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Abstract Autosomal dominant cerulean cataracts (ADCC) have
previously been mapped to two loci: one on chromosome 17q24 and
the other on chromosome 22q11.2–q12.2, which includes the b-B2 crys-
tallin (CRYBB2) candidate gene. Using polymorphic markers in these
regions (D17S802, D17S836, D17S1806 and CRYBB2, D22S258) for
linkage analysis, we excluded these loci in a large Moroccan family pre-
senting with an unusual form of ADCC with early onset of lens opac-
ities and rapid evolution. This finding confirms the clinical and genetic
heterogeneity of autosomal dominant congenital cerulean cataracts.
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Introduction Cataracts are the most common treatable cause of
visual disability in childhood,1–13 with an incidence of 1–6 per 10,000
live births. An estimated 200,000 children worldwide are blinded by
bilateral cataracts and 20,000–40,000 children are born with develop-
mental cataracts each year. In the developed countries of Europe and
Northern America, national surveillance or cross-sectional studies indi-
cate a prevalence of 1–4 cases per 10,000 children. In other geographic
areas, the prevalence may be higher, approximately 6–7 cases per
10,000 children. Congenital cataracts account for 10–40% of the regis-
tered cases of blindness in children in developed countries. In nearly
one third of these cases, congenital cataracts are familial. Autosomal
dominant segregation of hereditary cataracts is the most frequent
mode of transmission.14–16 Hereditary congenital and early onset
cataracts are clinically highly heterogeneous and show considerable
inter- and intrafamilial variability.14–16 To date, more than 15 indepen-
dent loci have been identified for autosomal dominant congenital
cataracts on different chromosomes. These include five genes encoding
crystallins (CRYAA [MIM 123580], CRYBA3/A1 [MIM 123610],
CRYBB2 [MIM 123620], CRYGC [MIM 123680], and CRYGD [MIM
123690]), two genes encoding gap-junction channel proteins (GJA3
[MIM 121051] and GJA8 [MIM 600897]), one gene encoding the regu-
latory factor PITX3 [MIM 602669], and one gene encoding beaded-
filament structural protein-2 (BFSP2 [MIM 603212]).17–19 Cataracts
have been shown to be genetically heterogeneous, because more 
than one gene can cause the same phenotype.18,19 Cerulean cataracts
(ADCC), first described by Vogt in 1921,20 are characterized by early
onset, progressive development of bilateral lens opacities, and com-
plete penetrance. Affected newborns appear asymptomatic until the
age of 18–24 months. At that time, they can be clinically diagnosed by
slit-lamp examination by means of the appearance of tiny blue or white
opacities that first develop in the superficial layers of the fetal lens
nucleus. Armitage et al.21 suggested that cerulean cataracts should 
be classified as developmental cataracts rather than as congenital
cataracts. The opacities spread throughout the adult lens nucleus 
and cortex and form concentric layers with radially oriented central
lesions. Two loci have been mapped in distinct large families affected
by cerulean ADCC: one (CCA1) is localized on chromosome 17q24
between D17S802 and D17S836,21 while the other (CCA2) has been
mapped to chromosome 22q11.2–q12.2, which also carries the
CRYBB2 gene.,22 Litt et al.,23 showed that all patients with the CCA2-
type ADCC carry a chain termination mutation in the CRYBB2 gene.

We excluded these two loci as the cause of a severe form of ADCC,
characterized by the appearance of blue and white opacities that 
could be detected at birth, in all affected patients in a large affected
Moroccan family.

Patients and methods 

clinical findings/family members A total of 43 individuals
from four generations were identified in a Moroccan family. Slit-lamp
and ocular fundus examinations were used to diagnose 19 patients with
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cerulean cataracts belonging to this family (Fig. 1). Each generation
included at least two affected patients and contained affected males
and females (Fig. 2). The mode of transmission of this unusually severe
form of cerulean cataracts is indeed autosomal dominant. There was
no history of significant and possibly related systemic disease in any
member of this family. Variability of expression of the trait could be
observed between individuals of the same age regardless of their
gender or generation. Similarly, the evolution of this bilateral heredi-
tary disease varied from one patient to another and between the eyes
of individual patients. It is noteworthy that the lens opacities could be
observed in all affected patients at birth by direct visual observation
without the need for slit-lamp or ocular fundus examinations. The 
diagnosis was consistently established at birth by unaffected family
members. Some patients had extremely decreased or nondetectable
visual acuity at birth, whereas others retained very low but detectable
vision. Nystagmus was not unusual during the first month(s) of life in
some of the severely affected patients. The first examination was per-
formed by an ophthalmologist around the seventh post-natal month in
the best-case scenario. For economic reasons, surgery was performed
on only 20 eyes at a mean age of 28 years (range: 1–82 years; median
26, mode 26). Some severely affected children underwent lens extrac-
tion before the age of 5 years. Most members of this family did not
undergo lens extraction in their infancy due to economic restraints. It
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Fig. 1. Characteristic lens opacities
directly observed without any slit
lamp. (A) 3-year-old child. (B) 35-
year-old adult. (C) 45-year-old adult.



Fig. 2. Pedigree of the studied
multigeneration cerulean cataract
family. Squares and circles symbolize
males and females, respectively. Solid
symbols indicate affected individuals,
open symbols unaffected family
members. Asterisks indicate studied
members.

appeared that the progression of cerulean cataract in this family fol-
lowed a faster time course than that reported in other families.17,18,22,23

Nevertheless, in some patients who had been regularly examined, it was
found that the progression of the cerulean opacities was similar to that
described by Armitage et al.,21 Kramer et al.,22 and Vogt20 in terms of
layers and location of their lens opacities. The phenotype described
here differs from that reported in other families with ADCC in that the
opacities appear at birth and the progression of the cataract is faster.

genotyping Blood samples were collected from 43 individuals 
who gave informed consent and DNA was prepared according to 
standard methods. To analyze each microsatellite marker, oligonu-
cleotide primer sequences were taken from a genome database
(http://www.gdb.org). The microsatellites were amplified from leuko-
cyte DNA in a PTC225 (MJ Research, Boston, MA, USA) thermocy-
cler. Each PCR was performed in a final volume of 20ml containing 
50ng genomic DNA, 0.25mM of each primer, 1.5–2mM MgCl2, 100mM
of each dNTP, and 0.4U Taq polymerase (Promega, Paris, France).
After a 5-min incubation at 94°C, the samples underwent 30 PCR cycles
(denaturation at 94°C for 30 s, annealing at 55°C for 40 s, extension at
72°C for 1min, and a final extension step for 5min). The PCR products
were separated by electrophoresis on standard denaturing polyacry-
lamide gels (6%) and transferred to positively charged nylon mem-
branes (PallTM). The membranes were hybridized for 3h or overnight
at 42°C with a primer that had been labelled with [a-32P]-dCTP using
terminal transferase (Boehringer, Mannheim, Germany). After autora-
diography, the genotypes were determined in a double-blind manner
by two independent individuals who did not know the identities of the
patients.

linkage analysis Two-point disease-to-marker linkage analysis
was conducted using MLINK from the FASTLINK (version 3.0P) 
software package.24,25 The mode of inheritance was considered to be
autosomal dominant with full penetrance. Gene frequency was set at
1/20,000. Since the allelic frequencies of the polymorphic markers were
unknown for the entire Moroccan population, they were considered
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equal. The genetic distances were taken from the Marshfield database
(http://research.marshfieldclinic.org).

Results We identified a large Moroccan family affected with ADCC.
This family differs from those described previously because the distinct
bluish and white opacities were obvious at birth and because the
cataracts progressed more rapidly, leading to complete blindness that
required bilateral extraction of the lens. We determined the genotype
of all of the individuals in this large family using the following poly-
morphic markers: D17S802, D17SS836, D17S1806, D22S258, and
CRYBB2. These polymorphic markers yield the highest LOD scores
corresponding to the known loci of ADCC.Three polymorphic markers
were used to test for linkage with the CCA1 locus: D17S802, D17SS836,
and D17S1806. Two polymorphic markers were used to test for linkage
with the CCA2 locus: one marker was extragenic but located near the
CRYBB2 gene and one marker, D22S258, was intragenic located within
the CRYBB2 gene. The results of our two-point linkage analysis are
shown in Table 1. There was no evidence for co-transmission of any
particular allele with the disease.

The existence of recombination fractions with a LOD score of -2.00
(Table 1) allowed us to exclude a minimal region of more than 20 cen-
tiMorgan (cM) on either side of each of the markers used to search for
linkage with the 17q24 locus and more than 15cM on either side of the
intragenic candidate gene CRYBB2. The two-point LOD score analy-
sis was negative for all markers at q = 0 and provided evidence for the
exclusion of the tested candidate loci. Thus, our study demonstrates
genetic heterogeneity for the autosomal congenital cerulean cataracts
and suggests that a third locus is involved in the appearance of this 
phenotype.

Discussion The carefully determined phenotype in all affected
members of this large Moroccan family indeed corresponds to that 
of autosomal dominant congenital cerulean cataracts. The discrete,
pinhead-shaped, blue-white opacities are detectable at birth and are
apparent in the first months of life. They are distributed throughout 
the lens, becoming more numerous in the cortex where they form 
large cuneiform (wedge-like) clumps in the midperiphery. Within the
reported pedigree, the opacities are consistent in their distribution, but
variable in their severity. The only, albeit important, difference with the
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Marker LOD scores at q = 0 Exclusion

0.0 0.01 0.05 0.1 0.2 0.3 0.4
(Z = -2)

D17S802 -• -20.76 -11.14 -7.15 -3.46 -1.61 -0.55 0.28
D17S836 -• -13.39 -7.24 -4.70 -2.36 -1.16 -0.45 0.23
D17S1806 -• -21.58 -11.78 -7.66 -3.78 -1.80 -0.64 0.29

CRYBB2 -• -12.58 -5.88 -3.23 -1.00 -0.10 0.17 0.15
D22S258 -• -8.12 -3.39 -1.55 -0.10 0.35 0.33 0.08

table 1. Two-point LOD scores of
Morrocan cerulean ADCC, with
markers at the candidate loci on
chromosomes 17q24 and
22q11.2–q12.2.



clinical description of congenital cerulean cataracts first described by
Vogt is the speed of progression of the cataracts in the present family
(we carefully monitored the progression of lens opacification). The
diagnosis established for this family cannot be confused with congeni-
tal coralliform cataracts, congenital lamellar cataracts, or congenital
pulverulent cataracts. All other possible clinical aspects of congenital
cataracts were carefully assessed and eliminated on the basis of 
internationally accepted criteria for the diagnosis of congenital
cataracts.15,17,18

With very few exceptions, it is impossible to deduce the underlying
molecular lesion causing inherited congenital cataracts from clinical
observation and alternatively to predict the resulting phenotype from
the characterized mutation. Clinically similar phenotypes of autosomal
dominant congenital cataracts map to different regions of the genome
and different phenotypes map to the same locus. At least three dif-
ferent pedigrees affected by blue dot (cerulean cataract) have been
mapped to different chromosomes.17,21–23 This report strengthens the
hypothesis of the existence of at least one more locus for ADCC. Dif-
ferent pedigrees of dominantly inherited polar cataracts have been
linked to the haptoglobin locus on 16q,26 to a locus on 1p36,27 and to a
third locus on 11q22–22.3.28 For the British family’s cataracts linked 
to the 11q22 locus,28 a frameshift mutation has been identified in the
coding sequence of the gene encoding the a-B crystallin protein
(CRYAB). The Coppock-like cataract, which is a nuclear type of 
congenital cataract, corresponds to two different loci: one mapped to
chromosome 2q33–3529 and one assigned for another pedigree to chro-
mosome 22q11.2.30 The mutation causing the Coppock-like cataract
linked to chromosome 2q33–3530 has been identified as an A-to-C
transversion in exon 2 of the g-C crystallin (CRYGC) gene.31 This muta-
tion changes the amino acid threonine in position 55 to a proline
(T5P).31 The mutation causing the Coppock-like congenital cataract 
in the pedigree linked to the chromosome 22q11.2 has been also
described.30 It is a stop codon in exon 6 of the gene encoding the b-B2
crystallin (CRYBB2). More recently, a mutation introducing a stop
codon in the coding sequence of the gene encoding the g-D crystallin
(CRYGD) was identified as the molecular cause of an autosomal dom-
inant congenital nuclear cataract.32 Two different forms of congenital
cataracts, the posterior polar cataract26 and the Volkman cataract,33

both map to what may prove to be the same locus on chromosome
1p36.

Conversely, different mutations of the same gene can cause diverse
phenotypes. Mutations in the a-crystallin gene are known to be catarac-
togenic. A splice-site mutation34 is thought to be responsible for the
sutural (lamellar) opacities observed in a family mapped to 17q and a
missense mutation in the a-A crystallin gene has been identified as the
cause of the congenital zonular nuclear cataract affecting another
family.35 The b-B2 crystallin is the only member of the b-crystallin gene
cluster on 22q to be highly transcribed in the lens. Different mutations
in this gene are now known to result in the development of cerulean
cataracts23 and the Coppock-like cataract.30 Different mutations of 
the g-C crystallin gene can also result in a Coppock-like congenital
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cataract31 or an autosomal dominant lamellar cataract.32 Several dis-
tinct mutations of the CRYGD gene can trigger the emergence of 
different clinical presentations of congenitally or noncongenitally
inherited cataracts. A single base alteration, resulting in an Arg Æ Cys
(R14C) substitution in CRYGD, was shown to cause pulverulent
cataract with juvenile onset and progressive evolution, segregating as
an autosomal dominant trait in a three-generation pedigree.36 Muta-
tional analysis of the CRYG gene cluster localized the mutation
responsible for aculeiform cataracts in exon 2 of CRYGD.31 This muta-
tion occurs in a highly conserved amino acid and may be associated
with incorrectly folded CRYGD. Other well-defined mutations of the
CRYGD gene can cause either a lamellar or a nuclear form of 
congenital cataract.32 A missense mutation in the human MIP gene
encoding the major intrinsic protein of the lens underlies autosomal
dominant ‘polymorphic’, i.e. progressive, lamellar opacification of the
lens associated with anterior and posterior polar cataracts.37 Another
missense mutation in the MIP gene triggers a nonprogressive opacifi-
cation of the lens and exclusively involves the perinuclear lamella of
the lens, not the nucleus or the poles of the lens.38 These are striking
examples of allelic heterogeneity.

Before we can identify the genetic alteration causing the cerulean
ADCC in the present Moroccan family, we have to obtain a significant
LOD score using linkage analysis with polymorphic markers. As dif-
ferent mutations in the gene encoding a given crystallin can trigger the
appearance of distinct phenotypes of cataracts, the most appropriate
strategy for identifying a positive linkage is to perform a linkage analy-
sis with markers flanking the genes encoding other crystallins in which
known mutations cause other types of congenital cataracts.We will con-
tinue our linkage study with all polymorphic markers flanking other
genes encoding proteins different from crystallins, such as junctional
proteins, or with markers corresponding to mapped loci for other types
of congenital cataracts, including the loci inferred by synteny from the
mapping studies performed in spontaneous mice models of inherited
cataracts or in inherited cataracts occurring in mice after mutageniza-
tion.39 If this widened candidate approach also fails to provide a posi-
tive linkage, we will screen the entire genome for a new locus for
inherited congenital cataracts.

It is important to emphasize that the phenotype of the family studied
here is not identical to those described for the ACC1 and ACC2 loci.
This further supports genetic heterogeneity. The variability of the 
phenotype of different affected individuals in this family, in which 
the cataracts are transmitted as a monogenic autosomal dominant trait,
suggests the action or contribution of modifier genes. Piatigorsky’s
group40 showed that transcription factors, such as PAX6, can transacti-
vate crystallin gene expression and the expression of other genes that
are normally transcribed in the lens. An interindividual variability in
the sequence of the promoter region of the gene whose alteration
causes the severe form of cerulean ADCC observed in this family may
change the affinity of the transactivating factors to the promoter region
in each member of the family. This differential transactivation may
result in different levels of transcription of the same gene and in dif-
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