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X-linked juvenile retinoschisis: mutations at the retinoschisis and Norrie
disease gene loci?
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Abstract Juvenile retinoschisis (RS) and Norrie disease
(ND) are X-linked recessive retinal disorders. Both disor-
ders, in the majority of cases, are monogenic and are caused
by mutations in the RS and ND genes, respectively. Here
we report the identification of a family in which mutations
in both the RS and ND genes are segregating with RS
pathology. Although the mutations identified in this report
were not functionally characterized with regard to their
pathogenicity, it is likely that both of them are involved in
RS pathology in the family analyzed. This suggests the com-
plexity and digenic nature of monogenic human disorders in
some cases. If this proves to be a widespread problem, it will
complicate the strategies used to identify the genes involved
in diseases and to develop methods for intervention.
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Introduction

X-linked retinoschisis (RS) is a bilateral vitreoretinal dis-
ease which results in poor visual acuity. It is characterized
by intraretinal schisis and central and peripheral retinal
lesions (Yanoff et al. 1968; George et al. 1996). The most
typical clinical abnormality is foveal schisis, in 100% of
eyes. Vitreous hemorrhage and retinal detachment are the
most serious sight-threatening complications in advanced
stages of the disorder. The majority of carriers do not show

any ocular abnormality in the retina and cannot be identi-
fied clinically. The gene responsible for RS has recently
been isolated (Sauver et al. 1997) and a spectrum of muta-
tions has been described in affected families (den Dunnen
1998). Norrie disease (ND) is also a bilateral X-linked re-
cessive syndrome, characterized by ocular dysgenesis, pro-
gressive mental retardation, and deafness. Bilateral
blindness is frequently observed at birth (Warburg 1971).
Histopathological studies reveal retinal detachment, large
retinal vessels, falciform-fold formation, microophthalmia,
and cataract (Warburg 1975). A full spectrum of mutations
in the ND gene have been identified in ND patients
(Schuback et al. 1995; Shastry and Hiraoka 2000). In gen-
eral, female carriers are completely healthy; however, cases
in which female carriers manifest the disease have been
described (Chen et al. 1993; Sims et al. 1997; Shastry et al.
1999). Both disorders, in most cases, are likely to be mono-
genic, although in some cases they exhibit a variable and
overlapping clinical manifestation. This may pose diagnos-
tic difficulties, and suggests the possibility of a polygenic
nature of the disorders, but no such inheritance pattern has
been described to date. Here we report the identification of
a family in which mutations in both the RS and ND genes
are segregating with RS pathology. These findings suggest
that some cases of RS may be caused by two distinct genetic
abnormalities.

Subjects and methods

Subjects

During our routine screening of families with retinoschisis
and Norrie disease, we identified a unique four-generation
family in which RS is segregating (Fig. 1). In this family,
there is no male-to-male transmission, affected individuals
are all males, and the transmission is from affected man to
carrier daughter to affected grandson, all consistent with an
X-linked pattern of inheritance. A full-term male infant
(IV-1 in Fig. 1) was born in 1997 to healthy parents, with an
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uncomplicated delivery. The proband, when examined at
the age of 2 years after birth, showed extensive schisis for-
mation bilaterally, dragging of the discs, and hemorrhage.
The child’s maternal grandfather (II-4) also had bilateral
retinal detachment, at the age of 40 years. However, no
mental retardation and deafness have been noticed in either
patient. The unaffected maternal grandmother (II-5),
mother (III-3), maternal aunt (III-4) and uncle (III-5), and
sister (IV-2) are phenotypically normal. Based on the char-
acteristic fundus findings, the patients have been diagnosed
as having a typical RS type pathology.

Mutational analysis

For the purpose of DNA analysis, leukocyte DNAs were
extracted and all six exons of the RS gene and three exons
of the ND gene were amplified by polymerase chain reac-
tion (PCR), using commercially synthesized previously
published primers (Sauver et al. 1997; Shastry et al. 1999)
spanning the splice sites. The PCR products were purified
and directly sequenced, using a cycle sequencing kit (Ap-
plied Biosystems, Foster City, CA, USA) according to the
manufacturer’s instructions. All samples were sequenced
on both sense and antisense strands, using the same primers
as for the PCR. The sequencing reactions were analyzed
on 6% polyacrylamide gels containing 8M urea. The
PCR amplifications were carried out by using Applied
Biosystems Taq DNA polymerase, with 30 cycles of 1.5min
at 94°C, 1min at 60°C, and 2min at 72°C, in the
manufacturer’s buffer containing 2–4 units of polymerase,
10pmol each of the primer, 50mM each of four
deoxynucleotides, 1.5mM MgCl2, and 10mM tris-HCl, pH
8.3. For restriction analysis, exon 4 of the RS gene was
amplified using the primers and genomic DNA as described
above, but in the presence of α-32P dATP. The amplified
products were purified and digested with restriction enzyme

AluI (40 units) and the products were separated by 9%
polyacrylamide gel electrophoresis.

Results

Although there are not too many reasons to search for
mutations in the ND gene in RS patients, we proceeded to
analyze the ND gene (an ongoing project in the laboratory),
because it has recently been reported that mice carrying a
disrupted ND gene produced alterations in the murine eye
which are similar to congenital retinoschisis (Reuther et al.
1997). The ND gene contains three exons, and the protein
coding sequence is confined within exons 2 and 3, with the
first exon untranslated. All three exons, including splice
sites and the 39-untranslated region, were sequenced
(Meindl et al. 1992). Our extensive analyses revealed a 14-
bp deletion in the CT repeat region (exon 1) of the ND gene
in the affected proband (Fig. 2A), the unaffected maternal
uncle (III-5), and the maternal grandfather (II-4). The unaf-
fected mother, maternal grandmother, and maternal aunt
(III-4) also carried the same deletion in one of their alleles;
hence, this deletion mutation is segregating through three
generations. Additionally, the unaffected father, the sister
(IV-2), and 130 unrelated normal controls did not reveal
a similar deletion. This deletion mutation in the family
was further confirmed by single-strand conformational
polymorphism (SSCP) analysis. To our knowledge, this
mutation has not been previously reported, and, hence,
represents a novel mutation in the ND gene. Sequence
analysis of exons 2 and 3 and the 39 untranslated region
failed to identify any additional mutations.

Because the maternal uncle, who carries the same dele-
tion mutation, is asymptomatic, we next hypothesized that
the pathology in this family required an additional gene
defect at another locus. We found evidence strongly sup-
porting our hypothesis when we screened this family for
mutations in the RS gene. The RS gene contains six exons,
and all six exons including splice sites were sequenced fol-
lowing PCR amplification, using the primers described be-
fore (Sauver et al. 1997). Sequence analysis identified a
missense mutation (R102Q) in exon 4 of the RS gene (Fig.
2B) in the proband and the maternal grandfather. The unaf-
fected mother and maternal aunt (but not the unaffected
father, maternal grandmother, maternal uncle, and sister)
carried the same mutation in one of their alleles. This muta-
tion was not found in 80 normal controls. The above se-
quence alteration changed the encoded amino acid arginine
(CGG) to glutamine (CAG) and introduced a restriction
site for the enzyme AluI. We have made use of this observa-
tion to verify the above sequencing data by freshly amplify-
ing the genomic DNA and subjecting it to restriction
analysis. The results are shown in Fig. 3. These data recon-
firmed the above sequencing data in that, as expected, the
maternal grandfather and the proband have the RS gene
mutation (lanes 2 and 6), whereas the maternal aunt and the
mother are heterozygous for the same mutation (lanes 4
and 5). This mutation was not found in the father, maternal

Fig. 1. Pedigree of a family in which retinoschisis (RS) is segregating.
The clinically affected individuals are represented by the filled squares.
Open symbols indicate unaffected individuals. Deceased individuals
are marked with a slash. The proband is denoted by an arrow
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grandmother, and sister (lanes 1, 3, and 7). Because this
mutation has been reported previously by others (den
Dunnen 1998) as a disease-causing mutation in other RS
families, it is likely that this segregating mutation is also
pathogenic in our family. Sequence analysis of the remain-
ing exons failed to identify any additional mutations in the
RS gene. The above findings prompted us to examine an
additional six RS families for mutations in the ND gene, but
we failed to identify additional families.

Discussion

The most interesting observation in this study is that of the
digenic mutations in a single X-chromosome in the family
studied. The presence of the same deletion mutation in the
ND gene in both maternal grandparents argues for a con-
sanguineous marriage in the family, but we were unable to
confirm this fact with the available information. The contri-
bution of each gene to the single phenotype in the family is
also not clear at present. Both patients clinically exhibit a
typical RS type pathology. This fact is, however, compli-
cated by the finding that some of the ocular features, such as
formation of the retrolental fibrovascular membrane, reti-
nal traction, and retinal detachment are the common fea-
tures of ND and RS which sometimes pose diagnostic
difficulties (Godel and Goodman 1981). Because of this
overlapping clinical presentation, the pathology contrib-
uted by each gene is perhaps not obvious clinically. It is also
noteworthy that the affected maternal grandfather, who
had mutations in both genes, did not have retinal detach-
ment until his 40s, which is generally the case with RS gene
mutations (George et al. 1995, 1996). On the other hand,
the affected proband showed retinal pathology at the age of
2 years. The reason for the difference in the age of onset is

Fig. 2. A Nucleotide sequence of the mutant part of exon 1 of the ND
gene in individual IV-1 in the pedigree (Fig. 1). A 14-bp deletion is
indicated on the right-hand side of Fig. 2A; this is also present in the
maternal grandfather (II-4). The maternal grandmother (II-5), the
mother (III-3) and the maternal aunt (III-4) carry the same deletion in
one of their alleles. This mutation was not found in the unaffected
father (III-2) or the sister (IV-2), or in 130 normal unrelated controls.
Hence, the mutation is segregating with the disease through three
generations. B Nucleotide sequence of the mutant part of the exon 4 of
the RS gene in individual IV-1. A missense mutation (CGG Æ CAG),
which changed the amino acid arginine to glutamine, is segregating
through three generations in the family. The mother and the maternal
aunt carry the same mutation in one of their alleles. The maternal
grandfather (but not the maternal grandmother, the father, or the
sister) also carried the same mutation. This mutation was not found in
80 normal unrelated controls. This mutation has introduced a restric-
tion site for the enzyme AluI

Fig. 3. Restriction digestion of the polymerase chain reaction (PCR)
products to verify and show the segregation of the RS gene mutation in
the family. The presence of the digested PCR products in lanes 2, 4, 5,
and 6 suggests the introduction of the AluI site, which is not present in
the normal control (N), father (lane 1), maternal grandmother (lane 3),
and sister (lane 7). The presence of an undigested fragment in addition
to the digested products in lanes 4 and 5 indicate the carrier status of
the maternal aunt and mother, respectively. The small fragment of the
digested product is not shown. The designations 1 and 2 denote
digestion with and without the AluI enzyme, respectively. N, Normal;
F, father; MGF, maternal grandfather; MGM, maternal grandmother;
MAT, maternal aunt; M, mother; P, proband; S, sister of the proband
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not clear at present. To the best of our knowledge, the great
— grandparents (parents of the affected maternal grand-
father) were unaffected. However, all affected individuals
carried both the RS and ND gene mutations, suggesting the
possibility that both genes are required for the pathology.
The deletion mutation in the CT repeat region (promoter)
may affect at the level of stability of the transcript or may
cause lack of expression of the ND gene (Kenyon and Craig
1999). Because mice lacking the ND gene produce an RS-
like pathology (Reuther et al. 1997), which could be caused
by downregulation of the RS gene (Lenzner et al. 2000),
mutations in the ND as well as the RS genes in this family
may result in a single RS pathology similar to digenic retini-
tis pigmentosa (Kajawara et al. 1994). One could argue that
the maternal uncle carrying the ND gene deletion alone is
asymptomatic and that, therefore, the ND gene mutation is
polymorphic and is not pathogenic. Even in such cases, such
CT repeat polymorphic mutation in the noncoding region
could be one of the many predisposing factors for RS simi-
lar to that reported for rheumatoid arthritis (Khani-Hanjani
et al. 2000). The fact that, (a) an identical deletion in the ND
gene has been found to be associated with a similar retinal
pathology (retinal fold, retinal traction, retrolental fibrovas-
cular membrane, and retinal detachment) in an unrelated
patient (our unpublished results), (b) this deletion was not
found in normal controls, and (c) the deletion in the CT
repeat region has been shown to affect the expression of the
gene (Kenyon and Craig 1999), it is very likely that it is
pathogenic. However, because we do not have any affected
or normal family members with only the RS gene mutation,
and expression assays with the mutated genes were not
carried out, it is not possible to conclude whether the ob-
served phenotype is indeed caused by the mutations identi-
fied in this report.

Whatever the explanation of the mechanisms of patho-
genesis, examples of digenic mutations in human diseases
are very rare. The other digenic autosomal diseases
which have been described in the literature are retinitis
pigmentosa, Waardenberg syndrome type 2, and Antley-
Bixler syndrome (Kajawara et al. 1994; Morell et al. 1997;
Reardon et al. 2000). In retinitis pigmentosa, the phenotype
is due to mutations in two different genes at two different
chromosomes. In the present family, both RS and ND are
X-chromosomal genes, and the phenotype in the proband is
likely to be due to segregating mutations in these two genes.
These results suggest that in some cases, X-linked mono-
genic disorders can have digenic mutations. This may ex-
plain the wide phenotypic expression of the disorders even
within a single family. If this proves to be a wide-spread
problem, it will complicate the strategies used to identify
the genes involved in diseases, the use of DNA technology
to detect the carriers, and the methods developed for inter-
vention with existing procedures. In such cases, several
genes will have to be screened, using the candidate gene
approach, to obtain some kind of confidence for using DNA
as a diagnostic test.
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