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Abstract


Objectives: This study aims to describe the clinical features and genetic findings of nine Vietnamese patients with autosomal recessive bestrophinopathy. Methods: This retrospective and cross-sectional study included individuals diagnosed with autosomal recessive bestrophinopathy at the Eye Clinic, Vietnam National Geriatric Hospital between May 2024 and April 2025. The patients underwent a visual acuity assessment, retinal multimodal imaging, and molecular testing through BEST1 gene sequencing. Results: Nine patients from seven unrelated families were included. The mean age was 38.6 years (range: 14.1–79.6). Visual acuity ranged from 20/20 to 20/125. All patients showed vitelliform lesions, subretinal deposits, and both intraretinal and subretinal fluid. Other main features included diffuse macular hyperfluorescence and hyperopia. Less common clinical features encompassed glaucoma, retinoschisis, outer retinal thinning, serous retinal detachment, retinal thickening, and thinning of the retinal pigment epithelium. Compound heterozygous or homozygous variants were detected in all patients. Among the five identified BEST1 variants, the most frequent were p.(A195V) and p.(R200*). One novel variant, p.(K289*), was detected. Conclusions: The main clinical retinal features of nine Vietnamese patients with autosomal recessive bestrophinopathy included vitelliform lesions, subretinal deposits, retinal fluid, and diffuse macular hyperfluorescence. The most common variants were p.(A195V) and p.(R200*). Additionally, the identification of various compound heterozygotes and a novel BEST1 variant expands the mutation spectrum of the disease.
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1. Introduction


Bestrophinopathies refer to a group of unique inherited retinal dystrophies that primarily impact the macular region, which is responsible for central high-acuity vision, and mainly affect the retinal pigment epithelium (RPE)—a single layer of cells that supports and interacts with the light-sensitive retina [1]. These conditions are associated with mutations in the BEST1 gene (OMIM * 607854), located on the long arm of chromosome 11 (11q12). The gene comprises 11 exons and encodes bestrophin-1, a 68 kDa protein made up of 585 amino acids [2]. Bestrophin-1 is mainly localized in the basolateral plasma membrane of the RPE and functions as a calcium-activated chloride channel (CaCC) [3,4]. Human bestrophin-1 (hBEST1) [5] forms a pentameric structure which is shown in Klebsiella pneumoniae (KpBEST) [6] and chickens (cBEST1) [7]. Bestrophin-1 plays a major role in ocular physiology by regulating the transport of chloride and other monovalent anions across cell membranes in response to intracellular calcium fluctuations and to maintain ionic homeostasis [8,9]. Additionally, CaCC activity is believed to contribute critically to the generation of visual responses to light exposure [10]. Pathogenic variants in BEST1 can lead to a spectrum of bestrophinopathies, including best vitelliform macular dystrophy (BVMD, OMIM # 153700) [11], adult-onset vitelliform macular degeneration (AVMD, OMIM # 179605) [12], autosomal dominant vitreoretinochoroidopathy (ADVIRC, OMIM # 193220) [13], autosomal recessive bestrophinopathy (ARB, OMIM # 611809) [14], and retinitis pigmentosa (RP, OMIM # 613194) [15].



Autosomal recessive bestrophinopathy (ARB) is a rare inherited retinal disorder first described by Burgess et al. in 2008 [14]. ARB accounted for 1.9% of inherited retinal diseases in an Egyptian cohort [16]. It is characterized by multiple diffuse subretinal deposits that exhibit hyperfluorescence on fundus autofluorescence imaging [17]. Electrophysiological testing typically reveals a significant reduction in the light rise on electrooculography (EOG) [17]. Based on fundus appearance and electrophysiological findings, ARB can be categorized into several clinical phenotypes, including single or confluent yellow lesions at the posterior pole and midperiphery; small fleck-like lesions extending to the far periphery; a widespread continuous lesion with sharply demarcated peripheral borders; and single or multifocal vitelliform macular dystrophy-like lesions [18]. Patients with ARB often present with blurred vision, visual acuity ranging from 20/200 to 20/25, hyperopia, altered colour perception, a short axial length, and glaucoma [19]. Symptom onset typically occurs within the first two decades of life, although later onset up to the fifth decade has also been reported [20]. The estimated incidence of ARB is less than 1 in 1,000,000 individuals [17,19,21]. Diagnosing ARB can be difficult due to the wide variability in clinical presentations, even among siblings or between a patient’s two eyes [18,22]. Comprehensive retinal imaging techniques—such as macular and wide-angle fundus photography, fundus autofluorescence (FAF), and optical coherence tomography (OCT)—are essential for accurately defining the clinical features of ARB and guiding targeted molecular genetic testing to confirm the specific subtype [18,23].



To date, more than 300 variants have been identified in both alleles of the BEST1 gene, with only about 40 compound heterozygous and homozygous pathogenic variants known to cause ARB [21,24,25,26]. Approximately 50% of the variants associated with ARB are located between amino acid residues 312 and 325 [14,27]. The most common variants vary among different populations. For example, p.R141H is the most common variant reported in European families [28], while p.R255W and p.A195V are more common in individuals of Chinese descent [29,30,31], and p.A195V is the predominant variant in Korean patients [23]. Sanger sequencing [14], next-generation sequencing [32], and third-generation sequencing [33] have been used to identify variants in the BEST1 gene in patients with ARB.



To our knowledge, no studies on ARB in Vietnamese patients have been published to date. In this study, we conducted a retrospective, cross-sectional analysis of nine Vietnamese patients with ARB, focusing on their clinical features and genetic variants.




2. Materials and Methods


2.1. Individuals


This study included nine patients (six males and three females) from seven unrelated families (Table 1). Participants were eligible for inclusion if they were of Vietnamese descent and exhibited clinical features suggestive of autosomal ARB. Inclusion criteria included: (1) the presence of multifocal subretinal fluid or vitelliform lesions observed on fundus examination and confirmed by OCT, (2) abnormal FAF, (3) genetic confirmation of biallelic pathogenic or likely pathogenic variants in the BEST1 gene, (4) age ≥ 6 years, to ensure reliable cooperation for imaging and functional assessments, (5) the ability and willingness to undergo a comprehensive ophthalmic evaluation, including best-corrected visual acuity testing, refraction, fundus examination and photography, OCT, and FAF imaging. Individuals were excluded if they harboured only monoallelic BEST1 variants without clinical features consistent with ARB, as these may represent carriers or individuals with dominantly inherited forms, such as BVMD. Additional exclusion criteria included: (1) the presence of other co-existing inherited retinal dystrophies confirmed by clinical history or genetic testing (e.g., ABCA4, RPGR, and CRB1), (2) significant ocular comorbidities that could confound the retinal phenotype, (3) media opacities, such as dense cataracts or corneal opacities, that precluded the acquisition of high-quality retinal imaging. P2 and P3 are siblings, as are P8 and P9. All patients had a documented ophthalmic history prior to admission to our department (Table 1). Hyperopia was observed in 77.8% of patients (7/9), and glaucoma was present in 33.3% (3/9). Patient P1 was diagnosed with chronic central serous choroidopathy with choroidal neovascularization (CNV) and open-angle glaucoma. The patient underwent trabeculectomy for glaucoma and received intravitreal bevacizumab injections, but the symptoms did not improve. Patient P3 presented with choroidal neovascularization and polypoidal choroidal vas-culopathy and received intravitreal bevacizumab injections. Two patients (P5 and P8) were treated only with artificial tears.




2.2. Fundus Examination


Fundus examination with multimodal imaging investigation was conducted at the Eye Clinic, Vietnam National Geriatric Hospital. Wide-field fundus photography and FAF were obtained using the Optos California system (Optos plc, Dunfermline, Scotland), while fluorescein angiography (FFA) was performed with the Kowa VX-10i (Kowa Company Ltd., Shizuoka, Japan). OCT images were acquired using the Optopol RENO NX 130 (Optopol Technology Ltd., Zawiercie, Poland).




2.3. Variant Screening of the BEST1 Gene


Total genomic DNA was extracted from patients’ whole blood using the QIAamp DNA Mini Kit (QIAGEN, Hilden, Germany). Polymerase chain reaction (PCR) was used to amplify the 10 coding exons of the BEST1 gene with specific primer pairs (Table 2). PCR amplification was performed using the Mastercyles X50S-PCR Thermocycler (Eppendorf, Hamburg, Germany) as follows: an initial denaturation at 95 °C for 5 min, 35 cycles of 95 °C for 30 s, 60 °C for 30 s, and 72 °C for 30 s, and an extension at 72 °C for 5 min. Sanger sequencing was performed with the BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Vilnius, Lithuania) on an ABI 3500 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA). Sanger sequencing was also conducted on healthy individuals and on family members of patient P2. The variants were determined by aligning sequencing data with the reference sequences NG_009033 and NM_004183 of the BEST1 gene using the CLC Main Workbench software v6.0.1 (Qiagen, Venlo, The Netherlands).



BEST1 variants were cross-checked with the Genome Aggregation Database (gnomAD v4.1.0) [34], dbSNP157 [35], and ClinVar [36]. The effects of the variants on protein function were predicted using MutationTaster2021 [37], Combined Annotation Dependent Depletion (CADD) v1.7 [38], Sorting Intolerant From Tolerant (SIFT) [39], and Polymorphism Phenotyping v2 (PolyPhen_2) [40]. The pathogenicity of the variants was assessed according to the American College of Medical Genetics and Genomics (ACMG) guidelines [41].





3. Results


3.1. Clinical Findings


A total of nine patients were included in this study. All patients were referred to the Eye Clinic, Vietnam National Geriatric Hospital and diagnosed with ARB, which was confirmed through genetic testing. The mean age was 38.6 years (range: 14.1–79.6). Visual acuity ranged from 20/20 to 20/125 (Table 3). All patients showed vitelliform lesions, subretinal deposits, and both intraretinal and subretinal fluid (Table 3 and Figure 1). Diffuse macular hyperfluorescence on fundus autofluorescence imaging was observed in 88.9% of patients (8/9). Retinoschisis and outer retinal thinning were present in 33.3% (3/9), while retinal thickening and thinning of the retinal pigment epithelium were noted in 11.1% (1/9) (Table 3 and Figure 1). Foci of deposits were detected around the optic disc in three patients (P1, P2, and P3), around the optic discs in four patients (P4, P7, P8, and P9), and near the vascular arcade and above the optic disc in two patients (P5 and P6) (Figure 1).



The oldest patient, P1 (79.6-year-old), showed a severe retinal phenotype, such as diffuse macular hyperfluorescence, serous retinal detachment, mixed areas of hyper- and hypo-autofluorescence due to RPE alterations, retinal thickening and fluid accumulation, and disruption of the epiretinal membrane (Table 3 and Figure 1). Two siblings, P2 and P3, presented with similar retinal features; however, P3 had poorer visual acuity than P2 (BCVA of P3: OD 20/100; OS 20/125, compared with BCVA of P2: OD 20/40; OS 20/50). Patient P4 showed evidence of retinoschisis and RPE thinning. Similarly, siblings P8 and P9 had comparable retinal phenotypes but differed in visual acuity. Patient P8 showed a slight reduction in BCVA (OD 20/25; OS 20/32), while patient P9 had normal vision (20/20 in both eyes).




3.2. Analyses of BEST1 Variants


Five BEST1 variants were identified in nine patients, including three missense variants and two nonsense variants (Figure 2A). Of these, four variants—c.223C>T p.(L75F), c.584C>T p.(A195V), c.598C>T p.(R200*), and c.763C>T p.(R255W)—had been previously reported, while one variant, c.865A>T p.(K289*), was novel (Table 4 and Figure 2). Two patients harboured homozygous variants and seven patients carried compound heterozygous variants. The most frequent variants were c.584C>T p.(A195V), present in 66.7% of patients, and c.598C>T p.(R200*), present in 55.6%. The remaining three variants were each found in a single patient.



The c.223C>T p.(L75F) variant was predicted as a damaging variant in MutationTaster2021 or CADD tools, but benign according to PolyPhen_2 and SIFT (Table 4). It was classified as a likely pathogenic variant in the ClinVar database (ID 3767340). The other four variants were consistently predicted as damaging or deleterious by in silico tools (Table 4). All five variants were classified as either pathogenic or likely pathogenic according to ACMG guidelines (Table 4).



Sanger sequencing revealed that P2 and P3 inherited the missense variant c.584C>T p.(A195V) from their father and the nonsense variant c.598C>T p.(R200*) from their mother (Figure 3). The two daughters of P2 carry c.584C>T p.(A195V) in the heterozygous state (Figure 3). The ocular examinations of the heterozygous carrier parents revealed that they did not exhibit any clinical symptoms of ARB (Figure 1). Hence, individuals with mutations in both copies of the BEST1 gene display a clinical phenotype characteristic of ARB.





4. Discussion


Diagnosing bestrophinopathy is often challenging due to the variability in symptom onset. An accurate diagnosis requires a combination of ophthalmological assessment and genetic analysis. In this study, by integrating clinical features with BEST1 variant screening, we made a definitive diagnosis of ARB for nine Vietnamese patients. These patients exhibited the typical features of ARB, including vitelliform lesions, subretinal deposits, retinal fluid, and diffuse macular hyperfluorescence. Less common symptoms included hyperopia, glaucoma, retinoschisis, and retinal thinning. Serous retinal detachment, retinal thickening, and thinning of the retinal pigment epithelium were rare, observed in only 11.1% of cases. In contrast, a study by Lou et al. involving 21 Chinese ARB patients reported serous retinal detachment in 20 of 21 patients and angle closure or angle-closure glaucoma in 15 of 21 patients [45]. The mean age of patients in this study was 38.6 years (range: 14.1–79.6), which is older than the average onset age of 6 years typically reported for BVMD [8,46]. Visual acuity ranged from 20/20 to 20/125, consistent with previously reported findings in patients with ARB [47].



In this study, five pathogenic or likely pathogenic variants were identified, located on exons 3, 5, and 7—regions outside the typical BMVD hotspots [48]. These findings support the notion of a distinct BEST1 variant spectrum between ARB and BMVD [27,48]. It has been noted that in individuals with recessive bestrophinopathy, it typically occurs alongside other pathogenic variants which often occur in a compound heterozygous form alongside other variants [14,27,44,49,50]. Our results are consistent with this pattern, as seven out of nine patients in our cohort carried compound heterozygous variants.



The first missense variant, c.223C>T p.(L75F), was identified in patient P1, a 79-year-old male. Leucine 75 is located in the second transmembrane domain (Figure 2B), within the bestrophin channel neck region [51], which plays a key role in channel gating. Mutations in this region can disrupt the pore structure and impair channel function [52]. The L75F substitution may interfere with the activity of the calcium-activated chloride channel at the RPE basolateral membrane, negatively affecting the function of wild-type bestrophin [43]. A homozygous carrier is likely to exhibit a more severe phenotype due to haploinsufficiency [43]. In our study, patient P1’s severe retinal manifestations support this hypothesis. He presented with diffuse macular hyperfluorescence, serous retinal detachment, chronic central serous chorioretinopathy with CNV, and open-angle glaucoma. He underwent trabeculectomy and received intravitreal bevacizumab injections. Interestingly, individuals heterozygous for the c.223C>T p.(L75F) variant have also been reported to present with BVMD [43]. Therefore, genetic screening of patient P1’s family members for the c.223C>T p.(L75F) variant is recommended to identify carriers and provide appropriate genetic counselling, prognosis, and early intervention.



The second missense variant, c.584C>T p.(A195V), is one of the most commonly reported variants associated with BVMD, ARB, and MVD [44,45,48,53]. In our study, this variant was identified in six out of nine patients. Alanine 195 is located within bestrophin’s cytoplasmic loop (Figure 2B), a region where pathogenic variants are often linked to reduced mRNA or protein expression and typically exhibit a recessive mode of inheritance [50,52]. The third missense variant, c.763C>T p.(R255W), is the most common mutation in the Chinese population, with an allele frequency of 52.9% [45]. Arginine 255 is positioned at the end of the third transmembrane domain (Figure 2B), which is also part of the bestrophin neck region [52]. This variant may reduce ion channel permeability, potentially altering the protein’s structure and function [43,52]. In this study, we identified a compound heterozygous missense variant combination—c.584C>T p.(A195V) and c.763C>T p.(R255W)—in a 48-year-old female (P6) presenting with chronic central serous chorioretinopathy, open-angle glaucoma, diffuse macular hyperautofluorescence, RPE alterations, subretinal fluid and deposits, outer retinal thinning, and photoreceptor disruption and elongation. This compound heterozygous variant has been reported in previous studies: in a 25-year-old Chinese patient [53], and in a 21-year-old male and a 42-year-old female from China [45]. The 25-year-old patient exhibited pseudohypopyon in the right eye and a vitelliform lesion in the left eye [53]. The 21-year-old male and 42-year-old female showed similar features such as cystoid macular edema, retinal detachment, elongated photoreceptor outer segments, hyperreflective subretinal deposits, RPE atrophy, and hyperfluorescent spots. However, the 21-year-old male also had peripheral vascular leakage and vessel dilation, while the 42-year-old female demonstrated increased vascular permeability [45]. Patient P6 showed more severe clinical manifestations than previously reported individuals with the same mutations. This could be attributed to P6’s older age, asymmetric retinal degeneration [54], stochastic variability [55], or environmental influences such as prolonged light exposure [56,57].



The first nonsense variant, c.598C>T p.(R200*), results from a cytosine-to-thymine substitution at nucleotide position 598, creating a premature stop codon at amino acid position 200. This leads to the loss of the third and fourth transmembrane domains and the cytoplasmic loop in between (Figure 2B) [14,44]. The resulting truncated bestrophin protein cannot properly localize to the membrane or form a fully functional chloride channel complex [58]. In this study, the c.598C>T p.(R200*) variant was identified in five patients, including one (P7) who carried the variant in a homozygous state. Previous studies have reported several homozygous cases of this variant [14,44]. In one report, two siblings with this variant showed a visual acuity of OD: 20/60 and OS: 20/200 to 20/120, along with subretinal deposits, RPE irregularities, early patchy hyperfluorescence, reduced rod and cone full-field electroretinography, and absent EOG light rise [14]. Another case involved a nine-year-old boy with a visual acuity of OD: 20/25 and OS: 20/80, hyperopia, unremarkable electroretinography, and bilateral multiple, partially confluent yellowish lesions at the posterior pole, with round dome-shaped deposits within the RPE and photoreceptor detachment from the RPE [44]. In this study, patient P7 showed an OD: 20/100 and OS: 20/125, diffuse subretinal deposits, foci of deposits around the optic discs, peripheral and inferior retinal changes, widespread macular hyperautofluorescence, subretinal fluid, and outer retinal thinning.



In our study, four patients (P2–P5) harboured a compound heterozygous combination of c.584C>T p.(A195V) and c.598C>T p.(R200*). These patients presented with macular lesions, vitelliform-like subretinal deposits, and subretinal fluid of varying severity, which may be influenced by age or individual factors. To our knowledge, this is the first study to report the compound heterozygous combination of c.584C>T p.(A195V) and c.598C>T p.(R200*) in ARB patients. The second nonsense variant, c.865A>T (p.K289*), is a novel mutation that has not been previously reported in any databases or the literature. This mutation is located near the end of the fourth transmembrane domain (Figure 2B) and results in a truncated protein consisting of only 288 amino acids. This leads to the loss of the C-terminal region from residue 289 onward, which is essential for calcium ion (Ca2+) binding in the RPE [59]. Without this C-terminal domain, the protein cannot bind Ca2+ ions effectively, resulting in a severe reduction or complete loss of chloride (Cl−) ion current [59].



This study has several limitations. First, the sample size was relatively small (n = 9), which may limit the generalizability of the findings to the broader Vietnamese population or ARB patients of different ethnic backgrounds. However, given the rarity of ARB, particularly in Southeast Asian populations, this case series contributes valuable data to the limited existing literature. Second, EOG, a key diagnostic modality for assessing retinal pigment epithelium function in bestrophinopathies, was not performed due to the unavailability of EOG equipment at our institution. This may have limited our ability to characterize the functional phenotype of ARB in these patients comprehensively.



Future studies with larger cohorts and access to complete electrophysiological testing, including EOG, are warranted to elucidate further the clinical spectrum of ARB in Vietnamese and other Asian populations. Additionally, further experimental studies are crucial to understand the functional impact of identified variants.




5. Conclusions


Autosomal recessive bestrophinopathy is a rare inherited retinal disease caused by pathogenic variants in the BEST1 gene. In Vietnamese patients with ARB, the primary retinal phenotypes included vitelliform lesions, subretinal deposits, intraretinal and subretinal fluid, and diffuse macular hyperfluorescence. The most common variants identified were c.584C>T p.(A195V) and c.598C>T p.(R200*). To the best of our knowledge, this is the first report describing ARB in Vietnamese patients. The findings of this study contribute to the understanding of ARB.
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Abbreviations


The following abbreviations are used in this manuscript:



	ARB
	Autosomal recessive bestrophinopathy



	CaCC
	Calcium-activated chloride channel



	BVMD
	Best vitelliform macular dystrophy



	EOG
	Electrooculography



	FAF
	Fundus autofluorescence



	FFA
	Fundus fluorescein angiography



	OCT
	Optical coherence tomography



	PCR
	Polymerase chain reaction



	gnomAD
	Genome Aggregation Database



	CADD
	Combined annotation dependent depletion



	SIFT
	Sorting intolerant from tolerant



	PolyPhen_2
	Polymorphism phenotyping v2



	ACMG
	American College of Medical Genetics and Genomics



	BCVA
	Best corrected visual acuity



	OD
	Oculus dexter (right eye)



	OS
	Oculus sinister (left eye)



	RPE
	Retinal pigment epithelium









References


	



Singh Grewal, S.; Smith, J.J.; Carr, A.-J.F. Bestrophinopathies: Perspectives on Clinical Disease, Bestrophin-1 Function and Developing Therapies. Ther. Adv. Ophthalmol. 2021, 13, 2515841421997191. [Google Scholar] [CrossRef] [PubMed]

	



Doumanov, J.A.; Zeitz, C.; Dominguez Gimenez, P.; Audo, I.; Krishna, A.; Alfano, G.; Diaz, M.L.B.; Moskova-Doumanova, V.; Lancelot, M.-E.; Sahel, J.-A.; et al. Disease-Causing Mutations in BEST1 Gene Are Associated with Altered Sorting of Bestrophin-1 Protein. Int. J. Mol. Sci. 2013, 14, 15121–15140. [Google Scholar] [CrossRef] [PubMed]

	



Johnson, A.A.; Guziewicz, K.E.; Lee, C.J.; Kalathur, R.C.; Pulido, J.S.; Marmorstein, L.Y.; Marmorstein, A.D. Bestrophin 1 and Retinal Disease. Prog. Retin. Eye Res. 2017, 58, 45–69. [Google Scholar] [CrossRef]

	



Zhang, Y.; Kittredge, A.; Ward, N.; Ji, C.; Chen, S.; Yang, T. ATP Activates Bestrophin Ion Channels through Direct Interaction. Nat. Commun. 2018, 9, 3126. [Google Scholar] [CrossRef]

	



Owji, A.P.; Wang, J.; Kittredge, A.; Clark, Z.; Zhang, Y.; Hendrickson, W.A.; Yang, T. Structures and Gating Mechanisms of Human Bestrophin Anion Channels. Nat. Commun. 2022, 13, 3836. [Google Scholar] [CrossRef]

	



Yang, T.; Liu, Q.; Kloss, B.; Bruni, R.; Kalathur, R.; Kloppmann, E.; Rost, B.; Colecraft, H.M.; Hendrickson, W.A. Structure and Selectivity in Bestrophin Ion Channels. Science 2014, 346, 355–359. [Google Scholar] [CrossRef]

	



Dickson, V.K.; Pedi, L.; Long, S.B. Structure and Insights into the Function of a Ca2+-Activated Cl− Channel. Nature 2014, 516, 213–218. [Google Scholar] [CrossRef]

	



Boon, C.J.F.; Theelen, T.; Hoefsloot, E.H.; van Schooneveld, M.J.; Keunen, J.E.E.; Cremers, F.P.M.; Klevering, B.J.; Hoyng, C.B. Clinical and Molecular Genetic Analysis of Best Vitelliform Macular Dystrophy. Retina 2009, 29, 835–847. [Google Scholar] [CrossRef]

	



Owji, A.P.; Kittredge, A.; Zhang, Y.; Yang, T. Structure and Function of the Bestrophin Family of Calcium-Activated Chloride Channels. Channels 2021, 15, 604–623. [Google Scholar] [CrossRef]

	



Ji, C.; Li, Y.; Kittredge, A.; Hopiavuori, A.; Ward, N.; Yao, P.; Fukuda, Y.; Zhang, Y.; Tsang, S.H.; Yang, T. Investigation and Restoration of BEST1 Activity in Patient-Derived RPEs with Dominant Mutations. Sci. Rep. 2019, 9, 19026. [Google Scholar] [CrossRef]

	



Marquardt, A.; Stöhr, H.; Passmore, L.A.; Krämer, F.; Rivera, A.; Weber, B.H. Mutations in a Novel Gene, VMD2, Encoding a Protein of Unknown Properties Cause Juvenile-Onset Vitelliform Macular Dystrophy (Best’s Disease). Hum. Mol. Genet. 1998, 7, 1517–1525. [Google Scholar] [CrossRef] [PubMed]

	



Allikmets, R.; Seddon, J.M.; Bernstein, P.S.; Hutchinson, A.; Atkinson, A.; Sharma, S.; Gerrard, B.; Li, W.; Metzker, M.L.; Wadelius, C.; et al. Evaluation of the Best Disease Gene in Patients with Age-Related Macular Degeneration and Other Maculopathies. Hum. Genet. 1999, 104, 449–453. [Google Scholar] [CrossRef] [PubMed]

	



Kaufman, S.J.; Goldberg, M.F.; Orth, D.H.; Fishman, G.A.; Tessler, H.; Mizuno, K. Autosomal Dominant Vitreoretinochoroidopathy. Arch. Ophthalmol. 1982, 100, 272–278. [Google Scholar] [CrossRef] [PubMed]

	



Burgess, R.; Millar, I.D.; Leroy, B.P.; Urquhart, J.E.; Fearon, I.M.; De Baere, E.; Brown, P.D.; Robson, A.G.; Wright, G.A.; Kestelyn, P.; et al. Biallelic Mutation of BEST1 Causes a Distinct Retinopathy in Humans. Am. J. Hum. Genet. 2008, 82, 19–31. [Google Scholar] [CrossRef]

	



Davidson, A.E.; Millar, I.D.; Urquhart, J.E.; Burgess-Mullan, R.; Shweikh, Y.; Parry, N.; O’Sullivan, J.; Maher, G.J.; McKibbin, M.; Downes, S.M.; et al. Missense Mutations in a Retinal Pigment Epithelium Protein, Bestrophin-1, Cause Retinitis Pigmentosa. Am. J. Hum. Genet. 2009, 85, 581–592. [Google Scholar] [CrossRef]

	



Tawfik, C.A.; Roshdy, M.M.; Morris, N.M. Prevalence of Inherited Retinal Diseases in a Large Egyptian Cohort. BMC Ophthalmol. 2023, 23, 422. [Google Scholar] [CrossRef]

	



Habibi, I.; Falfoul, Y.; Todorova, M.G.; Wyrsch, S.; Vaclavik, V.; Helfenstein, M.; Turki, A.; Matri, K.E.; Matri, L.E.; Schorderet, D.F. Clinical and Genetic Findings of Autosomal Recessive Bestrophinopathy (ARB). Genes 2019, 10, 953. [Google Scholar] [CrossRef]

	



Hufendiek, K.; Hufendiek, K.; Jägle, H.; Stöhr, H.; Book, M.; Spital, G.; Rustambayova, G.; Framme, C.; Weber, B.H.F.; Renner, A.B.; et al. Clinical Heterogeneity in Autosomal Recessive Bestrophinopathy with Biallelic Mutations in the BEST1 Gene. Int. J. Mol. Sci. 2020, 21, 9353. [Google Scholar] [CrossRef]

	



Bittmann, S.; Luchter, E.; Villalon, G.; Moschuring-Alieva, E.; Bittmann, L.; Weissenstein, A. First Pediatric Case of Autosomal Recessive Homozygotic Bestrophinopathy Due to Homozygous Mutation c.187G>C p. in Two Brothers. J. Clin. Med. Res. 2022, 14, 174–176. [Google Scholar] [CrossRef]

	



Boon, C.J.F.; van den Born, L.I.; Visser, L.; Keunen, J.E.E.; Bergen, A.A.B.; Booij, J.C.; Riemslag, F.C.; Florijn, R.J.; van Schooneveld, M.J. Autosomal Recessive Bestrophinopathy: Differential Diagnosis and Treatment Options. Ophthalmology 2013, 120, 809–820. [Google Scholar] [CrossRef]

	



Jaffal, L.; Joumaa, W.H.; Assi, A.; Helou, C.; Condroyer, C.; El Dor, M.; Cherfan, G.; Zeitz, C.; Audo, I.; Zibara, K.; et al. Novel Missense Mutations in BEST1 Are Associated with Bestrophinopathies in Lebanese Patients. Genes 2019, 10, 151. [Google Scholar] [CrossRef] [PubMed]

	



Tekin, K.; Dulger, S.C.; Horozoglu Ceran, T.; Inanc, M.; Ozdal, P.C.; Teke, M.Y. Multimodal Imaging and Genetic Characteristics of Autosomal Recessive Bestrophinopathy. J. Fr. Ophtalmol. 2024, 47, 104097. [Google Scholar] [CrossRef] [PubMed]

	



Kim, H.R.; Han, J.; Kim, Y.J.; Kang, H.G.; Byeon, S.H.; Kim, S.S.; Lee, C.S. Clinical Features and Genetic Findings of Autosomal Recessive Bestrophinopathy. Genes 2022, 13, 1197. [Google Scholar] [CrossRef] [PubMed]

	



Haque, O.I.; Chandrasekaran, A.; Nabi, F.; Ahmad, O.; Marques, J.P.; Ahmad, T. A Novel Compound Heterozygous BEST1 Gene Mutation in Two Siblings Causing Autosomal Recessive Bestrophinopathy. BMC Ophthalmol. 2022, 22, 493. [Google Scholar] [CrossRef]

	



Nguyen, T.T.; Poornachandra, B.; Verma, A.; Mehta, R.A.; Phalke, S.; Battu, R.; Ramprasad, V.L.; Peterson, A.S.; Ghosh, A.; Seshagiri, S. Next Generation Sequencing Identifies Novel Disease-Associated BEST1 Mutations in Bestrophinopathy Patients. Sci. Rep. 2018, 8, 10176. [Google Scholar] [CrossRef]

	



Ye, P.; Xu, J.; Luo, Y.; Su, Z.; Yao, K. Familial Autosomal Recessive Bestrophinopathy: Identification of a Novel Variant in BEST1 Gene and the Specific Metabolomic Profile. BMC Med. Genet. 2020, 21, 16. [Google Scholar] [CrossRef]

	



Tian, L.; Sun, T.; Xu, K.; Zhang, X.; Peng, X.; Li, Y. Screening of BEST1 Gene in a Chinese Cohort with Best Vitelliform Macular Dystrophy or Autosomal Recessive Bestrophinopathy. Investig. Ophthalmol. Vis. Sci. 2017, 58, 3366–3375. [Google Scholar] [CrossRef]

	



Casalino, G.; Khan, K.N.; Armengol, M.; Wright, G.; Pontikos, N.; Georgiou, M.; Webster, A.R.; Robson, A.G.; Grewal, P.S.; Michaelides, M. Autosomal Recessive Bestrophinopathy: Clinical Features, Natural History, and Genetic Findings in Preparation for Clinical Trials. Ophthalmology 2021, 128, 706–718. [Google Scholar] [CrossRef]

	



Zhao, D.; Gu, V.Y.; Wang, Y.; Peng, J.; Lyu, J.; Fei, P.; Xu, Y.; Zhang, X.; Zhao, P. Clinical and Genetic Features in Autosomal Recessive Bestrophinopathy in Chinese Cohort. BMC Ophthalmol. 2024, 24, 308. [Google Scholar] [CrossRef]

	



Gao, T.; Tian, C.; Hu, Q.; Liu, Z.; Zou, J.; Huang, L.; Zhao, M. Clinical and Mutation Analysis of Patients with Best Vitelliform Macular Dystrophy or Autosomal Recessive Bestrophinopathy in Chinese Population. Biomed. Res. Int. 2018, 2018, 4582816. [Google Scholar] [CrossRef]

	



Shi, J.; Tian, L.; Sun, T.; Zhang, X.; Xu, K.; Xie, Y.; Peng, X.; Tang, X.; Jin, Z.-B.; Li, Y. Comprehensive Genetic Analysis Unraveled the Missing Heritability and a Founder Variant of BEST1 in a Chinese Cohort with Autosomal Recessive Bestrophinopathy. Investig. Ophthalmol. Vis. Sci. 2023, 64, 37. [Google Scholar] [CrossRef] [PubMed]

	



Soto-Sierra, M.; Morillo-Sánchez, M.J.; Martín-Sánchez, M.; Ramos-Jiménez, M.; López-Domínguez, M.; Ponte-Zuñiga, B.; Antiñolo, G.; Rodríguez-de-la-Rúa, E. Novel BEST1 Mutations and Clinical Characteristics of Autosomal Recessive Bestrophinopathy in a Spanish Patient. Eur. J. Ophthalmol. 2022, 32, NP77–NP81. [Google Scholar] [CrossRef]

	



Li, J.-X.; Meng, L.-R.; Hou, B.-K.; Hao, X.-L.; Wang, D.-J.; Qu, L.-H.; Li, Z.-H.; Zhang, L.; Jin, X. Detection of Novel BEST1 Variations in Autosomal Recessive Bestrophinopathy Using Third-Generation Sequencing. Curr. Med. Sci. 2024, 44, 419–425. [Google Scholar] [CrossRef] [PubMed]

	



Chen, S.; Francioli, L.C.; Goodrich, J.K.; Collins, R.L.; Kanai, M.; Wang, Q.; Alföldi, J.; Watts, N.A.; Vittal, C.; Gauthier, L.D.; et al. A Genomic Mutational Constraint Map Using Variation in 76,156 Human Genomes. Nature 2024, 625, 92–100. [Google Scholar] [CrossRef] [PubMed]

	



Phan, L.; Zhang, H.; Wang, Q.; Villamarin, R.; Hefferon, T.; Ramanathan, A.; Kattman, B. The Evolution of dbSNP: 25 Years of Impact in Genomic Research. Nucleic Acids Res. 2025, 53, D925–D931. [Google Scholar] [CrossRef]

	



Landrum, M.J.; Chitipiralla, S.; Kaur, K.; Brown, G.; Chen, C.; Hart, J.; Hoffman, D.; Jang, W.; Liu, C.; Maddipatla, Z.; et al. ClinVar: Updates to Support Classifications of Both Germline and Somatic Variants. Nucleic Acids Res. 2025, 53, D1313–D1321. [Google Scholar] [CrossRef]

	



Steinhaus, R.; Proft, S.; Schuelke, M.; Cooper, D.N.; Schwarz, J.M.; Seelow, D. MutationTaster2021. Nucleic Acids Res. 2021, 49, W446–W451. [Google Scholar] [CrossRef]

	



Schubach, M.; Maass, T.; Nazaretyan, L.; Röner, S.; Kircher, M. CADD v1.7: Using Protein Language Models, Regulatory CNNs and Other Nucleotide-Level Scores to Improve Genome-Wide Variant Predictions. Nucleic Acids Res. 2024, 52, D1143–D1154. [Google Scholar] [CrossRef]

	



Ng, P.C.; Henikoff, S. SIFT: Predicting Amino Acid Changes That Affect Protein Function. Nucleic Acids Res. 2003, 31, 3812–3814. [Google Scholar] [CrossRef]

	



Adzhubei, I.A.; Schmidt, S.; Peshkin, L.; Ramensky, V.E.; Gerasimova, A.; Bork, P.; Kondrashov, A.S.; Sunyaev, S.R. A Method and Server for Predicting Damaging Missense Mutations. Nat. Methods 2010, 7, 248–249. [Google Scholar] [CrossRef]

	



Richards, S.; Aziz, N.; Bale, S.; Bick, D.; Das, S.; Gastier-Foster, J.; Grody, W.W.; Hegde, M.; Lyon, E.; Spector, E.; 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, 405–424. [Google Scholar] [CrossRef] [PubMed]

	



Milenkovic, V.M.; Röhrl, E.; Weber, B.H.F.; Strauss, O. Disease-Associated Missense Mutations in Bestrophin-1 Affect Cellular Trafficking and Anion Conductance. J. Cell Sci 2011, 124, 2988–2996. [Google Scholar] [CrossRef] [PubMed]

	



Wong, R.L.M.; Hou, P.; Choy, K.-W.; Chiang, S.W.Y.; Tam, P.O.S.; Li, H.; Chan, W.-M.; Lam, D.S.C.; Pang, C.-P.; Lai, T.Y.Y. Novel and Homozygous BEST1 Mutations in Chinese Patients with Best Vitelliform Macular Dystrophy. Retina 2010, 30, 820–827. [Google Scholar] [CrossRef] [PubMed]

	



Guerriero, S.; Preising, M.N.; Ciccolella, N.; Causio, F.; Lorenz, B.; Fischetto, R. Autosomal Recessive Bestrophinopathy: New Observations on the Retinal Phenotype—Clinical and Molecular Report of an Italian Family. Ophthalmologica 2011, 225, 228–235. [Google Scholar] [CrossRef]

	



Luo, J.; Lin, M.; Guo, X.; Xiao, X.; Li, J.; Hu, H.; Xiao, H.; Xu, X.; Zhong, Y.; Long, S.; et al. Novel BEST1 Mutations and Special Clinical Characteristics of Autosomal Recessive Bestrophinopathy in Chinese Patients. Acta Ophthalmol. 2019, 97, 247–259. [Google Scholar] [CrossRef]

	



Yang, S.; Li, Z.; Cheng, W.; Ma, M.; Qi, R.; Rui, X.; Ren, Y.; Sheng, X.; Rong, W. BEST1 Novel Mutation Causes Bestrophinopathies in Six Families with Distinct Phenotypic Diversity. Mol. Genet. Genomic. Med. 2023, 11, e2095. [Google Scholar] [CrossRef]

	



Pfister, T.A.; Zein, W.M.; Cukras, C.A.; Sen, H.N.; Maldonado, R.S.; Huryn, L.A.; Hufnagel, R.B. Phenotypic and Genetic Spectrum of Autosomal Recessive Bestrophinopathy and Best Vitelliform Macular Dystrophy. Investig. Ophthalmol. Vis. Sci. 2021, 62, 22. [Google Scholar] [CrossRef]

	



Boon, C.J.F.; Klevering, B.J.; Leroy, B.P.; Hoyng, C.B.; Keunen, J.E.E.; den Hollander, A.I. The Spectrum of Ocular Phenotypes Caused by Mutations in the BEST1 Gene. Prog. Retin. Eye Res. 2009, 28, 187–205. [Google Scholar] [CrossRef]

	



Kinnick, T.R.; Mullins, R.F.; Dev, S.; Leys, M.; Mackey, D.A.; Kay, C.N.; Lam, B.L.; Fishman, G.A.; Traboulsi, E.; Iezzi, R.; et al. Autosomal Recessive Vitelliform Macular Dystrophy in a Large Cohort of Vitelliform Macular Dystrophy Patients. Retina 2011, 31, 581–595. [Google Scholar] [CrossRef]

	



MacDonald, I.M.; Gudiseva, H.V.; Villanueva, A.; Greve, M.; Caruso, R.; Ayyagari, R. Phenotype and Genotype of Patients with Autosomal Recessive Bestrophinopathy. Ophthalmic Genet. 2012, 33, 123–129. [Google Scholar] [CrossRef]

	



Miller, A.N.; Vaisey, G.; Long, S.B. Molecular Mechanisms of Gating in the Calcium-Activated Chloride Channel Bestrophin. Elife 2019, 8, e43231. [Google Scholar] [CrossRef]

	



Navinés-Ferrer, A.; Ruiz-Nogales, S.; Navarro, R.; Pomares, E. Impaired Bestrophin Channel Activity in an iPSC-RPE Model of Best Vitelliform Macular Dystrophy (BVMD) from an Early Onset Patient Carrying the P77S Dominant Mutation. Int. J. Mol. Sci. 2022, 23, 7432. [Google Scholar] [CrossRef] [PubMed]

	



Tian, R.; Yang, G.; Wang, J.; Chen, Y. Screening for BEST1 Gene Mutations in Chinese Patients with Bestrophinopathy. Mol. Vis. 2014, 20, 1594–1604. [Google Scholar] [PubMed]

	



Lambertus, S.; Bax, N.M.; Groenewoud, J.M.M.; Cremers, F.P.M.; van der Wilt, G.J.; Klevering, B.J.; Theelen, T.; Hoyng, C.B. Asymmetric Inter-Eye Progression in Stargardt Disease. Investig. Ophthalmol. Vis. Sci. 2016, 57, 6824–6830. [Google Scholar] [CrossRef] [PubMed]

	



Charng, J.; Cideciyan, A.V.; Jacobson, S.G.; Sumaroka, A.; Schwartz, S.B.; Swider, M.; Roman, A.J.; Sheplock, R.; Anand, M.; Peden, M.C.; et al. Variegated yet Non-Random Rod and Cone Photoreceptor Disease Patterns in RPGR-ORF15-Associated Retinal Degeneration. Hum. Mol. Genet. 2019, 28, 175. [Google Scholar] [CrossRef]

	



Chakravarthy, H.; Georgyev, V.; Wagen, C.; Hosseini, A.; Matsubara, J. Blue Light-Induced Phototoxicity in Retinal Cells: Implications in Age-Related Macular Degeneration. Front. Aging Neurosci. 2024, 16, 1509434. [Google Scholar] [CrossRef]

	



Antemie, R.-G.; Samoilă, O.C.; Clichici, S.V. Blue Light-Ocular and Systemic Damaging Effects: A Narrative Review. Int. J. Mol. Sci. 2023, 24, 5998. [Google Scholar] [CrossRef]

	



Yu, K.; Qu, Z.; Cui, Y.; Hartzell, H.C. Chloride Channel Activity of Bestrophin Mutants Associated with Mild or Late-Onset Macular Degeneration. Investig. Ophthalmol. Vis. Sci. 2007, 48, 4694–4705. [Google Scholar] [CrossRef]

	



Xiao, Q.; Prussia, A.; Yu, K.; Cui, Y.; Hartzell, H.C. Regulation of Bestrophin Cl Channels by Calcium: Role of the C Terminus. J. Gen. Physiol. 2008, 132, 681–692. [Google Scholar] [CrossRef]








[image: Biomedicines 13 01625 g001] 





Figure 1. Multimodal imaging of right eye (A) and left eye (B) of nine patients with autosomal recessive bestrophinopathy and the unaffected parents of P2. FFA, fundus fluorescein angiography; FAF, fundus autofluorescence; OCT, optical coherence tomography. Wide-angle fundus colour images showed a vitelliform under the macula (fundus images). OCT images indicated retinal thickening and fluid, and disruption of photoreceptor elongation and epiretinal membrane in patient P1; subretinal fluid and subretinal deposition of lipofuscin in patients P2 and P3; subretinal fluid and diffuse deposits, retinoschisis, and RPE thinning in patient P4; subretinal fluid and deposits, outer retinal thinning, and photoreceptor disruption and elongation in patients P5 and P6; subretinal fluid and outer retinal thinning in patient P7; and subretinal fluid and deposits, retinoschisis, and photoreceptor elongation and disruption in patients P8 and P9. The unaffected parents of P2 exhibited normal colour fundus, FFA, and OCT images. The OCT images revealed a posterior vitreous detachment in the P2’s father, which is commonly observed at his age (>60-year-old). 
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Figure 2. Sanger sequencing of the BEST1 variants identified in nine patients (A) and the location of mutant residues in the predicted topology of human bestrophin-1, adapted to Milenkovic et al. [42] (B). In Figure 2A, the black arrows represent normal nucleotides, the red arrows indicate mutant nucleotides; Hom, homozygous; Het, heterozygous. In (B), the known mutant residues are marked in black, while the novel mutant residue is marked in red. Hom, homozygous; Het, heterozygous. 
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Figure 3. Pedigree (A) and Sanger sequencing electropherograms (B) of the two variants, c.584C>T p.(A195V) and c.598C>T p.(R200*), located on exon 5 of BEST1 gene in the family of P2 and P3. Shaded symbol + represent wild-type allele. The patients P2 and P3 harboured compound heterozygous variants. The father (I.1) and two daughters of P2 (III.1 and III.2) carry the variant c.584C>T p.(A195V) in the heterozygous state. The mother (I.2) carries the variant c.598C>T p.(R200*) in the heterozygous state. The spouse of P2 has wild-type alleles. 
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Table 1. Ophthalmic history of nine patients with autosomal recessive bestrophinopathy.
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	Patient
	Sex
	Family History
	Ophthalmic History
	Treatment History





	P1
	Male
	None
	Chronic central serous chorioretinopathy with CNV and open-angle glaucoma.
	Trabeculectomy procedure for glaucoma and glaucoma eye drops.

Received bevacizumab intravitreal injections without improvement.



	P2
	Male
	Sister (P3)
	Maculopathy and hyperopic astigmatism.
	None.



	P3
	Female
	Brother (P2)
	Choroidal neovascularization, polypoidal choroidal vasculopathy, and hyperopia.
	Received bevacizumab intravitreal injections.



	P4
	Male
	None
	Maculopathy and open-angle glaucoma.
	Glaucoma eye drops.



	P5
	Male
	None
	Hyperopic, maculopathy, and exudative retinal detachment.
	Artificial tears.



	P6
	Female
	None
	Chronic central serous chorioretinopathy, closed-angle glaucoma, and hyperopia.
	Laser peripheral iridotomy and glaucoma eye drops.



	P7
	Male
	None
	Bullous central serous chorioretinopathy and hyperopia.
	



	P8
	Female
	Brother (P9)
	Hyperopic astigmatism and macular edema.
	Artificial tears.



	P9
	Male
	Sister (P8)
	Hyperopic astigmatism and macular edema.
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	Exon
	Forward (3′–5′)
	Reverse (3′–5′)
	Length (bp)





	2
	GAGAGTTGAGGTCCAGAGCA
	GCAGCCTCTCAGTCTGACTT
	484



	3
	GTTTGGGGCTGTACAAGGAG
	AGTCCGCACCTTTCCCTAC
	435



	4
	TCTGGCGGATTTCTGGGAC
	CACCCATCTTCCATTCCTGC
	550



	5
	GCCCAGAACAGCACCTAGTA
	ACCAGGACCTCACAGACTTG
	521



	6
	AGCCAGGAATGGACCATAGG
	ATTGCCTCTACTGGACTGGG
	393



	7
	GCAAGTCAGAACAAGGCCTT
	GCTTTCTACCCGTGAGACCT
	379



	8
	TACACTCAGGGACAGCTGTG
	ACAGTGGGGTCCTCTCTTTG
	399



	9
	ATCTCCCCATTTCACAGGCA
	CTGCACTAGGAGGGGCTTC
	329



	10-1
	TCAGGAGAGAGGTGAGAGCT
	CTGATACAGTGGGGCAGACT
	434



	10-2
	CCAAACTACTGTGGCCCAAG
	TTTTCGGGGATCTCTGGCAT
	421



	10-3
	AAGACTGTGAGTTCTGGGGC
	TGGCAGTGATGGAACCCTAG
	344



	11
	TCAACCTTTGCCCTCCTACT
	TAAGGTGTGGCTGTCTTGGA
	402










 





Table 3. Ophthalmic abnormalities of nine patients with autosomal recessive bestrophinopathy.
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Patient

	
Age (Years)

	
BCVA (OD/OS)

	
Fundus Findings

(OU)

	
FFA (OU)

	
FAF (OU)

	
OCT Findings (OU)

	
BEST1 Variants




	
Allele 1

	
Allele 2






	
P1

	
79.6

	
20/40;

20/125

	
Multiple yellow subretinal deposits in the macula and around the optic disc.

Serous retinal detachment.

RPE alteration.

	
Diffuse hyperfluorescence at the macula.

Descending tract pattern of hyperautofluorescence.

	
Hyperautofluorescence corresponding to the yellow deposits.

Mixed areas of hyper and hypoautofluorescence due to RPE alterations.

	
Retinal thickening and fluid.

Disruption of photoreceptor elongation.

Disruption in the epiretinal membrane.

	
c.223C>T p.(L75F)

	
c.223C>T p.(L75F)




	
P2

	
33.8

	
20/40;

20/50

	
Yellow subretinal deposits in the macular and retinal area above the optic disc.

	
Diffuse hyperfluorescence at the macula.

	
Hyperautofluorescence corresponding to the yellow deposits.

Hypoautofluorescence due to RPE alteration.

	
Subretinal fluid.

Subretinal deposition of lipofuscin.

	
c.584C>T p.A195V

	
c.598C>T p.(R200*)




	
P3

	
34.8

	
20/100; 20/125

	
Yellow subretinal deposits in the macular and retinal area above the optic disc.

	
Hyperfluores-cence in the macula at the late phase.

	
Hyperautofluorescence corresponding to the yellow deposits.

Hypoautofluorescence due to RPE alteration.

	
Subretinal fluid.

Subretinal deposition of lipofuscin.

	
c.584C>T p.A195V

	
c.598C>T p.(R200*)




	
P4

	
32.5

	
20/25;

20/40

	
Diffuse RPE changes.

Diffuse subretinal deposits at the macula and around the optic discs.

	
Hyperfluorescence due to RPE thinning and subretinal deposits.

	
Diffuse hyperautofluorescence at the macula and around the optic discs.

	
Subretinal fluid and diffuse deposits.

Retinoschisis.

RPE thinning.

	
c.584C>T p.A195V

	
c.598C>T p.(R200*)




	
P5

	
45.4

	
20/50;

20/50

	
Diffuse subretinal deposits with some foci of deposits near the vascular arcade and above the optic disc.

	
Diffuse hyperfluorescence at the macula.

	
Hyperautofluorescence at the macular.

Hyporautofluorescence in the centre in a ring pattern.

	
Subretinal fluid and deposits.

Outer retinal thinning.

Photoreceptor disruption and elongation.

	
c.584C>T p.A195V

	
c.598C>T p.(R200*)




	
P6

	
48.1

	
20/25;

20/32

	
Yellow subretinal deposits at the macula.

RPE alteration.

	
Diffuse hyperautofluorescence in the macular region.

	
Hyperautofluorescence at the macular.

Hyporautofluorescence in the centre in a ring pattern.

	
Subretinal fluid and deposits.

Outer retinal thinning.

Photoreceptor disruption and elongation.

	
c.584C>T p.A195V

	
c.763C>T p.(R255W)




	
P7

	
42.2

	
20/100; 20/125

	
Diffuse subretinal deposits.

Foci of deposits around the optic discs.

Peripheral and inferior retinal alteration.

	
Widespread hyperautofluorescence at the macular region.

	
Diffuse hyperautofluorescence.

Descending streaks of hyperautofluorescence.

	
Subretinal fluid.

Outer retinal thinning.

	
c.598C>T p.(R200*)

	
c.598C>T p.(R200*)




	
P8

	
16.5

	
20/25;

20/32

	
Diffuse subretinal deposits.

Foci of deposits around the optic discs and retinal vascular arcade.

	
Diffuse hyperluorescence.

Gravitational hyperfluorescence streak.

	
Hyperautofluorescence at the macula and around the optic discs.

Foci of hyperautofluorescence.

	
Subretinal fluid and deposits.

Retinoschisis.

Photoreceptor elongation and disruption.

	
c.598C>T p.(R200*)

	
c.865A>T p.(K289*)




	
P9

	
14.1

	
20/20;

20/20

	
Diffuse subretinal deposits.

Foci of deposits around the optic discs and retinal vascular arcade.

	
Diffuse hyperluorescence.

Gravitational hyperfluorescence streak.

	
Hyperautofluorescence at macula and around the optic discs.

Foci of hyperautofluorescence.

	
Subretinal fluid and deposits.

Retinoschisis.

Photoreceptor elongation and disruption.

	
c.598C>T p.(R200*)

	
c.865A>T p.(K289*)








BCVA, Best Corrected Visual Acuity; OD, oculus dexter (right eye); OS, oculus sinister (left eye); FFA, fundus fluorescein angiography; FAF, fundus autofluorescence; OCT, optical coherence tomography; OU, oculus uterque (both eyes); RPE, retinal pigment epithelium.













 





Table 4. In silico analyses of five BEST1 variants.
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	Exon
	c.DNA Change
	Amino Acid Change
	MutationTaster2021
	CADD v1.7
	PolyPhen_2
	SIFT
	GnomAD v4.1.0
	dbSNP157
	ClinVar
	Literature
	ACMG Classification





	3
	c.223C>T
	p.(L75F)
	D
	D
	B
	T
	2/1614224
	rs1335203485
	3767340

LP
	[43]
	LP (PM1, PM2, PM5, PP3 and PP5)



	5
	c.584C>T
	p.(A195V)
	D
	D
	D
	D
	254/1614092
	rs200277476
	99725

P
	[18,23]
	P (PS3, PM1, PM2, PP1, and PP3)



	5
	c.598C>T
	p.(R200*)
	D
	D
	
	
	10/1613960
	rs121918286
	2741

P
	[14,44]
	P (PVS1, PM2, PP1, PP3, and PP5)



	7
	c.763C>T
	p.(R255W)
	D
	D
	D
	D
	44/1614060
	rs372989281
	143127

P
	[27,45]
	LP (PM1, PM2, PP3, and PP5)



	7
	c.865A>T
	p.(K289*)
	D
	D
	
	
	0
	0
	0
	0
	P (PVS1, PM2, PP1, and PP3)







D, damaging or deleterious; B, benign; T, tolerated; P, pathogenic; LP, likely pathogenic; PVS, pathogenic very strong; PS, pathogenic strong; PM, pathogenic moderate; PP, pathogenic supporting.
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