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L ong-term follow-up of auditory neuropathy children
after cochlear implantsor the use of hearing aids

Kimitaka Kaga
National Institute of Sensory Organs, NHO Tokyo Medical Center

Background:

The selection of the appropriate school for deaf children with auditory neuropathy (AN) and who
underwent cochlear implantation varies and the effect of hearing aids for mild or moderate hearing
loss of children with AN in anormal school setting is unclear.

Objective:

The objectives of this study are three-fold: to investigate, in children with AN, the gene mutation
underlying this disorder; the selection process for determining the type of school best suited for
childrenwith AN that had undergone a cochlear implantation; to determine the effectiveness of hearing

aidsin AN children with mild to moderate hearing loss.

Materials and Methods:

Subjects consisted of 32 school age children with AN or auditory neuropathy spectrum disorder
(ANSD). The gene mutation underlying AN was identified. A statistical analysis of various factors
affecting the outcome of the selection of public schools for children with AN was undertaken. Also,

three case studies of children with long-term AN while wearing hearing aids are reported.

Results:
The gene mutation with the highest frequency was OTOF in Type Il and Type Ill of the AN
classification. In AN children with a cochlear implant and wearing hearing aids, appropriate school

selection depends on the acquisition of speech, and hearing.

Conclusions and Significances:

Regardless of the specific gene mutation underlying ANSD, cochlear implantation isvery effectivein
the restoration of hearing and acquisition of good speech in both children and adults. It should be
borne in mind that there are exceptional patients with AN.
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K PE AL
O Formula
TABLES
TABLE 1. Demographic and Ocular Characteristics (n = 325 Eyes of 258 Patients)
Devices Characteristic Mean + SD Minimum Maximum
Age (y) 70.6 + 10.0 7 90
Male/Female 139/119 - -
IOL power (D) 20.2+£39 6 285
58-0OCT based optical biometer Axial length (mm) 24.22 £ 167 21.15 30.97
K1 (D) 43.88 £+ 144 39.89 47.94
(OA-2000) Kz (D) 44.8 + 1.48 40.23 48.77
Corneal thickness (um) 523 + 33 425 625
Anterior chamber depth (mm) 3.21 £ 0.43 2.22 4.7
Lens thickness (mm) 4.58 + 0.50 3.27 5.85
AS-S5-OCT (CASIA2) Central corneal thickness (um) 532 + 32 438 830
Aqueous depth (mm) 2724043 148 3.68
Lens thickness (mm) 457 +£0.47 3.13 572
Angle-to-angle depth (mm) 3.29 +0.21 2.69 3.92
Lens-equator depth (mm) 4.24 £0.53 3.26 6.82
10L depth (mm) 415+ 0.28 3.38 5.02
Anterior corneal curvature (steep) (mm) 755+ 0.24 6.97 8.34
Anterior corneal curvature (flat) (mm) 769 L 0.25 708 8.47
Anterior corneal eccentricity 0.56 + 0.13 -0.17 0.88
Posterior corneal curvature (steep) (mm) 6.23 £0.24 5.64 6.95
Posterior corneal curvature (flat) (mm) 6.54 +0.24 5.08 728
Posterior corneal eccentricity 0.66 £0.13 —-0.15 1.01

AS-S5-0OCT = anterior-segment swept-source optical coherence tomography; D = diopter; IOL = intraocular lens; SD = standard deviation.
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FIGURE 1. Box plots illustrating the numerical prediction errors in refraction with intraocular lens calculation formulas.

EVO = Emmetropia Verifying Optical 2.0; SRK/T = Sanders—Retzlaff-Kraff/Theoretical.
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TABLE 2. Comparison Between Formulas Included in the New Generation I0OL Calculator (n = 325 Eyes of 258 Patients)

Formula Mean PE SD AMSAE MedAE % =050 D % <1.00D

Oformula  0.003 (—0.042, 0.049)  0.395 (0.358, 0.437) 0.396 (0.362, 0.436) 0.237 (0.196,0.288) 78.7 (73.8, 82.8) 98.5 (96.9, 99.7)

BUII 0.272 (0.230,0.313)  0.381 (0.347 0.414) 0.468 (0.431, 0.505) 0.303 (0.273,0.332) 714 (66.5, 76.3) 96.3 (94.0, 98.5)
EVO 0.246 (0.206, 0.283)  0.367 (0.337, 0.400) 0.441(0.407, 0.475) 0.292 (0.257, 0.337) 73.6 (68.9, 78.6) 976 (95.8, 99.1)
Kane 0.249 (0.207, 0.285)  0.374 (0.344, 0.406) 0.449 (0.416, 0.480) 0.297 (0.248, 0.347) 73.9 (69.1, 76.9) 96.9 (95.0, 98.8)
Pear-DGS  0.388 (0.347, 0.427)  0.390 (0.357 0.425) 0.550 (0.510, 0.586) 0.400 (0.344, 0.447) 616 (56.4, 66.8) 92.0 (89.8, 95.6)
SRK/T —0.054 (—0.000, —0.004) 0.422 (0.391, 0.456) 0.425 (0.305, 0.460) 0.302 (0.267,0.343) 76.3 (713, 812) 070 (96.0,99.4)

Values are cluster bootstrap means with 95% Cls.

BUII = Barrett Universal Il; Cl = confidence interval; EVO = Emmetropia Verifying Optical 2.0; MAE = mean absolute error; ME = mean
error; MedAE = median absolute error; PE = prediction error; RMSAE = root mean square of absolute error; SD = standard deviation;
SRK/T = Sanders—Retzlaff-KraffTheoretical.
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TABLE 3. Pairwise Comparisons of Mean Absolute Prediction Error Using Patient-Clustered Generalized Estimating Equations
(GEE), Stratified by Axial Length

Comparison Difference in Mean Absolute Error z P Adjusted P
Overall (n = 325)

O formula vs BUII 0.084 3.365 <.001 .003
O formula vs EVO 0.048 2.702 .007 02
O formula vs Kane 0.048 2.631 .009 02
O formula vs Pearl-DGS 0.140 6.630 <.0001 <.0001
O formula vs SRK/T 0.046 2.310 .02 02
Short AL (n = 27)

O formula vs BUII 0.234 2.304 .02 o7
O formula vs EVO 0.171 2.129 .03 08
O formula vs Kane 0.184 2.238 .03 08
O formula vs Pearl-DGS 0.304 3.180 .00 .007
O formula vs SRK/T 0.140 1378 A7 A7
Normal AL (n = 248)

O formula vs BUII 0.083 2.910 .004 .01
O formula vs EVO 0.051 2.520 .01 03
O formula vs Kane 0.055 2.570 .01 03
O formula vs Pearl-DGS 0.153 6.330 <.0001 <.0001
O formula vs SRK/T 0.034 1584 1 A1
Long AL (n = 50)

O formula vs BUII —0.019 —0.557 .58 1.0
O formula vs EVO —0.038 —1.118 26 1.0
O formula vs Kane —0.057 —1.605 .09 A5
O formula vs Pearl-DGS —0.011 —0.288 a7 1.0
O formula vs SRK/T 0.053 1.145 25 1.0

P-values are 2-sided; Holm adjustment applied within each subgroup.

Reported difference is (comparator—O formula); positive values indicate higher mean absolute error for the comparator (ie, O formula performs

better).

AL = axial length; BUIl = Barrett Universal |l; EVO = Emmetropia Verifying Optical 2.0; SRK/T = Sanders—Retzlaff-Kraff Theoretical.
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Clinical features and molecular mechanisms of RP1L1 variants causing occult
macular dystrophy

Yang Pan, Takeshi Iwata

Division of Molecular and Cellular Biology, National Institute of Sensory Organs
[Abstract]

Occult macular dystrophy (OMD) is an inherited retinopathy characterized by progressive bilateral

vision loss despite normal findings on fundoscopic examination, fluorescein angiography, and full-

field electroretinography. Its pathogenesis remains unknown, and no treatments are available. Here,

we performed whole-exome sequencing on 133 samples from 78 OMD pedigrees to identify
pathogenic variants, using filtersfor minor allele frequency, function prediction, and retinal expression.
We identified the RP1L1 ¢.133C>T, p. Arg45Trp (R45W) mutation as the sole pathogenic variant in
two families with dominantly inherited OMD. Additionally, we discovered five other potentialy
pathogenic RP1L1 variants. Together, these six variants accounted for 33.33% of pedigrees, with

R45W being the most prevalent, at 16.6%. The R45W mutation correlated with earlier onset, more
severeclinical phenotypes, and abnormal intracellular localization rather than altered expression levels.
R45W disrupted the intracellular localization of RP1L1 and RP1, compromising cell viability. These
findings validate the etiologic role of RP1L1 and offer insights into the pathogenesis of OMD, thereby
facilitating future research and therapeutic development.

[Materialsand Methods]

Signed informed consent was obtained from all participants. The protocol was approved by the ethics
committee of the National Hospital Organization Tokyo Medical Center (R23-090). Clinical
information from 165 OMD patients and 133 DNA samples from OMD families were obtained with
the assistance of clinicians from the ophthalmology departments of Tokyo Medical Center, Nagoya
University, Kindai University, Jikei University, Mie University, Teikyo University, University of
Miyazaki, Aichi University, Gifu University, and Chiba University. The data were analyzed at the
Tokyo Medical Center between January 2012 and December 2023. Whol e-exome sequencing (WES)
data were analyzed to identify candidate variants associated with the studied retinal phenotypes.
Functional studies were performed using plasmids expressing RP1L1 and RP1, including cloning,
Western blot analysis, intracellular localization assays, RP1L1-RP1 binding prediction, and co-
immunopreci pitation to investigate protein interactions. Cell viability assayswere conducted to assess
the effects of genetic perturbations.

[Results]

RP1L 1 pathogenic variant features
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WES was performed on 133 individuals from 78 OMD families. The workflow used to identify
causative mutations is shown in Figure 1A and included the filtration of MAF <0.025%, functional
effect prediction, and retinal expression. After filtration, three pedigrees had no remaining candidate
genes, and two families retained only one candidate gene, RP1L1 R45W. By screening all 1,062
candidate genes, we found that RP1L1 was the most common, occurring in 26 OMD families and
accounting for 33.33% of the total. Six candidate pathogenic RP1L1 (NM_178857.6) mutations were
identified: R45W in 13 pedigrees (16.67%), ¢.3596C>G (p.Ser1199Cys) in 6 pedigrees (7.69%),
€.3599G>T (p.Gly1200Vval) in 4 pedigrees (5.13%), and c.661G>A (p.Gly221Arg), ¢.2869G>T
(p-Val957Phe), and ¢.3602T>G (p.Val1201Gly) each in 1 pedigree (1.23%) (Figure 1B).

Figure 1. RP1L1 R45W mutation identified in 13 OMD families (A) Workflow of WES analysis conducted. (B)
Protein-level depiction of 6 candidate RP1L1 variants identified with the family count, including the most
frequent variant p.Arg45Trp (R45W) in red and a novel variant p.Val957Phe (V957F) in light blue. (C)

Pedigrees of the 13 OMD families with heterozygous RPIL1 R45W.
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R45W mutation disruptsintracellular localization but not expression
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Figure 2. RP1L1 R45W mutation leads to aberrant trafficking in vitro (A) Strategy for generating RP1L1 and
R45W constructs (B) Sanger sequencing confirmed the ¢.C133T (R45W) mutation in the construct. (C) Sanger
sequencing with 65 primers confirmed the integrity of the RP1L 1 sequence, with the R45W mutation
indicated. (D) In silico analysis of identified RP1L 1 variants obtained from RP1L1 and R45W constructs via
Sanger sequencing. (E) The expression of RP1L1 and R45W in HEK293T and COS-7 cells was determined by
WB. (F) Quantification of RP1L1 and R45W expression levels, by Student’s t test. (G and H)
Immunofluorescence localization of RP1L1 and R45W in transfected COS-7 (G) and 661W (H) cells. Scale

bars: 10 pm.

To determine the effects of the R45W mutation on protein synthesis and intracellular trafficking, we
generated RP1L1 and R45W expression vectors. Owing to itslarge size and complexity with 28 repeats,
we partitioned the RP1L1 cDNA into two fragments, individually cloned them into apCMV-HA vector,
and then combined the fragments to construct a full-length RP1L1 overexpression plasmid (Figures
2A-2D). Although R45W did not affect RP1L 1 expression in transfected HEK293T and COS-7 cells
according to WB (Figures 2E and 2F), immunofluorescence studies of transfected COS-7 cells
revealed overexpressed RP1L1 in the nucleus and cytoplasm, whereas R45W was localized in the
cyto- plasm (Figure 2G). Similarly, in transfected 661W cells, the R45W mutation appeared to
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influence the translocation of RP1L 1, with a potential shift from the nucleus to the cytoplasm (Figure
2H).

R45W mutation causes abnormal intracellular localization of RP1

Given that mouse Rpll1 interacts with Rpl and that pathogenic variants of human RP1 are well-known
causes of autosomal dominant retinitis pigmentosa, we explored the interaction between human
RP1L1 and RP1. Because murine Rpll1 and human RP1L1 share only 46.63% protein sequence
homol ogy, docking analysis of the human RP1L 1 and RP1 proteinswasfirst performed to predict their
interaction and to identify R45 asthe potential binding site on RP1L 1. To validate thisinteraction and
assessthe effect of R45W, we created an RP1 expression vector and conducted coimmunoprecipitation
experiments (Figures 3A—3D), which demonstrated that RP1L 1 binds to RP1 and that R45W does not
disrupt this binding (Figure 3D). Given its effect on intracellular localization, R45W may also
influence the relocation of RP1. To investigate this hypothesis, we co-transfected these two proteins
and per- formed immunofluorescence assays. RP1 was expressed in the nucleus and cytoplasm of
transfected COS-7 cells (Figure 3E) and aggregated in the endoplasmic reticulum of transfected 661
cells (Figure 3F). In COS-7 cells co-transfected with RP1L1 and RP1, both proteins localized to the
nucleus and cytoplasm, with some difference compared to cells co-transfected with R45W and RP1
(Figure 3G). A similar pattern was observed in co-transfected 661W cells (Figure 3H). To evaluate
the impact of R45W on cell survival, we conducted a cell viability assay. Co-transfected COS-7 cells
demonstrated that R45W alone did not affect cell survival but reduced viability when it co-expressed
with RP1 (Figure 3l).
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No evidence of association between CFH exon variantsin
cynomolgus macaque monkeyswith drusen

Ying Chuin Yee, Takeshi lwata
Division of Molecular and Cellular Biology, National Institute of Sensory Organs

[Abstract]

Drusen are extracellular deposits located under the retina and are associated with age-related macular
degeneration. An alternative splicing variant of the CFH gene, factor H-like protein 1 (FHL-1), has
been reported to be associated with early-onset macular drusen. FHL-1 comprises the first seven
complement control protein (CCP) domains of full-length complement factor H.

Within a colony of cynomolgus monkeysin our animal bank, several individuals developed
drusen, but the causative gene remains unclear. In this study, the coding region corresponding to the
first seven CCP domains of complement factor H was analyzed by Sanger sequencing in cynomolgus
monkeys with or without drusen. Severa variants were identified in both groups, including variants
present in single individuals. However, no variant showed consistent segregation with drusen status.
These results do not support a clear association between CFH coding variants and the drusen
phenotype in these cynomolgus monkeys.

[Purposeg]
To assess whether the coding region of FHL-1 is associated with the drusen phenotype observed in
cynomol gus monkeys.

[Materialsand Methods]

Genomic DNA samples from cynomolgus monkeys had been previously extracted and stored. Since
the first seven CCP domains are encoded by exons 2 to 9 (Figure 1), these exons were amplified by
polymerase chain reaction (PCR) and analyzed by Sanger sequencing. The resulting sequences were
aligned to the reference cynomolgus monkey CFH sequence (accession number: NC_088375), and
variants were identified by comparison between drusen-affected and unaffected individuals.

El | E2 E3 | E4 E5 E6 E7 E8 E9 %\\\%

Signal
peptide |

CCP1 CCP2 CCP3 CCP4 CCP5 CCP6 CCP7

Figure 1: Schematic representation of the CFH gene showing exons 2 to 9, which encode the first
seven CCP domains.

[Results]
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Sequence analysis identified severa variants in the CFH gene in both drusen-affected and unaffected

cynomolgus monkeys. Some variants were present in only one individual per group. No variant

showed consistent segregation with drusen status, and none were specific to affected individuals (Table

1).

Table 1. Summary of CFH variants detected in drusen-affected and unaffected cynomolgus monkeys

(het: heterozygous; hom: homozygous).

Exon Ref Pos Ref > Alt Amino acid change gfie;t)ed an;afgacted

25087 A>G p.K156R 0 1 hom
25094 G>C p.M 158l 2 hom 2 hom

c 25110 C>G p.P164A 0 1 hom
25112 G>A p.(=) 0 1 hom
25125 T>C p.Y169H 0 1 hom
25155 A>G p.N179D 0 1 hom
271235 T>C p.(9) L hom L hom

6 27302 G>A p.V2501 2 hom . Egtm'
27328 A>G p.(=) i Egtm’ i Egtm’
32737 T>C p.1306T 1 hom 1 hom

7 32781 T>A p.S321T 1 hom 1 hom
32783 C>T p.(3) 1 hom 1 hom
36638 C>T p.H352Y 2 hom 2 hom

g 36663 C>A p.P360H 2 hom 1 Egtm’
36701 C>T p.H373Y L hom, L hom,
37214 C>A p.A395E 1 het 0
37231 A>T p.N401Y 1 het 0

9 37237 G>A p.G403R 1 het 0
37260 C>T p.T411X 1 het 0
37261 A>G p.T411X 1 het 0
37273 T>G p.S415A 1 het 0
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In vitro splicing analysis of predicted splice-altering variantsin two novel
candidate genesidentified from whole genome sequencing

Ying Chuin Yee, Takeshi Iwata
Division Molecular and Cellular Biology, National Institute of Sensory Organs

[Abstract]

In silico tools such as SpliceAl arewidely used to predict the impact of genetic variants on pre-mRNA
splicing. As subsequent functional studies require overexpression of the encoded proteins, it iscritical
to validate whether a variant affects RNA splicing, as this may influence the interpretation at protein-
level functional assays.

In this study, two candidate variants identified in separate novel genes through whole
genome sequencing (WGS) were investigated, both predicted to alter splicing based on elevated
SpliceAl scores. To validate these predictions, in vitro splicing assays were performed using minigene
constructs containing either wild-type or variant sequences.

For both candidate genes, no detectable differences in splicing patterns were observed
between wild-type and variant constructs. These results suggest that, despite computational predictions
indicating potential splice disruption, the variants do not induce significant splicing abnormalities
under the experimental conditions tested.

[Purposeg]
This study aimed to determine whether two candidate variants identified in two novel genes (Gene X
and Gene Y) induce alterations in pree-mRNA splicing, based on predictions from SpliceAl scores
(Table 1).

Table 1. SpliceAl prediction scores for candidate variants identified from whole genome sequencing.
A scores represent predicted changes in acceptor or donor splice site strength.

Gene Variant Exon  Acceptor Acceptor Donor gain Donor loss
gain (A) loss (A) (A) (4)
X A 3 0.01 0.91 0.00 0.00

Y B 12 0.35 0.00 0.00 0.00
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[Materialsand Methods]

Genomic regions encompassing the relevant exonic sequences and flanking intronic regions were
amplified from genomic DNA of the respective pedigrees and cloned into the pSpliceExpress vector
(Addgene plasmid # 32485) (Figure 1). For each gene, two constructs were generated, corresponding
to wild-type and variant aleles. Successful cloning was confirmed by Sanger sequencing.

Gene X
Variant A
v
emr———— Exon 2 Exon 3 /—e==m
GeneY
Variant B
Emr—— Exon 11 Exon 12 pF—x===m

Figure 1: Schematic representation of genomic regions used for minigene splicing assays. Genomic
fragments highlighted in grey were cloned into pSpliceExpress vector. Positions of candidate variant
areindicated in red.

HEK?293T cells were transfected with the minigene constructs using Lipofectamine 3000
reagent (Invitrogen, CA, USA) according to the manufacturer’sinstructions. Total RNA was extracted
48 hours post-transfection and quantified. The RNA was then reverse-transcribed into complementary
DNA (cDNA) using High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems, MA,
USA).

Splicing patterns were analyzed by polymerase chain reaction (PCR) using primers specific
to the minigene transcripts. PCR products were separated by agarose gel electrophoresisand visualized
under UV illumination. Amplified products were purified and subjected to Sanger sequencing to
confirm transcript identity and validate splicing junctions observed in the gel analysis.
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[Results]

Agarose gel electrophoresis showed no detectable differences in splicing patterns between wild-type
and variant constructsfor both candidate variants, with asingle PCR product of expected size observed
in all cases. Sanger sequencing of the RT-PCR products confirmed the expected canonical exon—exon
junction, with no evidence of exon skipping, intron retention, or alternative splice site usage (Figure
2).

Overal, both candidate variants showed no detectable impact on pree-mRNA splicing under
the experimental conditions used, despite computational predictions suggesting potential splice-
atering effects.

Figure 2: Validation of minigene splicing assays by agarose gel electrophoresis for Gene X (a) and
GeneY (b).
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Open. 2025; 13: e6501.

Ochiai H, Inoue S, Masuda G, Amagasa S, Sugishita T, Ochiai T, Yanagisawa N, Nakata Y,
Imai M. Randomized controlled trial on the efficacy of forest walking compared to urban walk
ing in enhancing mucosal immunity. Sci Rep. 2025; 15: 3272.

Katayama R, Oka A, Ochiai H. Background factors for postoperative eyebrow descent in bleph
aroptosis. A retrospective case-control study of 93 patients. J Plast Reconstr Aesthet Surg. 202
5; 102: 20-26.

Shimizu R, Oka A, Watanabe S, Ochiai H. Risk Factors for Early Eyelid Swelling Following
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619-625.

Kiuchi S, Seino A, Ochiai H, Mizukoshi K. Pleiotrophin-mediated improvement of collagen
fibrous structure leads to dermal regeneration. Society for Investigative Dermatology (SID) 2025
Annual Meeting, 2025.5.10. San Diego.

TonegawaA, Ochiai H. Evaluation of cellular responses during collagen contraction using 3D-
printed biological model. 19th Pacific Polymer Conference (PPC19), 2025.7.8-10. Fukuoka.
Ochial H. Medical benefits of forest exposure: Evidence from arandomized controlled study on
mucosal immunity. 7th ISFT® International congress Forest and its potential for health,
2025.9.23-25. Germany.

Ochiai H Clinical experience in ptosis surgery. 59th Annual Conference of the Association of
Plastic Surgeons of India, 2025.11.15. India.

Ochiai H, Oka A, Watanabe S, Miyazaki S, Mizukoshi K, Kiuchi S. Effect of Pleiotrophin on
dermal collagen fiber structure. The 3" World Congress of Global Scar Society, 2025.12.6. Tokyo.
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