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Objective: To examine the genetic and clinical features in children and adults with XLRS.

Design: Single-center consecutive, retrospective, observational study.

Setting: Single tertiary referral center.

Participants: Adults and children, with molecularly confirmed XLRS, followed up between

1999 and 2020.

Main Outcomes and Measures:

Genetic, clinical and retinal imaging findings, including optical coherence tomography
(OCT) and fundus autofluorescence (FAF), cross-sectionally and longitudinally; and
explore correlations including between best corrected visual acuity (BCVA) and age, and

OCT characteristics.

Results:

One hundred and thirty-two males were identified, harbouring 66 RS1 variants, with seven
being novel. The mean age of onset was 16.5 years (range 2 to 55 years). Seventy-one
patients (71/75, 94.7%) were symptomatic at presentation; all had decreased BCVA.
Fundoscopy findings were symmetric in 104 patients (104/108, 96.3%), with the most
common finding being macular schisis (82.4%), whereas peripheral retinoschisis was
present in 38.9% and macular atrophy in 11.1%. Twenty patients (18.5%) developed
complications (vitreous haemorrhage and/or retinal detachment). Mean BCVA was 0.65

LogMAR (20/89 Snellen) in the right eye and 0.64 LogMAR (20/87 Snellen) in the left eye.
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right and left eyes, respectively. FAF was normal in 16 of 106 eyes (15.1%); 45 eyes
(42.5%) showed a spoke-wheel pattern, 13 (12.3%) had foveal hyperautofluorescence,
while 18 (17.0%) had central reduction in signal. In total, 14 patients had evidence of FAF
progression over time, indicated by change in the FAF pattern. On OCT, foveoschisis was
observed in 172 eyes (172/215, 80%), parafoveal schisis in 171 (171/215, 79.5%), and
foveal atrophy in 44 (44/215, 20.5%). Cystoid changes were localized to the inner nuclear
layer (172/181 eyes, 95%), the outer nuclear layer (97/181, 53.6%) and the ganglion cell
layer (92/181, 50.8%). Null variants were associated with worse final BCVA and

aforementioned complications.

Conclusions and Relevance:

XLRS is highly phenotypically variable but with relative foveal preservation (and
associated BCVA) until late adulthood, allowing more accurate prognostication. The slowly
(often minimally) progressive disease course may pose a challenge in identification of

early endpoints for therapeutic trials aimed at altering kinetics of degeneration.



102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

HN T RULDUG | IUIN

X-linked retinoschisis (XLRS, MIM #312700) is the most frequent inherited retinal
disease (IRD) presenting in young males, accounting for about 5% of all childhood-onset
IRD, with an estimated prevalence of 1 in 15,000-30,000.% 2 It is caused by pathogenic
variants in the retinoschisin 1 gene (RS1, OMIM # 300839).3 Retinoschisin-1 protein is
expressed in photoreceptors and bipolar cells, and has a role in retinal cell
adhesion. RS1 variants disrupt the subunit assembly of the protein and lead to
alteration of normal retinal cell adhesion, thus resulting in splitting of the neural
layers of the retina.?

XLRS typically presents in the first to second decade with variable manifestations,
including poor visual acuity, strabismus, anisometropia and ‘unexplained visual loss’, but a
smaller number of patients present in infancy with strabismus, nystagmus and/or bullous
retinoschisis.? Macular examination can reveal the typical ‘spoke-wheel’ folds (macular
schisis), fine white dots resembling drusen-like deposits, non-specific retinal pigment
epithelial (RPE) changes and macular atrophy, with the latter being seen in older
individuals.* ® During the disease course, secondary complications including vitreous or
intraschisis haemorrhage, retinal neovascularization, subretinal exudation, retinal
detachment (RD) and traumatic rupture of foveal schisis can occur. Approximately 50% of
patients also have peripheral retinal changes, including schisis, metallic sheen, pigmentary
disturbance, white spiculations, vitreous veils and neovascularization.> ¢ Natural history
and prognosis are not well established and have been mostly explored in small cohorts,
with limited follow-up.

Using optical coherence tomography (OCT) foveoschisis has been reported in 78-
81% of patients with XLRS and an isolated parafoveal schisis in a further 10%."- Schisis
cavities can be found in any retinal layer; retinal nerve fiber layer (RNFL), ganglion cell

layer (GCL), inner nuclear layer (INL), outer plexiform layer (OPL) and outer nuclear layer
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the OPL and GCL.*° It is unclear what the implications are of the pattern or location of
these cavities. Qualitative changes are also seen in the interdigitation zone (1Z), ellipsoid
zone (EZ), external limiting membrane and photoreceptor outer segments.* An increased
inner retinal foveal thickness and decreased perifoveal inner retinal thickness have been
reported to correlate with worse visual acuity.? A spoke-wheel pattern of high and low
intensity signal represents the characteristic fundus autofluorescence (FAF) findings in
XLRS, due to displacement of luteal pigment.* Nevertheless, recently it has been identified
in only approximately half of patients.® 7 Normal FAF, low signal in the foveal region, an
area of low signal surrounded by a ring of increased signal intensity, or irregular or regular
concentric areas of high- and low-intensity FAF can also be observed.*

It is imperative to understand the natural progression of the disease and to perform
a precise phenotypic characterization when choosing outcome measures to monitor
disease progression and outcomes of therapeutic interventions. Herein we examined the
clinical characteristics, the structural and functional outcomes in the largest single center
XLRS cohort reported in the literature, consisting of 132 molecularly confirmed children
and adults. We describe their genetic and clinical features, investigate genotype-
phenotype correlations, and establish longitudinal clinical correlations between best-
corrected visual acuity (BCVA) and age, OCT characteristics, FAF features, and

complications.
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The study adhered to the tenets of the Declaration of Helsinki. Each subject (and a parent
of children <18 years of age) gave written informed consent before genetic testing. Ethical
approval was obtained from Moorfields Eye Hospital (MEH, London, UK) for this

retrospective single-center observational series.

Subjects
Adults and children with XLRS, examined in the retinal genetics service in a single tertiary
center (MEH, London, UK), were recruited. XLRS diagnosis was based on clinical findings,

family history and confirmed by detection of a disease-causing RS1 variant.

RS1 Genetic Analysis

A combination of direct Sanger sequencing and next generation sequencing, including
panels of retinal dystrophy genes, whole exome sequencing (WES) and whole genome
sequencing (WGS), was used to identify variants in the RS1 gene. All recruited patients
were reassessed for their detected RS1 variants, as described in Supplementary

Material - Methods.

Ocular Examination and Retinal Imaging

Review of clinical records, including medical and ocular histories, slit-lamp biomicroscopy,
and a dilated funduscopic examination was performed. Age of onset was defined as the
age of the first reported symptoms. BCVA was measured using the Snellen charts and
converted into logarithm of the minimum angle of resolution (LogMAR) units for statistical
analysis. Fundus photography (Optos ultra widefield camera, Optos, Scotland, UK),
infrared reflectance (IR), spectral domain (SD) -OCT (Spectralis OCT, Heidelberg

Engineering, Dossenheim, Germany) and short-wavelength (488-nm) FAF were performed
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all modalities/tests were always available at the same, different baseline and last follow-up
was used to maximize follow-up time for all the studied parameters. The mean age and
follow-up time are reported individually for each parameter. The presence of

complications, such as vitreous haemorrhage (VH) or RD were evaluated.

Fundus Autofluorescence

Spectralis OCT was used to obtain high resolution FAF images. The data were registered
at baseline and at the last follow-up. We identified four patterns and patients were
assigned to each group: i) spoke-wheel pattern, ii) increased central signal, iii) central

reduction in signal, and iv) ring of increased signal (Figure 1).

Optical Coherence Tomography

SD-OCT was used to obtain high resolution horizontal line scans of the macula in both
eyes of the participants. The data were registered at baseline and at the last follow-up.
The presence of foveoschisis, parafoveal schisis and foveal atrophy was evaluated.
Schisis localization using vertical and horizontal central macular OCT images was
analyzed by evaluating RNFL, GCL, INL, OPL, inner plexiform layer (IPL) and ONL.
Central macular thickness (CMT) was calculated automatically using a circular ETDRS-
type grid positioned on the center of the fovea (central circle of approximately 1-mm
diameter), after the scans were reviewed and corrected manually if needed. Defects in the
outer retinal photoreceptor microstructures were evaluated, including the 1Z and EZ in an
area 1 mm from the foveal center, also using vertical and horizontal central OCT images.
An 1Z defect was defined as an irregularity or definite defect of the line. Disruptions in the
EZ were defined as signal interruptions at the level of the EZ line. Foveal atrophy was

defined as total absence of the IZ or EZ bands. The photoreceptor outer segment (PROS)
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anterior surface of the retinal pigment epithelium (RPE), as described previously.! The
presence of specific OCT findings, including schisis and defects, was determined by
consensus between two observers (LF and MG). Any discrepancies between the
observers were resolved through discussion with the principal investigator (MM), until

consensus was reached.

Statistical Analysis
Statistical analysis was carried out using SPSS Statistics for Windows (Version 22.0.
Armonk, NY: IBM Corp.). Significance for all statistical tests was set at P<0.05. The

Shapiro-Wilk test was used to test for normality for all variables.

10
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Demographic data

We ascertained 132 males, from 126 families, followed up between 1999 and 2020.
Clinical data and BCVA, were available at one or more visit for 127 patients. The mean
age (xSD, range) of the group was 25.4 years (£16.7, 2.3-70.8 years). The baseline age

and the follow-up time is indicated below for each assessment.

RS1 Genetic Analysis

All recruited patients had pathogenic or likely pathogenic variants in RS1. In total 66
variants were identified. Table 1 presents the 12 most prevalent variants, and Figure 2
presents the localization of the identified variants in the gene domains. The five most
prevalent variants account for 30.2% of affected families. Seven variants are novel (Table
1). One variant (c.52+5G>C) was identified in cis with the variant c.35T>A, in three
patients, from three different pedigrees, and based on in silico analysis may not contribute
to disease. Supplementary Table 1, presents all sequence variants, based on their HGVS
nomenclature and their predicted effect. Missense variants were the most common type of
alteration (n=48, 72.7%). Pathogenicity assessment based on the ACMG guidelines, allele
frequency, coverage, general and functional prediction scores, and conservation scores of
all detected variants are presented in Supplementary Tables 2-6. Supplemental Figure

1 presents evolutionary conservation for detected missense variants.

Disease Onset
Age of onset was recorded in years for 61 patients. The mean (xSD, range, median) age
of onset was 16.5 years (£15.4, 0-58, 11 years). One patient (1.3%) showed symptoms

shortly after birth. Half of the patients were symptomatic before the age of 11. Age at

11
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onset and all clinical findings. Figure 3A presents the age of onset by age group for the

cohort.

Signs and Symptoms

Signs and symptoms were available for 75 patients. 71 (94.7%) were symptomatic at
presentation. 4 were asymptomatic at first evaluation and were referred due to family
history of XLRS. A universal finding was reported decreased VA (100%). The clinical
presentation varied (Table 2) but symptoms included nyctalopia (n=6, 8.5%), strabismus
(n=6, 8.5%), VH (n=3, 4.3%, bilateral in 1 case), RD (n=2, 2.7%), and nystagmus (n=1,
1.4%). No patient presented with photophobia or reduced color vision.

Fundoscopy findings were documented for 108 patients. Four had normal fundi.
Findings were bilateral in 104 (96.3%). The most common finding was macular schisis (89
patients, 82.4%), whereas peripheral retinoschisis was present in 42 (38.9%). Atrophic
macular thinning was present in 12 (11.1%). Only one patient had signs of macular
atrophy and schisis. The mean age (range) of patients with macular atrophy was 46.5
years (19-66 years). In contrast, patients with foveal schisis were younger (mean, range:
22.1, 3-56 years). Twenty (18.5%) developed complications: 8 patients had VH (7.2%), 6

patients had VH and RD (5.6%), and 8 patients had RD without VH (7.2%).

Visual Acuity

BCVA was assessed cross-sectionally and longitudinally. 127 patients had BCVA available
at one or more visits. None had any other vision limiting disease. Mean (xSD, range) age
at baseline was 25.4 years (+x16.7, 2.3 to 70.8 years). Mean BCVA (Snellen equivalent,
+SD, range LgMAR) was 0.65 LogMAR (89/20 Snellen, £0.43, -0.1 to 3.0 LogMAR) for the

right eye and 0.64 LogMAR (87/20 Snellen, +0.44, 0.0 to 3.0 LogMAR) for the left eye at

12
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interocular difference (z=0.27, p=0.79, Wilcoxon Sign Rank test). There was a moderate
statistically significant correlation between mean BCVA for right and left eyes, and the
baseline age (r=0.39, P<0.01, Spearman’s correlation coefficient). Figure 3B, presents the
mean BCVA against age for the cohort. The moderate correlation may reflect the early
severe decrease in BCVA and the further slow decline with age.

One hundred and thirteen patients had available longitudinal BCVA data. Mean
(xSD, range) follow-up was 6.7 years (5.2, 0.2-19.6 years). The mean BCVA (Snellen
equivalent, £SD, range LogMAR) was 0.69 LogMAR (20/98 Snellen, +0.56, -0.10 to 3.0
LogMAR) and 0.65 LogMAR (20/89 Snellen, £0.48, 0.0 to 3.0 LogMAR) for the right and
left eyes respectively at last follow-up. The mean change over follow-up was 0.04 and 0.01
LogMAR for right and left eyes respectively, without significant interocular difference
(p=0.38, z=0.88, Wilcoxon Sign Rank test). There was no significant correlation between
mean rate of BCVA change for right and left eyes, and the baseline age (r=0.15, P=0.12,

Spearman’s correlation coefficient).

Fundus Autofluorescence

FAF was available for 108 patients for cross-sectional assessment (mean age +SD: 27.7
+16.1 years). Ten patients had low quality imaging in one eye and two patients for both
eyes, that were excluded from analysis. In the remaining 96 patients, FAF pattern was
similar bilaterally. For cross-sectional assessment the right eye was included from each
patient (106 eyes from 106 patients).

Normal FAF was seen in 16 of 106 eyes (15.1%); 45 eyes (42.5%) showed a
spoke-wheel pattern, 13 eyes (12.3%) showed foveal hyperautofluorescence (“increased
central signal” pattern), while 18 eyes (17.0%) showed a “central reduction in signal’.
Central hypoautofluorescence surrounded by hyperautofluorescent borders (“ring of

increased signal”) was found in 14 eyes (13.2%): it was isolated in 7 eyes (6.6%), while it

13
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eyes (3.8%). The FAF findings at baseline are summarized in Supplementary Table 7.
Transition between patterns of FAF was highly variable, with no definite sequence.
Progression from normal FAF to an “increased central signal” was observed in 2 eyes after
a mean follow-up of 3 years, to “central reduction in signal” in 1 eye after 11 years, to “ring
of increased signal” in 2 eyes after a mean follow-up of 3.5 + 0.7 years. A progression from
“spoke-wheel” to central reduction in signal was detected in 5 eyes after 6 + 4.8 years, to
“‘increased central signal” in 1 eye after 6 years, to “ring of increased signal” in 1 eye after
10 years, and to normal FAF in 3 eyes after a mean of 3.3 = 3.2 years. Progression from
“‘increased central signal” to normal was observed in 1 eye after 3 years and to “spoke-

wheel” pattern in 1 eye after 5 years.

Optical Coherence Tomography
SD-OCT data were available for 215 eyes of 115 patients at baseline (mean age +SD:
27.7 £17.4 years). Foveoschisis was observed in 172 of 215 eyes (80%), parafoveal
schisis in 171 of 215 eyes (79.5%), and foveal atrophy in 44 of 215 eyes (20.5%). The
localization of the cavities was mapped for 181 eyes at baseline: localized mainly in the
INL (172/181 eyes, 95%); and then in the ONL (97 eyes, 53.6%) and GCL (92 eyes,
50.8%). Cavities were observed in the OPL in 41 eyes (22.7%), and IPL in only 1 eye
(0.6%). RNFL was involved in 2 eyes (1.1%). The mean CMT was 378.15 + 162.13 pum
(range, 46-1099 um).

Qualitative analysis of photoreceptor structure at baseline revealed that the 1Z was
the most frequently affected and found to be disrupted in 139/220 eyes (63.2%). EZ
analysis was possible in 218 eyes: it was disrupted in 133 eyes (61%). Mean PROS length

was 36.9 = 7.3 um (range, 15-56 um). Previously reported mean PROS length for healthy

14
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in Supplementary Table 8.

Follow-up OCT imaging was available for 187 eyes of 115 patients (mean age +SD:
30.5 +£17.3 years). Foveoschisis was observed in 140 of 187 eyes (74.9%), parafoveal
schisis in 129 eyes (68.9%) and foveal atrophy in 41 eyes (21.9%). Data on cavities were
available for 175 eyes: localized mainly in the INL (164 /175, 93.7%); and then in the ONL
(96 eyes, 54.9%) and GCL (85 eyes, 48.6%). Cavities were observed in the OPL in 34
eyes (19.4%). The mean CMT was 348.87 + 164.15 um (range, 28-1130 um). No cavities
were detected in the IPL and RNFL.

Qualitative analysis was performed at the last follow-up, with again the most
frequently affected structure being the IZ, with IZ disruption in 119/183 eyes (65%). EZ
analysis was possible in 184 eyes: it was disrupted in 118 eyes (64.1%). Mean PROS

length was 36.38 + 6.89 um (range, 22-53 um) and was similar to baseline (paired t-test).

Genotype-Phenotype correlations
The mean (£SD, range) age of onset for patients with null and missense variants was 18.3

years old (x15.6, 3-58) and 16.1 years old (x15.2, 0-55) respectively, and it was similar
between the two groups (p=0.44, z=0.78, Mann-Whitney U). BCVA at last follow up was
worse for patient with null variants (mean +SD, range; 0.80 £0.49, 0-2.1 LogMAR),
compared to patients with missense variants (mean £SD, range; 0.63 +0.41, 0-2.2
LogMAR), however the difference was not statistically significant (p=0.07, z=1.81, Mann-
Whitney U). From the 22 patients who developed complications (RD and/or VH), seven
were harboring null variants and 15 had missense variants. The frequency of

complications is similar among the two groups (p=0.09, x?>=2.83 chi-square).

15
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341 The current study describes the genetic, clinical and imaging characteristics of 132 males
342 from 126 families with molecularly confirmed XLRS, both cross-sectionally and

343 longitudinally. It represents the largest cohort to date to undergo detailed analysis,

344  including multimodal imaging and genotype-phenotype investigation. Our results provide
345 insights into the retinal phenotype and natural history, over a wide range of ages.

346

347 Genotypic and Phenotypic Variability

348  Over 200 disease-associated variants in RS1 are known, with most occurring as non-
349  synonymous changes in the major protein unit (discoidin domain, Figure 2). In our study,
350 66 variants were identified, of which seven were novel. Missense variants were the most
351 common (72.7%), in agreement with previous reports.*? Phenotypic variability is

352 documented in the literature, with a variety of factors thought to contribute, including the
353 underlying variant and age.'31” Other studies report intrafamilial variability and lack of
354  correlation between the type of variant and disease severity or progression.t? 1820 The
355 most established correlation between genotype and phenotype has been described for
356 ERG findings, where patients with null variants had consistently more severe ERG

357 findings.% 12 The patients in our cohort showed profound phenotypic variability. Age of
358 onset, BCVA at last follow-up and frequency of complications, were not statistically

359  significantly different in our cohort, among patients with null and missense variants.

360 However, it should be noted that the BCVA and frequency of complications had an

361 association with the group with null variants (p=0.07 and p=0.09 respectively), and final
362 BCVA was on average 0.27 LogMAR higher (worse BCVA), in the null variant group.
363 The clinical characteristics of our cohort are broadly in keeping with published
364 reports. The most common retinal finding was macular schisis (n=89/108, 82.4%),

365 whereas peripheral retinoschisis was present in more than one third of patients (n=42/108,
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retinoschisis in 43%-60% and macular atrophy in 8%-10%.% 1621 Macular atrophy was
present in 12 patients (11.1%), and only one patient had simultaneous findings of macular
atrophy and schisis. Some studies have reported macular atrophy in patients in their fourth
decade, and clinical descriptions of macular schisis flattening with age without a clear
mechanism for these changes.* 22 In our study, we found the mean age (range) of
patients with macular atrophy was 46.5 years (19-66 years). In contrast, patients with
foveal schisis were younger (mean, range: 22.1, 3-56 years).

Twenty-two patients (19.8%) developed complications, such as VH and/or RD. The
frequency of complications varies considerably in the literature, with a frequency between
3% to 21% for VH and 5% to 40% for RD.> ?1.23.24 Recently we have reported increased
incidence of VH and RD, in patients with peripheral schisis.? We can hypothesize that the
natural history of XLRS often begins with a normal fundus in younger patients, then
retinoschisis develops, with finally macular atrophy slowly developing at an older age;
(which may be further complicated by VH and/or RD) - albeit with a significant age overlap
in these aforementioned stages of disease progression.

BCVA varies widely, with previous studies reporting a mean BCVA of 0.49-0.6
LogMAR.% 10:25 Mean BCVA in our study was 0.65 LogMAR and 0.64 LogMAR for the right
and left eye respectively. Mean change over time was 0.04 and 0.01 LogMAR for right and
left eyes respectively (mean follow-up 6.7 years), without significant interocular difference.
These data indicate an overall relative stability, with very slow modest progression over
time, in agreement with previous reports.1% 26 27 There was a moderate statistically
significant correlation between mean BCVA for right and left eyes, and baseline age. The
moderate correlation may reflect the early severe decrease in BCVA and further slow

decline with age.
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FAF findings were highly variable including normal FAF, spoke-wheel pattern, foveal
hyperautofluorescence and central reduction in signal. Hyperautofluorescent foveal
borders (“ring of increased signal”) was observed in isolation, or with central
hypoautofluorescence, spoke-wheel, or central signal reduction. Variability in FAF has
been reported.® ° Spoke-wheel pattern, whilst characteristic in XLRS, was only identified
in 42% of patients (45/106); with a recent report stating 54% (51/94 eyes).” We can
speculate that there is progression (albeit not in all patients) from an increased central
signal, to spoke-wheel pattern, and finally to central reduction in signal.

In keeping with the literature, foveoschisis was seen in 80% (172/215), parafoveal
schisis in 79.5% (171/215), and foveal atrophy in 20.5% (44/215) of eyes.1% 12 Foveal
cavities occurred mostly in the INL (95%) and OPL(22.7%)/ONL(53.6%), and then GCL
(50.8%).8:10. 28,29 Our findings parallel, especially for INL, those reported by Andreoli et al.
who found that schisis affected the INL and OPL, respectively, in 85% and 61% of cases;?
and Ores et al. who identified schisis changes mainly in the INL (88%) and OPL (64%),
followed by RNFL/GCL (46%) and ONL (22%).1° In almost half of eyes, cavities were also
found in the GCL in previous reports.?> 2° None were detected in the IPL and RNFL. These
data would be in keeping with the RS1 protein being widely distributed in the retinal layers.
We provide further data to support that the most frequent qualitative defect in outer
photoreceptor structure is disrupted I1Z, identified in 63.2% of eyes at baseline and in 65%
at last follow-up.'® EZ disruption was observed in 61% at baseline and in 64% at last
follow-up. The combined data to date support the hypothesis that the 1Z defect may reflect
the initial changes in photoreceptors; and that anatomical change over time is relatively

limited.25 30
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OCT measurements were the most widely available metric in the cohort, independently of
disease state, and in agreement with a recent report, can provide metrics for clinical
trials.3 OCT measurements have been used as reliable endpoints in many IRD studies
and trials .32 OCT can also be used for the identification of early disease changes in retinal
layers before the development of overt atrophy. However, the slow disease progression
identified in our study may pose a challenge in quantification of changes in OCT that
exceed the test-retest repeatability, within the time frame of a trial. Reliability and
repeatability assessment studies, with standardized protocols should further evaluate the
OCT metrics before employment in trials. FAF metrics such as area of atrophy, have also
previously proven to have good repeatability in IRDs.32 However, atrophy is only evident in
a subset of patients with XLRS, and only in advanced disease, thereby limiting the utility of
this modality in trials. Functional assessment beyond BCVA, such as microperimetry
testing, as well as more advanced imaging techniques, such as adaptive optics imaging, **

warrants further exploration in XLRS.

Future Directions

XLRS is an attractive target for gene therapy due to its monogenic nature and promising
preclinical studies.®® The Rs1-knockout mouse showed rapid structural and functional
treatment benefit after intravitreal RS1 gene replacement.3% 37 Two phase /1l intravitreal
gene therapy trials (NCT02416622 sponsored by Applied Genetics Technology Corp and
NCT02317887 by the National Eye Institute) have been conducted: the former has been
halted due to marked ocular inflammation, while the latter has added additional agents to
the standard oral steroids used in subretinal gene supplementation trials to address the

uveitis adverse events; further efficacy data are awaited.38
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The main limitations of our study are the retrospective design, the lack of a control group
and the variable follow-up duration. An additional limitation is the lack of visual field data.
Despite these limitations, this study provides a comprehensive analysis of the genetic,

structural, and clinical characteristics of the largest XLRS cohort reported in the literature,

with long-term follow up, helping to elucidate disease natural history.

Conclusions

XLRS has a wide spectrum of clinical characteristics, hence, molecular diagnosis is crucial
for its early diagnosis and genetic counselling, as well as for potential participation in
clinical trials. XLRS has a wide window of therapeutic opportunity, with most patients
having relative preservation of foveal structure (and function) till the fourth decade of life.
However, the disease has an early onset and often significantly reduced BCVA early in the
disease course. The slow disease progression identified in our study may pose a
challenge in the identification of early endpoints for interventions aiming to slow/halt

degeneration.
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Figure 1. Fundus Autofluorescence Patterns in X-linked Retinoschisis.
Four main patterns were identified: (A) Spoke-wheel, (B) Increased central signal, (C)

Central reduction in signal, and (D) Ring of increased signal.

Figure 2: Graphical representation of RS1.
RS1 consists of a signal peptide (amino acids (AA): 1-23, marked with grey), an Rs1
domain (AA: 23-62, marked with horizontal lines) and a discoidin domain (AA: 63-219,

marked with diagonal lines). The identified variants in the current cohort are shown.

Figure 3: Age of Onset and Visual Acuity Graphs
(A) Age of onset by age group, with the vast majority having onset in childhood. (B)
Presents the mean BCVA at baseline against age for 127 patients, showing a positive

statistically significant correlation.
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Table 1: Frequent and Novel Variants

Variant (HGVS)* Patients Pedigrees Patients Pedigrees
c.DNA Protein (n=) (n=) (%) (%)

Frequent Variants

€.304C>T p.(Arg102Trp) 10 10 7.6% 7.9%
c.574C>T p.(Pro192Ser) 8 8 6.1% 6.3%
c.214G>A p.(Glu72Lys) 8 7 6.1% 5.6%
€.598C>T p.(Arg200Cys) 7 7 5.3% 5.6%
c.35T>Af p.(Leul2His) 6 6 4.5% 4.8%
c.421C>T p.(Argl41Cys) 5 5 3.8% 4.0%
c.(?_1-1) (52+1_53-1)del p.(=) 4 4 3.0% 3.2%
¢.305G>A p.(Arg102Gin) 8 4 6.1% 3.2%
¢.579dup p.(lle194Hisfs*70) 4 4 3.0% 3.2%
€.589C>T p.(Arg197Cys) 3 3 2.3% 2.4%
c.637C>T p.(Arg213Trp) 3 3 2.3% 2.4%
c.78G>C p.(Glu26Asp) 3 3 2.3% 2.4%
Novel Variants

c.20del p.Gly7Alafs*119 1 1 0.8% 0.8%
€.185-1G>A p.(=) 1 1 0.8% 0.8%
€.336_337delinsTT p.Trpll2 Leull3delinsCysPhe 1 1 0.8% 0.8%
c.378del p.Leul27* 2 2 1.5% 1.6%
¢.435dup p.lle146AsnfsTerl5 1 1 0.8% 0.8%
c.515del p.Asnl172Thrfs*65 1 1 0.8% 0.8%
¢.574 580delinsACCCCCCT p.Pro192Thrfs*72 1 1 0.8% 0.8%

* Sequence variant nomenclature was obtained according to the guidelines of the Human Genome Variation

Society (HGVS) by using Mutalyzer (https://mutalyzer.nl/).

T1n three patients from three different families the variant c.35T>A was in cis with the variant ¢.52+5G>C.



Table 2: Clinical Findings

Parameter

Mean + SD, range, median

Age of Disease Onset (n=61)

16.5+15.4,0-58, 11 years

Common Symptoms and Findings at Presentation
(n=75)

n=,%

Reduced BCVA

75 (100%)

Nyctalopia 6 (8.5%)
Strabismus 6 (8.5%)
Vitreous Haemorrhage 8 (7.2%)
Retinal Detachment 8 (7.2%)
Vitreous Haemorrhage and Retinal Detachment 6 (5.6%)
Nystagmus 1(1.4%)

Fundoscopy Findings (n=108)

Bilateral Findings

104 (96.3%)

Unilateral Findings 4(3.7%)
Macular Schisis 89 (82.4%)
Peripheral Schisis 42 (38.9%)
Macular Atrophy 12 (11.1%)
Normal Fundus 4(3.7%)

BCVA; best corrected visual acuity



Precis

This single-center consecutive, retrospective, observational study of molecularly
confirmed adults and children, reports early disease onset, slow (often limited)
progression, and diverse phenotypic features on fundus autofluorescence and optical

coherence tomography.
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