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Abstract

Background: This case report describes the surgical outcome in a patient with congenital X-linked retinoschisis
(CXLRS) and the results of proteomic analysis of surgically extracted samples from both vitreous and intraschisis cavi-
ties by mass spectrometry.

Case presentation: A 3-month-old boy presented with extensive retinoschisis involving macula and retinal periph-
ery in both eyes. Genetic analysis confirmed retinoschisin 1 mutation (c.554C>T), and an electroretinogram showed
significant reduction of b-wave and decreased cone and rod responses, which led to a diagnosis of CXLRS. By per-
forming pars plana vitrectomy, including inner wall retinectomy, clear visual axes with stable retinal conditions and
functional vision in both eyes were obtained during the 4 years of follow-up. Proteomic analysis of surgically retrieved
fluid from the intraschisis cavity revealed a higher expression of interphotoreceptor retinoid-binding protein (IRBP)
than that from the vitreous humor. However, both samples showed equal levels of albumin, transferrin, and pigment
epithelium-derived factor.

Conclusions: Cellular adhesive imperfection in CXLRS may cause IRBP diffusion from the interphotoreceptor matrix,
resulting in the strong expression of IRBP in the intraschisis cavity. An impaired retinoid cycle caused by an absence of

analysis, Case report

IRBP in the retina may potentially underlie the pathology of CXLRS.
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Background

Congenital X-linked retinoschisis (CXLRS) is a reti-
nal degenerative disease characterized by the splitting
of retinal layers, disruption of photoreceptor-bipolar
synapses, and photoreceptor degeneration [1]. The esti-
mated prevalence of CXLRS ranges from 1 in 5000 to
1 in 20,000 [2]. Although patients with CXLRS have a
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broad spectrum of clinical phenotypes, a consistent fea-
ture of CXLRS is foveal schisis that is often described as
a spoke-wheel pattern in a color fundus photograph [3].
Peripheral retinoschisis is found in >50% of patients with
CXLRS, most commonly in the inferotemporal quad-
rant [2]. The majority of retinoschisis cavities remain
stable throughout life and yield preserved visual acuity.
However, a select number of patients progress to macula
involving retinoschisis, rhegmatogenous detachment,
and combined tractional-rhegmatogenous detachments
that require further intervention. Vitreoretinal surgi-
cal approaches remain complex, case-based, and require
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careful planning, depending on the configuration and
location of the retinoschisis cavity [4].

The gene responsible for causing CXLRS has been
identified as retinoschisin 1 (RSI), located on the distal
short arm of the X chromosome (Xp22.1-p22.3), which
encodes the protein retinoschisin [5, 6]. Retinoschisin
is expressed on the surface of photoreceptors and bipo-
lar cells and maintains the integrity of the retina [7-11].
Clinically, microstructural defects of the photoreceptor
outer segment are observed frequently in patients with
CXLRS, which is linked closely with poor visual acuity
[12]. However, the exact mechanism between protein
abnormality in retinoschisin and the consequent photo-
receptor degeneration is currently unclear.

Mass spectrometry (MS) has emerged as a power-
ful tool for proteome-wide analysis and is one of the
key technologies in molecular and cellular biology [13].
It is used to identify biomarkers and molecular changes
associated with specific disease mechanisms. Herein, we
report a case of a patient with CXLRS with extensive reti-
noschisis involving macula and retinal periphery in which
pars plana vitrectomy successfully cleared the visual axis
and gained functional visual acuity. The interphotorecep-
tor retinoid-binding protein (IRBP) was identified by MS
in the intraschisis cavity of this patient with CXLRS.

Case presentation

A 3-month-old boy presented with a poor fixation with
occasional horizontal nystagmus detected by a local
pediatrician. The boy was then referred to our depart-
ment to evaluate the retinal detachment in both his
eyes. The anterior segment was normal and the lens
was clear. However, a bullous peripheral retinoschisis
existed bilaterally overhanging the macula (Fig. 1 A and
B), and peripheral retinoschisis was almost touching
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the lens. Genetic analysis confirmed the RSI mutation
(c.554C>T), and an electroretinogram (ERG) demon-
strated a significant reduction of b-wave and decreased
cone and rod responses bilaterally (Fig. 2). The boy had
no family history of visual impairment. Magnetic reso-
nance imaging of the head revealed subdural effusion,
but no other systemic complications were noted. Surgical
intervention was proposed for this patient, and informed
consent was obtained from the boy’s parents after dis-
cussing the benefits and risks of the procedure in detail.

The patient underwent lens-sparing vitrectomy in
both eyes. After posterior hyaloid dissection, the fluid
was drained through a small retinotomy site. Laser pho-
tocoagulation was performed around the retinotomy
and causative inner retinal holes. Then, silicone oil tam-
ponade was applied to the vitreous cavity. However, at
6months after the initial surgery, a secondary cataract
developed in his right eye. After cataract extraction and
intraocular lens placement, we observed that emulsi-
fied silicone oil had migrated into the intraschisis cavity.
Inner wall retinectomy was then enlarged and the sili-
cone oil was retrieved (Video 1). His left eye developed
a cataract over time, for which we performed cataract
removal and silicone oil extraction 3 years after the initial
surgery. A clear visual axis was obtained, and the retina
in both eyes remained stable 4 years after the last surgery
(Fig. 3). The postoperative optical coherence tomography
showed cystic changes within the outer plexiform layer
suggesting that the retinal splits seems to have occurred
within that layer. The final visual acuity was 0.7 in the
right eye and 0.3 in the left eye.

The samples extracted from both vitreous and intra-
schisis cavities at the initial surgery were separated by
two-dimensional gel electrophoresis. The gels obtained
were then stained with silver. The silver-stained proteins

overhangs the macula from the inferotemporal quadrant in the left eye

Fig. 1 Peripheral retinoschisis overhanging the macula. A Bullous schisis cavity involves the macula in the right eye. B Retinoschisis cavity
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Fig. 2 ERG findings in this patient. An electronegative b-wave was observed in the flash ERG (blue arrow). Decreased rod and cone responses and

Fig. 3 Fundus photograph and OCT 4years after the surgery. A Color fundus photograph shows an attached retina in the right eye. Retinal
vasculature was dragged nasally. B Color fundus photograph shows an attached retina in the left eye. Silicone oil particles were slightly observed. C
OCT shows perifoveal cystic-like spaces within the outer plexiform layer. The inner retina was preserved, including the fovea. (D) OCT shows a large
cystic-like space around the fovea. The inner retina includes the fovea. OCT = optical coherence tomography

in the gel were excised, and the peptides were extracted
as described previously [14]. A vitreous sample from
a patient with a congenital cataract served as a control.
Matrix Assisted Laser Desorption/Ionization-Time of
Flight MS was performed using a Shimadzu Axima Per-
formance (Kyoto, Japan), and the fragment ions were
matched by searching against peptide mass fingerprints
in the NCBI nr database using the Mascot search engine.
Albumin, transferrin, and pigment epithelium-derived

factor (PEDF) were found in all the samples. In particu-
lar, the band strongly expressed at the 140-kDa molecular
weight position in the sample extracted from the intra-
schisis cavity was identified as IRBP by MS (Fig. 4).

Discussion and conclusions

In this case of CXLRS, we report evidence that MS can
be used to detect a higher expression of IRBP in the
sample obtained from the schisis cavity than that in
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Fig. 4 Two-dimensional gel electrophoresis of vitreous sample from (A) the congenital cataract, (B) the vitreous cavity of CXLRS, and (C) the
intraschisis cavity of CXLRS. The proteins identified by mass spectrometry are (A) 1, transferrin; 2, albumin; 3, PEDF; (B) 1, transferrin; 2, aloumin;
3, PEDF; (C) 1, IRBP; 2, transferrin; 3, albumin; 4, PEDF. CXLRS = congenital X-linked retinoschisis; PEDF = pigment epithelium-derived factor;

IRBP =interphotoreceptor retinoid-binding protein

the vitreous sample and the congenital cataract sample.
Severe b-wave impairment was observed in the ERG of
our case, which could be consistent with a condition in
the absence of IRBP.

The clinical expression of CXLRS is highly variable.
In general, vitreoretinal surgery for a stable schisis cav-
ity, which does not involve the macula, cannot be rec-
ommended in the majority of cases of CXLRS because
of a high risk of long-term complications, including
retinal detachment [15]. Nevertheless, vitreous surgery
is often indicated for patients with the nonspontaneous
resolution of vitreous hemorrhage or rhegmatogenous
and/or tractional retinal detachment and an over-
hanging bullous schisis cavity threatening the macula
[16]. In the present case, as the boy presented with a
poor fixation with occasional horizontal nystagmus,
believed to be caused by macula involving retinoschi-
sis, we decided to perform pars plana vitrectomy. We
successfully obtained a clear visual axis by performing
pars plana vitrectomy and silicone oil tamponade in
both the eyes. Inner wall excision was required in the
right eye. Ideally, efforts should be made to preserve
the inner wall retina, anticipating the future application
of gene therapy in reapproximating the inner and outer
retina [17-19].

Although the molecular role of retinoschisin within
the retina has not been elucidated completely, it is
believed to contribute to the development and main-
tenance of the cellular and synaptic organization of
the retina [20, 21]. Retinoschisin is synthesized and
secreted by photoreceptors, reaches the surface of
other retinal cells, and mediates interactions or adhe-
sion between photoreceptor, bipolar, and Miiller cells to
glue the retina together [9]. Joshi et al. identified tenas-
cin-C as an extracellular matrix protein in the schisis
cavity fluid of CXLRS [22]. As tenascin-C has been
characterized as an antiadhesive molecule in various
settings [23, 24], they concluded that the interaction

between retinoschisin and tenascin may lead to extra-
cellular matrix remodeling and the resultant antiadhe-
sive environment within the schisis cavity [22].

In our case, the sample obtained from the intraschi-
sis cavity of the right eye showed a higher expression of
IRBP than that from the vitreous sample of the same eye
and the vitreous sample from the other patient with con-
genital cataract. IRBP, also known as retinol-binding pro-
tein 3, was first discovered in soluble proteins extracted
from the bovine interphotoreceptor matrix (IPM) [25].
IRBP is important for the development and maintenance
of the visual cycle in humans. It mediates the extracel-
lular diffusion of retinoids during the operation of the
retinoid cycle, transporting all-trans-retinol and 11-cis-
retinal between the photoreceptors and the RPE [26].
It has been reported that cone ERG responses in IRBP-
knockout mice were reduced compared to those in con-
trol mice, although they had similar cone densities and
opsin levels, indicating that IRBP is essential for normal
cone function [27]. Similarly, in another study, rod-iso-
lated response amplitudes were decreased by >25%, and
the cone response was reduced by >50% in IRBP-knock-
out mice [28]. Moreover, mice lacking IRBP displayed
severe early and progressive photoreceptor degeneration
[29]. These findings related to dysfunctional IRBP share
common clinical features with CXLRS [30, 31].

In addition, mice immunized with bovine IRBP were
used as an experimental model of autoimmune uveitis
[32], and anti-IRBP autoantibodies have been detected
in patients with uveitis, retinitis pigmentosa, Coats dis-
ease, and age-related macular degeneration [33, 34].
Although anti-IRBP autoantibodies were not examined
in our sample, autoimmunity toward IRBP might play a
role in the inflammatory reaction within the schisis cavity
of CXLRS.

Collectively, the susceptibility of cellular adhesion in
CXLRS may cause IRBP diffusion from the IPM, result-
ing in the strong expression of IRBP in the intraschisis
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cavity. The absence of IRBP at the IPM may impair the
retinoid cycle that could be clinically interpreted as a
significant electronegative b-wave. Investigating the
interaction between retinoschisin and IRBP may further
elucidate the pathophysiology of CXLRS.
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