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Abstract

e AIM: To report two cases of Jalili syndrome (JS) harboring
a novel mutation in the CNNM4 gene, review previously
published studies on JS, and analyze factors potentially
associated with visual acuity in patients with JS.

e METHODS: Two JS patients from a non-consanguineous
Chinese family underwent comprehensive ophthalmic
evaluations. Next-generation sequencing (NGS) was
performed to identify pathogenic variants, and Sanger
sequencing was used for validation. A literature search was
conducted to retrieve studies on JS published up to January
31, 2025; only studies with detailed records of visual acuity
and mutation sites were included. Correlations between
visual acuity and age, as well as between visual acuity and
mutation domain, were analyzed.

e RESULTS: A total of 53 patients with detailed visual
acuity and mutation site records from previous studies
were included in the analysis. The mean logarithm of the
minimum angle of resolution (logMAR) visual acuity was
1.15 (range: 0.69-2.00). Spearman’s correlation analysis
showed a positive correlation between visual acuity
(logMAR) and age (r,=0.502, P<0.001). No association
was found between logMAR visual acuity and mutation
domain (P=0.748). The 6-year-old proband and her
3-year-old brother carried a novel homozygous missense
variant c.949A>C (p.Ser317Arg) in CNNM4. Both patients
presented with reduced visual acuity, pendular nystagmus,
photophobia, night blindness, color vision loss, macular
atrophy, and amelogenesis imperfecta. Optical coherence
tomography (OCT) revealed atrophy of the outer retinal
layers, and electroretinography (ERG) showed extinguished
cone and rod responses. Fundus autofluorescence (FAF)
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and fundus fluorescein angiography (FFA) of the proband
demonstrated bilateral retinal pigment epithelium
(RPE) defects around the optic disc, vascular arcades,
and macular region. At the latest follow-up (30mo), the
proband’s condition remained stable: best-corrected visual
acuity was 2.00 logMAR (right eye) and 1.30 (left eye), with
no changes in fundus appearance. The younger brother
had a best-corrected visual acuity of 1.52 l0gMAR in both
eyes at the latest follow-up, accompanied by severe bilateral
macular atrophy and obvious dentin discoloration due to
progressive enamel thinning.

e CONCLUSION: This study reports a novel homozygous
missense variant c.949A>C (p.Ser317Arg) in CNNM4 in a
Chinese JS family. Visual acuity in JS patients deteriorates
with increasing age.
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INTRODUCTION

alili syndrome (JS, OMIM # 217080), a rare autosomal-
J recessive genetic disease, was first described by Jalili
and Smith™ in Gaza in 1988. Later in 2009, the metal cation
transport mediator 4 (CNNM4), residing at chromosome
locus 2q11.2, was identified as the causative gene for JS¥7.
Clinically, the two primary manifestations of JS are cone-rod
dystrophy (CRD) and amelogenesis imperfecta (Al). CRD
usually occurs in childhood or early adulthood with vision
loss, nystagmus, photophobia, color-vision abnormalities,
night blindness, bull’s eye maculopathy, coloboma, and
macular atrophy. Longitudinal evidence from a retrospective
case series of JS demonstrated progressive worsening of
retinal structure and function over time'*. Histopathological
study further revealed loss of retinal pigment epithelium
(RPE), photoreceptors, and retinal ganglion cells in eyes of
JS, with additional findings of abnormal dendritic arborization

in bipolar and amacrine cells, disorganized Miiller glia, and



Int J Ophthalmol, Vol. 18, No. 12, Dec. 18, 2025 www.ijo.cn
Tel: 8629-82245172  8629-82210956  Email: ijopress@163.com

ECD TMD (DUF21)

Bateman module

CNMP domain

|—| CBS1HCBSZ H

— c

N —] 1
1 44 175 178
Ser317Arg

T 358 377 438 445 511 545

730 775
Linker

Figure 1 Schematic illustration of CNNM4 protein and the mutation site CNNM4 protein contains 4 domains: ECD, TMD (DUF21), CBS-pair

domain, and CNMP domain. The arrow indicates the mutation site in the JS family. CBS: Cystathionine-B-synthase; CNMP: Cyclic nucleotide

monophosphate; DUF: Domain of unknown function; ECD: Extracellular domain; JS: Jalili syndrome; TMD: Transmembrane domain.

activated microglia migrating to nuclear layers™. In parallel,
Al manifests as defective dental enamel formation, typically
affecting both primary and permanent dentitions. Affected
individuals may exhibit yellowish or brown discoloration,
surface pitting and roughness, irregular shapes, tooth loss, and
anterior open bite (AOB) which is a form of malocclusion'®”.

At the molecular level, the causative gene CNNM4,
encoding a multidomain protein involved in the transport of
magnesium ion (Mg”"), is expressed in both neural retina and
ameloblasts of developing teeth™. It has been hypothesized
to be responsible for the removal of Mg>" from these
tissues. Mechanistically, loss-of-function mutations disrupt
cellular Mg”" extrusion, causing systemic hypomagnesemia
and mineralization defects of tooth enamel due to Mg**

accumulation™”!

. Meanwhile, hypomagnesemia may induce
oxidative stress and retinal cell apoptosis, causing retinal
degeneration'"”. Structurally, CNNM4 protein contains four
domains (Uniprot # Q6P4Q7, Figure 1): extracellular domain
(ECD, 44-175)"Y transmembrane domain (TMD, 178-
358)" also known as a domain of unknown function (DUF21),
cystathionine-fB-synthase (CBS)-pair domain (377-438 and
445-511), and cyclic nucleotide monophosphate binding-like
(CNMP, 545-730) domain”. Between the two intracellular
domains (CBS-pair and CNMP) lies a linker (512-544)"%,
Functional studies confirm that Mg "-ATP binding regulates
CBS-pair domain to drive CNNM4 dimerization'’! and
Mg™ efflux!". Of particular significance, CBS-pair deletion
abolishes Mg”" efflux"”, underscoring its essential role. CNMP
domain can stabilize the conformational changes of CBS-
pair domain!"”, and is also required for CNNM4 dimerization
and Mg”" efflux'"). TMD cooperates with CBS-pair domain
to mediate Mg”* flux""®. ECD is also essential for CNNM4
dimerization and Mg transport'".

Despite these advances, genotype-phenotype correlations of
JS remain poorly defined. We hypothesized that visual acuity
decline may correlate with both aging and mutation location
in functional domains. In the current study, we reported a JS
case with a novel CNNM4 mutation and reviewed previously
reported JS cases up to January 31, 2025. We intended to
summarize the reported visual acuity, clinical manifestations,
and CNNM4 mutations of JS, and analyze potential drivers
of visual decline in these patients. This finding may guide
prognostic counseling, while also underscoring the importance

of longitudinal monitoring and implementation of low vision
rehabilitation.

PARTICIPANTS AND METHODS

Ethical Approval The study was approved by the Institutional
Review Board of Shenzhen Eye Hospital (Approval No.
2025KYPJ030). All procedures were conducted in accordance
with the tenets of the Declaration of Helsinki and the informed
consent was obtained from the patients’ guardians.

Patients and Clinical Examination Two children diagnosed
with JS in our hospital were from Wuchuan, Zhanjiang,
Guangdong Province, China. Detailed medical and family
histories were recorded. Two affected siblings had undergone
detailed ophthalmic evaluations, including best corrected
visual acuity (BCVA) using the decimal Snellen E chart, slit-
lamp examination, dilated fundoscopy, optical coherence
tomography (OCT; Carl Zeiss Meditec AG, Jena, Germany),
electroretinogram (ERG), and color vision test (Ishsihara
plates: 38-plate edition). Fundus autofluorescence and
fundus fluorescein angiography (Spectralis HRA; Heidelberg
Engineering, Heidelberg, Germany) were also performed on
the proband. The OCT examination was performed using the
radial scan pattern (12 B-scans, 9 mm length, centered on fovea).
Full-field ERGs were recorded using the handheld RETeval
device (LKC Technologies, Gaithersburg, MD, USA). Its
integrated infrared pupillometer continuously monitored pupil
area (mm”) during flicker stimulation, while stimulus intensity
(cd-s/m”) was synchronously recorded via LKC Technologies’
acquisition software. The stimulus flash luminance (cd-s/m’)
was dynamically adjusted to maintain constant flash retinal
illuminance (Td-s) according to the formula: flash retinal
illuminance (Td-s)=flash luminance (cd-s/m”)xpupillary
area (mm’). Protocols have been described previously' "™,
and followed the standard parameters of International Society
for Clinical Electrophysiology of Vision'"”. In brief, patients
were tested with natural pupils without dilation. Skin sensor
strips were placed below the margin of the lower eyelid. After
dark adaption for 20min, full-field scotopic rod responses to
low intensity (0.01 cd-s/m’) white light, scotopic maximal
mixed rod-cone responses to bright light flash (3 cd-s/m?),
and scotopic oscillatory potentials (OPs) to bright light flash
(3 cd-s/m”) on a dark background were recorded. After light
adaptation for 10min, photopic cone responses to bright light
flash (3 cd-s/m’), and flicker cone response were recorded.
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Standard flicker cone parameters consist of 3.0 cd-s/m” (85 Td-s)
white flashes on 30 cd/m” (848 Td) background with 28.306 Hz
flicker stimulation®*". All tests were performed in duplicate.

Genetic Testing Next-generation sequencing was used to
identify the pathogenic variant, while Sanger sequencing was
used for validation. Peripheral blood samples of the proband
and her family were taken for genetic analysis after informed
consent. Target region capture, sequencing, and data analysis
were conducted by BGI Co., Ltd (Shenzhen, China). Genomic
DNA was extracted with MagPure Buffy Coat DNA Midi KF
Kit (Guangzhou Magen Biotechnology Co., Ltd, Guangzhou,
China) according to the manufacturer’s standard procedure.
DNA library was built and sequenced with the MGISEQ-2000

high-throughput sequencing platform™

. To detect the potential
variants in the proband, bioinformatic processing and data
analysis were performed after receiving the primary sequencing
data. “Clean reads” were generated using previously published
filtering criteria®, and then aligned to the human genome
reference””. Depth analysis of the genomic region, indels,
and single-nucleotide variants in the selected gene panel for
inherited ophthalmic diseases was performed. All single-
nucleotide variants and indels were filtered and estimated
via multiple databases, including NCBI dbSNP (build 155),
HapMap 3, and 1000 Genomes (phase 3). The annotation
source, dbNSFP (2.9.1), which contains seven well-established
prediction programs, was used to predict the effect of missense
mutation. The identified variant was assessed according to the
protocol issued by the American College of Medical Genetics
and Genomics™. The Human Gene Mutation Database
(2022.3) was used to screen mutations reported in published
studies. The mean depth of target regions was 365.37%, with a
coverage rate of 99.83%. Absence of copy number variations
was confirmed by analyzing the depth distribution of all
mapped sequencing fragments. Segregation analyses in other
family members were performed via conventional Sanger
sequencing methods.

Search Strategy and Study Selection In order to study the
possible factors associated with visual acuity, the databases
of PubMed, Embase, and Web of Science were searched in
order to identify all published studies concerning JS up to
January 31, 2025. Among these studies, only those with detailed
records of visual acuity and mutation site were included. Two
investigators independently screened studies, with discrepancies
resolved by a third reviewer. In order to analyze the association
between visual acuity and mutation domain, three cases that
carried mutations in more than one domain in CNNM4 protein
were excluded to isolate domain-specific effects™*".
Statistical Analysis The relationship between visual acuity
(as ordinal variable) and age in the JS patients was analyzed
using Spearman’s correlation. Normality of logarithm of the
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minimum angle of resolution (logMAR) data was confirmed
using Shapiro-Wilk tests (P>0.05). The relationship between
logMAR visual acuity (as scale variable) and domain was
analyzed using simple linear regression. Statistical analysis
was performed using SPSS version 26 (IBM, Armonk, NY,
USA). A 2-tailed P value of less than 0.05 was considered
statistically significant.

RESULTS

Clinical Findings There was no known history of parental
consanguinity. The proband was a 6-year-old girl presented
with reduced visual acuity, pendular nystagmus, and
photophobia. On the initial visit at September 2022, her BCVA
was 0.01 (corrected with +3.50/-2.25%178) in the right and 0.05
(corrected with +3.75/-2.25x178) in the left eye. The proband’s
affected brother was 3-year-old on his initial visit. He also
presented with pendular nystagmus and photophobia. The
affected siblings were absent of color vision, and suffered from
impaired navigational abilities in dim light, indicating night
blindness. They had normal anterior segments and pupillary
reactions, but abnormal fundi. The fundi of the proband
showed bull’s eye maculopathy, attenuated retinal arteries,
and retinal pigment epithelial mottling along the vascular
arcades bilaterally (Figure 2A1, 2A2), which corresponded
to the manifestations on autofluorescence and fluorescein
angiography (Figure 3). Her fundus autofluorescence showed
bilateral hypoautofluorescent areas around optic disc and
vascular arcades, and an enlarged hypoautofluorescent area in
the macular region, which correspond to the defect of retinal
pigment epithelium (Figure 3A1, 3A2). Fundus fluorescein
angiography revealed bilateral attenuated retinal vessels and
mottled hyperfluorescence along the vascular arcades (Figure
3B-3D). A window defect was observed in the macular region
of the right eye (Figure 3B1-3D1), and a blockage by pigmentation
was seen in the macular region of the left eye (Figure 3B2-3D2).
Spectral domain OCT of the proband revealed atrophy of the
outer retinal layers, with absence of the photoreceptor layer
(external limiting membrane, myoid zone, ellipsoid zone,
photoreceptor outer segments, and interdigitation zone) and
almost total loss of the outer nuclear layer bilaterally (Figure
2A3, 2A4). Full-field ERG of the proband showed flat waves
for cone and rod responses, and impaired OPs bilaterally
(Figure 4A). In addition to ocular abnormalities, she had
dental decay, staining, irregular dentition, and AOB (Figure
5A1). As for the younger brother of the proband, he showed
more profound macular atrophy and attenuated retinal arteries
(Figure 2C1, 2C2). His dental abnormalities displayed as thin
of enamel, pitting in the upper teeth, and AOB (Figure 5B1).
He knocked out two front teeth by accident. No other systemic
abnormality was found in these two patients. The older sister
and parents of the proband were normal.
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Figure 2 Multimodal retinal imaging of the proband and her sibling Color fundus photography of the proband showed bull’s eye maculopathy,

attenuated retinal arteries, and retinal pigment epithelial mottling along the vascular arcades in both eyes at the initial visit (A1 and A2).

Spectral domain OCT of the proband revealed atrophy of the outer retinal layers, with absence of the photoreceptor layer and almost total loss

of the outer nuclear layer bilaterally at the initial visit (A3 and A4). Her manifestations remained stable at 30mo follow-up visit (B1-B4). Color

fundus photography of the youngest brother showed more profound macular atrophy bilaterally at the initial visit (C1 and C2). His macular

atrophy extended more profoundly with pigmentation bilaterally at the latest follow-up visit 30mo later (D1 and D2). His macular fovea was

extremely thin with absence of the photoreceptor layer, and part of the out nuclear layer remained in both eyes (D3 and D4).

On the latest visit at March 2025, the condition of the proband
remained stable, with BCVA and fundus appearance remained
unchanged (Figure 2B1-2B4). Her permanent teeth showed
thin of enamel and irregular dentition (Figure 5A2). At this
time, the proband’s affected young brother was 5-year-old and
could cooperate better with ocular examinations. His BCVA
was 0.03 (corrected with +3.50/-3.50%9) in the right and 0.03
(corrected with +4.25/-3.50%178) in the left eye at the latest
visit. His macular atrophy extended around with pigmentation
bilaterally (Figure 2D1, 2D2). As shown by spectral domain
OCT, although his macular fovea was extremely thin with
absence of the photoreceptor layer, part of the out nuclear
layer remained in both eyes (Figure 2D3, 2D4). Full-field ERG

of him showed flat waves for cone and rod responses, and

impaired OPs bilaterally (Figure 4B). Dentin color became
apparent due to progressive enamel thinning (Figure 5B2). He
lost another tooth in a fall.

Genetic Findings Next-generation sequencing along with
Sanger sequencing identified a novel homozygous missense
variant ¢.949A>C (p.Ser317Arg) in CNNM4 in this JS family.
The variant is located in the TMD of CNNM4 protein, as
shown in Figure 1. Pedigree and CNNM4 variant of the JS
family were displayed in Figure 6. Two patients (II-2 and II-3)
carried the same homozygous variant (C/C), and their parents
(I-1 and I-2) carried the heterozygous variant (A/C). The
healthy sister (II-1) carried the original homozygous A/A without
mutation. According to guidelines of the American college of

medical genetics and genomics, this variant was classified as a
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Figure 3 Fundus autofluorescence and fluorescein angiography of the proband Fundus autofluorescence showed hypoautofluorescent areas

around optic disc, patchy hypoautofluorescence along the vascular arcades (more severe inferiorly), and an enlarged hypoautofluorescent area

in the macular region that correspond to the defect of retinal pigment epithelium in both eyes (A1 and A2). Fundus fluorescein angiography

demonstrated attenuated retinal vessels and mottled hyperfluorescence along the vascular arcades (window defect) with hypofluorescent

streaks (pigmentation) bilaterally (B1-D1, B2-D2). A hyperfluorescent area resulted from window defect was observed in the macular region of

the right eye (B1-D1), and a hypofluorescent patch resulted from blockage by pigmentation was seen in the macular region of the left eye (B2-D2).

variant of uncertain significance with the following evidence:
PM2 (absent in population databases) and PM3 supporting
(observed in trans with another likely pathogenic variant). The
pathogenicity of this variant was predicted to be deleterious
that might disrupt CNNM4 protein function by sorting
intolerant from tolerant (SIFT).

Factors Associated with Visual Acuity In total, fifty
three patients in previous papers with detailed records
of visual acuity and mutation site were included in the
analysis (Table 1). All visual acuities in fraction format
were transformed into logarithm of the minimum angle of
resolution (logMAR) format (n=40), while 13 cases with
qualitative descriptions (e.g. light perception) were excluded
from logMAR conversion. The mean logMAR visual acuity
was 1.15, with a range of 0.69 to 2.00. In order to include
visual acuity that was no better than finger count into analysis,
visual acuity was classified according to the ICD-11 categories
for vision impairment (https://icd.who.int/browse/2025-01/
mms/en#1103667651): level 0 (no vision impairment: 6/12 or
better), level 1 (mild vision impairment: 6/18 to worse than
6/12), level 2 (moderate vision impairment: 6/60 to worse
than 6/18), level 3 (severe vision impairment: 3/60 to worse
than 6/60), level 4 (blindness: 1/60 or counts fingers at | m
to worse than 3/60), level 5 (blindness: light perception to
worse than 1/60 or counts fingers at 1 m), level 6 (blindness:
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no light perception)””. The classified visual acuity and its
corresponding age information were summarized in Table 2.
Noted that visual acuity could deteriorated to level 5 with the
minimum age of 15-year-old as reported so far.

Spearman’s correlation analysis demonstrated that the visual
acuity level (categorized by ICD-11) was positively associated
with age (r,=0.502, P<0.001), indicating that the visual
acuity of JS patients deteriorated with aging. In addition, the
relationship between logMAR visual acuity and mutation
domain was analyzed using simple linear regression. In order
to reduce the effects of age on the analysis, ANCOVA with age
as a covariate was performed to isolate domain effects. Cases
with mutation site on the linker was excluded due to its limited
sample size (n=3). Finally, no relationship between logMAR
visual acuity and mutation domain was detected (P=0.674,
n=37). Since the number of the reported JS cases with detailed
records of visual acuities and mutation sites was quite limited
until present, analysis with larger sample size is warranted to
validate this preliminary result in the future.

DISCUSSION

The present study reported a novel homozygous missense
variant ¢.949A>C (p.Ser317Arg) in CNNM4 in a Chinese
family with JS. This variant was predicted to be deleterious by
SIFT and the affected patients in the current study presented
with typical features of JS. JS is a rare oculo-dental disorder
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Figure 4 Electroretinograms A: Electroretinogram of the proband at the initial visit showed extinguished cone and rod responses in both eyes.
The amplitude of the oscillatory potentials was grossly impaired in both eyes, and more severely impaired in the right eye. The implicit time
was prolonged in the right eye. B: Electroretinogram of the youngest brother at the latest follow-up visit showed extinguished cone and rod
responses in both eyes. The amplitude and implicit time of the oscillatory potentials was abnormal in both eyes. Green line 1 and red line 2

represent two repeated measurements.

Figure 5 Appearance of the teeth in the two affected siblings Color dental image of the proband’s primary teeth at the initial visit showed
AOB, staining in the upper teeth, and irregular dentition in the lower teeth (A1). At the latest follow-up visit, her permanent teeth showed thin
of enamel and irregular dentition (A2). At the initial visit, the youngest brother showed AOB, thin of enamel, and pitting in the upper teeth (B1).

At the latest follow-up visit, dentin color became apparent due to progressive enamel thinning (B2). AOB: Anterior open bite.
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Figure 6 Pedigree and CNNM4 variant of the JS family A: The
pedigree of the JS family. B: Sanger sequencing chromatograms
depicted the c.949A>C mutation in CNNM4 in family members. Two
patients (II-2 and 1I-3) carried the same homozygous variant (C/C),
and their parents (I-1 and I-2) both carried the heterozygous variant

(A/C). Red arrow indicates the variant. JS: Jalili syndrome.

with high genotypic and phenotypic heterogeneity between
families. The rarity and high heterogeneity of JS make it easily
be misdiagnosed with other hereditary retinal degenerations,
such as Leber congenital amaurosis, cone degenerations,
rod-cone dystrophy, achromatopsia, and a variety of
isolated macular dystrophies. The most dominant difference
between JS and other hereditary retinal degenerations is
the dental abnormality. It reminds us of the importance of
checking systemic abnormalities in patients with hereditary
retinal degeneration, and genetic testing is needed for final
conformation.

It has been reported that cones are initially affected with
later rods involvement””. In our case, full-field ERG of the
affected siblings showed extinguished cone and rod responses,
indicating the involvement of both photoreceptors. This was
in accordance with their manifestation of night blindness. The
potential of OPs was impaired in both patients, indicating
the dysfunction of amacrine and bipolar cells"®. This was
in line with a pathological study of JS, in which the inner
retinal layers were partially affected with abnormal dendritic
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arborization in amacrine and bipolar cells™.

In previously reported cases, the regions of high fluoride level
in groundwater coincided with the regions of high frequency
of JS"". Fluoride exposure might influence genomic stability

. [40-41]
and gene expression

, and high fluoride concentration
in groundwater might be an epigenetic factor in JS'**. The
fluoride concentration in groundwater of a town in Wuchuan
had once been reported to be 1.5 mg/L™, exceeding the
1.0 mg/L safety limit stipulated by China’s standards for
drinking-water quality (GB 5749-2022), while remaining
within the upper threshold of the 1.5 mg/L safety level
recommended by the WHO guidelines for drinking-water
quality. The present reported family and their ancestors have
been resided in Wuchuan. Hence, it is speculative that fluoride
exposure might contribute to JS in this family.

We have summarized the visual acuities, basic characteristics,
clinical features, and genetic mutations of JS from previous
studies. By analyzing these reported cases, we found that
the visual acuity level was positively associated with age,
indicating that the visual acuity of JS patients deteriorated
with aging. However, the longitudinal data from the current
family showed no visual acuity change, because a 30-month
observation period might not be long enough to validate the
proposed age-related progression. A previous longitudinal
study of seven patient with JS revealed structural and
functional progression over time'. The correlation between
visual acuity and age allowed us to predict the prognosis of
vision and offer better advice for patients.

Red-tinted lenses are particularly beneficial for cone
dystrophies as a low vision rehabilitation method. Red-tinted
lenses can reduce photosensitivity and nystagmus by reducing
the amount of short wavelength light reaching the retina and
preventing rod photoreceptor saturation'*". Besides the red
tint, amber, brown, orangered, plum, and reddish brown all
have been used successfully to reduce photosensitivity'™. In
addition, tinted lenses can improve the visual acuity, contrast
sensitivity and color discrimination in children with cone
dystrophies*”. Therefore, patients with JS may experience
symptomatic relief of photophobia with the aid of red-tinted
lenses as well. They should also be advised of other low vision
devices such as handheld telescope to improve their quality of life.
The current study has several limitations. First, the preliminary
finding that visual acuity of JS patients deteriorated with aging
was drawn from cross-sectional data in the literature and
required replication in larger cohorts. Second, the longitudinal
follow-up data on visual progression of the present cases failed
to testify the correlation between age and vision due to the
limited observation period.

In conclusion, the present study reported a novel homozygous
missense variant ¢.949A>C (p.Ser317Arg) in CNNM4
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Novel CNNM4 mutation in Jalili syndrome and review

in a Chinese family with JS. The visual acuities, basic

characteristics, clinical features, and genetic mutations of JS

from previously reported papers have been summarized. The
visual acuity of JS patients might deteriorate with aging.
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