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ABSTRACT

with clinically diagnosed Stargardt disease.

Objective: To study the mutational spectrum of the ABCA4 gene in Thai patients with Stargardt disease.
Materials and Methods: DNA sequencing of all 50 exons of the ABCA4 gene was performed in nine Thai patients

Results: Amino acid sequence variations in the ABCA4 gene were found in five patients. Six missense mutations,
c.71G>A, c.635G>A, c.1268A>G, ¢.3626T>C, c.4283C>T, and ¢.5761G>A, previously associated with Stargardt
disease, were identified in our cohort. The variant c.1268 A>G was the most prevalent in our study.

Conclusion: In this cohort, only 56% of Thai Stargardt patients had missense mutations in the ABCA4 gene.
Mutations in the non-coding regions of the ABCA4 or mutations in other genes may be responsible for Stargardt
phenotypes in the remaining patients. Our findings are the first to reveal the mutational spectrum of ABCA4
leading to Stargardt disease in the Thai population and demonstrate a potential for ABCA4 screening as well as the
importance of genetic variability in Thai patients with clinically suspected Stargardt disease.

Keywords: Stargardt disease; ABCA4 gene; DNA sequencing (Siriraj Med J 2024; 76: 705-712)

INTRODUCTION

Stargardt disease, also known as fundus flavimaculatus,
is a prevalent form of familial macular degeneration.
The disease is associated with mutations in the ABCA4
(STGD1, MIM 248200), ELOVL4 (STGD3, MIM 600110)
and PROM1I (STGD4, MIM 603786)."* STGD1, the
most prevalent subtype of Stargardt disease, has a
prevalence between 1:8,000 and 1:10,000, and exhibits
an autosomal recessive inheritance pattern with high
genotypic and phenotypic heterogeneity."” Patients
with STGD1 generally carry homozygous or compound
heterozygous mutations in the ABCA4 gene."* ABCA4
encodes a 2,273-amino acid ATP binding cassette (ABC)
transporter, primarily located in the outer segment discs
of rod and cone photoreceptor cells. Its primary function
is to transport N-retinylidene-phosphatidylethanolamine
(N-Ret-PE) across the disc membranes from the lumen
to the cytoplasm. This process is vital for preventing the
accumulation of toxic bis-retinoid compounds that can
lead to photoreceptor degeneration.” Consequently,
mutations in the ABCA4 can lead to the accumulation of
these harmful compounds, resulting in visual impairment
in STGD1 patients.

Over 1,200 ABCA4-variants are associated with
STGD1."" Interestingly, data from several studies reveal
a broad spectrum of ABCA4 mutations across different
ethnicities.”® In this study, DNA sequencing of all 50
ABCA4 exons was performed using genomic DNA of nine
Thai patients with Stargardt disease. To our knowledge,
this is the first study reporting ABCA4 variants in the
Thai population with Stargardt disease.

MATERIALS AND METHODS

Participants

This study was approved by the Siriraj Institutional
Review Board (SIRB), with protocol no 798/2560 (EC2),
COA no Si 112/2018. Informed consent was obtained from
all participants prior to their involvement in the study. Nine
Thai patients with clinically confirmed Stargardt disease
were recruited from the Ophthalmology Clinic at Siriraj
Hospital, Bangkok, Thailand. The diagnosis was based
on clinical characteristics and ocular electrophysiologic
findings reported by Fishman et al.” including pisciform
flecks or pigmentary changes in the fundi of the patients.
The disease was classified into four clinical stages for
analysis. We recorded ophthalmic findings such as best
corrected visual acuity (BCVA, logMAR), outcomes
of fundoscopic examinations, Humphrey visual field
(HVF), optical coherence tomography (OCT), fundus
autofluorescence (FAF) and ocular electroretinography
(ERG). Additionally, six milliliters of blood was drawn
from each participant for mutational analysis.

Isolation of genomic DNA

Genomic DNA was extracted from blood samples
using genomic DNA mini kit (Geneaid) according to
the manufacturer’s instruction. Genomic DNA samples
were kept at -20°C.

Polymerase chain reaction (PCR) of ABCA4 gene
The coding regions and adjacent intronic sequences
of the ABCA4 gene were amplified by PCR using primers
(Supplementary Table 1) from a previously published
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study."’ The PCR reaction consisted of 100 ng of genomic
DNA template, 0.2 uM primer mix and 12.5 pl Taq
2X PCR master mix (New England BioLabs), bringing
the total reaction volume to 25 ul. The PCR protocol
initiated with a denaturation step at 95°C for 5 minutes,
followed by 35 cycles of 95°C for 30 seconds, annealing
at 55°C for 30 seconds, and a final extension at 72°C for
30 seconds. It concluded with an elongated extension
at 72°C for 10 minutes. After PCR-amplification, the
products were purified using the GenepHlow™ PCR
cleanup kit (Geneaid) in accordance with manufacturer’s
protocol.

DNA sequencing and data analyses

Sanger sequencing of the PCR products was
performed with 5 pM primers using 3730x] DNA
analyzer (Applied Biosystems) at the ISO9001:2015 and
ISO13485:2016-certified service sequencing lab (Bionics,
Korea). Sequencing data was analyzed by aligning it
with ABCA4 reference sequence (NG_009073.1 and
NM_00350) using ApE v2.0.61 (M. Wayne Davis).
Missense variants identified through this process were
then evaluated for potential deleterious effects using in
silico prediction algorithms, specifically PolyPhen-2"
and SIFT."” PolyPhen-2 is a web-based tool that predicts
structural and functional consequences of amino acid
substitution within human proteins. The tool briefly works
by selecting a set of homologous sequences with a clustering
algorithm then constructing and refining its multiple
alignments. Sequence-based features and structural-based
features of the substitution site are extracted and fed to
a probabilistic classifier. The functional significance of
an allele replacement is predicted from its individual
features by a naive Bayes classifier trained using supervised
machine-learning. Sequences are predicted to be benign
(Poly-Phen score <0.446), possibly damaging (Poly-Phen
score >0.446 and <0.908) or probably damaging (Poly-
Phen score >0.908). SIFT is a sequence homology-based
tool that distinguishes tolerant from intolerant amino acid
substitutions and predicts phenotypic effects from amino
acid substitutions. The tool utilizes PSI-BLAST to search
for similar sequences, then the closely related sequences
that may have similar function to the query sequence
are identified by PSI-BLAST and MOTIF. Alignment of
the selected sequences is performed by PSI-BLAST and
calculation of normalized probabilities for all possible
substitutions from the alignment is done using Dirichlet
mixture model. Positions with normalized probabilities
less than 0.05 are predicted to be deleterious while those
with normalized probabilities at least 0.05 are predicted to
be tolerated. Classification of the identified variants was
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done according to the joint consensus recommendation of
the American College of Medical Genetics and Genomics
and the Association for Molecular Pathology."

RESULTS
ABCA4 mutational spectrum

Nine patients (3 males and 6 females) clinically
diagnosed with Stargardt disease were recruited. The
age of onset ranged from 5-58 years old (median 35
years old). Sequencing the 50 exons of the ABCA4 gene
revealed 11 point mutations, of which 6 were missense
and 5 were synonymous (Fig 1 and Table 1).

There were 5 patients with at least one missense
mutation (P1, P4, P5, P6 and P8). We could not identify
missense mutations of the ABCA4 exons in the other
4 patients and they carried only silent mutations (P2,
P3, P7 and P9). Interestingly, all 6 missense mutations
identified in our cohort were in heterozygous state.
There were 3 patients being compound heterozygous
for 2 missense mutations (P4, P6 and P8) and 1 patient
for 3 missense mutations (P5). Whether there could be
interactions between different heterozygous mutations
in these patients needs further studies.

There were 3 patients carrying at least one probably
damaging mutation predicted by PolyPhen and SIFT
scores (P4, P6 and P8). However, they did not show
different clinical phenotypes in terms of age of onset
and visual acuity compared to the rest of the subjects.

Of note was that patients P2 and P3 were siblings
and showed early onset of the disease compared to the
others. However, there were no missense mutations
found in their ABCA4 exons, suggesting that mutations
in other genes may be responsible for their phenotypes.

The details of each patient were described below.

Case series

Sanger sequencing of genomic DNA from patient P1,
a 54-year-old female patient presenting with decreased
visual acuity and recent logM AR BCV A 0f 0.94 OD and
0.92 OS, uncovered a heterozygous missense mutation in
exon 10 (1268A>G). This mutation has been previously
associated with STGD1."* Additional three polymorphisms
(141A>G, 4530G>A and 6069T>C, Table 2) were also
identified. No family history of eye disease were found
in this patient.

Patient P2, diagnosed with Stargardt disease, exhibited
recent BCVA of 2 OD and 1.72 OS. Additionally, he
displayed delayed development, attributed to juvenile type
neuronal ceroid lipofuscinosis. Sanger sequencing of the
ABCA4 exons for this patient identified heterozygosity for
three silent mutations, 141A>G, 5814A>G and 5844A>G.
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Fig 1. Distribution of ABCA4 non-synonymous mutations found in this study. ECD1 - exocytoplasmic domain 1; ECD2 - exocytoplasmic
domain 2; NBDI - nucleotide binding domain 1; NBD2 - nucleotide binding domain 2; TMDI - transmembrane domain 1; TMD?2 -
transmembrane domain 2.

TABLE 1. ABCA4 variants in this study.

ABCA4 mutations Pathogenicity Allele ACMG Reference
prediction frequency Variant
in patients interpretation

Reference Exon Nucleotide Amino acid PolyPhen* SIFT**
SNP change change
rs4847281 2 c.141A>G - - - 14/18 benign (28)
rs62645958 2 c.71G>A Arg24His 0.98 0.01 1/18 likely pathogenic (29, 30)
rs6657239 6 c.635G>A Arg212His 0.977 0.04 2/18 benign (15, 16, 17, 18)
rs3112831 10 c.1268A>G  His423Arg 0 0.63 5/18 benign (14, 20, 21, 22,

23, 31, 32)
rs76258939 25 c.3626T>C  Met1209Thr 0 1 1/18 benign (27, 33)
rs1800549 29 c.4283C>T  Thr1428Met  0.01 0.09 2/18 benign (4, 24, 25, 34)
- 30 c.4530G>A - - - 118 benign This study
rs61753032 41 c.5761G>A  Val1921Met  0.979 0 118 likely pathogenic (25, 35)
rs4147857 41 c.5814A>G - - - 2/18 benign (28, 32)
rs2275029 42 c.5844A>G - - - 2/18 benign (28)
rs1762114 44 c.6069T>C - - - 15/18 benign (28)

*PolyPhen score: >0.908 probably damaging, <0.908 and >0.446 possibly damaging, <0.446 benign

**SIFT score: <0.05 deleterious, =0.05 tolerated

Abbreviations: ACMG, American College of Medical Genetics and Genomics; SNP, single nucleotide polymorphism

Furthermore, he was found to be a homozygote for the
6069T>C silent mutation. His sibling, patient P3, also
diagnosed with Stargardt disease (recent BCVA of 2 OD
and 0.02 OS) displayed normal development but carried
the same mutations.

Patient P4, a 42-year-old female, had been experiencing
progressive blurred vision for six years and had a recent
BCVA of 1.5 OD and 1.42 OS. Mutational analysis
revealed compound heterozygous missense mutations in
exon 6 (635G>A) and exon 10 (1268 A>G). Additionally,
the patient was found to be homozygous for two single

nucleotide polymorphisms (SNPs, 141A>G and 6069T>C)
(Table 2).

Sequence analysis of the complete ABCA4 exons
from the genomic DNA of a male patient (patient P5)
diagnosed with Stargardt disease and with a recent
BCVA of 1.52 in both eyes revealed three compound
heterozygous missense mutations in exon 10 (1268A>G),
exon 25 (3626T>C) and exon 29 (4283C>T). Additionally,
two synonymous mutations were identified in exon 2
(141A>G) and exon 44 (6069T>C).
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TABLE 2. Participants’ characteristics and type of ABCA4 mutation found.

Patient Gender Age of logMAR BCVA Clinical ABCA4 mutations
onset oD oS stages Reference SNP Nucleotide Amino acid
(years) change change

P1 Female 36 0.94 0.92 3 rs3112831 c.1268A>G His423Arg
rs4847281 c.141A>G -
- c.4530G>A -
rs1762114 €.6069T>C -

P2 Male 5) 2 1.72 1 rs4847281 c.141A>G -
rs4147857 c.5814A>G -
rs2275029 c.5844A>G -
rs1762114 €.6069T>C -

P3 Male 5 0 0.02 1 rs4847281 c.141A>G -
rs4147857 c.5814A>G -
rs2275029 c.5844A>G -
rs1762114 €.6069T>C -

P4 Female 85 1.5 1.42 1 rs6657239 c.635G>A Arg212His
rs3112831 c.1268A>G His423Arg
rs4847281 c.141A>G -
rs1762114 €.6069T>C -

P5 Male 23 1.52 1.52 3 rs3112831 c.1268A>G His423Arg
rs76258939 c.3626T>C Met1209Thr
rs1800549 c.4283C>T Thr1428Met
rs4847281 c.141A>G -
rs1762114 €.6069T>C -

P6 Female 50 0.46 0.44 2 rs62645958 c.71G>A Arg24His
rs3112831 c.1268A>G His423Arg
rs4847281 c.141A>G -
rs1762114 €.6069T>C -

P7 Female 35 1.02 1.04 4 rs4847281 c.141A>G -
rs1762114 €.6069T>C -

P8 Female 21 1.02 0.98 1 rs6657239 €.635G>A Arg212His
rs61753032 c.5761G>A Val1921Met
rs4847281 c.141A>G -

P9 Female 58 1.14 2 4 rs4847281 c.141A>G -
rs1762114 €.6069T>C -

Abbreviations: logMAR, logarithm of the minimum angle of resolution; BCVA, best corrected visual acuity; OD, right eye; OS, left eye
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Patient P6, a female diagnosed with Stargardt
disease, had a current BCVA of 0.46 OD and 0.44 OS.
Sanger sequencing of her ABCA4 genes revealed two
heterozygous non-synonymous mutations: 71G>A and
1268A>G. These mutations result in an amino acid
change from arginine to histidine (Arg24His) and from
histidine to arginine (His423Arg), respectively (Table 2).
Additionally, this patient was found to be homozygous
for the synonymous mutations 141A>G and 6069T>C.

In patient P7, a 55-year-old female diagnosed with
Stargardt disease, two benign variants, 141A>G and
6069T>C, were found in a homozygous state within
ABCA4 coding sequence. The onset of her disease was
at age 45, and her recent BCVA was 1.02 OD and 1.04
OS. Sanger sequencing of all ABCA4 exons in this patient
did not reveal any pathogenic variants.

In patient P8, a 33-year-old female diagnosed with
Stargardt disease, sequencing revealed two pathogenic
heterozygous variants and one polymorphism. At the
time of sequencing, her BCVA was 1.02 OD and 0.98 OS.
The 635G>A mutation, resulting in an amino acid change
from arginine to histidine (Arg212His), is associated with
STGD1." " Similarly, the pathogenic 5761 G>A variant,
which causes a change of valine to methionine, was found
in this patient. Additionally, she was homozygote for the
141A>G polymorphism.

Patient P9, a 63-year-old female, presented with a
BCVA of 1.14 OD and 2 OS. Her clinical features were
consistent with Stargardt disease. Genetic testing found
her to be homozygous for two ABCA4 polymorphisms,
141A>G and 6069T>C.

DISCUSSION

This is the first study to investigate ABCA4 variants
in Thai patients with Stargardt disease. In our cohort, four
patients (P4, P5, P6 and P8) carried compound heterozygous
missense mutations in the ABCA4 gene, one patient (P1)
was heterozygous for a single ABCA4 variant leading to
amino acid change, while four patients (P2, P3, P7 and
P9) presented with SNPs but no ABCA4 mutant alleles.
Out of the six missense mutations in our cohort, three
(c.71G>A, c.635G>A and ¢c.5761G>A) were classified as
pathogenic or likely pathogenic, and the remaining three
(c.1268A>G, ¢.3626T>C and c.4283C>T) were deemed
benign or likely benign.”” Mutant variants were evenly
distributed across the six functional domains of the ABCA4
protein (Fig 1). Specifically, two mutations (c.635G>A and
c.1268A>G) were found in the exocytoplasmic domain
1 (ECD1) of the protein. Within the transmembrane
domain (TMD 1 and 2, two mutant variants were found
(c.71G>A for TMD1 and ¢.4283C>T for TMD2). Two
additional missense mutations were also detected in

nucleotide binding domain (NBD) 1 and 2 (c.3626T>C
for NBD1 and ¢.5761G>A for NBD2). Thus, no ABCA4
variant hot spots were found in our cohort, which is
consistent with previous reports in other ethnicities.”"

The most prevalent disease-associated variant
in our study was c.1268A>G (44.44%). Pathogenicity
prediction tools, PolyPhen and SIFT, have classified
this variant as benign or tolerated (Table 1). Despite an
occurrence in the normal German population, it is the
most frequently observed variant in Stargardt disease
patients in the United States, where it is associated with
abnormal electroretinogram findings.”*' A study involving
a Sicilian family indicated that the c.1268A>G variant
could potentially delay the onset of Stargardt disease.”
Similarly, another study proposed its implication in
late-onset forms of Stargardt disease.”” Interestingly, in
our study, the average age of onset of patients with this
variant was higher, but not significantly, compared to
patients without it (36 vs 29 years old, unpaired t-test,
p=0.6388). Furthermore, when comparing patients of
similar ages (P4 vs P7 and P6 vs P9), the fundoscopic
findings for those carrying the c.1268A>G (P4 and P6)
appeared to be more preserved than in those without
the variant (P7 and P9) (Fig 2). This suggests that the
¢.1268A> G variant may influence the clinical phenotype,
which aligns with findings from previous studies.

In this study, 55.55% of Stargardt disease patients
were found to have identifiable ABCA4 mutations, which
is comparable to previous reports.*'*** The investigation
was limited to the coding regions of ABCA4, meaning
that patients without detected mutations might have
unidentified ABCA4 mutations in non-coding regions or
mutations other genes associated with Stargardt disease. A
more comprehensive whole genome sequencing approach
might be required to identify disease-associated mutations
in these patients. In addition, another limitation of
this study is a low number of patients. Other studies
investigating ABCA4 variants in Stargardt disease and/
or retinitis pigmentosa involved more patients (ranges
from 40 to 345).>'7'%** Thus, it this likely that the
ABCA4 variants reported in this study, which solely
comprises patients from the Ophthalmology Clinic at
Siriraj Hospital who consented to genetic testing, may
not fully represent the genetic diversity of Thai patients
with Stargardt disease. Further research is warranted to
explore genetic heterogeneity of Stargardt disease in the
Thai population.
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Fig 2. Fundus photographs (A-H) and corresponding fundus autofluorescence images (I-P) comparing Stargardt patients with and without

the c.1268A>G variant at similar ages (patients P4, 37 years old vs P7,35 years old and patients P6, 51 years old vs P9, 59 years old). Patient

P4 (A, B, I and J) exhibited foveal retinal pigment epithelial (RPE) atrophy in both eyes, as well as hyperpigmented clumps of RPE in the

left eye. The ¢.1268 A>G variant was present in this patient. In contrast, patient P7 (C, D, K, and L) did not possess the variant and exhibited

more severe RPE atrophy in both eyes. Patient P6 (E, F, M and N), who carried the variant, displayed fishtail-shaped flecks in the macular

region with multiple small RPE atrophic foci better seen in by autofluorescence in both eyes. On the contrary, patient P9 (G, H, O and P)

did not harbor the variant and demonstrated more extensive RPE atrophy with absorbed flecks in both eyes.

R016032001 to CV and Medical Association of Thailand
Research Grant to CV. CV, SPrand NP are supported by
the Chalermphrakiat Grant, Faculty of Medicine Siriraj
Hospital, Mahidol University.

Author Contributions

CV provided conceptual input, designed experiments,
analyzed sequencing and clinical data and wrote the
manuscript. RS, NC and NT designed and performed
experiments. AS and DD performed experiments and
analyzed sequencing data. SPi collected and analyzed
clinical data. SPr and NP provided conceptual input,
collected and analyzed clinical data and co-wrote the
manuscript. All authors approved the manuscript.

REFERENCES

1. Cremers FPM, Lee W, Collin RWJ, Allikmets R. Clinical spectrum,
genetic complexity and therapeutic approaches for retinal disease
caused by ABCA4 mutations. Prog Retin Eye Res. 2020;79:100861.

2. Tanna P, Strauss RW, Fujinami K, Michaelides M. Stargardt
disease: clinical features, molecular genetics, animal models
and therapeutic options. Br ] Ophthalmol. 2017;101(1):25-30.

3. Curtis SB, Molday LL, Garces FA, Molday RS. Functional
analysis and classification of homozygous and hypomorphic
ABCA4 variants associated with Stargardt macular degeneration.
Hum Mutat. 2020;41(11):1944-56.

4, Cornelis SS, Bax NM, Zernant J, Allikmets R, Fritsche LG,
den Dunnen JT, et al. In Silico Functional Meta-Analysis of
5,962 ABCA4 Variants in 3,928 Retinal Dystrophy Cases. Hum
Mutat. 2017;38(4):400-8.

5. Fumagalli A, Ferrari M, Soriani N, Gessi A, Foglieni B, Martina

https://he02.tci-thaijo.org/index.php/sirirajmedj/index

Volume 76, No.10: 2024 Siriraj Medical Journal 711



Vatanashevanopakorn et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

E, et al. Mutational scanning of the ABCR gene with double-
gradient denaturing-gradient gel electrophoresis (DG-DGGE)
in Italian Stargardt disease patients. Hum Genet. 2001;109(3):
326-38.

Maugeri A, van Driel MA, van de Pol DJ, Klevering BJ, van
Haren FJ, Tijmes N, et al. The 2588G-->C mutation in the ABCR
gene is a mild frequent founder mutation in the Western
European population and allows the classification of ABCR
mutations in patients with Stargardt disease. Am ] Hum Genet.
1999;64(4):1024-35.

Paloma E, Martinez-Mir A, Vilageliu L, Gonzalez-Duarte R,
Balcells S. Spectrum of ABCA4 (ABCR) gene mutations in
Spanish patients with autosomal recessive macular dystrophies.
Hum Mutat. 2001;17(6):504-10.

Papaioannou M, Ocaka L, Bessant D, Lois N, Bird A, Payne A,
et al. An analysis of ABCR mutations in British patients with
recessive retinal dystrophies. Invest Ophthalmol Vis Sci. 2000;
41(1):16-9.

Fishman GA. Fundus flavimaculatus. A clinical classification.
Arch Ophthalmol. 1976;94(12):2061-7.

XiQ, Li L, Traboulsi EI, Wang QK. Novel ABCA4 compound
heterozygous mutations cause severe progressive autosomal
recessive cone-rod dystrophy presenting as Stargardt disease.
Mol Vis. 2009;15:638-45.

AdzhubeiIA, Schmidt S, Peshkin L, Ramensky VE, Gerasimova
A, Bork P, et al. A method and server for predicting damaging
missense mutations. Nat Methods. 2010;7(4):248-9.

Ng PC, Henikoff S. Predicting deleterious amino acid substitutions.
Genome Res. 2001;11(5):863-74.

Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster J, et al.
Standards and guidelines for the interpretation of sequence
variants: a joint consensus recommendation of the American
College of Medical Genetics and Genomics and the Association
for Molecular Pathology. Genet Med. 2015;17(5):405-24.
Jaakson K, Zernant J, Kulm M, Hutchinson A, Tonisson N,
Glavac D, et al. Genotyping microarray (gene chip) for the
ABCR (ABCA4) gene. Hum Mutat. 2003;22(5):395-403.
Webster AR, Heon E, Lotery AJ, Vandenburgh K, Casavant
TL, Oh KT, et al. An analysis of allelic variation in the ABCA4
gene. Invest Ophthalmol Vis Sci. 2001;42(6):1179-89.

Pang CP, Lam DS. Differential occurrence of mutations causative
of eye diseases in the Chinese population. Hum Mutat. 2002;
19(3):189-208.

Ozgul RK, Durukan H, Turan A, Oner C, Ogus A, Farber
DB. Molecular analysis of the ABCA4 gene in Turkish patients with
Stargardt disease and retinitis pigmentosa. Hum Mutat. 2004;
23(5):523.

Klevering BJ, Maugeri A, Wagner A, Go SL, Vink C, Cremers FP,
et al. Three families displaying the combination of Stargardt’s
disease with cone-rod dystrophy or retinitis pigmentosa.
Ophthalmology. 2004;111(3):546-53.

Fujinami K, Strauss RW, Chiang JP, Audo IS, Bernstein PS,
Birch DG, et al. Detailed genetic characteristics of an international
large cohort of patients with Stargardt disease: ProgStar study
report 8. Br ] Ophthalmol. 2019;103(3):390-7.

Oh KT, Weleber RG, Stone EM, Oh DM, Rosenow J, Billingslea
AM. Electroretinographic findings in patients with Stargardt
disease and fundus flavimaculatus. Retina. 2004;24(6):920-8.
Rivera A, White K, Stohr H, Steiner K, Hemmrich N, Grimm
T, et al. A comprehensive survey of sequence variation in the

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

ABCA4 (ABCR) gene in Stargardt disease and age-related
macular degeneration. Am ] Hum Genet. 2000;67(4):800-13.
D’Angelo R, Donato L, Venza I, Scimone C, Aragona P, Sidoti A.
Possible protective role of the ABCA4 gene c.1268A>G missense
variant in Stargardt disease and syndromic retinitis pigmentosa
in a Sicilian family: Preliminary data. Int ] Mol Med. 2017;39(4):
1011-20.

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(4):346-55.

Baum L, Chan WM, Li WY, Lam DS, Wang PB, Pang CP.
ABCA4 sequence variants in Chinese patients with age-related
macular degeneration or Stargardt’s disease. Ophthalmologica.
2003;217(2):111-4.

HuFY, LiJK, Gao FJ, Qi YH, Xu P, Zhang YJ, et al. ABCA4 Gene
Screening in a Chinese Cohort With Stargardt Disease:
Identification of 37 Novel Variants. Front Genet. 2019;10:773.
Schulz HL, Grassmann F, Kellner U, Spital G, Ruther K, Jagle H,
etal. Mutation Spectrum of the ABCA4 Gene in 335 Stargardt
Disease Patients From a Multicenter German Cohort-Impact
of Selected Deep Intronic Variants and Common SNPs. Invest
Ophthalmol Vis Sci. 2017;58(1):394-403.

Ng TK, Cao Y, Yuan XL, Chen S, Xu Y, Chen SL, et al. Whole
exome sequencing analysis identifies novel Stargardt disease-
related gene mutations in Chinese Stargardt disease and retinitis
pigmentosa patients. Eye (Lond). 2022;36(4):749-59.
Zernant J, Schubert C, Im KM, Burke T, Brown CM, Fishman
GA, et al. Analysis of the ABCA4 gene by next-generation
sequencing. Invest Ophthalmol Vis Sci. 2011;52(11):8479-87.
Lewis RA, Shroyer NF, Singh N, Allikmets R, Hutchinson A,
LiY, et al. Genotype/Phenotype analysis of a photoreceptor-
specific ATP-binding cassette transporter gene, ABCR, in
Stargardt disease. Am ] Hum Genet. 1999;64(2):422-34.
Shroyer NF, Lewis RA, Yatsenko AN, Wensel TG, Lupski JR.
Cosegregation and functional analysis of mutant ABCR (ABCA4)
alleles in families that manifest both Stargardt disease and age-
related macular degeneration. Hum Mol Genet. 2001;10(23):
2671-8.

Brion M, Sanchez-Salorio M, Corton M, de la Fuente M,
Pazos B, Othman M, et al. Genetic association study of age-related
macular degeneration in the Spanish population. Acta Ophthalmol.
2011;89(1):e12-22.

Booij JC, Bakker A, Kulumbetova J, Moutaoukil Y, Smeets B,
Verheij ], et al. Simultaneous mutation detection in 90 retinal
disease genes in multiple patients using a custom-designed
300-kb retinal resequencing chip. Ophthalmology. 2011;118(1):
160-7 el-3.

LiuX, Tao T, Zhao L, Li G, Yang L. Molecular diagnosis based
on comprehensive genetic testing in 800 Chinese families with
non-syndromic inherited retinal dystrophies. Clin Exp Ophthalmol.
2021;49(1):46-59.

Fujinami K, Zernant J, Chana RK, Wright GA, Tsunoda K,
OzawaY, etal. ABCA4 gene screening by next-generation sequencing
ina British cohort. Invest Ophthalmol Vis Sci. 2013;54(10):6662-
74.

Jiang F, Pan Z, Xu K, Tian L, Xie Y, Zhang X, et al. Screening
of ABCA4 Gene in a Chinese Cohort With Stargardt Disease
or Cone-Rod Dystrophy With a Report on 85 Novel Mutations.
Invest Ophthalmol Vis Sci. 2016;57(1):145-52.

712 Volume 76, No.10: 2024 Siriraj Medical Journal

https://he02.tci-thaijo.org/index.php/sirirajmedj/index





