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Abstract

Purpose—To describe the clinical and molecular characteristics of patients with childhood-onset
Stargardt disease (STGD).

Design—~Retrospective case series.

Participants—Forty-two patients who were diagnosed with STGD in childhood at a single
institution between January 2001 and January 2012.

Methods—A detailed history and a comprehensive ophthalmic examination were undertaken,
including color fundus photography, autofluorescence imaging, spectral-domain optical coherence
tomography (SD-OCT), and pattern and full-field electroretinograms. The entire coding region
and splice sites of ABCA4 were screened using a next-generation, sequencing-based strategy. The
molecular genetic findings of childhood-onset STGD patients were compared with those of adult-
onset patients.

Main Outcome Measures—Clinical, imaging, electrophysiologic, and molecular genetic
findings.
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Results—The median ages of onset and the median age at baseline examination were 8.5 (range,
3-16) and 12.0 years (range, 7-16), respectively. The median baseline logarithm of the minimum
angle of resolution visual acuity was 0.74. At baseline, 26 of 39 patients (67%) with available
photographs had macular atrophy with macular/peripheral flecks; 11 (28%) had macular atrophy
without flecks; 1 (2.5%) had numerous flecks without macular atrophy; and 1 (2.5%) had a normal
fundus appearance. Flecks were not identified at baseline in 12 patients (31%). SD-OCT detected
foveal outer retinal disruption in all 21 patients with available images. Electrophysiologic
assessment demonstrated retinal dysfunction confined to the macula in 9 patients (36%), macular
and generalized cone dysfunction in 1 subject (4%), and macular and generalized cone and rod
dysfunction in 15 individuals (60%). At least 1 disease-causing ABCA4 variant was identified in
38 patients (90%), including 13 novel variants; >2 variants were identified in 34 patients (81%).
Patients with childhood-onset STGD more frequently harbored 2 deleterious variants (18% vs 5%)
compared with patients with adult-onset STGD.

Conclusions—Childhood-onset STGD is associated with severe visual loss, early morphologic
changes, and often generalized retinal dysfunction, despite often having less severe fundus
abnormalities on examination. One third of children do not have flecks at presentation. The
relatively high proportion of deleterious ABCA4 variants supports the hypothesis that earlier onset
disease is often owing to more severe variants in ABCA4 than those found in adult-onset disease.

Stargardt macular dystrophy (STGD) is the most common form of juvenile-onset macular
degeneration; it is inherited as an autosomal-recessive trait and caused by mutations in the
ABCA4 gene.1=3 Most cases present with central visual loss in early teenage years and
ophthalmoscopy classically reveals macular atrophy with yellowish-white flecks at the
posterior pole at the level of the retinal pigment epithelium (RPE).1

A large number of studies have described wide phenotypic variability and variable severity
in ABCA4-associated retinopathy. The various phenotypes encompass macular atrophy
without flecks, bull's-eye maculopathy, fundus flavimaculatus (retinal flecks without
macular atrophy), a foveal sparing phenotype, cone-rod dystrophy, and “retinitis
pigmentosa.”120 There is also considerable allelic heterogeneity, with >700 variants in
ABCA4 having been reported to date. 1:2:4-34

Patients with childhood-onset STGD tend to develop early severe visual acuity (VA) loss,
markedly compromised retinal function on electroretinography with generalized rod and
cone system dysfunction, and rapid enlargement of RPE atrophy and progressive loss of
retinal function.>10.13.35.36 patients with adult-onset disease are more likely to retain useful
VA for longer and show milder retinal dysfunction at diagnosis.’11:13.15.35 There have been
no previous studies specifically describing the clinical findings in a large cohort of
molecularly confirmed STGD patients presenting and examined in childhood; the majority
of previous reports relate to clinical features of patients examined in adulthood, some of
whom may have had childhood-onset disease.

The purpose of this study was to describe the detailed clinical and molecular genetic
findings of a large cohort of patients from a single center with childhood-onset STGD
examined before 17 years of age.
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Forty-two patients diagnosed with STGD at <17 years of age, between January 2001 and
January 2012, were ascertained from the pediatric inherited retinal disease clinics at
Moorfields Eye Hospital. Two subjects have been described in a previous case report.?
Blood samples were collected and genomic DNA extracted from peripheral blood
leukocytes after obtaining informed consent. The protocol of the study adhered to the
provisions of the Declaration of Helsinki and was approved by the local Ethics Committee
of Moorfields Eye Hospital.

Clinical Evaluation and Electrophysiology

A detailed medical history was obtained and a full ophthalmologic examination performed.
The age of onset was defined as either the age at which visual loss was first noted by the
patient or, in the “asymptomatic” patients, when an abnormal retinal appearance was first
detected. The duration of disease was calculated as the difference between age at onset and
age at most recent examination in childhood. The follow-up data were obtained before the
age of 17 years.

Clinical evaluation included best-corrected VA, dilated ophthalmoscopy, color fundus
photography, fundus autofluorescence imaging (AF), spectral-domain optical coherence
tomography (SD-OCT), and electrophysiologic assessment. Best-corrected Snellen VA was
converted to equivalent logarithm of the minimum angle of resolution (logMAR) VA.
Follow-up data of logMAR VA, color fundus photography, and AF imaging were compared
with those at baseline.

Color fundus photography was performed with a TRC-501A Retinal Fundus Camera
(Topcon, Tokyo, Japan). Patients were divided into 1 of 6 fundus appearance groups based
on the presence and location of central (macular) RPE atrophy and yellowish-white flecks
(Table 1).

Autofluorescence images before 2009 were obtained with an HRA 2 (Heidelberg
Engineering, Heidelberg, Germany; excitation light, 488 nm, barrier filter, 500 nm; field of
view, 30x30°); imaging after 2009 was undertaken using the Spectralis with viewing
module version 5.1.2.0 (Heidelberg Engineering; excitation light, 488 nm; barrier filter, 500
nm; fields of view, 30x30° and 55x55°)37. Patients were classified into 1 of 3 AF patterns,
as previously described (Table 1).6:36

Spectral domain OCT was undertaken with the Spectralis with viewing module version
5.1.2.0. The HEYEX software interface (version 1.6.2.0; Heidelberg Engineering) was used
for retinal thickness measurements.8-37 Central foveal thickness was defined as the distance
between the inner retinal surface and the inner border of the RPE.6

Electrophysiologic assessment included full-field electroretinogram (ERG), and pattern
ERG, recorded with gold foil electrodes. Protocols incorporated the recommendations of the
International Society for Clinical Electrophysiology of Vision.38:39 Full-field ERGs were
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used to assess generalized rod and cone system function and included (i) dark-adapted dim
flash 0.01 cd-s:-m~2 (DA 0.01), (ii) dark-adapted bright flash 11.0 cd-s-m~2 (DA 11.0), (iii)
light-adapted 3.0 cd-s-m~2 30 Hz flicker ERG (LA 3.0 30 Hz), and (iv) light-adapted 3.0
cd-ssm=2 at 2 Hz (LA 3.0). The pattern ERG P50 component was used to assess macular
function. All the components of the ERG and the pattern ERG P50 component were
examined to classify patients into 1 of the 3 previously described electrophysiologic groups
(Table 1).5:3°

Mutation Screening

Blood samples were collected in EDTA tubes and DNA was extracted with a Nucleon
Genomic DNA extraction kit (BACC2; Tepnel Life Sciences, West Lothian, UK).8 All 50
exons and exon—intron boundaries of the ABCA4 gene were amplified using Illumina Truseq
Custom Amplicon protocol (Illumina, San Diego, CA), followed by sequencing on Illumina
MiSeq platform.8:22 The next-generation sequencing reads were analyzed and compared
with the reference genome GRCh37/hg19, using the variant discovery software NextGENe
(SoftGenetics LLC, State College, PA). All detected possibly disease-associated variants
were confirmed by Sanger sequencing.8:22

All the missense variants identified were analyzed using 2 software prediction programs:
SIFT (Sorting Intolerant from Tolerant; available from www.sift.jcvi.org/; accessed
November 1, 2013), and PolyPhen2 (available from www.genetics.bwh.harvard.edu/pph/
index.html; accessed November 1, 2013). Predicted effects on splicing of all the missense
and intronic variants were assessed with the Human Splicing finder program version 2.4.1
(available from www.umd.be/HSF/; accessed November 1, 2013). The allele frequency of
all variants was estimated by reference to the Exome Variant Server (NHLBI Exome
Sequencing Project, Seattle, WA, available from www.snp.gs.washington.edu/EVS/;
accessed November 1, 2013).

Patients harboring =2 mutations were classified into 3 genotype groups based on mutation
type: Group A included patients with =2 definitely or likely deleterious (severe) variants;
group B included patients with 1 deleterious variant and =1 missense or in-frame insertion/
deletion variants; and group C included individuals with =2 missense or in-frame insertion/
deletion variants® (Table 1). One disease-associated intronic change of unknown effect was
treated as a deleterious allele owing to the associated severe clinical phenotype previously
reported.®22 It should be noted, however, that assigning severity (e.g., a deleterious effect)
to a mutation was not always straightforward, especially for missense alleles and some
variants in splice sites.

Comparison Between Childhood-Onset and Adult-Onset STGD

To investigate differences between the patients with childhood-onset STGD and those with
adult-onset STGD, clinical and molecular genetic data of patients with adult-onset STGD
ascertained at Moorfields Eye Hospital were reviewed. The comparison group consisted of
all patients who had adult-onset STGD (older than 17 years), and who had >2 disease-
causing ABCA4 variants.
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Statistical analysis was performed using commercially available software: Excel Tokei 2010
(Social Survey Research Information Co., Ltd., Tokyo, Japan). The eye used for analysis
was selected according to the Random Integer Generator (available from
www.random.org/). The Mann-Whitney U test was applied to investigate the differences
between the 2 groups (childhood-onset STGD vs adult-onset STGD) in terms of logMAR
VA, and central foveal thickness. The chi square statistic was applied to investigate the
association between selected categorical variables of childhood-onset and adult-onset
disease, including fundus appearance, flecks (macular, peripheral, and no flecks), presence
of pigmentation, AF pattern, electrophysiologic group, and genotype group. P <0.05 was
considered to indicate statistical significance.

Forty-two unrelated patients with childhood-onset STGD were ascertained; the clinical
findings are summarized in Table 2 (available at www.aaojournal.org). There were 22
female and 20 male patients. Eight (19%) were from consanguineous families. The median
age of onset was 8.5 years (range, 3-16), and the median age at baseline examination was
12.0 years (range, 7-16). The median logMAR VA at baseline in all 42 patients was 0.74 in
the right eye and 0.74 in the left eye (range, 0.10-1.30 and 0.12-1.40, respectively). The
mean duration of disease at baseline was 2.0 years (range, 0-9). Follow-up data were
available for logMAR VA, fundus photography, and AF imaging, in 24, 14, and 11 patients,
respectively. The detailed changes in these parameters during follow-up are presented in
Table 3 (available at www.aaojournal.org).

The median logMAR VA at baseline in the 24 patients that were monitored was 0.75 in the
right eye and 0.75 in the left eye (range, 0.10-1.30 and 0.12-1.30, respectively); the median
logMAR VA at follow-up was 1.00 in the right and 1.00 in the left eye (range, 0.05-1.40
and 0.20-1.60, respectively) at a median age of 15.0 years (range, 12-16). Fifteen patients
(15/42; 36%) had logMAR or <1.0 VA in the better eye at baseline. Thirteen of 24 patients
(54%) with available follow-up data had logMAR VA of <1.0 in the better eye at follow-up
(range, 11-16). Follow-up data were available in 14 of 27 patients with VA better than
logMAR 1.0 in the better eye at baseline; 6 (43%) had logMAR of <1.0 VA in the better eye
at follow-up (range, 13-15).

Color fundus photographs, AF images, and SD-OCT images of 5 representative cases are
shown in Figure 1. Baseline color fundus photographs were obtained in 39 patients (Table
2). Among the 39 patients, there was 1 (2.5%) with a grade 1 fundus appearance at baseline,
1 (2.5%) with grade 2, 11 (28%) with grade 3a, and 26 (67%) with grade 3b. There were no
patients with a grade 3c or grade 4 fundus appearance. Central atrophy was present in 37 of
the 39 patients (95%) at baseline; flecks were detected at the macula in 4 of the 39 patients
(10%) and in the periphery in 23 (59%), with no visible flecks in 12 individuals (31%; Table
2). Retinal pigmentation was present in 2 of the 39 patients (5%; patients 24 and 34).

Serial color fundus photographs were available in 14 patients (Table 3), 3 of whom showed
a fundus grade transition. Macular flecks, which were not present at baseline, developed in 2
subjects (patients 7 and 13) and macular and peripheral flecks became visible in 1 individual
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(patient 26). Color fundus photographs and AF images of 4 representative cases who
developed flecks during the follow-up interval are shown in Figure 2.

Patients 17 and 18 had fine dots at the central macula surrounded by numerous peripheral
flecks, classified into fundus grade 3b (patient 17; Fig 3). Clinical and molecular genetic
data of these 2 patients have been previously described.® Only 1 patient had asymmetric
fundus findings, with a central atrophic-appearing lesion with peripheral flecks extending
anterior to the vascular arcades in the right eye, and macular atrophy with flecks, subretinal
fibrosis, and hyperpigmentation at the level of RPE in the left eye (patient 29; Fig 3).

We obtained AF images for 32 patients at baseline (Table 2). There were 10 of the 32
patients (31%) with type 1 AF pattern, 22 (69%) with type 2 AF, and no subjects with type 3
AF. Serial AF images were obtained in 11 patients during the follow-up interval (Table 3);
no patient demonstrated an AF grouping transition.

We obtained SD-OCT images for 21 patients at baseline (Table 2). Outer retinal disruption
at the fovea was present in all 21 patients. The median central foveal thickness of the right

and left eyes was 60.0 and 55.0 pm, respectively (range, 33-138 and 35-140, respectively).
Eighteen of the 21 patients (86%) had severe foveal thinning in both eyes (<100 pm).

Electrophysiologic assessment was performed in 25 patients at baseline (Table 2). Nine of
the 25 patients (36%) were in ERG group 1 (isolated macular dysfunction),1 (4%) was in
ERG group 2,and 15 (60%) were in ERG group 3 (generalized cone and rod dysfunction).

Molecular Genetics

Detailed molecular genetic results including in silico analysis to assist in the prediction of
pathogenicity of the variants are shown in Table 4 (available at www.aaojournal.org). Forty-
six ABCA4 variants were identified: 27 missense, 7 splice-site alterations, 7 nonsense, 3
frameshifts, 1 in-frame duplication, and 1 definitely disease-associated intronic variant for
which the exact pathogenic mechanism is not known. Thirteen novel definitely or highly
likely disease-causing variants were identified: p.GIn8fs, p.Cys519*, p.Asp586Gly,
p.Args87Lys, p.Glu905fs, p.Tyr1027*, p.Met1066-Arg, p.Argl097*, p.Thr1721fs,
p.Tyrl770Asp, p.Alal739dup, p.Ser2072Asn, and ¢.6817-2A>C (Table 4). Four
homozygous variants (p.Glu905fs, p.Glu1022Lys, p.Tyr1027*, and ¢.64719+1G>A) were
identified in patients from consanguineous families and the other 42 variants were detected
in heterozygous state. Four of 8 patients from consanguineous families had homozygous
variants (patients 3, 5, 6, and 28), 2 had compound heterozygous variants (patients 2 and
17), and 2 had no variants identified (patients 1 and 4).

At least 1 disease-causing ABCA4 variant was detected in 38 of the 42 patients (90%); of
these, =2 variants were identified in 34 (81%) and 1 variant in 4 (9.5%; Tables 2 and 4).
Only 4 of the 42 individuals (9.5%) had no variants identified. The 34 patients harboring =2
disease-causing variants were classified based on the number and mutation type (with
suggested severity) into 3 genotype subgroups: 7 patients (21%) in genotype group A, 15
(44%) in group B, and 12 (35%) in group C (Table 2).
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Comparison Between Childhood-Onset and Adult-Onset STGD

Sixty-four patients with adult-onset STGD harboring =2 disease-causing ABCA4 variants
were reviewed. The clinical and molecular genetic data were compared between 34 patients
with childhood-onset STGD harboring =2 disease-causing ABCA4 variants and the
aforementioned 64 patients with adult-onset STGD (Table 5, available at
www.aaojournal.org; Fig 4).

There were significant differences in terms of fundus appearance classification (chi-square =
23.2; P =0.001), presence of pigmentation (chi-square = 14.9; P = 0.000), genotype group
classification (chi-square = 7.3; P = 0.003), and central foveal thickness in the selected eye
(P =0.012; Table 5, available at www.aaojournal.org; Figs 4 and 5, available at
www.aaojournal.org); with childhood-onset STGD being associated with less retinal
pigmentation, a greater proportion of patients harboring deleterious alleles, and a thinner
central fovea. No differences were identified in terms of location of flecks (chi-square = 4.0;
P =0.136), AF pattern (chi-square = 5.6; P = 0.061), electrophysiologic group (chi-square =
3.8; P =0.148), or logMAR VA in the selected eye (P = 0.781). However, a greater
proportion of patients with childhood-onset STGD were in ERG group 3 (10/18; 56%)
compared with adult-onset STGD (18/59 [31%]; Table 5; Fig 4), but the difference, although
showing a strong trend, did not attain significance (Fig 4).

Discussion

This manuscript reports a series of childhood-onset patients with molecularly confirmed
STGD, and compares the genetic, clinical, and electrophysiologic data with those in an
adult-onset group.

The classical phenotype of STGD is characterized by the presence of yellowish-white
fundus flecks and macular atrophy, but the fundus appearance can be variable 1.3:12.13
Fishman described 4 groups based on fundus appearance and electrophysiologic findings®;
the author did not distinguish between childhood-onset and adult-onset disease. In addition,
the classification did not fully encompass the range of phenotypes present in childhood-
onset disease and thus was modified for the present study (Table 1). Most children in this
study had the classical fundus appearance of STGD with macular atrophy and macular
and/or peripheral flecks, but one third of children had no visible flecks at presentation.
Subsequent development of flecks was observed during the follow-up interval in 3 of these
12 patients (Fig 2). Similar development of macular/peripheral flecks over time have also
been described in a young adult patient with STGD.18

There were no children with paracentral atrophy without central atrophy (observed in the

foveal sparing phenotype, a milder phenotype seen in a minority of patients with

STGD). 71111315 Thjs observation is in keeping with previous reports that patients with a
foveal sparing phenotype typically present in later adult life.”1> The subset with a foveal-
sparing phenotype show relatively preserved foveal structure, which results in a relatively
wide CFT range in the adult-onset STGD group (Fig 5).
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Marked disruption of foveal outer retinal structure was present on SD-OCT in all children
imaged, indicating that changes in foveal structure occur early in the disease process. Visual
loss may precede ophthalmoscopic abnormalities in childhood-onset STGD and this may
lead to nonorganic visual loss being considered. In such cases, SD-OCT imaging and/or
electrophysiologic assessment will avoid misdiagnosis.18 The early foveal involvement in
STGD without flecks, or other AF imaging evidence of increased levels of lipofuscin in the
RPE, lend support to the hypothesis that A2E, which is elevated in STGD, may be directly
toxic to cone photoreceptors.4041

Of the 24 patients, 9 (36%) were in ERG group 1, 1 (4%) in ERG group 2, and 15 (60%) in
ERG group 3. A greater proportion of patients were in group 3 compared with the cohort
with adult-onset disease, indicating that childhood-onset STGD is more likely to be
associated with generalized retinal dysfunction. This is further evidence for childhood-onset
STGD having a more severe retinal phenotype. %635

Twenty-two patients (58%) had =1 deleterious variant and 7 subjects (18%) had 2
deleterious variants, which was significantly higher than observed in the adult-onset cohort
(45% and 5%, respectively). The 5 patients (71%) with available ERGs in genotype group A
(harboring 2 deleterious variants) all had generalized rod and cone system dysfunction (ERG
group 3). These findings when taken together suggest that patients harboring deleterious
ABCAA4 variants are more likely to have an earlier presentation (childhood) and a more
severe functional phenotype.>

There are potential limitations of this study, including the definition of age of onset and
choosing to classify childhood-onset as before the age of 17. The age of onset was defined
as either the age at first symptom or the age when a retinal abnormality was first detected in
“asymptomatic” patients. These 2 groups (symptomatic and asymptomatic) may have
different clinical characteristics, including the symptomatic patients would be expected to
have foveal involvement and thereby reduced VA. However, the vast majority of children
were symptomatic in our cohort. It is also possible that dividing patients by age 17 may
potentially introduce a selection bias.

This study specifically addresses, for the first time, the clinical features and molecular
genetic findings of childhood-onset STGD in a substantial group of patients. Childhood-
onset disease is associated with more severe VA loss from the early stages of disease. The
classical flecks are not always present at diagnosis, but can appear later in the course of
disease. Generalized cone and rod system dysfunction is more common than in adult-onset
disease, in keeping with a more severe phenotype. Two or more disease-causing variants
were detected in >80% of children and a higher proportion of definitely or possibly
deleterious variants were demonstrated compared with adult-onset STGD, which is likely to
underlie the earlier onset and more severe phenotype in childhood. The rapid deterioration
of function in childhood-onset disease suggests that the investigation of novel therapies in
this age group is more likely to lead to timely recognition of any treatment effect compared
with adults with more slowly progressive disease.
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Figure 1.
Color fundus photographs, autofluorescence, and spectral-domain optical coherence

tomographic images of 5 representative cases with childhood-onset Stargardt Disease
(patients 2, 21, 15, 37, and 9). Color fundus photographs of patient 2 shows normal findings
at age 7 (fundus grade: 1). Patient 21 has numerous flecks at the posterior pole without
central atrophy (fundus grade: 2) and autofluorescence (AF) imaging demonstrates
widespread multiple foci of high and low AF signal at the posterior pole with a
heterogeneous background (AF type 2). Spectral-domain optical coherence tomography
(SD-OCT) identifies marked outer retinal loss at the central macula. Patient 15 has central
atrophy without flecks (fundus grade: 3a) and AF imaging demonstrates a localized low AF
signal at the fovea with a high signal edge surrounded by a homogeneous background (AF
type: 1). SD-OCT detects marked outer retinal loss at the central macula. Patient 37 has
central atrophy with macular flecks (fundus grade: 3b) and a localized low AF signal at the
fovea surrounded by a homogeneous background with perifoveal foci of high signal (AF
type: 1). SD-OCT shows outer retinal loss at the central macula. Patient 9 has central
atrophy with peripheral flecks extending anterior to the vascular arcades (fundus grade: 3b)
and a localized low AF signal at the macula surrounded by a heterogeneous background and
widespread foci of high AF signal extending anterior to the vascular arcades (AF type: 2).
SD-OCT reveals outer retinal disruption at the macula. Pt = patient.
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Figure 2.
Color fundus photographs and autofluorescence (AF) images of 4 representative cases

developing macular flecks during follow-up (patients 7, 13, 26, and 12). Color photograph
of patient 7 at baseline shows subtle central atrophy without flecks (fundus grade 3a). At
baseline, AF imaging demonstrates a localized low AF signal surrounded by an irregular
high signal (AF type 1). Five years later, there is marked central atrophy with visible
macular flecks (fundus grade 3b) and AF imaging demonstrates a localized low AF signal at
the fovea with perifoveal foci of high signal (AF type 1). Patient 13 shows central atrophy
with no visible flecks at baseline (fundus grade 3a), with AF imaging showing a localized
low AF signal surrounded by subtle foci of high AF signal at the macula (AF type 1). Six
years later, there are marked and increased macular flecks, also clearly seen on AF imaging
(fundus grade 3b; AF type 1). Patient 26 has central atrophy with no visible flecks at
baseline (fundus grade 3a), but marked flecks corresponding to foci of high signal on AF
imaging are present 4 years later (fundus grade 3b; AF type 2). Patient 12 shows central
atrophy with early subtle peripheral flecks at baseline (fundus grade 3b) and AF imaging
demonstrates a localized low AF signal with subtle foci of high AF signal extending anterior
to the vascular arcades (AF type 2). Two years later, there are marked and increased macular
and peripheral flecks, which are also well-defined on AF imaging (fundus grade 3b; AF type
2). Pt = patient.
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Figure 3.
Color fundus photographs, autofluorescence (AF), and spectral-domain optical coherence

tomographic images of 2 molecularly proven cases with “atypical” clinical features of
childhood-onset Stargardt Disease (patients 17 and 29). Color photograph of patient 17
shows fine dots at the central macula surrounded by numerous peripheral flecks and AF
imaging demonstrates well-defined dots associated with a high signal at the central macula
surrounded by a ring of increased AF signal and numerous foci with high and low signal
extending to the peripheral retina. Outer retinal loss at the macula is present on SD-OCT.
Patient 29 has asymmetric fundus findings with central atrophy and peripheral flecks in the
right eye and macular atrophy with flecks, subretinal fibrosis, and hyperpigmentation at the
level of the retinal pigment epithelium in the left eye. Pt = patient.
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Figure 4.
Comparison of the distribution of fundus appearances, presence of pigmentation,

electrophysiologic group, and genotype group between a cohort with childhood-onset
Stargardt disease and a group with adult-onset Stargardt disease. There are significant
differences in terms of fundus appearance classification, presence of pigmentation, and
genotype group classification (*P < 0.05). A higher proportion of patients with childhood-
onset Stargardt disease are in electrophysiologic group 3 compared with adult-onset
Stargardt disease, but this difference does not attain significance. ERG =
electroretinography.

Page 15

Presence of Pigmentation

100%
90%

0% <

0%
60%
50%
40%
0%

20% 4
10% 4

0%

100%

90% T
80%
70%
0% +-
50% +
40%
30% 1
20% 1
10% 1
0% +

= Pigmentation
= Mo pigmentation

Childhood-onset (n=32) Adult-onsel (n=64)

Genotype Group

Ophthalmology. Author manuscript; available in PMC 2015 June 08.



Page 16

Fujinami et al.

*JaY10 YIea UM 8]e|21102 10U Op SUOIeII4ISse|d 1 0 sdnolb/sadAy/sapelf paubiy

‘winijaynda Juswibid jeunas = 34y ‘Aydeibounalonos)s uwisned = 9434 ‘Aydeibountalonds|s = 9YJ 93usdsaionjjoine = 4y

SjuBLIEA
UONB[3P/UOILIaSUI BBl
-U1 1O 9SUBSSIW BI0W IO OM |

(S)1ueLIRA UONBIBP/UOIIBSUI
aweljul J0 ASUBSSIW T
pue JUBLIeA SNOLISIBIAP BUQ

SjueLIeA SNOLIBIBI8P
(A19x1) aJow Jo om |

Aijewsouge
9Y3 poJ pue suod
pazijelauab [euonippe

DadAous  ynm Aljewoude Y3d
Alewlouge 9¥3 8uod

pazijesauab [euonippe

g adAjous yum Aljewlouge 943d
$OY3 pIdl-1In} jewiou

v adAlous yum Alfewlouge 943d

¢ dnoig

Zdnolo

T dnolo

leuBis mo|
10 ybiy 4o 1904 Jo/pue punoibxoeg snosuabolslay e
yum ajod souglsod 1e feubis 4y moj Jo seale ajdnjnin

S9PEIJR JBINISEA
a1 031 Jowdue Buipuaixa [eubis 4y moj Jo ybiy

10 1904 pealdsapim pue punolbxoeq snosusboiaiay e
Aq papuno.ins ejnaew ay} e [eubis 4\ Mo| pazijedoT]

leubis moj Jo ybiy Jo 1904
[eanojiiad Inoynm/yim punoubxoeq snosusbowoy
e Ag papunouns eanoy ay} Je [eublis 4 Mo| pazijeao]

SapeoJe JenaseA
ay1 puoAaq Buipusixa

‘3d¥y ays Jo sabueyd

¢ adAL o1ydouye aAIsuaIxa ajdnnAl
Aydoure

[eA3U32 INOUNM ‘SH23]4
|edayduiad Jo/pue sejnaew
yum Aydoure jesuadeled

s394 [esayduiad Jo/pue
Jejnoew yum Aydouie jenusd

S84

Z2adAL noyum Aydouie [enuad

Aydoure [euad INOYIM SXI3]4
|edayduiad Jo/pue Jejnoep

T adAL snpuny [ewIoN

¥ 3pelo

ag 8peIo

gg apeio

Bg apeio

Z 9peio
1 9peio

uoneayisse|D dnoao adAlousn

dnoto 9y3

uisned 4v

aoueaeaddy snpun

Author Manuscript

Author Manuscript

T alqel

Author Manuscript

SIURLIBA DGV PUB ‘JUBISSISSY
a160j01sAydo.193]3 ‘ulaned sdusdsadon|joiny ‘souedeaddy snpun4 uo paseqg ‘aseasiq 1pdehaels ul adAlouss pue adAjousayd JO UOIRIILISSE|D

Author Manuscript

Ophthalmology. Author manuscript; available in PMC 2015 June 08.



Page 17

Fujinami et al.

[v<9g+rT.6] 0 [BavssyTsAD]d g VN L€ 4 qae 060 00T 4} 1T vz
SjuelieA ON VN T VN VN N ag 810  8T0 14 4 €z
[sudzzozne] d![0<10T-T9¥S] 0 d VN VN VN 4 ae 00T 00T 1T 8 2
[ne08eT0Id] [ bEVAIL]d | 1 oL 19 z 4 210 ¥50 T o1 12
[o<L0T-TOvs] 2! [s)gui0] d v € 99 19 4 ag 8.0 8.0 1T 01 (14
SjuelIeA ON VN € VYN VN VN 123 0€0  0€0 1 6 6T
[o<10T-T9¥5]2:[ 9gquin]d v ) L0T  v6 4 ag 0’0 050 T 6 187
[BrwsayTsAo] d:[1<989.]0 g VN 8 2 14 ag 0€0 00 0T S 14T
[0<L101-T9va] 0! [1eSK G614 L] d g VN VN VN 4 ag 00T 00T 01 8 91
0<10T-T9¥5 0 VN € vS  ¥S T eg 080 080 o1 g 1)
[d1L0v9161vB1v80rTdI L] 1AL 907 TSIH] d 2 T VN VN 14 ag 8r'0 090 6 8 1
[_gesTIuL]:[sAD80TThIV] d 2 VN S S€ T eg 8r'0  8r0 6 L €1
LB156840°d VN 1 VN WN 4 qg 00T 00T 6 8 4
[1A106vTsAD]:[sAD80TTAIV]d 2 € VN VN 4 ae 8r'0  8r0 6 6 1
[0<L0T-T9vs]a:[sA1280TNID] d g € 9 69 14 ag 0.0 0.0 6 8 01
[0<10T-19v5] 0! 1A L06KTSAD] d 9 VN 19 19 14 ag 020 090 6 L 6
[ 220TALL [ L20TaAL]d v e VN WN z eg 8’0 870 8 9 .8
[0<101-19¥5]9:[sADzTChIv] d | T g8e oy T 123 oo 8v0 8 L L
[v<o1+9618]2:[, L6010V d v VN v ev z ag ovT  0ET 8 L 9
[sysosnIo]:[sys06n10]d v € VN VN 14 ag 00T 00T 8 S «3
SjuelIeA ON VN € VN VN VN ag 020 0T0 L € My
[v<o1+6.79]:[v<OT+6.79]0 v € Sy 09 14 ag 0ZT O0£T L L «£
[, 0e02b.v][sA0ggq9bv]d g 1 YN VN VN 1 8v0 80 L 9 <
sjuerseA oN VN € VN VN WN ag 8,0 00T 9 4 N
1o 1 S|
snyeis uoneiniy  dnoab adAlouss  dnoib oy (wr) 14D adAi 4y adAisp4 WA dVINBOT  (SUA) suljeseg 1e aby  (S44) 18sUQ 1d
100

aseasiq 1pJaebuels 19suo-pooypliyd yim syusined gy Jo snels Jejnasjol pue auljaseq e sbulpui4 [eaiuld jo Arewwns

Author Manuscript

¢ ?olgel

Author Manuscript

Author Manuscript

Author Manuscript

Ophthalmology. Author manuscript; available in PMC 2015 June 08.



Page 18

Fujinami et al.

‘|]anou aAneInd aJe pjog Ul UMOYS SIUBLIEA

m.nm.ﬁ pue /T sjuaned) 1odal ased snolaaid e ul paqiiosap Ajjeiied usag aaey sjuaiied 0>>._.+

*Sa1|1We) SnosuINBUesU0d WOy a1em sjuaired 613
*
"23A0} [e1U80 3y} T8 wniaynda Juswbid feunal 8y} 4O JBPI0Q JaUUI PUB SOBLINS [BUIISI JBUUI B} USSMISC SIURISIP B} SB paulyap Sem | 49 8yl
'pa10313p 1841 Sem soueteadde [eunal fewlouge uaym siuaned onrewordwAse ay Ul 1o Jusned ayr Ag Palou IsIiy SEM SSO| [BNSIA YoIym Je 3Bk ay JaylIa se paulgap sem 1asuo Jo abe ay |

b1 = ¥ “usned =14 ‘AydeiBowol aouslayod [eando = | DO ‘s|ge|IeAe 10U = N
{A1In2e [ensIA uonnjosal Jo ajfue wnwiuiw ayy Jo wiyebo] = WA ¥VINBOT ua] = 7 adAy snpuny = adA) sp ‘weibounalonds)s = Y3 {ssauddIyl |BA0Y [ejudd = ] 49 ‘8dA) aousdsalonjyoine = adAl 4v

A L06vTsAD] [sA06ZTTRIV] d 2 4\ VN VN T 123 810  8T0 91 T ra4
[sudzzozne1] d:[0<10T-T9¥S]2 | VN VN VN VN A\ 00T 00T 91 €1 134
ayd/zogneTd VN N VN VN N VN 87’0 870 97 o1 oy
[n19196TAID]:[A19985dsv] d 2 WN VN VN T ag 080 080 a1 14 6€
[AL06yTSAD]: [Baw9g0TIBN] d 2 VN VN VN VN ag 00T 00T ST €1 8¢
[n19196TAI9(")dNnp6e LTIV ()SADTTSHIV] d 2 VN 5 vy T ae 8T0 8T0 ST vT L
[naT108€T01d]: [sA0EG9B1v] d 2 4 S5 09 4 ag 00T 00T 18 14 9
no196TA19 d VN € 05 9y T 123 050 0S50 GT zt Ge
[dswo/.TaA1] :[naT108€TOId] d 2 € 67  8v 4 ag 00T 00T ST 14 ve
[1op8T+62L9 v+6229]2:[NIDT96TAID] d | T vET 9T T e 020 8T0 4! T €€
[uswz,oz49s]'d:[D<12+810G] 0 g € VN VN VN VN 00T 00T VT 01 z€
[niot96TAIO]:BANBTOTIUL]d 2 T VN VN T eg 87’0  8r0 4! 14 TE
[o<ve-2189]9: 9eguio]d v VN 9 €l z e 080 060 vT T 0¢g
[,5s8di1]:[sA71285B4v] d q VN VN VN VN qg 8TT 00T €1 8 62
[sfzzotnIo][sA1gzotnio] d 2 € Ge €€ 14 ag OTT O0£T €1 9 4
[syTzLTay L] [eIve9sAIo] d g T orT  8€T T eg 090 0S50 €1 6 L2
[1A105TZsA0]: [BawoseAIo] d 2 VN VN VN 4 eg 00T 00T 4 € 9
[,0e02B1v()sATzZTINIO()elve9sAI] d 9 N v8 8L 4 ag 0T 0ET T 8 14
1o 1 o
snjeis uoneiniN dnoub adAoussy  dnoaboy3  (wr) 14D adAi 4y adAispd WA "VINBOT  (S4A) sunjeseg re aby  (S1A) 19SUQ 1d
100

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Ophthalmology. Author manuscript; available in PMC 2015 June 08.



Page 19

Fujinami et al.

4 97 4 €T qe qT qe 4% 8T'T 0€1 97 0€'T O0€T 4% S¢
4 ST 4 4" qe qT qe 4" 00T 00T 1 060 00T 4 ve
VN VN VN qe 9T VN 8T'0 8T0 el €¢
VN 4 qT qe qT qe €T VN 00T 97 00T 007 T 144
VN 4 €T VN 4 €T 0€0 080 €T ¢T’'0 ¥5°0 I TC
4 1) 4 7 qe [4) qe 7 VN 8.0 8L0 17 0¢
VN VN VN eg T VN 0€'0 0€0 T 6T

VN 4 7 VN qe 7 VN o¥'0 0S0 I 8T

VN 4 0T VN qe 0T 0€0 0€0 T 0€'0 0€0 0T JA)

VN 4 T VN qe T 0T'T 0071 T 00T 00T 0T 97

VN 0 ) VN BE (0] VN 08'0 080 0T 1

VN 4 0T VN qe 0T 00T 00T 97 87’0 090 6 vT

T 97 T 0T /S qe 14 eg 0T 080 080 97 87’0 810 6 €T
4 4 4 ) qe €T qe (0] 06'0 OTT 14 00T 00T 6 4"
4 €T 4 6 qe €T qe 6 0C'T O0€T T 87’0 810 6 7
4 €T 4 6 VN qe 6 0T O0T1T €T 0.0 0.0 6 0T
4 €T 4 6 qe ct qe 6 00T OTT €T 020 090 6 6
VN 4 9T VN BE 9T 09T OFT qT 87’0 810 8 8

T 1 T 6 / qe 14 eg 6 0.0 080 1 or'0 80 8 L
VN 4 7 VN qe 7 VN or'T 0€T 8 9

VN 4 6 VN qe 6 VN 00T 00T 8 S

VN VN qe 4% qe 0T 0¢'0 S00 [4% 020 0T0 L 14

4 ) 4 6 qe ) qe 6 VN 0T O0€T L €
VN VN VN T L VN 87’0 810 L 4

VN VN qe €T qe 9 VN 8.0 00T 9 T

(s1A) aby (s1K) aby (s1A) aby (sah) aby 7 o (s1A) aby 1 o (s4K) aby
uoisisuedy adA | n4d g uolsisuea} adA | n4d 14 nd g d
3dfy v ad£y sp4 VA dvINbBoT

Author Manuscript

Author Manuscript

aseasiq paehuels 19suo-pooypiiyd
yum squained gy Jo [eatau] dn-mojjo4 aya Buranp uasired sousdsadonjolny ‘souedeaddy snpun4 ‘A1Indy fensiA Jo sabueyd pajieleq
g€9l|qelL

Author Manuscript

Author Manuscript

Ophthalmology. Author manuscript; available in PMC 2015 June 08.



Page 20

Fujinami et al.

qybu = uaned =
1d ‘8]qe|IeAR J0U = N ‘AJINJE [eNnsIA Uo1INjosal 0 a]fue wnwiuiw ay} Jo wyiebo] = WA dVINBOT SwN ‘48] = 1 ‘dn-mojjo} = N4 ‘2dAl snpuny = adA1 sp4 ‘auljaseq = g ‘adA} aousdsaionjjoine = adA) 4

VN T 9T VN BE 9T VN 8T0 8T0 91 474

VN VN VN VN VN 00T 00T 91 114

VN VN VN VN VN 8¥'0 80 91 or

VN T qT VN qe qT 080 080 97 08'0 080 ST 6€

VN VN VN qe 9T 00T 80T 97 00T 00T ST 8¢

VN T o1 qe 9T qe 1 950 S0 97 8T'0 8T0 ST LE

VN 4 9T VN qe 97 00T 00T 97 00T 00T ST 9€

VN T qT VN eg ST VN 050 0S0 ST o153

VN 4 1 VN qe 1 VN 00T 00T ST 125

VN T 9T VN BE 97 9€'0 9€0 97 020 8T0 T €€

VN VN VN VN 00T 00T ST 00T 00T 1 [43

VN T vT VN BE 14 VN 8y'0 810 T 1€

VN 4 qT VN qe qT VN 080 060 T 0€

VN VN VN qe ST 8.0 8.0 97 8T'T 007 €T 6¢

4 ST 4 vT VN qe 14 880 OTT ST OT'T O0€T €T 8¢

VN T €T VN BE €T VN 090 0S50 €T Y4

VN 4 97 / qe 9T eg 4% 00T 00T 97 00T 00T 4% 9
(s1A) aby (s1K) aby (s1A) aby (sah) aby 7 o (s1A) aby 1 o (s4K) aby

uoisisues) adA L N4 14 uoisisue) adA L N4 ak:! nd ak! 1d

3dfy v adAy sp4 VA dvINbBoT

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Ophthalmology. Author manuscript; available in PMC 2015 June 08.



Page 21

Fujinami et al.

86€TSLTS! anN 1660 ayd pajess|ol J0N 666T '[e 18 SIMaT] 0T T sA7.80TNIO'd V<96G2ED 44
anN S61°0 aod payess|ol 10N Apmis siyL 8¢ T Bi1vy990TIN d 9<1/6T€0 44
an Apnis sy 8 z x/20TALd 9<1T80€9 1C

6Sv61.19s an 000'T ayd payess|o} 10N oz’ 1€ 13 J31SadMN 8z z sA7zeotniod V<O¥90€2 1z

209558T0Zs! anN 000'T ayd paless|ol J0N ¢z e 191920y ¢ T 18IN6TOTIYL'd 1<0950€°0 1C
anN 656°0 ayd Paless|0) JION  z¢'[e 19 Uequie]-aunby 9T T JasyselALd J<V1982°2 6T
anN Apms siyL S z sjs06n|9°d o18peTLZ D 8T

. . ve'le . . . .

8£9/G79/81 77290 7980 aod PRIRIIONION 1oy 1afe 17 1238 SIMa] lz'se z 18p£98A19°d felve9ghio-d <9885 IT

90725 T9s! sz B 18 BIBAIY 6¢ T «Gggdi] d V<9¥952°0 9T
an 6660 add payess|0} 10N gz 1€ 19 BlaAlY 9 T sAogg9buy d 1<D/G6T9 12"

TETT96SKTSI  9TTO0 2’18 19 JueussZ 0£'8T ‘¢ € x9g9u1o'd 1<0906T"0 €T

wﬁomﬁz
q aNs . . , .
anN Jouop sonds vl 98 670 aod paess|ol 10N Apmis siyL 6¢ T sA1,856uvd V<909.T2 Fa)
3] susxeam
an 6650 aod paesa]o} 10N Apns sy 6 T A19985dsyd 9<V/G/TD 4
als
J01d800R . . . . .
an a011ds mau 8518 0 2880 aod pajess|o} 10N ,z'1e 18 18holys 9z T Bi1v0ssA19d V<9879T 2 4
©'sa1eald
an Apnis siy1 4 T «6TGsADd V<D/GSTD 4
anN 9/6°0 ayd paless|ol I0N 2z’ I8 19 JueusszZ L€ T sAOTTSOIv d 1<OTESTO 1T
anN g1 38 1weutlng 4 T «6EYdiLd V<OLIETD 01
%eT~
an Aq ays 108 976 ‘[e 10 Buniana|y IT T so11ds 1<989/2 9
Jouop 9o1]ds 8 : ;
3y} suayeam
0020S.T9s! 91700 156°0 ayd paless|ol I0N 0’1238 4 1]j3uowis L T sAozTZhIv d 1<0Y€9d 9
an Apnis siy 1 0z T sjgu|9d vdnpTzd T
SA3Aq AD AD (T-0) 24008
dNS ap paA1asCo 103y weny  adApiim Jea wny uonvIpaad uonaipaad soUBI20Y ” painuapl 108)9/96ueyd uonnsgns SAI
Aouanbaay SaJ9|[e JO JequinN uialoid 8pN0dJINN Juoxg
APV 4SH guaydAjod 14Is

Author Manuscript

Author Manuscript

asessi 1pJebaels 19suo-pooyp|iyd Ul panuspl sjuelIRA #vO gV 9t 8Ul Jo Anotusboyred peissbbng

v alqel

Author Manuscript

Author Manuscript

Ophthalmology. Author manuscript; available in PMC 2015 June 08.



Page 22

Fujinami et al.

%y~
. Aq aus . _ . .
2810 jouopaoyds  EEEL 6798 g7 I8 19 SI8WaID 74 T 801|ds V<OG+7TLS0 OrSAl
ETNENTENEIT
7'z
82.008T8! 67€0°0 oz 18 10 sB6ug ‘0z ‘8T ‘9T 6 urepsaun O<10T-T9Y50 8ESAI
‘ST'0T ‘6 'L
alls Jouop
anN 8o11ds ayy 0 828 1z [8 10 J9koiys 9 T 8o11ds V<OT+96T5 0 9ESAl
SeyeuIWw1|d
alls Jouop
anN 8o11ds ayy 0 ST'18 g'[e 30 tweulng z€ T 8o11ds 0<12Z+8705 GESAI
SeyeuIWw1|d
¥8ETGLTOS 91700 000'T Qayd pajess|ol J0N or'[2 38 UeWySI- 9 T 1K106T2sAyd V<O67790 I
anN 000'T Qayd paess|ol 10N Apmis siyL z€ T usyz,0z18s'd V<9GT29d S
€8ETSLTOS! anN vz 1818 SIma (YA 2z %00z0uyd 1<08809°0 2%
80¥TS.T9S! 67€0°0 000'T Qayd paesa|ol 10N v 1818 SIma] 7 ‘0F ‘22 € ayd/coznaTd 1<062090 2%
£55008TS!  98THO 000°T Qdd  PaleIe|o} ION y7 e 18 SIMe] _mmwmﬂm g nio196TAIDd V<2885 70
anN Apmis siyL L€ T dnpeg/Telv d J91sUIFTZS €125 L€
an 000'T ayd payesa|ol 10N Apnis siy 1 e T dsv0/LT4ALd 9<180€50 L€
99505/19s! anN Apnis sy 1z T s§Tz.TyLd VOIBPTITS 091G 9
an 6660 add payess|0l 10N 2z’ 1@ 19 s66ug vT T di10r916v"d 1<08T619 9
ZSTOSLTOS! anN 6660 Qayd pajess|ol I0N vz 18 19 sIma] €T T 18IN9ZSTIYLd 1<0LL570 1€
Z0VTSLTS! anN 766°0 Qayd paesa|o} 10N vz 12 18 SImMaT] '8 'TIT 6 4 1£106v1sA0d V<9692 0
an 6660 Qayd paress|ol 10N ‘le 38 1weutlng vz LT 4 BivssyTsAod O<1€9eVd 0¢
GETOGLTIS! an €160 add payess|0l 10N vz [8 39 SIMa] vT T fivgoptdiL-d <122y 8¢
€€T0SLTOS! anN ¥28°0 aod pajess|ol I0N vz 18 19 sIma vT T 1A190pTSIH'd 1<09TZ0 8z
0£T0S.T9S! €€20°0 660 Qayd paesa|o} 10N vz 12 18 SIMaT] 9 've ‘12 € na708€T0.d'd 1<06ETY 8¢
an 8660 Qayd parets|ol 10N 2z 1€ 19 JueusszZ rA’ T sAD6ZTThIv d 1<0G8€e€™ €
66ETSLTOS! anN 000'T ayd paless|ol I0N vz €18 SIma] T4 T sAzzTTnod V<OP9EEd 54
02T0SLT9S! 91700 986°0 Qayd pajess|ol I0N ¢z 12191820y €11l z sADg0TTAIVd 1<07zee0 4
an Apnis siy 1 9 T %/60TPIvd 1<Vv682€2 44
SA3Aq AD AD (1-0) 84008
dNS ap PaA18sCo 103y weny  adApim Jea wny uonIpaad uonaipaad soUBI25Y ” painuapl 108)9/96uUey? uonnsgns SAI
Aouanbaay S9|3]|e JO JaquinN u1s10ad 9pNosIINN Juox3
PRIV 4SH guaydAjod 14Is

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Ophthalmology. Author manuscript; available in PMC 2015 June 08.



Page 23

Fujinami et al.

['eT0Z ‘T AreIga- passaddy /SAT/npa-uoibuiysemsh-dus//:dny] "wsn ‘WM ‘aj1eas ‘19aloid Burouanbas awox3 19 THN 49AISS JUBLIBA BWOXT 8y} UO SJuelIeA Jo Sajouanbaly afa|[e 8y} Sa10uap SAT "['€T0Z ‘T J18qWaAON Passaddy ‘/4SH/2q puun mmay/:dny] Burords 1oayye ued
JUBLIBA 3 1Y) 32UBYD 3U) Jajeald 8y ‘sanfeA asay) UsamIag aoualaiip ayl Jabirel ayl ‘umoys ase saouanbas Jueinw pue adA1p|Im ayl Joj sanfeA ayL aMs ad11ds pajoipald sy Jobuois ayy ‘anfeA snsuasuod ayl Jaybiy syl :Xuyew 4SH syl WwoJy synsas ayy suodal (T'#'Z UOISIAA ‘4SH)
Japui Buioljds uewnH "Uopod LeIs UoIe|SUeRLY U JO \ 8U3 SI T+ YIIYM Ul ‘GZzZ0/E00000.LSNT I 1duosuely ajquiasu3 03 Huipiodde pataquinu si YNG9 dYL ‘Sa|a|[e Snowaia|ap A|p|iw Juepunge Buipnjoul ‘uolielieA uewny Buiurewal ay e Woly $10814a 911SeIp UMM suoneinw
BurysinBunsip saiinbai saseasip ueljapusw Jo sansoubelp aouls ‘pards|as sem g uaydAjod Jo [apow pauren-leAuewnH ['€T0z ‘T J8qWBAON Passaddy ‘/zydd/npa:preatey yma-sanauahy/:dny] -ares aanisod asfey s,|apow ayl uo paseq Buibeweq Ajgeqo.d Jo Buibeweq Ajqissod
‘ubluag se Ajaanrelifenb suomeinw sasreddde (T°z uoisin) g uaydAjod ['€T0z ‘T Ateniga4 passsody */|Wwiywagns quig L 41S/mmmw/Bs npa tels-e g uis//:dny] '0°0 > Xapul 82UeIa|0} J1 JURIS|0IUI JO GO0 Z X8PUI 3JURIB|0} J1 JURIS|0} 8q 0} paliodal aJe synsal (0" UOISIaA) 14IS

"adA1 pIIM = 1A ¢ JURISIO] WOl JueIB|oU] Builios = | 4|S ‘uaired = 14 ‘buibewep
Algeqoid = @yd ‘Buibewep Ajqissod = QOd palaslep 10u =N ‘ajgeatjdde 1ou = N 83uanbas BuluaAlslul = SA| ‘8109S JeA UewNY = 81095 JeA wnH ‘apuly Buidds uewny = 4SH ‘snobAzowoy = woH ‘snobfAzois1ay = 19H :49AJSS JUBLIBA UOXT = SAT ‘BNJeA SNSUSSU0I = AD

als
an %_H_%oww 0 986 Apmis sy 0 1 so1|ds 0<VZ-1189°0 6VSAI
SajeUILUId
anN 118 18 U e T 8o1|ds 0999 9100099 LLOVIS PST+62L9 ¥+62.90  87SAI
8IS Jouop
anN 8o11ds ayy 0 Gz'18 22’18 19 JueusdZ € z 8o11ds V<OT+6/¥90 LYSAI
SeyeuIWw1|d
SA3 Aq AD AD (1-0) 84008
dNS ap paAtssqo waye weminpy  adA plip - JeA wnH uonaIpa.d uonoIpaid a0UaIaseY d painuapl 1084J9/abueyd uonnIsgns SAI
Aouanbaay S9|3]|e JO JaquinN u1s10ad EIeJIETRIaIN] Juox3
APV 4SH guaydAjod 14Is

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Ophthalmology. Author manuscript; available in PMC 2015 June 08.


http://sift.bii.a-star.edu.sg/www/SIFT_BLink_submit.html/
http://genetics.bwh.harvard.edu/pph2/
http://www.umd.be/HSF/
http://snp.gs.washington.edu/EVS/

Page 24

Fujinami et al.

(%€'9) 8 (%T1°01) €T (%G'2T) 9T (%6'G) ¥ (%6'S) v (%8'T1) 8
sjueLIeA Jus[eAsid 1sow a1 Jo sarouanbal
aud/zoenaTd elve9gh|od noT96TAID d 1K 106v1sAD"d no196TAI9"d O<10T-T9%G0
1 9¢ € 4 GT L
2 dnoio g dnoio Vv dnolo 2 dnoio g dnoio v dnoio uoneayisseld dnoib adAlouss
(y9=u) 101 (ve=u) 1oL
8T L 1) 0T T L
¢ dnoig Z dnoig T dnolo ¢ dnolo Z dnoig T dnolo dnoib 943
(6G=U) eroL (87=U) reYOL
(L62-02) 0°'T8 (8€T-€€) 0°'T9
aAd ybu aup yo (wrl) 140 ‘100
(eg=u) 0L (61=U) re30L
6 €€ 0¢ 0 TC 8
¢ adA)L ZadAL TadAL ¢ adAL ZadAL ToadAL ulaned aousdsalon|joINy
(z9=U) leroL (6z=U) reroL
Sg 6¢ 0¢ 4
uoneyuawbid oN uoneluawbid uoneyuawbid oN uoneyuawbid
T 6€ T 6 T¢ Z
lesayduiad Ie|noeN lesayduiad IenoeN
aoueseaddy snpun4
$09]4 ON $)0914 S$03]4 ON $)0914
8 4 e 14 9 0 0 0 144 8 T T
yopelo ogepelD (gepeld RBEAPRID  ZopRlO) T epelD  popel) OgapRlo (L epeld BLepel Zepeld T apelo
(#9=u) [e10L (ce=u) je10L

(00'Z-80°0-) 00'T
(T2-T2) 07v
(§9-11) 0°22

(0£'1-81°0) 620
(91-2) S°TT
(v1-e) g8

8Aa 1yB1 8y} J0 YA HVINBOT UBIpaN
(s1A) uoneulwexa 1e abe ueipa

(sJA) 185U0 Jo abe ueipaN

(¥9=u) aseasip 1pJebiels 13suo-}Npy

(yg=u) aseasip 1paebiels 19suo-pooyp[iyd

Author Manuscript

SJUeRLIBA H\D gV Bulsneo-aseasip a1ow 10 0M] YIIm aseasiq 1pJebaels 1asuo
-1INPY pue 18SU0-pooyp|IyD Usamiaq SiueLie A 1usjensld ayl Jo AousnbalH sjoy pue ‘adAlouss) ‘sansiiaioeaey [eaiuld Jo uosiiedwo)

G 9lqel

Author Manuscript

Author Manuscript

Author Manuscript

Ophthalmology. Author manuscript; available in PMC 2015 June 08.



Page 25

Fujinami et al.

'Pa103[3S BI3M SIUBLIRA HyyDgY BUISNeo-3seasIp 810w 10 0M) pue g9 1S 18SU0-POoyp|Iyd Yim siusied € ‘uosiiedwod siys o asodind ayy 10 ‘siueLieA
w09V Buisnes-aseasip 810w 10 oM} pue ‘(pjo seak /T eyl Japjo) LS 19suo-}npe pey oym siuaiied |[e Jo palsisuod dnoib uostiedwod sy | ‘pamaInss aJam [endsoH 843 SpIaILI00IA 18 paurensdse 49 1S
135U0-}Npe Y)IM sjusiied Jo erep 9118Uab Jejndajow pue [ealulfd ‘LS 19SUo-}Npe Yim asoyl pue (a9 1S) asessia 1pJebiels 19suo-pooypiyd Yim siusiied syl Usamiag Saoualagip ay ayeBinsaaul 03 Japlo Ul

‘Aydelbowoy
90Ua18Y09 [eando = 1 DO ‘AlINJe [ensiA uoinjosal Jo ajBue wnwiuiw sy} Jo Wyliebo] = WA dVINDOT ‘Wweifounaionds|s = 9YJ SSauxdIyl [BaA0) [IUdd = | 40 adAl souaosalonjjoine = adAl 4y

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Ophthalmology. Author manuscript; available in PMC 2015 June 08.



