














codon was not predominant for causative mutation in
retinoschisin. In previous studies of different ethnicities,
mutation spectrums were variable: p.E72K was the most
common mutation in Western populations [11]. Among the
Finnish patients, p.E72K mutation was in 70%, and p.G109R
was in 19% [10]. However, no common mutation has been
reported in Japanese or Chinese patients [15-21]. In the
Korean population, a previously undefined ethnicity,
mutation p.E72K, was found in only two probands in this
study. The dramatic mutational difference in Korean versus
Finnish patients suggests that the mutation spectrum of Asian
population may be different from those of some Western
ethnicities. There was no apparent founder effect in Koreans,
but the linkage between the p.R182C mutation and
polymorphisms c.184+35T>C and c.184+129T>G in two
patients and their mothers suggested the possibility of
haplotypes of XLRS in Koreans.

Through this study, three novel mutations were found in
the Korean population. Novel missense mutation p.V76G was
located in the discoidin domain of retinoschisin, a well known
region for causative mutations in XLRS. Two novel splice site
mutations, c.78+1G>T and c.78+5G>A, were suspected to
affect normal structure of protein. Each novel mutation was
unique in each proband and his family. All three probands
showed abnormalities indistinguishable from other Korean
XLRS patients. These novel mutations widen the mutational
spectrum of RS1 and expect to help diagnosis of rare genetic
disease XLRS in Asians or other ethnicities.

Previously, cysteine has been recognized as a residue
frequently involved in RS1 mutation. Even numbers of ten

cysteine residues are present in retinoschisin, and the protein
forms intermolecularly disulfide-bridged octamers, which are
necessary for its biologic function [7]. Consequently, the
sequence variant that changes the total cysteine number in
retinischisin is considered a definite causative mutation. In
this study, four sequence changes (4/12 missense mutation)
involved cysteine residues, introducing loss or gain of a
cysteine in retinoschisin. Interestingly, seven sequence
changes involved arginine residues in 12 missense mutations.
All of these sequence changes resulted in loss of an arginine.
This mutation rate seemed higher than those reported in other
large studies of XLRS [11,12] or those of other genetic
diseases. Arginine is a well known mutated residue in proteins
[29], and mutations at arginine residues account for almost
15% of the genetic disease mutations [30]. However, one
previous report about XLRS also indicated frequent arginine
involvement [13], and the role of some arginine residues in
the structure of retinoschisin has been suggested in previous
studies [31,32]. Therefore, the cause of apparently high
mutability of arginine in this study and the effect of arginine
mutation in XLRS need to be elucidated through further
studies.

A proband with de novo mutation was found in this study.
A de novo mutation is rare in XLRS. We confirmed de novo
mutation through familial genetic tests. However, the
possibility of germline mosaicism within the mother should
be considered in subsequent genetic counseling and prenatal
diagnosis.

One patient (case 13) in this study showed bilateral foveal
and peripheral schisis indistinguishable from XLRS, but had

Figure 3. The representative
chromatograms of gene dosage PCR. A:
A normal female has two copies of the
RS1. B: A normal male has one copy of
the RS1. C: The chromatogram of case
13 showed one copy of the RS1. Each
amplified products from six exons of
RS1 is indicated by the arrowhead above
the fluorescent peak, and the size of each
amplicon is shown below. The ratio
calculated from the height of each peak
is proportional to the targeted exon
dosage, therefore duplication can be
ruled out in the case 13. For example,
the gene dosage of exon 4 was
calculated as 1.0 in normal male, 2.09 in
normal female, and 1.05 in case 13.
Abbreviations: beta hemoglobin gene
(HBB); beta-2-microglobulin gene
(B2M).
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no sequence variation within the RS1 gene. It has been
reported that no sequence alteration was found in
approximately 10% of patients clinically compatible with
XLRS [11,33]. In these patients, another cause of observed
abnormalities should be considered such as other diseases
than XLRS, or other genetic aberrations than sequence
variation in the RS1 gene. Clinically, the possibility could not
be completely excluded, but least likely, that his comorbid
condition such as premature birth had caused his schistic
change, intra-schitic and vitreous hemorrhage, and
electroretinographic findings. Genetically, deletion or
duplication is one of the possible forms in the molecular
genetic pathogenesis. Each exonal dosage test in the RS1 is a
novel diagnostic approach in cases with compatible
phenotype of XLRS and with no sequence variation.
Intragenic deletion was excluded in this case because of
successful sequence amplification. Therefore we developed a
gene dosage PCR, applied it to the case 13, and confirmed the
absence of duplication within the RS1. Thus, in the clinically
compatible, mutation-negative XLRS patients by direct
sequencing, alternative approaches may be required: not only
the gene dosage PCR successfully developed in this study but
also future investigations such as analyses of the promoter
regions, or search for other loci.

Existing in silico software can predict the consequence
of a missense mutation in a protein [26]. Although not accurate
enough, such programs are frequently used as an important
tool. Novel missense mutation p.V76G was predicted by
software to be harmful to protein structure and function. Two
novel intronic variations, c.78+1G>T and c.78+5G>A, were
also suggested as causative mutations of XLRS, given the
phenotypes of the probands. The mutation in the invariant GT
of a splice donor, c.78+1G>T, was a definite cause of XLRS.
The novel change, c.78+5G>A, located slightly away from
the exon-intron boundary, was suspected to affect splicing.
The lack of the RS1 gene transcript in blood cells has been
reported since the 1990s. Transcripts of RS1 have been
detected in only a few organs outside retina such as human
uterus [34] and pineal gland [35]. In this study, we detected
the scarce amount of illegitimate transcription of RS1 gene in
blood cells. Although we found no working primer to detect
abnormally spliced mRNA due to variant located intron 2, the
effect of splicing variant could potentially be demonstrated
experimentally under optimized conditions. Further work is
required to explore the splicing variant in RS1.

In this study, no significant genotype-phenotype
relationship was observed. Previous study about Caucasians
showed no correlation between mutation type and severity of
disease [12]. In Asian populations, no obvious association had
been demonstrated in relatively small groups of Japanese or
Chinese patients [15,20,22]. Phenotypic variability within the
same genotype had been also noted in Japanese patients [16],
and a few studies had implied the possibility of genotype-
phenotype relationship: complication such as retinal

detachment was apparently frequent in exonal deletion or
p.R182C mutation in Japanese [17]. Phenotypes of XLRS
were more severe in frameshift, splice site, or some missense
mutations in Chinese [21]. The possibility of genotype-
phenotype correlation and factors causing phenotypic
variation are still needed more investigations.

The limitation of this study is only limited numbers of
patients were performed electroretinogram and optical
coherence tomography that might help to confirm the
diagnosis. However, all the patients have bilateral stellate
pattern of microcystic schisis cavities that was known as a
pathognomonic sign of X-linked retinoschisis. 82% have
additional peripheral retinal schisis which helps to
differentiate with other diseases. Dominant cystoid macular
edema usually did not accompany the peripheral retinal
schisis. No patient showed pigmentary degeneration of retina
and nyctalopia that was common in Goldmann-Favre
syndrome and retinitis pigmentosa. No patient showed
vitreous band or empty halo that might suggest the Sticker
syndrome, Norrie disease and familial exudative
vitreoretinopathy. No ocular inflammation including pars
planitis was observed in the patients. Optic disc abnormalities
such as congenital optic pit and morning glory syndrome were
also not observed. Even though we did not completely rule
out the other diseases mimicking X-linked retinoschisis, these
clinical findings were quite robust evidence to differentiate X-
linked retinoschisis from the other similar diseases.

The importance of clinical molecular genetics is
increasing. Elucidation of the mutation spectrum and
genotype-phenotype correlation contributes to the diagnosis
and treatment of genetic ocular diseases. This study identified
the genetic and clinical characteristics of XLRS in Koreans as
an Asian ethnicity that had not been previously studied.
Molecular techniques including gene dosage analysis were
applied in this study. These will be helpful for diagnosis of
XLRS and as confirmation when a clinical examination is
difficult or the manifestation is uncommon.
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