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Purpose: To report genetic and phenotypic discordance across two generations of a family with autosomal recessive
Stargardt disease (STGD1) and to compare pathogenicities of the G1961E and A1038V alleles of the ATP-binding cassette
transporter, subfamily A, member 4 (4BCA4) gene.

Methods: Five members of a family with STGD1 (patients 1-4, affected; patient 5, carrier) were included. Clinical
assessment was performed together with fundus autofluorescence and spectral domain-optical coherence tomography.
Patients were stratified based on the results of electroretinogram testing. Genotyping of the ABCA4 gene was performed
with the ABCR500 microarray.

Results: STGD1 was diagnosed in the male proband and his female sibling (patients 1 and 2, respectively). Two children
of patient 2 (patients 3 and 4) were also affected. Genotyping revealed the W663X stop mutation in all affected patients.
Patients 3 and 4, who were compound heterozygous for the G1961E mutation, had earlier ages of onset than patients 1
and 2, who were compound heterozygous for the A1038V mutation. Patient 1 had an age of onset 28 years younger than
patient 2, whose delayed onset can be explained by relative foveal sparing, while patient 4 had an age of onset 44 years
younger than patient 2.

Conclusions: The G1961E mutation, which has been considered “mild,” yields a more severe phenotype in this family
than the A1038V mutation, which has been considered “severe.” Marked intrasibship discordance in clinical course is

described, suggesting an additional role for modifying factors in ABCA4 pleiotropism.

Autosomal recessive Stargardt disease (STGD1) is the
most common cause of juvenile macular dystrophy. The
disease prevalence has been estimated between one in 8—
10,000 [1], but it is likely higher since the carrier frequency
of mutant ATP-binding cassette transporter, subfamily A,
member 4 (ABCA4) alleles has been determined to be as high
as 1:20 [2,3]. Since the discovery of the ABCA4 gene as the
molecular cause for STGDI [4], the phenotypic and genetic
heterogeneity in this disease has been discussed extensively.
While concordance of the disease phenotype within families
is well documented, familial discordance, in the context of
genetic homogeneity, is also a well recognized feature of
ABCA4 disease [5]. In this case study we report marked
phenotypic discordance in a proband and three affected family
members with STGDI1, across two generations.

METHODS

All patients were examined at least once at the Department of
Ophthalmology, Columbia University, by one of the authors
(ST; Figure 1) after informed consent was obtained. None of
the patients had a contributory past medical history. Age of
onset was defined as the age at which visual symptoms were
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first reported. As three of the patients were examined on more
than one occasion, the age at examination and duration of
disease were recalculated for each visit. Visual acuity was
measured using the Early Treatment Diabetic Retinopathy
Study Chart 1. Clinical examination, fundus photography,
fundus autofluorescence (FAF), and spectral domain-optical
coherence tomography (SD-OCT; Heidelberg Spectralis
HRA+OCT; Heidelberg Engineering, Dossenheim,
Germany) were performed using standard acquisition
protocols following pupil dilation with Guttae Tropicamide
Minims 1% (Bausch and Lomb, Surrey, UK). The area of
geographic atrophy (GA) was determined from FAF images
using previously described segmentation software [6]. The
percentage change in GA area from baseline was calculated
for each visit. Ganzfeld full-field electroretinograms (ffERGs;
Diagnosys LLC, Lowell, MA) were recorded from both eyes
in accordance with the International Society for Clinical
Electrophysiology of Vision standards [7]. Patients with
STGDI1 were grouped based on the results of their ffERGs
compared with those of age similar controls [8]. The normal
range was defined as the mean+2 standard deviations for age-
similar controls. Those with a normal ffERG had group I
disease. Genotyping was performed using the ABCR500
microarray and mutations were confirmed by direct
sequencing. All research was performed with the approval of
the Institutional Review Board of Columbia University.
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#5 #) #1 Figure 1. Pedigree of the family. Filled
3 symbols indicate affected individuals,
11 the half-filled symbol indicates a carrier
for an ABCA4 mutation. The question
G1961E W663N W663X mark in the deceased family member
ALO38V Al038V indicates a possible diagnosis of age-
related macular degeneration.
#3 #4
Won3x W663X
G1961E G1l961E
RESULTS DISCUSSION

Demographic, clinical, and genetic information for all patients
is summarized in Table 1. At examination, all five patients
had normal anterior segments and intraocular pressures.
Patient 2 had the highest best corrected visual acuities
(BCVA) of all affected patients in the study, both at baseline
and follow-up. This was explained by relative foveal sparing,
present on both FAF and SD-OCT. Three of the four affected
patients had widespread FAF abnormalities (i.e., focal
hyperautofluorescent flecks and focal hypoautofluorescence)
throughout the posterior pole, while patient 4 had
abnormalities localized to the central macula (Figure 2 and
Figure 3). All affected individuals had evidence of GA, and
all exhibited peripapillary sparing on FAF.

The W663X and A1038V mutations were detected in the
ABCA4 gene in both patients 1 and 2, the latter having an onset
of symptoms at 57 years of age i.e., 28 years later than her
brother. Importantly, this patient had been examined 10 years
beforehand and although “subtle abnormalities in the retina”
were reported, a diagnosis of STGD1 had not been made.
Patients 3 and 4 inherited the W663X mutation maternally and
the G1961E mutation paternally. The maximum discordance
inter-sibship was 44 years. Patient 5 was entirely
asymptomatic with bilateral BCVA of 20/20. Sparsely
scattered hyperautofluorescent drusen-like lesions were
observed throughout the posterior pole in this patient (Figure
2). No corresponding SD-OCT abnormalities were detected.
All affected individuals had normal photopic and scotopic
ERG amplitudes (i.e., group I disease).
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Both patients 1 and 2 were compound heterozygous for the
W663X and A1038V mutations in the ABCA4 gene. W663X
was previously reported as a disease-causing mutation [9]; it
likely results in a completely dysfunctional protein due to the
stop codon in the first 1/4 of the gene. A1038V, a missense
mutation, is usually reported as a component of the complex
allele L541P/A1038V, one of the most commonly detected
mutations in the ABCA4 gene. A1038V is also known to be
pathogenic without L541P as it has a deleterious effect on
ATPase by ABCA4 in vitro [10,11]. While the complex allele
gives rise to an ABCA4 protein which mislocalizes within the
photoreceptor with a consequent reduction in protein function,
the protein associated with A1038V alone does not
demonstrate mislocalization [12]. The complex allele gives
rise to a broad spectrum of disease phenotypes [13-15]. The
G1961E missense mutation, which has a deleterious effect on
ABCA4’s ATPase activity, is the most common mutation
detected in the ABCA4 gene and has been reported to confer
a milder phenotype [11,16,17].

All affected patients in this family carried the W663X
mutation, and although GI1961E is considered a “mild”
mutation, both patients with the G1961E mutation had earlier
ages of onset than those with A1038V, which is considered
“severe.” A report by Cideciyan et al. describing age of
disease onset in terms of “age of retina-wide disease
initiation” (ADI) suggested that the G1961E mutation results
in a much later ADI than the complex allele L541P/A1038V
[18]. In fact, these mutations were placed on the opposite end
of the ADI spectrum [18]. In this study the retinae of patients
3 and 4 (with the G1961E mutation), at ages of examination
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Patient 4

G Patient 5

Figure 2. Fundus autofluorescence. Representative images of affected patients 1 (A, B), 3 (C, D), 4 (E, F), and unaffected patient 5 (G, H,
I) are presented. Image I corresponds to the black square region in image H. Geographic atrophy was a prominent feature of Stargardt disease
in the three affected patients, with widespread focal fundus autofluorescence (FAF) abnormalities observed in patients 1 and 3 also. Images
of patient 5 revealed sparse discrete hyperautofluorescent macular lesions bilaterally. All subjects exhibited peripapillary sparing on FAF
imaging. A corresponding size bar for images A-H is included in A. A size bar for I is included within the image.
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Figure 3. Images of patient 2. Fundus autofluorescence (FAF) images C and D correspond with the white square regions in images A and
B, respectively. The horizontal white dashed lines represent the position of the spectral domain-optical coherence tomography (SD-OCT)
images E and F on the corresponding en face image. FAF revealed widespread retinal disease. Relative foveal sparing was present bilaterally
as evidenced by a uniform autofluorescence pattern at the foveae (black arrows). The corresponding SD-OCT images revealed relative
preservation of the inner segment—outer segment junctions of the photoreceptors (IS/OS), external limiting membrane (ELM), and outer
nuclear layer (ONL) in this region. The horizontal borders of the regions with preserved IS/OS are indicated by the vertical white dashed lines
on the corresponding FAF and SD-OCT images. Outside these regions, absence of IS/OS was associated with functionally preserved retinal
pigment epithelium (RPE), at least as identified by FAF (C, D). Qualitatively normal thickness RPE was also observed in regions with loss
of IS/OS (F, white arrow).Corresponding size bars for A and B, C and D, and E and F are included in A, C and E, respectively
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<41 years, demonstrated greater GA areas than the retina of
patient 2 (with the A1038V mutation) at ages of examination
>68 years. Although the percentage increase in GA area was
greatest in patient 2 at follow-up, this was due to her baseline
GA being the smallest of all patients.

The observed elevated pathogenicity of G1961E could be
explained by a possibly “dominant negative” effect since this
mutation results in inhibition, rather than stimulation, of the
ATPase activity of ABCA4 by its substrate retinal [11]. The
usual and expected (in a recessive disease) effect of most other
missense mutations in ABCA4 is a reduction of stimulation (a
loss of function) not inhibition (a dominant negative effect)
[11]. Asin the study by Cideciyan et al., the number of patients
in our study was too small to make definitive genotype/
phenotype correlations. It can, however, be stated that
G1961E does not consistently yield a milder phenotype than
A1038V.

Discordance in age of onset was also seen between
siblings. A 28-year difference in age of onset was documented
between patients 1 and 2. This can be at least partially
explained by the relative foveal sparing seen in patient 2. In a
previous report of 15 families with STGD1, the maximum
discordance in age of onset of symptoms was 23 years [5].

Therefore, familial discordance, in the context of genetic
homogeneity, may be the result of environmental,
developmental, or non-4BCA4 genetic-modifying factors on
the ABCA4 protein function [5,19]. Identification of these
pathways and those that lead to foveal sparing may allow for
the development of novel therapeutic strategies. Furthermore,
additional research is needed for better prediction of prognosis
in STGD1.

ACKNOWLEDGMENTS

This work was supported by grants from the Eye Surgery
Fund, The New York Community Trust (New York, New
York), National Eye Institute/NIH (Bethesda, Maryland)
EY018213 (S.H.T.), EY015520 (R.T.S.), EY021163,
EY019861 and EY13435 (R.A.), EY019007 (Core Support
for Vision Research); Foundation Fighting Blindness
(Owings Mills, Maryland); New York State grant N09G-302;
United States Department of Defense TS080017; Crowley
Family Research Fund, Schneeweiss Stem Cell Fund, and
unrestricted funds from Research to Prevent Blindness (New
York, New York). The funding organizations had no role in
the design or conduct of this research. The authors have no
financial disclosures to report. The authors wish to
acknowledge Ms. Neeco Palmer for performing the ERGs
presented in this study.

REFERENCES
1. Blacharski PA. Fundus flavimaculatus. In: Newsome DA,
editor. Retinal Dystrophies and Degenerations. New York:
Raven Press; 1988. p. 135-59.
Jaakson K, Zernant J, Kiilm M, Hutchinson A, Tonisson N,
Glavac D, Ravnik-Glavac M, Hawlina M, Meltzer MR,

2.

232

10.

11.

12.

13.

14.

© 2012 Molecular Vision

Caruso RC, Testa F, Maugeri A, Hoyng CB, Gouras P,
Simonelli F, Lewis RA, Lupski JR, Cremers FP, Allikmets R.
Genotyping microarray (gene chip) for the ABCR (ABCA4)
gene. Hum Mutat 2003; 22:395-403. [PMID: 14517951]

Yatsenko AN, Shroyer NF, Lewis RA, Lupski JR. Late-onset
Stargardt disease is associated with missense mutations that
map outside known functional regions of ABCR (ABCA4).
Hum Genet 2001; 108:346-55. [PMID: 11379881]

Allikmets R, Singh N, Sun H, Shroyer NF, Hutchinson A,
Chidambaram A, Gerrard B, Baird L, Stauffer D, Peiffer A,
Rattner A, Smallwood P, Li Y, Anderson KL, Lewis RA,
Nathans J, Leppert M, Dean M, Lupski JR. A photoreceptor
cell-specific ATP-binding transporter gene (ABCR) is
mutated in recessive Stargardt macular dystrophy. Nat Genet
1997, 15:236-46. [PMID: 9054934]

Lois N, Holder GE, Fitzke FW, Plan C, Bird AC. Intrafamilial
variation of phenotype in Stargardt macular dystrophy—
fundus flavimaculatus. Invest Ophthalmol Vis Sci 1999;
40:2668-75. [PMID: 10509664]

Smith RT, Gomes NL, Barile G, Busuioc M, Lee N, Laine A.
Lipofuscin and autofluorescence metrics in progressive
Stargardt disease. Invest Ophthalmol Vis Sci 2009;
50:3907-14. [PMID: 19387078]

Marmor MF, Holder GE, Seeliger MW, Yamamoto S,
International Society for Clinical Electrophysiology of
Vision. Standard for clinical electroretinography (2004
update). Doc Ophthalmol 2004; 108:107-14. [PMID:
15455793]

Lois N, Holder GE, Bunce C, Fizke FW, Bird AC. Phenotypic
subtypes of  Stargardt macular  dystrophy-fundus
flavimaculatus. Arch Ophthalmol 2001; 119:359-69. [PMID:
11231769]

Reinhard J, Messias A, Dietz K, Mackeben M, Lakmann R,
Scholl HP, Apfelstedt-Sylla E, Weber BH, Seeliger MW,
Zrenner E, Trauzettel-Klosinski S. Quantifying fixation in
patients with Stargardt disease. Vision Res 2007,
47:2076-85. [PMID: 17562343]

Rivera A, White K, Stohr H, Steiner K, Hemmrich N, Grimm
T, Jurklies B, Lorenz B, Scholl HP, Apfelstedt-Sylla E, Weber
BH. A comprehensive survey of sequence variation in the
ABCA4 (ABCR) gene in Stargardt disease and age-related
macular degeneration. Am J Hum Genet 2000; 67:800-13.
[PMID: 10958763]

Sun H, Smallwood PM, Nathans J. Biochemical defects in
ABCR protein variants associated with human retinopathies.
Nat Genet 2000; 26:242-6. [PMID: 11017087]

Wiszniewski W, Zaremba CM, Yatsenko AN, Jamrich M,
Wensel TG, Lewis RA, Lupski JR. ABCA4 mutations
causing mislocalization are found frequently in patients with
severe retinal dystrophies. Hum Mol Genet 2005;
14:2769-78. [PMID: 16103129]

Burke TR, Allikmets R, Smith RT, Gouras P, Tsang SH. Loss
of Peripapillary sparing in non-group I Stargardt Disease. Exp
Eye Res 2010; 91:592-600. [PMID: 20696155]

Klevering BJ, Yzer S, Rohrschneider K, Zonneveld M,
Allikmets R, van den Born LI, Maugeri A, Hoyng CB,
Cremers FP. Microarray-based mutation analysis of the
ABCA4 (ABCR) gene in autosomal recessive cone-rod
dystrophy and retinitis pigmentosa. Eur ] Hum Genet 2004;
12:1024-32. [PMID: 15494742]


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=14517951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11379881
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=9054934
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=10509664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=19387078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15455793
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15455793
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11231769
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11231769
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=17562343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=10958763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=10958763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11017087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16103129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=20696155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15494742
http://www.molvis.org/molvis/v18/a26

Molecular Vision 2012; 18:227-233 <http://www.molvis.org/molvis/v18/a26>

15. Gerth C, Andrassi-Darida M, Bock M, Preising MN, Weber BH,
Lorenz B. Phenotypes of 16 Stargardt macular dystrophy/
fundus flavimaculatus patients with known ABCA4
mutations and evaluation of genotype-phenotype correlation.
Graefes Arch Clin Exp Ophthalmol 2002; 240:628-38.
[PMID: 12192456]

16. Cella W, Greenstein VC, Zernant-Rajang J, Smith TR, Barile
G, Allikmets R, Tsang SHG. 1961E mutant allele in the
Stargardt disease gene ABCA4 causes bull's eye
maculopathy. Exp Eye Res 2009; 89:16-24. [PMID:
19217903]

17. Genead MA, Fishman GA, Stone EM, Allikmets R. The natural
history of Stargardt disease with specific sequence mutation

© 2012 Molecular Vision

in the ABCA4 gene. Invest Ophthalmol Vis Sci 2009;
50:5867-71. [PMID: 19578016]

18. Cideciyan AV, Swider M, Aleman TS, Tsybovsky Y, Schwartz
SB, Windsor EA, Roman AJ, Sumaroka A, Steinberg JD,
Jacobson SG, Stone EM, Palczewski K. ABCA4 disease
progression and a proposed strategy for gene therapy. Hum
Mol Genet 2009; 18:931-41. [PMID: 19074458]

19. Schindler EI, Nylen EL, Ko AC, Affatigato LM, Heggen AC,
Wang K, Sheffield VC, Stone EM. Deducing the pathogenic
contribution of recessive ABCA4 alleles in an outbred
population. Hum Mol Genet 2010; 19:3693-701. [PMID:
20647261]

Articles are provided courtesy of Emory University and the Zhongshan Ophthalmic Center, Sun Yat-sen University, P.R. China.
The print version of this article was created on 4 February 2012. This reflects all typographical corrections and errata to the
article through that date. Details of any changes may be found in the online version of the article.

233


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12192456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12192456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=19217903
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=19217903
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=19578016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=19074458
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=20647261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=20647261
http://www.molvis.org/molvis/v18/a26

