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ABSTRACT.

Purpose: To provides the clinical and genetic characteristics of a series of Chinese patients with X-linked juvenile

retinoschisis (XLRS) through multimodal imaging and next-generation sequencing.

Methods: Thirty patients (60 eyes) from 29 unrelated families of Chinese origin with XLRS were screened using multigene

panel testing, and underwent a complete clinical evaluation. All variants identified in this study and reported in the Human

Gene Mutation Database were analysed.

Results: Twenty-five distinct variants in the retinoschisin gene were identified, of which eight were novel, and one was de
novo. Missense mutations were the most prevalent type, and mutation hot spot was localized in the discoidin domain. The

mean Snellen best-corrected visual acuity was 0.28 � 0.17. Of all eyes presenting with schisis, 92.86% had lamellar schisis

and 62.5% had peripheral schisis. Schisis changes mostly involved inner and outer nuclear layers. X-linked juvenile

retinoschisis (XLRS) patients had a high incidence of complications, and peripheral schisis was a risk factor for it. No

obvious genotype–phenotype association was observed.

Conclusion: This study provides comprehensive analyses of the genetic and clinical characteristics of XLRS in a cohort of

Chinese patients. The fourth de novo mutation in RS1 was identified. And we show that XLRS has a wide spectrum of

clinical characteristics; hence, molecular diagnosis is crucial for its diagnosis, differential diagnosis and genetic counselling.

Peripheral schisis is a risk factor for the high incidence of complications, and no clear genotype–phenotype correlations

were found.
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Introduction

X-linked juvenile retinoschisis (XLRS;
OMIM 312700) is a common early-
onset X-linked recessive disease, with a
prevalence ranging between 1 in 5000
and 1 in 25 000 (Molday et al. 2012). It
is characterized by bilateral macular
involvement with onset in the first
decade of life, sometimes as early as
3 months of age (Renner et al. 2008).
The schisis primarily occurs in the
retinal nerve fibre layer, including the
inner nuclear layer (INL), outer nuclear
layer (ONL) and ganglion cell layer
(GCL) (Gehrig et al. 1999a; Gehrig
et al. 1999b; Li et al. 2007). X-linked
juvenile retinoschisis (XLRS) is catego-
rized into four types: foveal schisis (FS)
patients have FS only; foveo-lamellar
schisis (FLS) patients have FS and
lamellar schisis (LS), but not peripheral
schisis (PS); complex type disease
(FLPS) includes patients with foveal,
lamellar and PS; and foveo-peripheral
type patients (FPS) have foveal and PS,
without LS (Prenner et al. 2006). The
penetrance of XLRS is almost com-
plete, but clinical expression is highly
variable (Molday et al. 2012), resulting
in an unpredictable disease progression
and severity even within families. Visual
acuity varies greatly among affected
males, typically from 20/60 to 20/120,
and remains relatively stable until the
patient reaches their fifth decade (Pime-
nides et al. 2005). During the course of
the disease, secondary complications
including retinal detachment (RD),
macular holes (MH), vitreous haemor-
rhage (VH) and neovascular glaucoma
may occur, leading to a poor outcome
(Ip et al. 1999; Pimenides et al. 2005).
Swept-domain optical coherence tomog-
raphy (SD-OCT) is the main diagnostic
technique for this disease (Renner et al.
2008; Yu et al. 2010).

The retinoschisin gene (RS1; OMIM
300839), located on Xp22.13, is the
only gene known to be associated with
XLRS. It contains six exons and
encodes a 224 amino acid protein.
Retinoschisin protein is organized into
four distinct regions, including an N-
terminal signal sequence characteristic
of secreted proteins (exons 1 and 2; 23
amino acids), a retinoschisin domain
(exon 3; 39 amino acids), a well-con-
served discoidin domain (exons 4–6;
157 amino acids) implicated in cell
adhesion, and a C-terminal segment
(end of exon 6; five amino acids)

(Gehrig et al. 1999a; Gehrig et al.
1999b). Retinoschisin protein is pre-
dominantly expressed and secreted
from photoreceptor cells and most
bipolar cells (Molday et al. 2001). It is
an extracellular adhesion protein that
plays a crucial role in maintaining the
structural integrity of the retina (Mol-
day et al. 2001).

A broad spectrum of clinical pheno-
types has been reported for XLRS
patients (Ip et al. 1999; Molday et al.
2012), making clinical diagnosis chal-
lenging, especially for young patients.
Genetic testing is an effective method
for providing timely, rapid and accu-
rate diagnoses (Splinter et al. 2018),
and multimodal imaging is an excellent
technique for confirming phenotypes
and helping clinicians understand the
disease (Shinohara et al. 2018). The
present study was aimed to report and
analyse the genetic and clinical charac-
teristics of XLRS in a cohort of Chi-
nese patients, to advance our
understanding of the disease. These
data facilitate genetic counselling and
the selection of patients who are eligi-
ble for gene augmentation.

Materials and Methods

Subjects and ethics statement

Participants were screened in the eye
genetic disease clinic of the Eye and
ENT Hospital of Fudan University
(Shanghai, China) between January
2017 and March 2019. This study was
approved by the Ethics Committee of
the Eye and ENT Hospital of Fudan
University, and adhered to the tenets of
the Declaration of Helsinki. All
patients or their guardians provided
written informed consent.

Genetic analysis and variant assessment

Next-generation sequencing was per-
formed in all patients and available
family members. Genomic DNA was
extracted from whole peripheral blood
using the FlexiGene DNA Kit (Qiagen,
Venlo, the Netherlands) according to
the manufacturer’s protocol. All partic-
ipants underwent sequencing with a 762
gene panel (including genes involved in
common inherited eye diseases;
Table S1; BGI, Shenzhen, China) using
BGISEQ-2000. We aligned sequence
reads to the reference human genome
(UCSC hg 38) with the Burrows–

Wheeler Aligner version 0.7.10 (Huang
et al. 2017). The bioinformatics pipeline
was applied as previously reported
(Huang et al. 2017; Gao et al. 2019a;
Gao et al. 2019b). Previously reported
variants were determined using the
Human Gene Mutation Database
(HGMD, professional version 2019.1).
Variants were classified according to the
American College of Medical Genetics
(Stenson et al. 2012). Sanger sequencing
was performed to evaluate the presence
of variants within other members in the
family.

Clinical assessment

Participants underwent comprehensive
ophthalmic examinations after detailed
family histories were obtained, includ-
ing Snellen best-corrected visual acuity
(BCVA), slit-lamp biomicroscopic oph-
thalmoscopy examination, intraocular
pressure (Goldmann tonometry),
dilated fundoscopy, colour fundus pho-
tography (Topcon TRC50LX; Topcon,
Tokyo, Japan), ultra-wide-field scan-
ning laser ophthalmoscopy (Optos
200Tx; Optos, Dunfermline, UK), SD-
OCT (Heidelberg Engineering, Heidel-
berg, Germany) and full-field elec-
troretinography (ffERG, according to
the standards of the International Soci-
ety for Clinical Electrophysiology of
Vision available at www.iscev.org).
Electroretinography (ERG) measure-
ments were performed on 200 healthy
subjects (age range, 3–50 years; median,
18 years) as control values.

Results

Cohort characteristics

Accurate genetic diagnosis was made
after pedigree cosegregation and phe-
notypic confirmation. A total of 30
patients from 29 unrelated families of
Chinese origin with a genetic diagnosis
of XLRS were recruited. All patients
were male, and both eyes were affected.
The mean age was 15.73 � 12.13 years
(range, 4–48 years; median, 10 years;
Table 1).

Genetic findings

Collectively, 25 distinct RS1 variants
(NM_000330.3) were identified, of which
eight were novel (c.577C>A, c.14 delT,
c.554C>T, c.416 A>G, c.52+2T>A,
c.656G>A, c.577_579del and c.325G>A)
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Table 1. Genotype and phenotype of the 30 XLRS patients.

Mutation

type

Nucleotide

and amino

acid changes

ACMG

category and

references

Subjects

(age/years)

BCVA

(R/L)

XLRS

type (R/L) Schisis localization Complications

Missense c.577C>A
p.Pro193Thr

LP

Novel

F1(34) 0.15/0.1 FLPS/FLS OU: INL/ONL/

OPL/GCL

POAG (OU), VVs (R)

c.304C>T
p.Arg102Trp

P

(Sauer et al. 1997)

F2(25) 0.1/0.02 FLPS/FLPS OU: INL/ONL OU: PACG, RPEAM,

cataract

L: RD. R: VVs

F8(9) 0.25/0.4 FLPS/FLPS OU: INL/GCL OU: VAAs and

exudations

c.625C>T
.Arg209Cys

P

(1998)

F6(48) 0.2/0.3 MA/MA – OU: RPEAM, VAAs

and exudations

c.554C>T
p.Thr185Met

LP

Novel

F7(33) 0.1/0.06 FLS/FLS OU: ONL/INL Morning glory (OU)

c.638G>A
p.Arg213Gln

P

(Hotta et al. 1998)

F9(10) 0.4/0.2 FLS/FLS R: INL/GCL

L: INL/ONL/GCL

IMH (L), POAG (OU)

c.325G>A
p.Gly109Arg

P

Novel

F10(19) 0.5/0.4 FLS/FLS OU: INL/OPL/GCL N

c.336G>T
p.Trp112Cys

P

(1998)

F11(40) 0.15/0.3 MA/FLS R: –
L: INL/ONL/GCL

IMH (L)

c.214G>A
p.Glu72Lys

P

(1998)

F12(15) 0.3/0.25 FLPS/FLPS R: INL/OPL/GCL

L: INL/ONL/

OPL/GCL

OU: VVs, RPEAM,

VAAs and exudations

F19(6) 0.12/0.15 FLPS/FLPS OU: INL/ONL/GCL VAAs (L)

c.416 A>G
p.Gln139Arg

LP

Novel

F14(10) 0.4/0.4 FLPS/FLPS R: INL/ONL/OPL

L: INL/ONL

OU: VVs, VAAs

and RPEAM

c.590G>A
p.Arg197His

P

(1998)

F15(5) 0.25/0.4 FLS/FLPS OU: INL/ONL/

OPL/GCL

L: VAAs and RPEAM

c.544C>T
p.Arg182Cys

P

(1998)

F16(4) 0.3/0.5 FLPS/FLPS OU: INL/ONL/OPL R: RPEAM

F27(34) 0.08/0.3 MA/FLS R: –
L: INL/ONL

R: VAAs, RPEAM

c.575C>T
p.Pro192Leu

P

(Riveiro-

Alvarez

et al. 2007)

F17(22) 0.12/0.12 FLPS/FLPS OU: INL/ONL/

OPL/GCL

OU: VVs, VAAs,

IRK and exudations

c.626G>A
p.Arg209His

P

(Sauer

et al. 1997)

F20(17) 0.4/0.4 FLPS/FLPS OU: INL/ONL/

OPL/GCL

OU: VVs, VAAs,

RPEAM and exudations

c.656G>A
p.Cys219Tyr

LP

Novel

F21(10) 0.7/0.4 FLPS/FLPS OU: INL/ONL/

OPL/GCL

OU: VVs and RPEAM.

L: VAAs, IRK

c.421C>T
p.Arg141Cys

P

(1998)

F22(8) 0.15/0.2 FLS/FLS OU: INL/ONL/

OPL/GCL

N

c.626G>T
p.Arg209Leu

P

(Skorczyk &

Krawczynski

2012)

F24(5) 0.3/0.4 FLPS/FLPS OU: INL/ONL/

OPL/GCL

OU: VVs, VAAs. L:

RPEAM and

exudations. R: VH

c.312C>G
p.Asn104Lys

P

(Huopaniemi

et al. 1999)

F28(12) 0.7/0.5 FLS/FLPS R: INL/ONL/

OPL/GCL

L: INL/ONL/GCL

L: RPEAM, VVs

Splicing c.78+5G>T P

(Chen

et al. 2014)

F29(5) 0.4/0.4 FLPS/FLPS OU: INL OU: VVs, VAAs,

RPEAM and exudations

c.52+2T>A P

Novel

F18(4) 0.1/0.25 FLS/FLS OU: INL/ONL N

Frameshift c.97delT

p.Trp33GlyfsX93

P

(Bowles

et al. 2011)

F30(5) 0.25/0.3 FLS/FLS OU: INL/ONL N

F26(7) 0.2/0.3 FLPS/FLPS OU: INL/GCL OU: VVs, VAAs,

RPEAM. L: RPEAM

c.573delG

p.Ile194Serfs*43
P

(Hewitt

et al. 2005)

F3(24) 0.3/0.3 FS/FS OU: INL/ONL/

OPL/GCL

N

F4(7) 0.5/0.5 FPS/FPS OU: INL/ONL/

OPL

strabismus (OU)

c.14 delT

p.Ile5LysfsX121

LP

Novel

F5(27) 0.05/0.25 FLPS/FLS OU: INL/ONL/

OPL/GCL

R: VAAs, IRK

and RPEAM

c.577_579del

p.Ter193del

LP

Novel

F25(9) 0.05/0.15 FLPS/FLPS OU: INL/ONL OU: VVs, VAAs and

IRK. L: Retinal white
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and one was de novo (c.626G>T;
Table 1). Analysis of the potential
pathogenicity of the novel variants is
shown in Table S2. Variants were
distributed from exon 1 to exon 6 and
were of a wide range of mutation types,
including twenty (66.67%) missense,
six (20%) frameshift, two splicing and
two copy-number variants (Fig. 1A). All
missense mutations were localized in the
discoidin domain site, which is encoded
by exons 6 (55%, n = 11), 4 (27.27%,
n = 6) and 5 (13.64 %, n = 3; Fig. 1B).
No patients had any pathogenic or likely
pathogenic mutations associated with
other inherited eye diseases.

Database analysis of the reported variants

To date, a total of 289 pathologic RS1
mutations have been identified in the
HGMD, distributed from exon 1 to
exon 6 (Fig. S1). Among them, 51.90%
are missense, 17.30% are frameshift,
10.38% are nonsense, 11.42% are gross
deletions or insertions, and 8.65 % are
splicing effect (Fig. S1A). Of all the
identified variantswith small basemuta-
tions (n = 255, missense, frameshift,
nonsense, splicing), 77.65% (n = 198)
are localized in the discoidin domain site
(Fig. S1B), which is encoded by exons 5
(29.41%, n = 75), 6 (26.27%, n = 67)
and 4 (23.14%, n = 59).

Revision and refinement of initial clinical

diagnosis and risk to family members

After genetic analysis, 30 patients
received a definite diagnosis of XLRS.
We successfully revised the clinical

diagnosis of three patients (10%), who
were initially diagnosed with macular
hole, cystoid macular oedema and mac-
ular dystrophy. Of all the patients in this
study, 76.67% (n = 23) had no known
family history, and 23.33% (n = 7) had
at least one other affected relative: four
were presumed to be inherited in an
autosomal recessivemanner, while three
were presumed to show X-linked reces-
sive inheritance. However, the revised
distribution of inheritance modes
showed that all 30 patients hadX-linked
recessive inheritance, of whom 29 had
inherited the mutation from their moth-
ers and one carried a de novo mutation.

Clinical findings

Table 1 summarizes the clinical char-
acteristics of all patients in the present
study. The mean BCVA was
0.28 � 0.17 (n = 60; range, 20/1000–
20/25), and 51.67% (31/60) of eyes had
a BCVA better than 20/67, while
88.33% (53/60) of eyes had a BCVA
better than 20/200. The mean BCVA
with patients younger than 20 years
(n = 21; mean age, 8.81 � 4.14 years)
was 0.33 � 0.17 (range, 0.03–0.8; med-
ian, 0.3), and the mean BCVA with
patients older than 20 years (n = 9;
mean age, 31.89 � 8.42 years) was
0.17 � 0.10 (range, 0.02–0.3; median,
0.12), which is worse than BCVA with
patients younger than 20 years
(p < 0.001). Refractive error was found
in all eyes, with 51.67% (n = 31 eyes)
having hyperopia (+2.84 � +1.80;
range, +0.55D to +9.25D), and
36.67% (n = 22 eyes) having myopia

(�1.51 D � �0.67 D; range, �0.5 D
to �5.0 D).

Tomographic structural changes

In this study, SD-OCT data were avail-
able for all 60 eyes. Four eyes (6.67%,
4/60) showed macular atrophy (MA)
without schisis (Fig. 2A), while all
others had FS (93.33%, 56/60; Fig. 1C).
Subjects with MA were older than those
with FS (42.5 � 6.81 versus 12.96 �
8.98 years, respectively). Of all eyes
presenting with FS, 52 (92.86%) also
had LS and 35 (62.5%) had PS. In
detail, 33 eyes (58.93%; mean age,
13.78 � 9.09 years) had FLPS (Fig. 2D),
19 eyes (33.93%; mean age,
16.79 � 12.57 years) had FLS (Fig. 2C),
two eyes (3.57%; age 7) had FPS, and
two eyes (3.57%; age 24) had FS
(Fig. 2B). There was no significant
correlation between schisis type and
patient age (p > 0.05). The average
central macular thickness was 492.37 �
150.45 µm (range, 143–1031 µm). Schi-
sis cavities were mainly localized in the
INL (56/56, 100.00%), ONL (46/56,
82.14%), GCL (35/56, 62.50%) and
outer plexiform layer (OPL; 31/56,
55.36%; Table 2 and Table S3). Schisis
changes involved four layers in 22 eyes
(39.29%; mean age, 15.17 � 9.50 years),
three layers in 14 eyes (25%; mean age,
10.17 � 5.78 years), two layers in 18 eyes
(32.14%; mean age, 12.75 � 10.46 years),
and one layer in two eyes of one patient
(5.36%; age 5 years). There was no
significant correlation between layer
involvement and age of these patients
(Table 1).

Table 1 (Continued)

Mutation

type

Nucleotide

and amino

acid changes

ACMG

category and

references

Subjects

(age/years)

BCVA

(R/L)

XLRS

type (R/L) Schisis localization Complications

flecks. R; VAAs,

cataract and RPEAM

and exudations

Gross

deletion

EX1-3DEL P

(Chu

et al. 2013)

F13(9) 0.8/0.05 FLPS/FLPS R: INL/ONL/

OPL/GCL

L: INL/ONL/OPL

L: VH, RD, cataract

OU: VVs, VAAs

EX4-6DEL P

(Bowles

et al. 2011)

F23(9) 0.3/0.03 FLS/FLPS R: INL/ONL/

OPL/GCL

L: INL/ONL

L: VVs and RPEAM

– = no schisis, BCVA = best-corrected visual acuity, FLPS = foveo-lamellar schisis, plus peripheral schisis, FLS = foveo-lamellar schisis,

FS = foveal schisis, GCL = ganglion cell layer, IMH = inner macular hole, INL = inner nuclear layer, IPL = inner plexiform layer, IRK = inner

retinal break, L = left, LP = likely pathogenic, MA = macular atrophy, N = normal, ONL = outer nuclear layer, OPL = outer plexiform layer,

OU = binocular, P = pathogenic, PACG = primary angle closure glaucoma, POAG = primary open closure glaucoma, R = right, RD = retinal

detachment, RPEAM = retinal pigment epithelial alteration or mottling, VAAs = vascular abnormalities, VH = vitreous haemorrhage, VVs = vit-

reous veils, XLRS = X-linked juvenile retinoschisis.
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Electrophysiology

Full-field electroretinography (ffERG)
results were available for 14 eyes of
seven patients (Table S4). Elec-
troretinography (ERG) demonstrated
reduced b-wave amplitudes in all eyes
(100%), reduced a-wave amplitudes in
three eyes (10.71%), and reduced a-
and b-wave amplitudes in three eyes
(10.71%). The b/a ratio was reduced
(<1.0) in 12 eyes (85.71%).

Ocular comorbidities

Complications seen in this cohort of
patients are shown in Tables 1 and 2
and Fig. 1D. Vascular abnormalities
(VAAs; Fig. 3A,B) occur most

frequently (n = 27, 45%; mean age,
14.59 � 12.06 years), including vascu-
lar sheathing, retinal nonperfusion,
vascular white line and haemorrhagic
spots caused by vessel twisting. Most of
the eyes with VAAs had FLPS
(88.89%, n = 24), and the others had
MA (11.11%, n = 3). Vitreous veils
(VVs; Fig. 3A–C) were observed in 24
of 60 eyes (40%), all of which were
FLPS (mean age, 13.50 � 8.38 years).
Pigment changes (Fig. 3B) were seen in
24 eyes (40%; mean age, 15.13 �
12.42 years), of which 21 were FLPS
and three were MA. Exudation
(Fig. 3A) was found in 14 eyes
(23.33%; mean age, 16.25 � 14.15
years), of which twelve were FLPS

and two were MA. Inner retinal breaks
(Fig. 3C) were found in six eyes (10%;
mean age, 16.5 � 8.07), all of which
were FLPS. Glaucoma was found in six
eyes of three patients (10%), of whom
two (FLPS 1, age 34 years; FLS 2, age
10 years) were primary open-angle
glaucoma (POAG), and one (FLPS,
age 25 years) was closed-angle glau-
coma. Cataracts (Fig. 3D) were found
in four eyes (6.67%) of three patients
(FLPS); one patient (age 25 years) also
had PCAG, one (age 9 years) had RD,
and one (age 9 years) had RD, pigment
changes, exudation and VAAs. Retinal
detachment (RD; Fig. 3E) occurred in
two eyes (3.33%) from two patients,
one aged 9 and one aged 25, both of

Fig. 1. Overview of pathologic RS1mutations identified in this study and complications of all the patients. (A) Number of RS1mutations of different

mutation types identified in this study. (B) Distribution of the RS1 variants identified in this study. Exons are numbered in black font, and introns are

numbered in blue font. Total mutations are shown in red font. (C) Pie chart showing the structural changes in XLRS patients. Macular schisis was

seen in 93% of patients, with lamellar schisis (LS) accounting for 93% and peripheral schisis (PS) accounting for 62.5%. (D) Distribution of the

different complications observed in different types of patients. FLPS = complex type patients who had foveal, lamellar and peripheral schisis.,

FLS = foveo-lamellar patients who had foveal schisis and lamellar schisis, but not peripheral schisis, FPS = foveo-peripheral type patients who had

foveal and peripheral schisis without lamellar schisis, FS = foveal schisis, MA = macular atrophy.
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whom were FLPS. Inner MH (IMH;
Fig. 3F) was identified in two eyes
(FLPS) from two patients (age 10 and
40 years). Vitreous haemorrhage (VH;

Fig. 3G) was identified in two eyes
(FLPS) from two patients, both of
whom also had RD. Retinal white
flecks (Fig. 3C) were found in one eye

(FLPS) of a 9-year-old boy who also
had VAAs, RD and VVs. In total,
94.29% (n = 33) of eyes with PS
(n = 35) showed different degrees and
types of complications, while the other
two patients were only aged 4 and
6 years. However, of the 21 eyes with-
out PS, only two eyes (9.52%) from
two patients had complications (IMH).
No significant difference was found
between the ages of the patients and
the degrees or types of complications
(Table 1).

Genotype–phenotype correlations

To determine whether these clinical
findings were associated with specific
mutations, or types or locations of
mutations, we further analysed the
relationship between structural changes
and ocular complications with specific
mutations (Table 1). We found that the
clinical findings did not correlate with
specific RS1 variant or mutation types.
Different individuals, even with the
same mutation, were found to show
completely different structural changes
and complications (e.g. F2 and F8, F3
and F4, F12 and F19, and F16 and
F27).

Discussion

We herein provide detailed and com-
prehensive reports of the genetic and
clinical characteristics of a cohort of 30
unselected Chinese male patients with
XLRS. We identified 25 distinct RS1
variants, of which eight were novel.
The large proportion of novel muta-
tions and variable types of causative
variants suggest that the RS1 muta-
tional spectrum in the Chinese popula-
tion is distinct from that in other ethnic
groups. Perhaps there may be many
RS1 mutations remain to be identified
and confirmed in different races, which
will be vital for pathogenicity judge-
ment and genetic counselling.

A de novo mutation in RS1 was first
identified by Gehrig et al. (1999a) and
Gehrig et al. (1999b) (c.608C>T
Pro203Leu), and then, another two de
novo mutations were reported in 2009:
c.238C>T p.Gln80Ter and c.2I4G>A
p.Glu72Lys (Riveiro-Alvarez et al.
2009). It has been suggested that de
novo mutations mainly occur in CG
dinucleotides (Riveiro-Alvarez et al.
2009). Consistent with this, we identi-
fied the fourth de novo mutation in

Fig. 2. Representative fundus photographs and optical coherence tomography (OCT) images

depicting different types of retinoschisis. (A) Fundus photographs and OCT findings of patients

with macular atrophy. (B) Fundus photographs and OCT findings of foveal schisis (FS) patients

with foveal schisis only. (C) Fundus photographs and OCT findings of foveo-lamellar (FLS)

patients with foveal schisis and lamellar schisis but no peripheral schisis. (D) Fundus photographs

and OCT findings of complex type (FLPS) patients with foveal, lamellar and peripheral schisis.

The white dotted area on the ultra-wide-field fundus photographs shows the presence of peripheral

schisis.

Table 2. Complication characteristics of studied eyes in this cohort of patients.

Complications Data XLRS type Average age � SD (range) (years)

Vascular abnormality 27 (45%) FLPS (24), MA (3) 14.59 � 12.06 (5–48)
Vitreous veils 24 (40%) FLPS (24) 13.50 � 8.38 (5–34)
Pigment changes 24 (40%) FLPS (21), MA (3) 15.13 � 12.42 (4–48)
Exudations 14 (23.33%) FLPS (12), MA (2) 16.25 � 14.15 (5–48)
Inner retinal break 6 (10%) FLPS (6) 16.5 � 8.07 (9–27)
Glaucoma 6 (10%) FLPS (3), FLS (3). 23 � 10.84 (10–34)
Macular atrophy 4 (6.67%) MA (4) 42.5 � 6.81 (34–48)
Cataract 4 (6.67%) FLPS (4) 17 � 9.24 (9–25)
Retinal detachment 2 (3.33%) FLPS (2) 9 (L), 25 (L)

Inner macular hole 2 (3.33%) FLS (2) 10 (L), 40 (L)

Vitreous haemorrhage 2 (3.33%) FLPS/RD (2) 9 (L), 5 (R)

Strabismus 2 (3.33%) FPS (2) 7 (OU)

Morning glory 2 (3.33%) FLS (2) 33 (OU)

Retinal white flecks 1 (1.67%) FLPS (1) 9 (L)

FLPS = foveo-lamellar schisis, plus peripheral schisis, FLS = foveo-lamellar schisis, FS = foveal

schisis, L = left, MA = macular atrophy, OU = binocular, R = right, RD = retinal detach-

mentSD = standard deviation, XLRS = X-linked retinoschisis.
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(A) (B)

(C) (D)

(E) (F)

(G) (H)

Fig. 3. Representative ultra-wide-field fundus appearance depicting complications in patients with X-linked retinoschisis. (A) Patient with peripheral

schisis and multiple vitreous veils (asterisk) connected to the retina with bridging vessels (white arrows). A large amount of yellow-white exudation

(arrowhead) is seen at the inferior temporal area. The five-pointed star at the inferior area indicates vascular sheathing. Peripheral retinal schisis at the

superior area causes distortion of the optic disc. The image in the upper left corner is the corresponding fluorescein angiogram, which shows large

areas of nonperfusion at the peripheral retina. (B) Patient with retinal detachment at the inferior temporal area, and multiple vitreous veils connected

to the retina with bridging and tortuous vessels. A pigmented demarcation line is seen at the posterior pole. An occluded blood vessel appears as a

white line at the inferior area. (C) Patient with typical white spots in the posterior pole, and multiple vitreous veils connected to the retina with

bridging vessels. White arrow indicates a large inner retinal break. The image in the upper left corner is the corresponding autofluorescence, which

shows hypoautofluorescence at the fovea area. The image in the upper right corner shows corresponding OCT changes. OCT shows lamellar schisis

and mild macular atrophy. (D) Patient with cataract after intraocular lens implantation. (E) Patient with bullous retinal detachment after retinal

photocoagulation. The image in the upper left corner is the corresponding ultrasound B image. (F) Representative ultra-wide-field fundus of a patient

with an inner macular hole. The image in the upper right corner shows corresponding OCT changes. OCT shows an inner macular hole with an intact

outer structure of the retina. (G) Patient with mild vitreous haemorrhage. (H) Patient with a typical cartwheel-like appearance in the central macula

and peripheral retinal splitting at the inferior area.
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RS1, c.626G>T p.Arg209Leu, which is
also located within CG dinucleotides,
and representing a frequency of 3.33%
(1/30). These results indicate that de
novo mutations play a vital role in
XLRS, and attention should be paid to
them because they may have important
implications in obtaining a correct
genetic diagnosis and in enabling more
accurate genetic counselling.

By analysing the reported variants
and those identified in the present
study, we found that most mutations
were localized in the discoidin domain
and that missense mutations were the
most common type (Hu et al. 2017;
Chen et al. 2020). Of all reported
variants, 11.76% are gross deletions
or insertions, which may not be detect-
able by NGS. This has important
guidance for the selection of sequenc-
ing methods used to diagnose XLRS,
especially when small mutation analy-
ses show negative results.

The mean BCVA of patients younger
than 20 years was 0.33 � 0.17, and it is
better than that of patients older than
20 years. These data indicate that the
optimal intervention window for a
possible therapeutic approach is within
the first 2 decades of life. We report PS
in 58.33% (35/60) of eyes in our
cohort, which is similar to previously
reported (ranged from 43% to 79%)
(Prenner et al. 2006; Wang et al. 2015;
Chen et al. 2020). The rate was gener-
ally higher than the rate (48%)
reported recently by Chen et al.
(2020), who studied a large series of
Chinese patients affected by XLRS.
One possible reason is that ultra-wide-
field fundus imaging was used for
retinal examination in this study, which
enabled a more detailed identification
of the peripheral retinal changes, and
for identification of unnoticed periph-
eral retinoschisis (Leshno et al. 2019;
Cicinelli et al. 2020). The most com-
mon type of XLRS in this study was
FLPS, followed by FLS, then FS and
FPS, which is similar to earlier findings
(Ores et al. 2018). The mechanisms that
leading to the occurrence of different
types of schisis are not well under-
stood, and we propose the possible
reasons are the distribution and secre-
tion of retinoschisin protein. We iden-
tified schisis changes mainly in the INL
and ONL, followed by the GCL and
OPL, which is in agreement with pre-
vious studies (Ores et al. 2018). These
data indicate that retinoschisin is

widely distributed in the retina. How-
ever, further analysis revealed no sig-
nificant correlations between schisis
type, layer involvement, patient age
and mutations, suggesting the existence
of more complex regulatory mecha-
nisms responsible for schisis variations.

X-linked juvenile retinoschisis
(XLRS) patients have a high incidence
of various complications, with VAAs,
VVs and pigment changes the most
common in the present study, and the
incidence is higher than reported in
Caucasians (Pennesi et al. 2018). This
may be attributed to the higher rate of
PS in our study (58.33% versus 25%).
Optical coherence tomography (OCT)
angiography-based assessment previ-
ously found that microvascular changes
were mainly located in the deep capil-
lary plexus and that enlargement of the
foveal avascular zone area correlated
with BCVA decline (Romano et al.
2019). However, it remains unclear
whether this is the cause (originating
directly from a mutation) or the out-
come (caused by other lesions such as
cystic impairment). Vitreous veils
(VVs) are common in XLRS and result
from the occurrence of larger atrophic
inner breaks in the thin inner schisis
cavities (Campbell et al. 2015), which
are often associated with VH, RD and
VAAs (Ambler & Gutman 1991). Exu-
dation and IRB are not rare in XLRS
and may occur from the wrinkling or
traction of macular detachment, abnor-
mal vascular proliferation, or traction
of VVs (Hu et al. 2017; Wood et al.
2019). Neovascular glaucoma has also
previously been reported in XLRS
(Ando et al. 2000), and with some
studies attributing it to RD or exten-
sive schisis (Manschot 1972), while
others report that ischaemia in ocular
tissues is the main cause (Ando et al.
2000). Although we did not observe
neovascular glaucoma in our study, we
detected two cases with POAG and one
with PCAG; current information is
insufficient to determine whether they
are complication or simply coexist with
XLRS. Macular atrophy (MA) was
found in four eyes of three patients
who were older than other patients; it
was associated with a thinner ONL,
which is consistent with previous
results (Ores et al. 2018). Retinal
detachment (RD) was only found in
two eyes from two patients, one aged 9
and the other aged 25; the rate reported
here is lower than the 5.5%–16%

documented in previous reports
(Fahim et al. 2017). Both IMH and
VH were identified in two eyes from
two patients in our study. The occur-
rence of VH at a young age is consis-
tent with the report of its development
before the age of 10 (Kellner et al.
1990). However, IMH can occur at any
stage. Retinal white flecks in the pos-
terior pole were seen in one eye in our
study, and have also been reported in
previous studies (Fahim et al. 2017).
No second pathogenic variants associ-
ated with inherited eye diseases, includ-
ing those in RDH5, RHO, RLBP1 and
PRPH2, were found in the affected
patient. This unusual fundus finding
could be a rare characteristic of XLRS,
though larger samples are needed for
further verification. The prevailing
viewpoint is that PS increases the
likelihood of these complications
occurring (Fahim et al. 2017; Wood
et al. 2019). Our data showed that
94.29% of eyes with PS had different
degrees and types of complications,
while only 9.52% of eyes without PS
had other abnormalities. However,
future complications should not be
ruled out in these patients with PS
because they are still young (aged 4 and
6 years). Therefore, close follow-up is
needed. It should also be noted that
morning glory disc anomaly and
POAG occurred as abnormalities in
five eyes, although they may simply
coexist with FLS.

Limitations of this study include the
small size of our cohort, and the lack of
a longitudinal follow-up to investigate
morphofunctional correlations and
changes. However, because XLRS is
relatively rare, it is difficult to collect a
large study group, and multimodal
images are hard to acquire, especially
from young patients.

Conclusions

This study provides comprehensive
analyses of the genetic and clinical
characteristics of XLRS in a cohort of
Chinese patients. We show that the
most prevalent mutation type is mis-
sense mutation, and the hot spot is
localized in the discoidin domain. The
fourth de novo mutation in RS1 was
identified. X-linked juvenile retinoschi-
sis (XLRS) has a wide spectrum of
clinical characteristics; hence, molecu-
lar diagnosis is crucial for its diagnosis
and genetic counselling. Peripheral
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schisis (PS) is a risk factor for the high
incidence of complications, and closer
follow-up may be beneficial. And no
clear genotype–phenotype correlations
were found. Our results not only have
guiding value for selecting sequencing
methods used for XLRS patients and
genetic counselling, but also have an
important clinical impact that should
be considered in the perspective of gene
therapy for XLRS patients.

Data Availability Statement

All data relevant to the study are
included in the article or uploaded as
supplementary information.
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