous chorioretinopathy,
were excluded from this study. All patients and con-
trols were anamnestically unrelated. All patients
were given sufficient explanation of the purpose of
this study, and informed consent was obtained.

Genomic DNA was extracted from leukocytes of
peripheral blood and was purified using the Qiagen
QIAmp Blood Kit (Qiagen, Chatsworth, CA, USA).
The exons shown in Table 1 were amplified by poly-
merase chain reaction (PCR) using 0.5 

 

m

 

M concen-

 

Table 1.

 

Mutations Found in ABCR* Gene in 26 Exons Examined in This Study

 

Exon AMD

 

†

 

Stargardt’s Disease Exon AMD Stargardt’s Disease

11 E471K 29 T1428M
15 31 R1517S
16 G818E, G863A

(D847H)
33 I1562T

G1578R
17 34 N1614FS
18 35
19 V931M, 2884delC

N965M, (R943Q)
36 5196

 

1

 

1G

 

→

 

A 5041deL15
5196

 

1

 

2T

 

→

 

C
20 40 R1898H R1898H
21 A1028V 42 G1961E G1961E
22 3211insGT, V1072A

E1087K
43 L1970F 6006

 

1

 

1G

 

→

 

T

23 R1129L 44 L2027F, R2038W
(I2023I)

24 45 V2050L, R2077W
(I2083I)

25 46 R2106C
(V2094V)

27 48 6519

 

D

 

11bp
D2177N
6568

 

D

 

C

6519

 

D

 

11bp
6709insG

*ABCR: ATP-binding cassette transporter.

 

†

 

AMD: Age-related macular degeneration.
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tration of 26 pairs of intronic primers

 

13

 

 in an amplifi-
cation mixture (50 

 

m

 

L) containing 0.2 mM dNTPs
and 1 U Ex 

 

Taq

 

 polymerase (Takara, Tokyo). Ten
exons were reported to include AMD-associated
mutations. The other 16 exons were the ones that
Allikmets et al

 

7

 

 had used for the mutation analyses
of the ABCR gene in patients with Stargardt’s dis-
ease. These exons include ATP-binding domain and
in fact many identified mutations were included in
these exons.

The PCR products were purified using the PCR
Purification Kit: Nucleo Spin Extract kit (Macherey-
Nagel) or Geneclean II (Funakoshi, Tokyo) after
loading onto a 1.2% agarose gel. Purified fragments
were directly sequenced using primers specific for
the intron sequence and BigDye

 

TM

 

 Terminator Cy-
cle Sequencing Ready Reaction Kit (Perkin-Elmer,
Norwalk, CT, USA) on an automated DNA se-
quencer (ABI Prism

 

TM

 

 310 Genetic Analyzer, Per-
kin-Elmer).

 

Results

 

We screened for ABCR sequence mutations in
unrelated dry AMD patients. Of the 50 exons so far
identified with the ABCR gene,

 

16

 

 26 exons were
screened for variations in each dry AMD patient.
Among the chosen 26 exons, 10 exons (exon 11, 23,
29, 31, 33, 36, 40, 42, 43, and 48) contained AMD-as-
sociated alterations reported by Allikmets et al.

 

14

 

The other exons had been previously used for muta-
tion analysis in Stargardt’s disease patients.

 

7

 

 After
direct sequencing, a point mutation in exon 29 was
found in one patient, a polymorphism in exon 45
was found in two other patients, and three sequence
variations in exon 23 were detected in all patients.
Table 2 shows the frequency of changes in nucle-
otides found in the patients and in normal controls.

The point mutation found in exon 29 was a heterozy-
gous mutation (cytosine to thymine; C

 

→

 

T) at the
second nucleotide in codon 1428, which changes the
amino acid threonine to methionine. The mutation
in exon 29 (4%) in AMD patients was less frequent
than in the controls (5%). In exon 23, three se-
quence variations existed in conserved amino acid
positions affecting the encoded protein sequence
(P1116S, H1125L, Q1126L) in all AMD patients.
Three alterations in exon 23 were also detected in all
controls.

In exon 45, a polymorphism was found; there was
heterozygous base change (C65249T) at the third nu-
cleotide in codon 2083 in two AMD patients, but this
base change did not cause amino acid change
(12083I). It was reported that 12083I was detected in
Stargardt’s disease patients.

 

7

 

 Screening of the ABCR
coding sequence and intron-exon boundaries also
led to the identification of two homozygous intronic
base changes 4773

 

1

 

48C

 

→

 

T (8%) and four heterozy-
gous intronic base changes 4773

 

1

 

48C

 

→

 

T (4%) in
intron 33. Neither a deletion nor a splice donor/ac-
ceptor site change was found.

 

Discussion

 

We performed a mutation screening of 26 exons of
the ABCR gene in 25 unrelated Japanese dry AMD
patients in this study. Of the 50 exons identified with
the ABCR gene, 10 exons containing AMD-associ-
ated alterations

 

14

 

 and 16 exons used for mutation
analysis in Stargardt’s disease

 

7

 

 were studied. Allik-
mets et al

 

14

 

 showed that 10 exons contained 13
AMD-associated alterations. Our study revealed a
missense mutation and three sequence variations in
conserved amino acid positions. The direct sequenc-
ing identified a heterozygous transitional change at

 

Table 2.

 

Sequence Variations, Mutation, and Polymorphism in ABCR* Gene Detected
in This Study

 

Alteration Base Change
Dry AMD

 

†

 

(

 

n

 

 

 

5

 

 25)
Controls
(

 

n

 

 

 

5

 

 40)

P1116S CCC

 

→

 

TCC (homozygote) 25 (100%) 40 (100%)
H1125L CAC

 

→

 

CTC (homozygote) 25 (100%) 40 (100%)
Q1126L CAA

 

→

 

CTT (homozygote) 25 (100%) 40 (100%)
T1428M ACG

 

→

 

ATG (heterozygote) 1 (4%) 2 (5%)
Polymorphism

I2083I ATC

 

→

 

ATT (heterozygote) 2 (8%) 0 (0%)
Intron basechange

Intron 33: 4773

 

1

 

48C

 

→

 

T (heterozygote) 4 (16%)
4773

 

1

 

48C

 

→

 

T (homozygote) 2 (8%)

*ABCR: ATP-binding cassette transporter.

 

†

 

AMD: Age-related macular degeneration.
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the second nucleotide in codon 1428 (ACG

 

→

 

ATG)
resulting in an amino acid substitution of methionine
(M) for threonine (T), which was the same alteration
Allikmets et al reported as an AMD-associated mu-
tation with a prevalence of 0.6% (1/167). Our results
showed that the incidence of the T1428M mutation
was 4% in Japanese dry AMD patients, but this mu-
tation was found more frequently (5%) in the con-
trols. The other 12 AMD-associated mutations were
not detected in this study.

In exon 23, three sequence variations (P1116S,
H1125L, Q1126L) were detected in all patients and
controls. This may be explained by racial differences
or sequence variations. Azarian and Travis reported
the same sequences as our finding.

 

12

 

 These sequence
variations may not influence the ABCR function,
because exon 23 lacks transmembrane and ATP-
binding domains. A polymorphism (I2083I) detected
in exon 45 had no genetic importance. Also, there is
probably no causative meaning for a mutation in in-
tron 33, because this position is 48 bases removed
from the splice donor site.

We selected dry AMD patients for this study. It is
true that there is difficulty in the diagnosis of dry
AMD, but we excluded patients with apparent wet
AMD and other maculopathy similar to AMD, using
fluorescein and ICG angiography. It has been re-
ported that 25 patients had dry AMD among 26 pa-
tients that had ABCR-associated alteration.

 

14

 

 There-
fore, we focused on dry AMD in the present study.

Stone et al

 

18

 

 reported that allelic variation in
ABCR is associated with Stargardt’s disease but not
with AMD. In Japanese patients, Kuroiwa et al

 

19

 

 ex-
amined 10 exons in Japanese wet and dry AMD, and
suggested the lack of association between ABCR
genotypes and AMD. The hypothesis that the muta-
tions of the gene that causes Stargardt’s disease may
enhance susceptibility to AMD in the heterozygous
state is fascinating. But this survey revealed only one
AMD-associated mutation and no missense muta-
tion similar to that in Stargardt’s disease. It was re-
ported that four mutations found in AMD patients
(R1898H, G1961E, 6519del11, and G863A) were
also found in patients with Stargardt’s disease.

 

14

 

 In
our study, only one polymorphism (I2083I) was found.

Although the transport function of ABCR is not
yet well-defined, its location lies exclusively in the
outer segments of rods and makes this gene an excel-
lent candidate for involvement in diseases such as ret-
initis pigmentosa and cone-rod dystrophy. Subse-
quently it has been reported that a homozygous
mutation in ABCR causes autosomal recessive retin-
itis pigmentosa,

 

20,21

 

 and cone-rod dystrophy.

 

21

 

 Re-

cently, Weng et al

 

22

 

 characterized the ocular pheno-
type in abcr knockout mice. They suggested that
ABCR-mediated retinal degeneration may result
from a major lipofuscin fluorophore (A2E) in the
RPE, with secondary photoreceptor degeneration
due to loss of the RPE support role. Klevering et al

 

23

 

described mutations in the ABCR gene that can
cause clinical characteristics resembling autosomal
recessive retinitis pigmentosa and autosomal reces-
sive cone-rod dystrophy. Further investigation of the
structure and function of the ABCR protein would
be helpful in understanding these retinal diseases.

Our present mutation study in 26 exons did not
detect AMD-associated mutations in the ABCR
gene. Though we cannot deny the possibility that
AMD-associated mutations exist in other exons, we
found no association between allelic variation in the
ABCR gene and dry AMD in Japanese unrelated
patients.
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