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Figure 1. Ped1gree of the Chinese family with X-linked juvenile retinoschisis. Squares represent males, and circles represent females. Solid
symbols indicate affected subjects with X-linked juvenile retinoschisis (XLRS). Unfilled symbols represent unaffected family members. A
diagonal line indicates a deceased family member. The arrow indicates the proband (I11-14).

TABLE 2. CLINICAL FINDINGS OF AFFECTED INDIVIDUALS IN THE CHINESE FAMILY WITH X-LINKED JUVENILE RETINOSCHISIS

Right eye Left eye
Patient Age of Visual Peripheral Macular Visual Peripheral Macular
ID onset acuity retinoschisis involvement acuity retinoschisis involvement
1I-10 7 FC yes MS FC yes PRIM
1I-17 8 0.4 no MS 0.3 no MS
I-13 4 0.1 yes MS 0.05 yes PRIM
11-14 2 0.05 yes Unclear HM yes MS
111-20 6 0.1 yes PRIM 0.4 yes MS
11-22 7 0.1 yes PRIM 0.1 yes PRIM
I11-23 5 0.1 yes MS 0.4 yes PRIM

This table summarizes the clinical findings of 7 patients in the Chinese family with X-linked juvenile retinoschisis.
Abbreviations: FC represents finger counting; HM represents hand motion; PRIM represents peripheral retinoschisis involving

macula; MS represents macular schisis.

(Figure 3B). The parents (II-6, II-7) of the proband did not
show any noticeable ocular abnormalities.

By examining all other family members at their local
residence, five additional males in the family were diagnosed
as having the disease (Table 2). Fundus photographs,
however, were not available for these patients. A 35-year-old
affected male (II-17) showed foveal stellate cystic change
with no peripheral retinoschisis in both eyes. Four affected
males (II-10, III-20, III-22, and III-23) showed large
peripheral retinoschisis in both eyes. Among these four
patients, peripheral retinoschisis involved the macula in five
eyes and the other three eyes showed foveal stellate cystic
change together with peripheral retinoschisis (Table 2). All
other family members showed normal fundus at the time of
examination.

Surgical intervention: A standard three-port pars plana
vitrectomy was performed on the left eye of the proband

(ITI-14) under general anesthesia. After careful removal of the
vitreous hemorrhage, schitic inner retina, and scar tissues in
the vitreous, the macula was found to be schitic with cystic
configuration, and only the superonasal retina was relatively
normal. Three to four rows of endolaser photocoagulation
were applied along the edge of the relatively normal retina,
and no intraocular tamponade was implanted. Six months after
surgery, the best corrected visual acuity in the left eye
increased from hand motion pre-operatively to 0.1, and the
retina remained attached (Figure 2E). Best corrected visual
acuity in the right eye remained 0.05, and intraocular pressure
was normal in both eyes.

Mutation screening: All exons of the RS/ gene were screened
for mutation detection in the family. A missense mutation of
Cto T at position 637 of exon 6 (c.637C>T) was identified by
direct sequencing of the PCR products in the proband (I11-14)
and his elder brother (I1I-13), which predicted an arginine to
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Figure 2. Photographs for the proband (III-14) of the family with X-linked juvenile retinoschisis. A: Fundus photograph of the right eye. B:
Fundus photograph of the left eye. C: Slit-lamp photograph showing a membrane with blood vessels behind the lens. D: Ultrasonography of
the right eye and left eye. E: Fundus photograph of the left eye after vitrectomy.

Figure 3. Fundus photographs for the elder brother (I1I-13) of the proband. Panel A describes the right eye showing a foveal stellate cystic
change and a peripheral retinoschisis in the upper temporal retina. Panel B describes the left eye showing peripheral retinoschisis involving
the macula.

tryptophan amino acid substitution at codon 213 (R213W;
Figure 4). All other exons were found to be normal. The
proband’s mother (II-6), who was clinically normal, showed
a heterozygous R213W mutation, and the father (II-7) showed
a normal sequence (Figure 4).

All the other 24 family members with genomic DNA
available were then analyzed for the R213W missense

mutation by restriction enzyme digestion using Mspl. The
PCR product was digested into two smaller fragments (260 bp
and 154 bp) in unaffected individuals and remained
undigested (414 bp) in affected individuals (Figure 5). The
digestion pattern in female carriers, however, showed three
bands, including two digested bands (260 bp and 154 bp) and
one undigested band (414 bp), after electrophoresis on the
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Figure 4. Mutation screening of the
retinoschisis 1 gene for the proband, his
elder brother, and their parents in the
Chinese family with X-linked juvenile
retinoschisis. A missense mutation of c.
637C>T (R213W) in exon 6 of the
retinoschisis 1 (RSI) gene was
identified for the proband (III-14) and
his brother (III-13). The mother (II-6)
v was heterozygous for the mutation, and
the father (II-7) was normal.

114

cGC T

260 bp
154 bp

Figure 5. Representative 2% agarose gel of the restriction enzyme digestion analysis using Mspl. The enzyme cut the PCR products into two
fragments in unaffected males (I-4, II-20) and the normal female (II-4) but could not cut the products in affected males (II-10, II1-22, I1I-23).

Female carriers (I-3, II-6, II-19) exhibit a heterozygous status.

agarose gel (Figure 5). The results from restriction enzyme
digestion were further confirmed by direct sequencing of the
PCR products in ten key members of the family, including five
affected individuals (I1-10, I1-17,I11-20, I1I-22, and I11-23),
three female carriers (I-3, I-5, and I1-19), and two unaffected
individuals (I-4, II-21). The data from the sequencing method
were consistent with data from the restriction enzyme
digestion method used in all study subjects. Mutation
screening results for all 28 family members are given in Table
3.

DISCUSSION

To date, numerous disease-causing mutations in RS/ have
been recognized as genetic entities for XLRS patients in
different ethnicities. In this study, we reported a large Chinese
family with XLRS, where mutation analysis of RS/ revealed
a missense R213W mutation in all seven affected males and
a heterozygous R213W mutation in all four female carriers.
The R213W mutation was not identified in other members of
the family. While this is the first report of the R213W mutation
in Chinese patients, this missense mutation has previously
been identified in a Mexican—Spanish family and two Indian
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TABLE 3. SCREENING OF R213W MUTATION IN FAMILY MEMBERS WITH OR WITHOUT X-LINKED JUVENILE RETINOSCHISIS

D Sex Age
I-3 F 70
I-4 M 73
I-5 F 64
1I-2 F 46
11-4 F 42
II-5 M 45
I1-6 F 40
1I-7 M 42
II-10 M 36
II-11 F 34
II-12 M 31
II-13 F 28
1I-17 M 35
II-19 F 37
11-20 M 40
11-21 F 35
1I-1 M 31
11-4 F 26
11-6 F 22
III-10 M 23
II-11 F 21
1-12 F 15
11-13 M 7
111-14 M 5
111-20 M 18
11-22 M 16
111-23 M 11
Iv-1 M 4

Phenotype c.637C>T
Carrier C/T
Unaffected C
Carrier C/T
Unaffected C/C
Unaffected C/C
Unaffected C
Carrier C/T
Unaffected C
Affected T
Unaffected C/C
Unaffected C
Unaffected C/C
Affected T
Carrier C/T
Unaffected C
Unaffected Cc/C
Unaffected C
Unaffected Cc/C
Unaffected C/C
Unaffected C
Unaffected C/C
Unaffected Cc/C
Affected T
Affected T
Affected T
Affected T
Affected T
Unaffected C

This table summarizes the screening results of ¢.637C>T (R213W) mutation in the 28 family members with or without X-linked
juvenile retinoschisis. Abbreviations: M represents male; F represents female.

patients with juvenile XLRS [15,18]. The R213W mutation is
within the phylogenetically conserved discoidin motif that is
considered to be critical for RS1 function and predicted to
encompass a highly folded globular conformation in the
protein retinoschisin [7,19]. It is hypothesized that the
missense R213W mutation may interfere with protein folding,
leading to an abnormal conformation and intracellular
retention of the mutant protein, which causes affected males
to have little or no detectable retinoschisin within retina and
results in disease phenotypes [2].

Although the same R213W mutation was identified in all
seven affected male patients in the reported Chinese family,
clinical findings of patients within the family exhibited
remarkable phenotypic variability, ranging from foveal
stellate cystic change to severe bilateral peripheral
retinoschisis and highly elevated bullous retinoschisis with

vitreous hemorrhage. All patients reported a reduced visual
acuity since early childhood, and we found no obvious
correlation between the age of onset and the severity of the
disease. In contrast to our patients, affected individuals in the
Mexican—Spanish family with the same R213W mutation
showed only subtle intraretinal foveal cysts in a spoke-wheel
distribution and early macular atrophy of the retinal pigment
epithelium, but none of the affected individuals in the
Mexican-Spanish family had peripheral retinoschisis [15].
Two Indian patients with the R213W mutation of RS/ were
reported to have foveal and peripheral retinoschisis in both
eyes [18]. Comparison of our findings with these previously
reported patients of other ethnicities, together with the clinical
findings within the reported Chinese family in the current
study, suggest that there is no simple phenotype—genotype
correlation and that disease severity is not mutation dependent
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in XLRS. It is therefore apparent that other genetic
(polymorphisms) and/or environmental factors are likely to
act as significant phenotypic modifiers [13,20,21]. According
to Wang et al. [2], the phenotype of XLRS may depend on the
secretory capacity of retinoschisin-secreting cells and the
degree to which they may induce the unfolded protein
response.

The proband of the reported Chinese family was a 5-year-
old boy with bullous retinoschisis and vitreous hemorrhage.
As vitreous opacities obscured the fundus from detailed
examination, diagnosis of retinoschisis for the proband was
not confirmed until surgery was done. In clinically suspected
cases, full-field electroretinogram (ERG) can be applied, and
a negative ERG with a reduced b/a wave ratio (< 1.0) is often
considered a key diagnostic feature. However, more than 40%
of patients with RS/ mutations did not have a negative ERG
[22]. ERG examination also requires a cooperative patient, a
circumstance that cannot always be achieved in young
children. Fundus autofluorescence (FAF) and optical
coherence tomography (OCT) are additional diagnostic tools
for suspected cases and can provide helpful information
regarding macular morphology [22,23] but cannot be applied
to a patient with severe vitreous opacities. In cases such as the
proband of this reported family, molecular genetic analysis of
RS1 will undoubtedly provide an alternative and powerful tool
to verify the diagnostic findings for the clinical practice.
Identification of the disease-causing mutation in patients with
XLRS will also help the family in terms of genetic counseling
regarding the prognosis of the disease.

In summary, we have reported a large Chinese family of
XLRS with the R213W mutation of RS/. Clinical findings of
the affected male patients within the family showed varying
severity of disease, providing evidence of phenotypic
variability in XLRS. Further studies to investigate the genetic
and/or environmental factors influencing the phenotypic
variability for a defined RS/ mutation will help to better
understand the pathogenesis of the disease and may have
important therapeutic implications.
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