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Communicated by Andreas Gal 

Norrie disease is a rare X-inked recessive condition characterized by congenital blindness 
and occasionally deafness and mental retardation in males. This disease has been ascribed to 
mutations in the NDP gene on chromosome Xp11.1. Previous investigations of the NDP gene 
have identified largely sixty disease-causing sequence variants. Here, we report on ten 
different NDP gene allelic variants in fourteen of a series of 21 families fulfilling inclusion 
criteria. Two alterations were intragenic deletions and eight were nucleotide substitutions or 
splicing variants, six of them being hitherto unreported, namely c.112C>T (p.Arg38Cys), 
c.129C>G (p.His43Gln), c.133G>A (p.Val45Met), c.268C>T (p.Arg90Cys), c.382T>C 
(p.Cys128Arg), c.23479-1G>C (unknown). No NDP gene sequence variant was found in 
seven of the 21 families. This observation raises the issue of misdiagnosis, phenocopies, or 
existence of other X-linked or autosomal genes, the mutations of which would mimic the 
Norrie disease phenotype. © 2003 Wiley-Liss, Inc. 
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INTRODUCTION 

Norrie disease (MIM# 310600) is a rare X-inked recessive condition characterized by congenital blindness in 
males due to degenerative and proliferative processes in the neuroretina (Norrie, 1927; Warburg, 1966; Warburg, 
1975). Retinal dysgenesis occurs early during embryogenesis and is often associated with microphthalmia. The 
most prominent feature at birth is an intra-ocular mass which can be misdiagnosed for retinoblastoma and 
ultimately leads to shrinkage of the eye globe. The main histopathological findings are rosettes of immature retinal 
cells embedded in a vascular connective tissue of hyperplastic primary vitreous (Warburg, 1966). At least 50% of 
patients have various degrees of mental retardation and psychotic features and one third develop progressive 
sensorineural deafness, usually in the second decade (Warburg, 1966; Parving and Warburg, 1977). The Norrie 
Disease Protein (NDP) gene, located on chromosome Xp11.1 (Bleeker-Wagemakers et al., 1985), was identified 
by two groups (Berger et al., 1992a, Chen et al., 1992). So far, the gene product has an unknown function. Norrie 
disease was subsequently ascribed to mutations of the NDP gene (Berger et al., 1992b, Meindl et al., 1992). 
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Extensive investigations of the two coding exons of the gene have led to identification of largely sixty disease-
causing NDP gene alterations, with no significant genotype-phenotype correlations in most cases. Systematic 
screening of our series of twenty one Norrie families enabled us to identify ten different allelic variants in the NDP 
gene, six of them being novel ones. 

PATIENTS AND METHODS 

Patients 

 Thirty-two male patients affected with symptoms typical for Norrie disease and belonging to twenty-one 
unrelated French families were ascertained from several ophthalmologists and medical genetics consultations. In 
14/21 families, one single individual was affected. Among the remaining seven families, 5/7 were composed of 
two affected siblings, while the disease was passed through several generations in the remaining 2/7 ones (Table 1 
and Fig. 1). Inclusion criteria were i) blindness at birth with ii) presence of retinal non-attachment, falciform 
detachment or pseudoglioma characterized by a mass of fibrovascular tissue in the vitreous mixed with retinal 
tissue. Differential diagnoses included retinopathy of prematurity, persistent hyperplastic vitreous, Coats disease, 
familial exudative vitreoretinopathy, and rare congenital ocular anomalies of embryogenesis. IQ was assessed in 
all affected individuals, except for those with obvious features of mental retardation. Impedence audiometry and/or 
auditory brain stem electric response test were performed in all patients.  

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Family 7                  Family 9 

Figure 1. Representative pedigrees of multiplex Norrie families. 

 

METHODS 

 Genomic DNA was extracted from peripheral blood leukocytes using the Nucleon II kit (Scotlab Limited, 
Strathclyce, Scotland). The two coding exons (exons two and three) and all intron-exon boundaries (including exon 
1 - intron 1 junction) of the NDP gene (GenBank NT011568.12 and NM_000266.1) were PCR amplified using 
previously described primers (Schuback et al., 1995). Amplified exons were screened for sequence variants by 
direct sequencing on an ABI 3100 automatic sequencer. A panel of 75 Caucasian control chromosomes was 
screened by Denaturing High Pressure Liquid Chromatography (DHPLC), for each single base change detected. 
Based on the melting profile curves of each exon, the DHPLC screening was performed at either one or two 
temperatures (alteration detection rate estimated to be at least 0.98, experimental conditions available on request).  
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When exon 2 (patients 10-12, Table 1) or exons 2 + 3 failed to amplify (patients 13-14, Table 1), an intragenic 
deletion was strongly suggested by the presence of an appropriate PCR amplification of exons 1 + 3 (patients 10-
12) or exon 1 (patients 13-14). Furthermore, co-amplification of each NDP coding exon and part of the Cox2 gene 
(mitochondrial DNA; primer sequences: “forward” nt 7561 5’TATAGGCTAAATCCTATATAT3’ nt 7581, 
“reverse” nt 7983 5’AGGTCGCCTGGTTCTAGGAAT3’ nt 7963, multiplexed with NDP primers) in a single tube 
was systematically carried out as a control of appropriate PCR amplification of the template DNA. Finally, that 
failure of PCR amplification might result from a sequence alteration of one primer binding site was ruled out by an 
additional PCR amplification using subsets of exon 2 primers (patients 10-14) and exon 3 primers (patients 13-14) 
adjacent to the corresponding initial subsets of primers (primer sequences available on request). 

In families 10-14 and 19-21, microsatellite analysis was carried out as reported elsewhere (Kara-Mostefa et al., 
1999) using two [CA]n polymorphic markers flanking the NDP gene (Cen-DXS8080-NDP-DXS8035-Tel, 
Nagaraja et al., 1997).  

RESULTS AND DISCUSSION 

 Here we report on NDP gene alterations in twenty-two children belonging to fourteen Norrie families (Table 
1). A total of eight different hemizygous nucleotide substitutions in the coding region (missense mutations) or in 
one consensus splice site of the gene were detected in 9 of 14 families.  

Table 1. Clinical and Molecular Data in a Series of 21 Families with Symptoms Typical for Norrie Disease 
 

Family 
 

 
n 

 
Age 

at evaluation 

 
Mental 

retardation 

 
Hearing 

loss 
Allelic variants 

   Location                              nucleotide*                        amino acid 

1 1 18 mths - - exon 1 c.1A>G unknown 

2 1 4 mths - - exon 1 c.112C>T p.R38C** 

3 2 33 yrs, 38 yrs 2/2 + 2/2 - exon 1 c.129C>G p.H43Q** 

4 1 13 yrs NA NA exon 1 c.131A>G p.Y44C 

5 1 18 yrs + - exon 1 c.133G>A p.V45M** 

6 1 6 mths - - exon 2 c.268C>T p.R90C** 

7 3 20 to 53 yrs 3/3 + - exon 2 c.268C>T p.R90C** 

8 1 3 yrs - - exon 2 c.382T>C p.C128R** 

9 5 20 to 45 yrs 2/5 + 5/5 + intron 2 c.23479–1G>C Unknown** 

10 1 10 mths - - exon 2 c.14653-?_15033+?del Unknown 

11 1 9 mths + - exon 2 c.14653-?_15033+?del Unknown 

12 2 30 yrs, 35 yrs 2/2 + 1/2 + exon 2 c.14653-?_15033+?del Unknown 

13 1 4 mths - - exon 2 + 3 c.14653-?_24725+?del Unknown 

14 1 4 mths - - exon 2 + 3 c.14653-?_24725+?del Unknown 

15 1 34 yrs - - NI NI NI 

16 1 9 mths - - NI NI NI 

17 1 7 yrs - + NI NI NI 

18 1 17 yrs - - NI NI NI 

19 2 30 yrs, 32 yrs 1/2 + 2/2 - NI NI NI 

20 2 12 mths, 5 yrs 2/2 - 2/2 - NI NI NI 

21 2 1 day, 2 yrs 2/2 - 2/2 - NI NI NI 

n: number of affected individuals; NA: non available; NI: not identified; *: Genbank: NM_000266.1;Novel mutations are in boldface 
type; c., complementary DNA sequence, nucleotide numbering with A of the initiator ATG as +1; p., protein sequence. 
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Six of them, i.e., c.112C>T (p.R38C), c.129C>G (p.H43Q), c.133G>A (p.V45M), c.268C>T (p.R90C) found in 
two families, c.382T>C (p.C128R), and c.23479-1G>C (unknown),were unreported, while two, i.e. c.1A>G 
(p.M1V) and c.131A>G (p.Y44C), had previously been reported (Isashiki et al., 1995; Meindl et al., 1992). The 
base changes of the novel allelic variants were absent from 75 Causasian control chromosomes. In addition, 
intragenic deletions were found in 5/14 families (three encompassing exon 2 and two encompassing exons 2 and 
3). Similar deletions have already been reported (Chen et al., 1993; Schuback et al., 1995). Whether the deletions 
reported herein are identical or not to previously reported ones could not be established due to the absence of 
accurate characterization of their breakpoints. 8/14 mutations found in affected individuals were inherited from a 
carrier female, the remaining ones having occurred de novo. 

Three variants, -namely, c.268C>T, c.14653-?_15033+?del, c.14653-?_24725+?del- were detected in more than 
one family. Families where an identical gene alteration segregated were shown not to be related. Specifically, i) 
c.268C>T, found in family 6 index case, was not detected in his mother, suggestive of a de novo event, and ii) 
families 10-14 (intragenic deletions) were haplodifferent using two polymorphic markers (DXS8080 and 
DXS8035) flanking the NDP gene (Table 2). 

 

Table 2.  Microsatellite Analysis in Families 10-14 

 
              Affected individuals from families* 

 
             10   11   12   13   14 

Locus 
DXS8080       3     3     1     2   del 
DXS8035       3     2     3     1     4 

 
*Family numbers refer to those of Table 1. The analysis was carried out using two flanking [CA]n polymorphic markers (CEN-
DXS8080-NDP-DXS8035, genetic distance between DXS8080 and DXS8035: 1.4 cM). 1, 2, 3, 4, denote the different alleles 
found for a given microsatellite. Families 10-12: c.14653-?_15033+?del, families 13-14: c.14653-?_24725+?del. 
 

 Among the twenty-two Norrie patients carrying a NDP gene allelic variant (families 1-14), three were 
examined before the age of six months (families 2, 13, 14) and none displayed mental retardation or sensorineural 
deafness. Three unrelated patients were examined between six and twelve months (families 6, 10, 11). None had 
hearing loss but one showed signs of mental retardation at nine months of age (family 11). Finally, 16/22 patients 
were older than twelve months by the time of consultation (eighteen months – fifty three years). Among them, 
15/16 were either seen for the first time or reexamined for the purpose of this study and 1/16 was not available for 
reexamination. Among the fifteen patients, ten were mentally retarded, six suffered from progressive hearing loss 
(three patients with both mental retardation and deafness). These features strongly suggest that severity of the 
disease correlates with the age of patients, but not with the localization or the type of NDP alteration (see Table 1). 

It is worth noting that no NDP sequence variation was found in 7/21 families fulfilling inclusion criteria (ten 
patients) despite extensive scanning of the two coding exons and all exon - intron junctions including exon 1–
intron 1 junction (a mutation had previously been reported in the exon 1 splice donor site, Fuchs et al., 1996). 
Among them, only one had hearing loss (family 17) and one was mentally retarded (family 19). X-linked 
inheritance was suggested in two duplex families whose affected individuals shared a common haplotype at the 
NDP locus. Conversely, there were no clues to a X-linked disease in four families, of which a single individual 
was affected without any suggestive manifestation in potentially carrier mothers. Finally, in one family, the two 
affected siblings inherited distinct maternal haplotypes at the NDP locus. These data raise the issue of 
misdiagnoses, phenocopies, or existence of other X-linked or autosomal genes the alterations of which would 
result in clinical phenotypes mimicking Norrie disease. This study also emphasizes the benefit of mutation 
identification for genetic counselling and prenatal diagnosis in affected families. 
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