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A novel RPE65 variant p.(Ala391Asp) in Leber congenital amaurosis: a case report and literature review in Japan
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Introduction: In Japan, inherited retinal dystrophy caused by biallelic variants of the RPE65 gene is exceedingly rare. The purpose of this study was to describe a Japanese male patient with a novel variant in RPE65 associated with Leber congenital amaurosis (LCA).

Case report: The patient, diagnosed with LCA, exhibited infantile nystagmus and reported experiencing night blindness since early childhood. At 27 years of age, the patient underwent an ophthalmologically evaluation. Corrected visual acuity was Snellen equivalent 20/133 in the right eye and Snellen equivalent 20/100 in the left eye. Fundus examination revealed alterations in the retinal pigment epithelium characterized by hypopigmentation and narrowing of retinal vessels. Fundus autofluorescence imaging demonstrated a generally diminished autofluorescent signal. Full-field electroretinography identified a generalized dysfunction of both rod and cone systems in each eye. Whole exome sequencing identified a novel missense variant in RPE65 (NM_000329.3): c.1172C > A p.(Ala391Asp), which was classified as pathogenic, as well as a recurrent variant p.(Arg515Trp).

Conclusion: This study provides valuable insights into the genotype–phenotype correlation of RPE65-associated LCA in Japanese patients, with critical implications for enhanced diagnostic accuracy and informed therapeutic decisions.
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1 Introduction

Inherited retinal dystrophies (IRDs) constitute a diverse group of genetically and clinically heterogeneous inherited retinal disorders characterized by progressive retinal degeneration that culminates in legal blindness. A particularly severe form of IRDs, Leber congenital amaurosis (LCA), manifests with profound congenital or early-onset vision loss and nystagmus (1). Previous reports have indicated that pathogenic variants in genes such as CEP290, GUCY2D, CRB1, RDH12, and RPE65 are predominantly associated with LCA and early-onset severe retinal dystrophy (EOSRD) (1, 2).

The RPE65 gene (NM_000329.3) is located on the short arm of chromosome 1 (1p31.3) and spans 14 exons over 21.1 kilobase pairs. The encoded RPE65 protein, composed of 533 amino acids (NP_000320.1), functions within the retinal pigment epithelium, catalyzing the conversion of all-trans-retinyl fatty acid esters into 11-cis-retinol, a crucial step in visual chromophore regeneration (1). Biallelic pathogenic variants in RPE65 were first identified in LCA/EOSRD patients in 1997 (3, 4). Such variants in RPE65 account for approximately 11.4% of cases in early-onset retinal dystrophies in Western populations (5). These variants are also implicated in autosomal recessive retinitis pigmentosa (RP) (6). However, RPE65-associated retinal dystrophies are reported to be relatively rare in Japan (7, 8), with few documented cases detailing their clinical progression (9–11).

In 2018, the FDA approved Voretigene neparvovec (Luxturna®) as the inaugural gene therapy for LCA/EOSRD with biallelic RPE65 variants, following positive results from phase 3 clinical trial (12). Subsequently, Voretigene neparvovec was approved in Japan in 2023, post phase 3 clinical trials (NCT04516369). Despite the therapeutic potential of gene therapy, its implementation in Japan faces challenges. First, the progression of RPE65-LCA/EOSRD in Japanese patients is poorly documented. Additionally, the incidence of such dystrophies in Japan is considerably lower than reported in other populations. The second challenge pertains to the exceptionally low incidence rates among previously published reports on IRDs (7, 8). This report introduces a case of LCA in a young Japanese patient with biallelic RPE65 variants and reviews the literature on Japanese patients with biallelic variants in RPE65.



2 Case report

A male patient, identified as JU2139, exhibited infantile nystagmus noticed by his parents before he was 1 year old. He has reported experiencing night blindness since early childhood, although no systemic diseases have been diagnosed. There was no history of consanguinity among his unaffected parents. The patient recalled having relatively good visual acuity upon entering elementary school. His first ophthalmological consultation occurred at 13 years of age at a local clinic, where he was observed for 3 years. Initial fundus photography indicated mild coarsening of the retinal pigment epithelium (RPE) bilaterally (OU). The patient was eventually diagnosed with LCA. By the age of 24, he achieved a decimal best-corrected visual acuity (BCVA) of 0.5 (Snellen equivalent 20/40) in the right eye (OD) and 0.4 (Snellen equivalent 20/50) in the left eye (OS).

At 27 years of age, the patient was referred to the Department of Ophthalmology at The Jikei University Hospital for evaluation of a suspected inherited retinal dystrophy. The examination revealed a decimal BCVA of 0.1 (Snellen equivalent 20/200) OD and 0.2 (Snellen equivalent 20/100) OS, with respective refractive corrections of +2.50 diopters sphere (DS) with −2.00 diopters cylinder (DC) at 180 degrees OD and +1.75 DS with −3.00 DC at 175 degrees OS. Intraocular pressure was measured at 17 mmHg OD and 14 mmHg OS. Slit-lamp examination of the anterior segment showed no remarkable abnormalities. Examination of the posterior segment through fundus photography disclosed alterations in the RPE characterized by hypopigmentation, as well as narrowing of retinal vessels OU (Figure 1A). Both conventional and ultra-widefield fundus autofluorescence (FAF) imaging revealed areas of hyper-autofluorescence corresponding to the lesions and a generally diminished FAF signal within and beyond the vascular arcades (Figure 1B). Optical coherence tomography (OCT) performed using a Cirrus 5000 system (Carl Zeiss Meditec AG, Dublin, CA, United States), revealed disruption of ellipsoid zone (EZ), interdigitation zone and external limiting membrane OD. In contrast, the left eye exhibited a faintly preserved EZ in the foveal region (Figure 1C). Full-field electroretinograms (ERGs) were obtained under both dark-adapted (DA) and light-adapted (LA) conditions with dilated pupils, induced by a combination of tropicamide and phenylephrine hydrochloride eye drops, in accordance with the International Society for Clinical Electrophysiology of Vision protocols (13). In the ERGs, the recorded amplitudes of the rod (DA 0.01 cd s m−2) b-waves, standard/bright-flash (DA 3.0/10.0 cd s m−2) a- and b-waves, cone (LA 3.0 cd s m−2) a- and b-waves and LA 30-Hz flicker responses were undetectable (Figure 2), signifying a generalized dysfunction of both rod and cone systems.
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FIGURE 1
 Multimodal imaging of the right eye (left column) and the left eye (right column) of the patient at the age of 27. (A) Fundus photography shows alterations in the retinal pigment epithelium characterized by hypopigmentation and narrowing of retinal vessels in both eyes. (B) Fundus autofluorescence imaging reveals areas of hyper-autofluorescence corresponding to the lesions and a generally diminished autofluorescent signal within and beyond the vascular arcades. (C) Optical coherence tomography reveals disruption of ellipsoid zone (EZ), interdigitation zone and external limiting membrane in the right eye. In contrast, the left eye exhibited a faintly preserved EZ in the foveal region.
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FIGURE 2
 Full-field electroretinograms in an age-matched control and the patient (JU2139). The electroretinograms are recorded under both dark-adapted (DA) and light-adapted (LA) conditions in the right eye (OD) and in the left eye (OS). The recorded amplitudes of the rod (DA 0.01 cd s m−2) b-waves, standard/bright-flash (DA 3.0/10.0 cd s m−2) a- and b-waves, cone (LA 3.0 cd s m−2) a- and b-waves and LA 30-Hz flicker responses are undetectable in the patient, signifying a generalized dysfunction of both rod and cone systems.


For the purpose of genetic testing, the protocol of our study received approval from the Institutional Review Board of The Jikei University School of Medicine (approval numbers: 24-2316997). Informed consent was procured from both the patient and his parents. Genomic DNA was initially extracted from peripheral blood samples. Subsequent whole-exome sequencing (WES) and bioinformatics analyses were conducted to identify disease causing variants in the patient’s genome. The methodologies for WES have been elaborated upon in our previous publications (8, 14, 15). The Genome Reference Consortium Human Genome Build 38 (GRCh38) served as the reference sequence. Through a series of filtering steps, two missense variants in RPE65 (NM_000329.3) were detected: c.1172C > A (chr1:68431542G > T, GRCh38.p14, rs753540419); p.(Ala391Asp) in exon 11 and c.1543C > T (chr1:68429835G > A, GRCh38.p14, rs121917745);p.(Arg515Trp) in exon 14. These variants were visualized using the Integrative Genomic Viewer (IGV version 2.16.2, Broad Institute, MA, United States) software, as depicted in Figure 3A.
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FIGURE 3
 Molecular genetic analysis data. (A) In the patient, the Integrative Genomics Viewer screenshots of whole exome sequencing validation data show a heterozygous missense variant c.1172C > A; p.(Ala391Asp) in exon 11 and a heterozygous missense variant c.1543C > T; p.(Arg515Trp) in exon 14 of the RPE65 gene (NM_000329.3). (B) Sanger sequencing chromatograms of RPE65. Partial nucleotide sequences demonstrate that the patient (JU2139) carries the compound heterozygous variants (c.1172C > A; p.(Ala391Asp) and c.1543C > T; p.(Arg515Trp)), whereas his mother and father carry the heterozygous variants p.(Ala391Asp) and p.(Arg515Trp), respectively.


Sanger sequencing was performed for validation of the variants and for cosegregation analysis. The following primer sets were used for RPE65: exon 11: forward primer (RPE65-11bF) 5′-GAGCCAAGACTTAAGAACTC-3′ and reverse primer (RPE65-11bR) 5′-GACTAGCATATACTCAAAGCAC-3′, and exon 14 forward primer (RPE65-14F) 5′-TTAGAGCTTACAGTGTAGGTAG-3′ and reverse primer (RPE65-14R) 5′-AAGCCATTTAGTAAGTCCAC-3′ were used. His mother carried the p.(Ala391Asp) variant heterozygously, while his father carried the p.(Arg515Trp) variant heterozygously (Figure 3B).

The p.(Ala391Asp) variant has never been previously reported, as confirmed by searches in the Human Gene Mutation Database Professional (HGMD)1 as of February 2023, Leiden Open Variation Database 3.0 (LOVD)2 and ClinVar,3 thus designating it as a novel missense variant. The alanine residue at position 391, within the dimer-mediating region (16, 17) composed of amino-acid residues 371-404, is highly conserved across vertebrate species. The allele frequency of the p.(Ala391Asp) variant in the Genome Aggregation Database (gnomAD)4 is exceedingly rare at 0.000004 (1 in 250,644 alleles). This variant is absent in the Tohoku Medical Megabank Organization’s 54 K Japanese Genome Variation Database [ToMMo 54KJPN; (18)]5, which includes data from 54,267 Japanese individuals. According to the American College of Medical Genetics standards, the p.(Ala391Asp) was determined to be “pathogenic” based on the following criteria: PM1 (within the dimer-mediating region), PM2 (not found in controls), PM3 (detected in trans), PP3 (computational evidence for pathogenicity), and PP4 (highly specific for the LCA phenotype). The other p.(Arg515Trp) variant, classified as pathogenic in ClinVar, has been documented in Japanese patients diagnosed with LCA (Table 1). Within the ToMMo 54KJPN, this variant’s allele frequency stands at 0.0008 (86 in 108,534 alleles), which is notably 80-fold higher than the frequency observed in gnomAD, where it is 0.00001 (4 in 280,264 alleles).



TABLE 1 Summary of Japanese patients with inherited retinal dystrophy, who carry biallelic variants in the RPE65 gene (NM_000329.3).
[image: Table1]



3 Discussion

This study documents the clinical and genetic characteristics of LCA associated with biallelic RPE65 variants in a Japanese patient, emphasizing the implications for genetic diagnosis and potential gene therapy in Japan.

Our patient exhibited early symptoms such as nystagmus and night blindness, which are typical of LCA. The progression of his visual acuity loss and the characteristic ophthalmological findings, including FAF and OCT (Figures 1B,C), are consistent with those described in RPE65-associated LCA/EOSRD. The absence of responses in the ERGs (Figure 2) confirms the generalized dysfunction of both rod and cone systems, indicative of LCA.

Through whole exome sequencing, we identified two missense variants in RPE65: the novel p.(Ala391Asp) variant and the p.(Arg515Trp) variant, which has been previously reported in Japanese patients with RPE65-associated LCA/EOSRD (Figures 3A,B). The novel p.(Ala391Asp) variant’s rarity is highlighted by its extremely low or non-existent allele frequency in large databases such as gnomAD and ToMMo 54KJPN (18). In contrast, the allele frequency of the recurrent p.(Arg515Trp) variant is significantly higher in the Japanese population, underscoring the importance of localized genetic databases for accurate variant interpretation and the necessity for population-specific approaches in genetic research and diagnostics.

Our report provides an opportunity to discuss the genotype–phenotype correlation, particularly in the context of the Japanese population. Although genotype–phenotype correlations in patients with RPE65 variants are not well-defined, truncating variants appear to result in more severe clinical phenotypes (19, 20). We have compiled previous reports of RPE65-associated RP/EOSRD/LCA from Japan (8–11, 21–25). Including our case, only 16 cases of patients with biallelic RPE65 variants have been documented (Table 1). Clinical diagnoses ranged from RP, EOSRD to LCA. Most patients had biallelic missense variants. Notably, the p.(Arg515Trp) variant was detected at a high frequency, accounting for 20 out of 32 alleles (62.5%) (Table 1). This aligns with allele frequency data from the Japanese database, ToMMo 54KJPN (18). When considering RPE65-associated LCA/EOSRD in Japanese patients, there is a high probability of encountering this frequent p.(Arg515Trp) variant. Our case also harbored the p.(Arg515Trp) variant heterozygously. Seven cases have been reported with the p.(Arg515Trp) variant in the homozygous state, with five diagnosed with RP (Case # 3, 4, 11, 12, and 14) and two with LCA (Case # 7 and 15) (Table 1). Phenotypic variability may be present even in cases with the p.(Arg515Trp) variants homozygously. On the other hand, the novel p.(Ala391Asp) variant is located within the dimer-mediating region (16, 17) of the RPE65 protein, which forms a dimer of two symmetrical enzymatically independent subunits. Therefore, the alanine at position 391 is likely to be a functionally important amino acid residue.

In 2023, Japan’s Ministry of Health, Labour and Welfare approved Voretigene neparvovec as the first gene therapy for LCA/EOSRD with biallelic RPE65 variants in Japan. However, the lower incidence of RPE65-associated LCA/EOSRD in the Japanese population may influence the feasibility and prioritization of such therapies. A thorough understanding of the disease’s natural history in this demographic is crucial for initiating treatment appropriately.

This report underlines the significance of comprehensive genetic testing and detailed clinical characterization in this rare disease. It highlights potential avenues for future research into the pathophysiology of RPE65-associated LCA/EOSRD and emphasizes the necessity for extensive genetic studies within the Japanese population to elucidate the spectrum of RPE65 variants and their clinical presentations.



4 Conclusion

This study provides valuable insights into the phenotype and genetic basis of RPE65-associated LCA/EOSRD in Japanese patients, establishing a foundation for improved diagnostic accuracy, informed therapeutic decisions, and future research in IRDs.
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Footnotes

1   http://www.hgmd.cf.ac.uk/

2   https://www.lovd.nl/3.0/home

3   https://www.ncbi.nlm.nih.gov/clinvar/

4   https://gnomad.broadinstitute.org/

5   https://jmorp.megabank.tohoku.ac.jp/
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6 MIE#0034/ | F Under 1 year n LCA C177C>GpH9Q) | c183dupip(D62¥) | 2016 (10), 2022 (5)
ME-22
7 Juso7sel | F Under 1 year 30 LCA 1543C> Ty, C1543CTp. 2016 (10), 2022 (8)
JK-133 (R515W) (R515W)
8 JU#1085 F 3 2 Early onset flecked | c.683A>C:p.(Q228P) 143G Ty, 2018 (11)
retinal dystrophy (R515W)
9 JUs1303 M 3 n Early onset flecked | ¢.683A>C:p.(Q228P) A(pL343F) | 2018 (11),2022(8)
JK-206 retinal dystrophy
10 PatientID 43 | F ND 2 RP Cl18G>A(pGA0S) | c177C>Gi(p H59Q) 2018 (24)
1 N-178 F ND 4 RP 1543C> Ty, 1543C> Ty, 2019 (25)
(RS15W) (R515W)
12 J-13-01 P ND 47 RP C1543C> Ty, C1543C>Tp. 2019 (25)
(R515W) (R515W)
13 YWC273 B ND 3 RP €370C>Tp.(R124%) C1543CTp. 2019 (25)
(R515W)
14 NG-183 F ND ND RP 1543C>Ty. C1543C> Ty, 2019.(8)
(RS15W) (R515W)
15 TS M ND ND LCA C1543C> Ty, C1543C5Tp. 2019(5)
(R515W) (R515W)
16 JU2139 M Under 1 year 27 LcA €1172C>Asp. C1543C>Tp. “This report
(A391D) (R515W)

LCA, Leber congenital amaurosis; ND, not determined; R, retinitis pigmentosa.
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