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Abstract. X-linked juvenile retinoschisis (XLRS) is the 
leading cause of juvenile macular degeneration in males and 
is rare in females. Previous studies have shown that there is a 
marked intra- and inter-familial variation in disease severity 
and progression. This suggests that additional factors, such 
as genetic modifiers and environmental elements, influence 
disease severity. In order to understand the contribution of 
genetic modifiers, we aimed to ascertain whether common 
variants of the CFH, LOC 387715/ARMS2 and HTRA1 
genes, which are major risk factors in age-related macular 
degeneration, contribute to the phenotypic variability of the 
XLRS disorder. Two unrelated XLRS families were selected, 
one harboring the missense mutation and the second a 
nonsense mutation in the RS gene. Both families exhibited 
variations in clinical phenotype. Genomic DNA from family 
members were analyzed for the above three genes using the 
polymerase chain reaction-based restriction fragment length 
polymorphism method. Our analyses revealed that both fami-
lies were wild-type with respect to the LOC 387715/ARMS2 
and HTRA1 genes. In one family (but not the other), the most 
severely affected and unaffected individuals were heterozy-
gous for the CFH polymorphisms, while the less severely 
affected individual was wild-type. However, this alteration 
did not necessarily influence disease severity. Although we 
cannot completely rule out the role of the above genes in 
determining the phenotypic variability of the disorder, and 
though the statistical significance of the results could not be 
assessed due to the small scale of the study, it is unlikely that 
common polymorphisms of the CFH, LOC 387715/ARMS2 
and HTRA1 genes serve as disease modifiers of the XLRS 
disorder.

Introduction

X-linked juvenile retinoschisis (XLRS), also known as 
congenital retinoschisis (RS), is a relatively rare recessively 
inherited bilateral vitreoretinal disorder that develops early in 
life. It is the leading cause of juvenile macular degeneration in 
males, and is rare in females. However, homozygous females 
and even, in rare cases, heterozygous females, may be affected 
(1). In the majority of cases, carriers have normal vision and 
cannot be identified by clinical means alone. The condition 
is characterized by the splitting of the superficial layer of the 
sensory retina in addition to macular degeneration (reviewed 
in ref. 2). Peripheral schisis may also occur in 50% of cases (3). 
The disorder is clinically variable, and its prevalence ranges 
from 1:5,000 to 1:25,000. Visual impairment is usually mild 
in the early stages, but in the later stage vitreal hemorrhages, 
retinal detachment and occasionally neovascular glaucoma 
may develop, which may lead to blindness. The biochemical 
abnormality of RS is beginning to be understood. 

Linkage mapping has allowed the identification and isola-
tion of the gene underlying RS (termed RS1 or XLRS1), of 
which over 150 mutations have been reported (4,5). The RS1 
gene encodes a secreted protein and is expressed specifi-
cally in photoreceptors and within the inner portion of the 
retina (6).  Retinoschisin, the X-linked RS protein, contains 
an evolutionarily conserved discoidin domain, and disease-
causing mutations are clustered in this region (5). Biochemical 
studies on retinoschisin have demonstrated that the pathogen-
esis of RS is due to the misfolding of the discoidin domain, 
defective disulphide linked subunit assembly and the inability 
of retinoschisin to insert into the endoplasmic reticulum (7). 
Previous studies have shown that there is a marked intra- and 
inter-familial variation in disease severity. There is also a lack 
of correlation between mutation type and disease severity 
and progression (8-11). The intra-familial variation observed 
within the same germ-line mutation suggests that additional 
factors, such as genetic modifiers or environmental elements, 
influence disease severity. This has recently been further 
supported by a mouse model of RS (12). Although the pheno-
types of RS (not a local degeneration in the macular area) and 
age-related macular degeneration (AMD) are quite different, 
and though there are few reasons to search for mutations in 
the AMD genes of RS patients, the possibility of contribu-
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tions of macular disease genes to phenotypic variability in RS 
cannot be ruled out. Therefore, we aimed to ascertain whether 
common variants of the CFH (Y402H), LOC 387715/ARMS2 
(A69S) and HTRA1 (-512 G to A) genes, which are major risk 
factors in AMD (reviewed in ref. 13), contribute to the pheno-
typic variability of the XLRS disorder. As a prerequisite for 
more extensive studies to elucidate the role of genetic factors 
in the clinical variability of RS within the same genotype, the 
present small-scale study was carried out.

Patients and methods

In order to validate our hypothesis and to further understand 
the genetic contribution to intra-familial phenotypic vari-
ability of the RS disorder, two unrelated families were selected 
(Fig. 1) harboring missense mutations (parent-offspring pair, 
family 1) and nonsense mutations (sib-sib pair, family 2) in 
the RS1 gene and exhibiting variations in clinical phenotype. 
Mutational analyses and the clinical phenotypes of these fami-
lies were previously reported (14,15), and are summarized in 
Table I. For genotype analysis, blood samples were collected, 
and leukocyte DNAs were isolated. Genomic DNA was 
amplified by the polymerase chain reaction (PCR) using three 
pairs of appropriate primers and conditions reported previ-
ously (16). The amplified product was subjected to restriction 
enzyme digestion as reported previously (16). The digestion 
products were analyzed on a 9% polyacrylamide gel and visu-
alized by ethidium bromide staining. The study was approved 
by the Institutional Review Board of Oakland University, and 
all patients were informed of the aim of the study and gave 
their written consent for participation. 

Table I. Genotype of the RS patients at the CFH, LOC 387715/ARMS2 and HTRA1 loci.

	 Genotype at locus
	 ------------------------------------------------------------------
Patients	C linical phenotype	 Mutation in the RS1 gene	C FH	LOC	  HTRA1

Wild-type 	 –	 –	 T/T	 G/G	 G/G

Family I
  Patient 1	R etinal detachment	R 102Q	 T/C	 G/G	 G/G
  Patient 2	 Foveal and peripheral schisis	R 102Q	 T/T	 G/G	 G/G
  Unaffected	N ormal	N one	 T/C	 G/G	 G/G

Family II
  Patient 1	R etinal detachment	Y 89X	 T/T  	 G/G	 G/G
  Patient 2	 Foveal schisis	Y 89X	 T/T	 G/G	 G/G

Figure 1. Pedigrees of RS families used in this study showing unaffected 
(open symbols) and affected (closed symbols) family members. Slashed sym-
bols denote deceased individuals. In family 1, the segregating RS mutation is 
R102Q; in family 2, it is Y89X. 

Figure 2. Restriction enzyme digestion pattern of PCR amplified products 
from normal and affected individuals (family 1). Only a portion of the 
analysis is shown. The amplified products in all three cases were cleaved 
by the respective enzymes. When the expected alterations in the three genes 
(Y402H in CFH, A69S in LOC 387715 and -512 G to A in HTRA1) are 
present, amplified DNA is not digested (they destroy the restriction sites in 
all three cases). N, normal; A, affected. (-), undigested DNA fragments; (+), 
digested DNA fragments.
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Results

Variation observed within families having the same germ-line 
mutation indicates that other factors can influence disease 
expression in RS. In order to investigate the possible role of 
genetic modifiers, a small-scale study was carried out. Two 
families having a missense and a nonsense mutation (two 
extremes) were selected (Fig. 1). A portion of the restriction 
enzyme digestion pattern is shown in Fig. 2. The results 
revealed that all of the amplified samples (except in one 
patient) were cleaved by the respective enzymes, suggesting 
the absence of alterations in the restriction sites (mutations 
destroy the restriction site in each case). The genotype of the 
patients in each case is summarized in Table I. As can be seen 
in Table I, in family 1 a severely affected individual (maternal 
grandfather, Fig. 1) was heterozygous for the CFH variant 
(Y402H), whereas the less severely affected patient had a 
normal genotype (CFH panel, Fig. 2). In addition, the CFH 
mutation was also present in another unaffected individual 
(data not shown). This alteration was not noted in family  2 
(sibling pair). Additionally, alterations in the LOC 387715/
ARMS2 (A69S) and HTRA1 (-512 G to A) genes were not 
found (Fig. 2) in any of the patients (in either of the families), 
and all patients had a normal genotype. These results suggest 
that common polymorphisms of these genes are not involved 
in determining intra-familial phenotypic variation in XLRS.

Discussion 

In this small-scale study, we showed that common polymor-
phisms in the CFH, LOC 387715/ARMS2 and HTRA1 genes, 
which are major risk factors in AMD, may not contribute to 
intra-familial phenotypic variability in RS. The heterozygosity 
in the CFH gene in family 1 may not explain the severity 
of the disorder as i) the bilateral retinal detachment in this 
patient was recorded at the age of 40 and his severe condition 
could have been due to age-related problems, and ii) the unaf-
fected individual of the same family also had this alteration. 
However, we cannot completely rule out the involvement of 
these genes, since mutations in other parts of the genes may 
contribute to the phenotypic variability or severity of disease. 
It is also difficult to confirm the involvement of a modifier 
gene in rare conditions. The statistical significance of this 
study was not determined due to the small-scale analysis. 
Further investigation and large-scale studies are required in 
order to understand the intra- and inter-familial variability of 
the RS disorder, and to validate the results of the present study. 
Identification of an RS modifier gene may provide a possible 
therapeutic target, as well as insight into the mechanisms of 
RS and another candidate susceptibility gene for XLRS.
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