
EXPERIMENTAL AND THERAPEUTIC MEDICINE  21:  124,  2021

Abstract. The purpose of the present study was to assess the 
clinical characteristics of X‑linked retinoschisis (XLRS) in a 
Chinese family over a 7‑year period with the aim of identifying 
possible genetic mutations associated with this disease. A total 
of 2 male siblings from a family with XLRS were followed 
up for 7 years and the best‑corrected visual acuity and data 
obtained using slit‑lamp microscopy, indirect ophthalmos‑
copy, fundus photography, spectral domain‑optical coherence 
tomography (OCT), fundus autofluorescence and fundus fluo‑
rescence (FFA) and multifocal electroretinograms (ERG) were 
examined. The coding regions of the retinoschisin 1 (RS1) gene 
were amplified by PCR and sequenced directly. The proband 
exhibited blurred vision at 12 years old and was indicated 
to exhibit a typical phenotype of XLRS at 30 years old. The 
elder brother exhibited blurred vision at 11 years old and was 
diagnosed with XLRS at 33 years old. There was no change in 
the best‑corrected visual acuities in the two patients over the 
7 years. The OCT results suggested that there were intraretinal 
cysts and macular atrophy in the eyes of the older sibling, whilst 
a ‘spoke‑wheel’ pattern was present in the macula of the younger 
sibling. In addition, OCT examination revealed foveal schisis. 
FFA analysis indicated a hyperfluorescent signal in the central 
macula. Multifocal ERG recordings indicated that responses 
were markedly reduced in the central and outer rings bilaterally. 
The central retinal thickness of the younger sibling increased 
but the central retinal thickness of the older sibling was not 
changed during the 7 years. Sequencing analysis revealed that 
the mutation was c.366G>A (p.Trp122*) in exon 5 of Xp22.1. 
Gene mutation analysis indicated that the affected male siblings 
harbored a Trp122* (c.366G>A) mutation, while the patients' 

mother was demonstrated to be a heterozygous carrier of the 
pathogenic mutation. To conclude, the present study discovered 
a novel XLRS mutation in a Chinese family, where the Trp122* 
mutation caused a significant change in the function of the 
RS1 protein. Over the 7 years of observation, although the vision 
was not significantly impaired in the two patients examined, the 
central retinal thickness of the younger sibling increased but the 
central retinal thickness of the older sibling was not altered.

Introduction

X‑linked juvenile retinoschisis (XLRS) is a condition featuring 
the degeneration of the macula that commonly onsets early in 
males; major symptoms are vision loss and splitting or schisis of 
the retinal layer (1). Certain patients with this condition may also 
suffer from complications associated with vitreous hemorrhage 
and retinal detachment (1). XLRS is a monogenic, X chromo‑
some‑linked recessive disease that is caused by mutations in the 
retinoschisin (RS1) gene and affects between 1 in 5,000 and 1 in 
25,000 males. By contrast, females who carry this trait do not 
suffer from loss of vision with the same frequency (2).

The RS1 gene is located at Xp22.1 and encodes that the 
24‑kDa discoidin domain‑containing protein retinoschisin, 
which is secreted as a homo‑oligomeric complex. RS1 is typi‑
cally expressed in the retina and pineal gland (3), where it is 
predicted to serve as an adhesive protein in maintaining the 
structural and functional integrity of the retina (4).

Clinical retinoschisis is characterized by splitting that may 
occur in both the nerve fiber layer on the retinal surface and 
the deeper layers of the retina. Peripheral retinoschisis occurs 
in <50% of affected individuals, whilst foveal involvement 
is present in all affected patients. Peripheral retinoschisis is 
commonly observed in the inferotemporal retina. With the 
use of optic coherence tomography  (OCT), the diagnostic 
approach for XLRS has changed (5).

The purpose of the present study was to examine the 
clinical features of XLRS in a Chinese family over a 7‑year 
monitoring period and to further identify the possible genetic 
mutations that are associated with this disease.

Materials and methods

Patients. A total of two patients from the same family were 
recruited at The Department of Ophthalmology, Second 
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Affiliated Hospital of Harbin Medical University (Harbin, 
China) between May and June 2011. They were healthy apart 
from having XLRS. The diagnosis of XLRS was made based 
on the presence of macular schisis with OCT examination. The 
present study was performed with approval from the Ethics 
Committee of The Second Affiliated Hospital of Harbin 
Medical University (Harbin, China). Informed consent was 
obtained from all participants.

Ophthalmic examinations. All patients were assessed for 
uncorrected visual acuity and best‑corrected visual acuity, by 
fundus photography and spectral‑domain OCT. The younger 
patient was examined by fundus autofluorescence and fundus 
fluorescence (FFA) and multifocal electroretinograms (ERG) 
during the first visit.

Mutation analysis. Blood samples were collected from all 
participants after obtaining informed consent according to 
the Declaration of Helsinki, which included the two patients, 
their parents and 100 healthy subjects (age range, 20‑40 years; 
50  males and 50  females) that were recruited at The 
Department of Ophthalmology, Second Affiliated Hospital of 
Harbin Medical University (Harbin, China) between May and 
December 2011, who were used as normal controls and were 
unrelated to the family. Individuals with ocular and systemic 
diseases were excluded. Genomic DNA was extracted from 
the peripheral blood using the Relaxgene Blood DNA System 
(Tiangen Biotech Co., Ltd.). RS1 gene coding regions and 
the flanking intron sequences were amplified by PCR (6) 
using a DNA polymerase from Takara Biotechnology Co., 
Ltd. The thermocycling conditions were as follows: Initial 
denaturation at 95˚C for 10 min, followed by 35 cycles of 
95˚C for 30 sec, 55˚C for 30 sec and 72˚C for 1 min, and final 
extension at 72˚C for 7 min. The coding regions of the RS1 
gene that encode retinoschisin were directly sequenced on an 
automated sequencer (ABI 3730xl Genetic Analyzer; Applied 
Biosystems; Thermo Fisher Scientific, Inc.) to perform muta‑
tion analysis. To identify the sequence variations, reference 
sequences of RS1 (NM_000330.3) were used.

Results

Clinical manifestations. A total of two male siblings were 
diagnosed with XLRS in the family (Fig. 1); they were both 
indicated to have macular abnormalities. The younger sibling 
was the proband, who presented with blurred vision at the age 

of 12 years, which could not be corrected. The patient was 
diagnosed at 30 years old with XLRS at The Second Affiliated 
Hospital of Harbin Medical University (Harbin, China) in May 
2011 and was followed up for 7 years. At the first visit, a ‘spoke 
wheel’ pattern and macular retinoschisis were observed in the 
fundus (Fig. 2). Examination by OCT indicated macular schisis 
and there were increases in the thickness of the macula in both 
eyes compared with that in normal eyes. The older male sibling 
of the proband visited 1 month later, he started exhibiting 
blurred vision at 11 years old, was diagnosed at 33 years old, 
and bilateral macular schisis, intraretinal cysts and macular 
atrophy were observed in this patient (Table 1). Over 7 years, 
notable increases in the thickness of the macula were detected 
in both eyes of the proband, whilst macular atrophy persisted 
in the older sibling. There were no changes in visual acuity in 
both patients (Figs. 3 and 4).

Fundus fluorescence angiography. FFA images acquired at 
the first visit revealed a ‘spoke wheel’ pattern of hyperfluores‑
cence in the central macular area of the proband (Fig. 5).

ERG. Multifocal ERG (mfERG) was recorded from the 
central 30˚ of the visual field of the proband, where responses 
were revealed to be reduced bilaterally in the central and 
outer rings at the first visit. The mfERG results suggested 
central cone dysfunction affecting not only the macular area 
but across the central 30˚ of the visual field tested in each eye 
(Fig. 6).

Genetic analysis. The two patients were revealed to carry a 
genetic mutation in the RS1 gene; the mutation was determined 
to be localized in exon 5 (c.366G>A). This G>A substitution 
changed the amino acid from tryptophan to a stop codon, 
which produced a nonfunctional and truncated protein that 
was 22 amino acids in length.

None of the healthy family members or the 100 control 
subjects examined tested positive for this mutation (Fig. 7). The 
mother of the proband was demonstrated to be a heterozygous 
carrier of the mutation without the manifestation of any symp‑
toms. Base changes were neither identified in the sequences of 
other normal members of the family nor in the normal control 
group. The 3D protein structures of RS1 were analyzed using 
the Phyre2 software. Molecular modeling indicated that the 
p.W122* substitution significantly changed the secondary 
structure of the RS1 protein and made the secondary structure 
shorter, which was caused by the mutation of c.366G> A to 

Table I. Clinical manifestations.

Patient no.	 Age (years)	 Eye	 1st BCVA	 2nd BCVA	 3rd BCVA	 Macular abnormalities

III:3 (proband)	 30	 OD	 20/100	 20/100	 20/100	 Schisis
		  OS	 20/80	 20/80	 20/100	 Schisis
III:1 (elder brother)	 33	 OD	 20/50	 N/A	 20/50	 Schisis, atrophy
		  OS	 20/50	 N/A	 20/50	 Schisis, atrophy

BCVA, best‑corrected visual acuity; OD, right eye; OS, left eye; N/A, not available; 1st, first visit; 2nd, follow‑up 2 years later; 3rd, follow‑up 
7 years later.
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Figure 1. Pedigree chart of the patients. The black arrow indicates the proband.

Figure 2. Fundus images of the younger sibling (the proband) at the first visit. (A) Right eye; (B) left eye. A typical ‘spoke wheel’‑like appearance in the central 
macula of both eyes was observed.

Figure 3. Spectral domain‑optical coherence tomography images of the younger sibling (the proband). (A) Right eye and (B) left eye indicating foveal schisis at 
the first visit. (C) Right eye and (D) left eye indicating foveal schisis 2 years later. (E) Right eye and (F) left eye indicating foveal schisis 7 years later. Increased 
thickness was observed in the fovea over 7 years.
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generate a stop codon. This observation suggested that this 
mutation is likely to markedly impact the protein function 
(Fig. 8).

There are currently no effective treatments for XLRS. The 
two patients did not receive any treatment but were only clini‑
cally followed. It has been reported that carbonic anhydrase 

inhibitors (CAIs), which belong to sulfanilamide drugs, were 
effective in improving cystoid macular edema in patients with 
XLRS (7). The elder brother's macula was already atrophic 
at presentation, and although the younger brother's macular 
thickness increased, he had a history of sulfanilamide allergy, 
therefore he was not treated with CAIs.

Figure 4. Spectral domain‑optical coherence tomography images of the older male sibling of the proband. (A) Right eye; (B) left eye. Foveal schisis and 
macular atrophy were observed.

Figure 5. FFA analysis of the younger sibling (the proband). (A) Right eye; (B) left eye. The younger patient had a ‘spoke‑wheel’ pattern of hyper FFA in the 
macular area. FFA, fundus fluorescence angiography.

Figure 6. Electroretinogram analysis of the younger sibling (left eye of the proband). Responses were reduced bilaterally in the central and outer rings 
(central 30˚ of the visual field).
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Discussion

XLRS is a congenital disease that was first described by 
Haas (8) in 1898. It causes changes to the retinal structure early 

in life. A number of studies have previously demonstrated that 
XLRS is a neurodevelopmental abnormality caused by gene 
mutations, leading to retinoschisis. In total, ~251 different 
mutations in the RS1 gene have been reported to cause XLRS, 

Figure 7. Partial sequence of the RS1 gene at exon 5. Sequencing patterns indicated that the heterozygous c.366G>A missense mutation was present in all 
affected subjects, but not in the control subjects. (A) Arrow indicates the location of the younger brother's base mutation. (B) The mother of the proband was 
a heterozygous carrier of the mutation without clinical symptoms. (C) No base changes were identified in the sequences of unaffected members of the family 
or the normal control group. RS1, retinoschisin 1.

Figure 8. Predicted secondary structure of the mutant RS1 protein. (A) Mutant and (B) wild‑type 3D protein structures of RS1 obtained using the Phyre2 
software. Molecular modeling indicated that the p.W122* substitution significantly shortened the secondary structure of the RS1 protein, which was caused by 
the c.366G>A mutation to generate a stop codon. RS1, retinoschisin 1.
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the clinical characteristics of which include splitting of the 
retina and visual impairment. Kjellström et al (9) previously 
followed  up 10  patients for 12  years and determined no 
changes in visual acuity after childhood. Similar results were 
also reported by another study (10), suggesting XLRS to be a 
progressive retinal degenerative condition with a slow onset. 
Although a ‘spoke wheel’‑like appearance in the macula is 
the most typical characteristic feature of XLRS, subretinal 
fibrosis, macular atrophy, mimicking maculopathy, vitreous 
hemorrhage, peripheral retinoschisis and peripheral pigmen‑
tary changes are also occasionally present in patients with 
XLRS (11).

XLRS is a clinically heterogeneous disease with >100 
different mutations in the RS1 gene now known to cause 
this disease, where two patients in a family with the same 
mutation may present with different phenotypes. In a 
previous study, Kondo et al (12) reported that foveal schisis 
was more frequently associated with missense mutations in 
67 Japanese patients from 56 families affected with XLRS, 
where peripheral schisis was detected in 50 and 67% of the 
eyes of patients harboring truncation and missense muta‑
tions, respectively.

Hu et al (13) examined 30 patients suspected to exhibit 
XLRS and 51 patients with confirmed XLRS in China and 
identified 28 mutations associated with this disease, 8 of which 
were novel. Tian et al (14) reported on 6 families with XLRS 
in China, whilst certain sporadic cases of XLRS and novel 
mutations were also reported in China (15).

The present study reported on the clinical characteristics 
and data obtained by OCT, FFA, ERG and RS1 gene muta‑
tion analysis of 2 patients from a Chinese family who were 
followed up for 7 years. The eyes of the younger sibling had 
a ‘spoke wheel’‑like appearance, whereas those of the older 
sibling exhibited intraretinal cysts and macular atrophy. The 
younger sibling was followed up for 7 years, who was suffering 
from blurred vision at 12 years of age but no change in visual 
acuity was observed over the 7 years after presentation in the 
hospital. OCT analysis revealed a minor change in the central 
macula; however, the macular thickness was determined to 
be increased during 7 years of follow‑up. The older sibling 
was diagnosed with XLRS at the age of 33 years and atrophy 
persisted in the central macula after 7 years.

In addition, the present study also identified a novel genetic 
mutation in the RS1 gene of the two patients examined, which 
was localized in exon 5 (c.366 G>A), where this G>A substitu‑
tion changed the amino acid from tryptophan to a stop codon, 
producing a truncated nonfunctional 22‑amino acid protein. 
Subsequent molecular modeling indicated that p.W122* substi‑
tution significantly shortened the secondary structure of the 
RS1 protein. This mutation was indicated to be clustered in the 
discoidin domain and occurred within the conserved residues, 
where several studies have previously reported that mutations 
may cause protein misfolding and retention in the endothelial 
reticulum (16). This observation suggested that this mutation 
may impact RS1 function.

In 1997, Sauer et al (17) discovered that the causative gene 
of XLRS was RS1 located at Xp22. RS1 is expressed in photo‑
receptor cells and bipolar cells, it contains 6 exons and encodes 
a secreted protein called the retinal splitting protein (18). The 
retinal splitting protein is comprised of 224 amino acids and 

contains a highly hydrophobic signal peptide. This signal 
peptide is cleaved by peptidases to form a mature protein 
serving as a connection between cells in the inner nuclear 
layer, which is closely associated with synaptic connections 
of photoreceptors, where the bipolar cells are located (19). 
The retinal splitting protein contains a disc‑like domain that 
consists of 157 amino acids and 10 cysteines, which is encoded 
by exons 4, 5 and 6. This domain is highly conserved and 
has been previously associated with cell adhesion and signal 
transmission throughout evolution (20). The discoid domain 
receptor is a transmembrane receptor that is able to interact 
with collagen, mediate adhesion between cells and regulate the 
extracellular matrix (21).

RS1 is mainly expressed in photoreceptor and bipolar cells, 
potentially providing a reason for the lack of systemic tissue 
abnormalities in male patients (22). Examination of female 
carriers may prove difficult due to the absence of clinical 
symptoms (22). However, a previous study has suggested that 
female carriers may also exhibit an abnormal ERG perfor‑
mance, with observed splitting in the periphery or center of 
the retina (22). The division of the retina may be due to the 
inactivation of the X chromosome, resulting in this abnormal 
clinical manifestation (22).

It has been indicated that mutations in the RS1 gene 
cause dysfunction in the secretion of protein products and 
loss of adhesion function, impaired intercellular communi‑
cation, weakened adhesion between the retinal layers and 
the formation of internal retinal fission cavities (23). The 
new mutation identified in the present cases whose mother 
was determined to be a carrier leads to protein truncation. 
By applying a software prediction of the changes in protein 
structure, it was indicated that the structure of the protein 
was significantly changed due to the mutation. The site was 
indicated to be located in the highly conserved disc‑like 
domain of the RS1 gene  (24). It may be speculated that 
this mutation affects the communication between cells and 
adhesion between the retinal layers, resulting in the splitting 
of the inner retina (25).

The biochemical mechanisms of XLRS remain poorly 
understood. There are currently no effective treatments for 
XLRS. Congenital retinal splitting has a slow onset and is 
difficult to observe during stable phases of the disease. 
When complications occur, they may be treated symptom‑
atically (26). A number of studies on patients with XLRS 
indicated that the vision of adult patients deteriorates, 
whilst the vision of the majority of patients aged >70 years 
falls <0.1 (27). It is promising that the retinal structure and 
function improved after gene transfer therapy in a mouse 
RS1 knockout model of XLRS  (28,29). Bashar  et  al  (30) 
previously reported that extracellular delivery of RS1 rescued 
the structural and functional deficits in the RS1h knockout 
mouse model, where this ex vivo gene therapy approach was 
able to inhibit disease progression. Zeng et al (28) injected 
RS1h complementary DNA into the eyeballs of adult RS1h 
knockout mice, which reversed the abnormal negative wave‑
form of ERG, restored the positive b wave and led to the 
expression of the retinal splitting protein in the entire layer 
of the retina. Therefore, it is believed that gene transfer may 
be an effective treatment strategy for XLRS, which brings 
optimism for future interventions of this disease.
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Zhao et al  (26) previously studied 32 eyes with severe 
complications that underwent vitrectomy and determined 
that vitreoretinal surgery significantly improved visual acuity 
and restored the anatomic structure of the retina. In addition, 
carbonic anhydrase inhibitors may be helpful in reducing 
the cavities and retinal thickness (31). Although significant 
progress has been made in recent years, numerous questions, 
for example the potential effects of gene therapy, should be 
further explored.

Since there is as yet no effective treatment for XLRS, 
screening for gene mutations is vital for understanding the 
pathogenesis of XLRS to explore novel effective treatment 
methods for this disease.
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