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 Diverse cataract mutations have been characterized in
man and mouse over the last 10 years. They demonstrate a
broad spectrum of genetic and phenotypical variety. However,
there are no obvious genotype-phenotype correlations possible.
From the biochemical function of the encoded proteins, at least
five groups might be distinguished (for a recent review see
[1]):

transcription factors, encoded by FOXE3, MAF, PAX6,
PITX3, SIX5, and SOX2; membrane proteins, encoded by
GJA3, GJA8, LIM2, and MIP; enzymes, encoded by GALK1,
or metabolic disorders such as hyperferritinemia; intermedi-
ate filament proteins, encoded by BFSP1 and BFSP2; and
structural proteins (the crystallins), encoded by at least 16 genes
for α-, β-, and γ-crystallins.

The analysis of congenital (mainly dominant) cataracts
revealed an unexpected high number of mutations in genes
coding for γ-crystallins, and to a lesser extent in those genes

coding for α- and β-crystallins. Crystallins are considered to
act mainly as structural proteins of the lens; however, some of
them have also been detected in other ocular tissues and other
organs [2-4].

Although the crystallins are recognized as highly con-
served proteins among the vertebrate species, a significant
number of polymorphisms exists in the human population [5-
7] and among mouse strains [8]. The present paper demon-
strates clinical data for a presenile, peripheral, ring-like lens
opacity in 3 affected patients of an Indian family. Since the
family size did not permit linkage analysis, a functional can-
didate gene approach was attempted towards the identifica-
tion of the underlying molecular lesion, which resulted in the
identification of a new cataract-causing allele of the CRYAA
gene (encoding αA-crystallin).

METHODS
 In 2002, our ongoing study registered a 24-year-old female
proband (CCE20; III-2) with a complaint of diminishing vi-
sion at the Regional Institute of Ophthalmology (RIO), Gov-
ernment Eye Hospital, Chennai, India. The proband and her
relatives were examined by a senior pediatric ophthalmolo-
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gist (MVSP) with a slit-lamp (Zeiss, Oberkochen, Germany).
The case history presented defective vision since the age of
17 years, and slit lamp examination revealed total opacity with
severe loss of vision. There was no other associated ocular
disorder of either anterior or posterior segment. The proband
was posted for cataract surgery at the age of 25 years at the
same hospital. Her children are said to be normal although
they were not examined clinically.

Family history revealed a four-generation pedigree (Fig-
ure 1B). In particular, her mother (II-1) had surgery for cata-
ract extraction at the age of 35 years. The proband’s younger
brother (16 years old [III-3]) declared himself to have clear
vision. However, when examined through a slit lamp, he pre-
sented a peripheral ring-like opacity. Accordingly, he was ad-
vised to have regular periodic check ups. The father (II-2) and
one other female sib (III-1) have normal vision. The study
adopted the tenets of the Declaration of Helsinki, as family
members were enlightened about the study, its outcome and
their role in regional language prior to seeking informed con-
sent as per standard norms. The study was also approved by
the Institutional Ethical Committee of Dr. ALM PGIBMS,
University of Madras, India.

Blood samples (5-10 ml) were collected from all three
affected family members and the available unaffected mem-
bers (father and one unaffected sib). Genomic DNA was iso-
lated as described previously [9] and amplified by PCR for
the exons (and their flanking regions) of the CRYGC, CRYGD
[7], and CRYAA genes [10]. PCR products were checked in
1.5% agarose gels and purified through Nucleospin columns
(Macherey and Nagel, Düren, Germany). Sequencing was done
either commercially (SequiServe, Vaterstetten, Germany) or
at the Genome Analysis Center of the GSF (ABI3730; Ap-
plied Biosystems, Darmstadt, Germany) according to standard
procedures.

The mutation was confirmed by the presence/absence of
the cleavage site for the restriction enzyme BstDSI. As con-
trols, 30 ethnically matched healthy individuals were used as
well as 96 randomly chosen, ophthalmologically normal, in-
dividuals of the KORA Survey 4 (Cooperative Health Research
in the Augsburg, Germany Region), which studied a popula-
tion-based sample of 4,261 subjects aged 25-74 years during
the years between 1999-2001 [11].

Secondary structure predictions of the altered protein were
analyzed using the Bioinformatics tool of the ExPASy
proteomics server. To predict the secondary structure we used
the GOR4 prediction method [12].

RESULTS
Case history:  The proband, a female of age 24 years (CCE20;
III-2; Figure 1B), was registered at RIO, the Government Eye
Hospital of Chennai (India), with a problem of diminishing
vision. Her history revealed defective vision since her teens.
Upon clinical examination through a slit lamp, a total opacity
leading to severe loss of vision was documented. She was
posted for cataract surgery at the age of 25. She is married to
her cousin and has two children of age 5 and 2 years, respec-
tively. They are said to be normal, although not clinically ex-

amined. Her father (CCE20; II-2) and her sister (CCE20; III-
1) are said to be normal with no visual impairment. In con-
trast, her mother (CCE20; II-1) had a complaint of poor vi-
sion and hence underwent cataract surgery at the age of 35.
The phenotype could not be documented. When sibs were
examined, a male sib of 16 years (CCE20; III-3) had clear
vision, however, he revealed a peripheral ring-like opacity upon
slit lamp examination after pupil dilatation (Figure 1A). He
was advised to have periodic ophthalmic checkups in 2002.
Since that date, he expressed a problem of poor distant vision.
No other ocular disorder of either anterior or posterior seg-
ment was documented. There was no association of systemic/
metabolic disorders (the pedigree of the family is shown in
Figure 1B).

Molecular genetics:  Because of the small family size,
we performed a functional candidate gene analysis instead of
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Figure 1.  Typical clinical features of pedigree CCE20. A: A periph-
eral, ring like opacity was observed in a 16-year-old boy (III-3). B:
The family history demonstrated that the cataract was present in at
least 3 generations (the proband is marked with an arrow). However,
blood samples could be collected only from generations II and III.
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linkage analysis. Since most hereditary cataracts are caused
by mutations in the CRYGC and CRYGD genes (coding for
γC- and γD-crystallin, respectivly), both genes were checked
first. In the proband, no alteration was observed in the CRYGC
gene compared to the database. However, in CRYGD two

changes were found in intron 2 (IVS2+30; 517 T->C and
IVS2+83; 570 C->T; K0 3005.1).

Several changes were found in the CRYAA gene encoding
αA-crystallin, which was next examined because of its fre-
quent involvement in hereditary cataracts. Two single base
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Figure 2.  The CRYAA mutation in family CCE20. A: A partial frag-
ment of the second exon of the CRYAA gene is given at sequence
position 149 (position 291 in CRYAA exon 2, counting the A of the
ATG start codon as number 1), the heterozygous situation of the
proband is obvious (red arrow). B: A partial fragment of the corre-
sponding genomic sequence of the CRYAA gene at the end of exon 2
is given. The mutated sequence is shown. The underlined bases
(CCACGG) define a BstDSI restriction site, which is destroyed by
the mutation. The wild-type base and amino acid are marked in green,
and the mutated forms in red. C: A schematic overview of exon 2 of
the CRYAA gene is given indicating the position of the BstDSI re-
striction site leading to two fragments of 162 and 50 bp. The frag-
ment of 212 bp reflects the mutated form. Exon 2 of the CRYAA gene
was amplified in family CCE20 and digested by BstDSI, The frag-
ments were analyzed on an agarose gel. The larger fragment of 212
bp can be observed in the affected family members only. The two
smaller fragments are present in all family members (II-2, healthy
father; III-1, healthy sister; II-1, affected mother; III-2, affected
proband; III-3, affected sib).    
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pair insertions were found in the first intron (insG, +10; insC,
-36), and a G->C exchange at +27 in the second intron. Be-
cause these alterations occur in the introns only, they are not
considered to be causative for the cataracts in the family. It
should be noted that all affected members (II-1, III-2, and III-
3) have these alterations.

Additionally, we also observed a mutation in the coding
region of the CRYAA gene. In exon 2 of the CRYAA gene, a
heterozygous mutation was found in the proband (III-2; 291
G->A; Figure 2A,B). The mutation was confirmed by a BstDS1
digest of the PCR-amplified exon 2 of CRYYA. The same al-
teration was found in the other two family members who were
also affected (her affected mother [II-1], and brother [III-3]).
This was confirmed by sequencing with the reverse primer. In
contrast, the mutation was not observed in the proband’s
healthy father (II-2) and her sister (III-1; Figure 2C). Finally,
this BstDSI restriction site was not found in 30 randomly se-
lected human DNA samples of Indian origin and in 96 healthy
persons collected in the Augsburg, Germany region (data not
shown). DNA translation programs predict an exchange of the
highly conserved Gly at amino acid position 98 to Arg (G98R).
Gly is present at this position in all available sequences (mouse,
pan, bovine, dog, chick, zebrafish, and Xenopus).

In-silico protein analysis:  An initial attempt to under-
stand the underlying molecular mechanisms was derived from
the computer-assisted analysis of the structure of the mutated
G98R αA-crystallin. Using the proteomics program of the
ExPASy proteomics server, we compared several features be-
tween the wild-type and the mutant protein. Since no major
differences were observed concerning the hydrophobicity of
the two proteins, it was calculated that the isoelectric point
was shifted from pH 5.77 in the wild-type protein up to pH
5.96 in the mutant αA-crystallin due to an exchange of the
neutral Gly by the basic Arg. It is very likely that the impact
of this alteration in the immediate neighborhood of the ex-
changed amino acid might be much stronger. Therefore, it was
not surprising that changes in the secondary structure are pre-
dicted, particularly an extension of the first α-helical region
from amino acids 94-97 in the wild type to amino acids 93-99
in the mutant form (the overall increase is from 11.0% in the
wild type to 12.7% in the mutant). The remaining flanking
random-coil regions are correspondingly decreased (from
74.6% in the wild type to 72.8% in the mutant) and the ex-
tended β-sheets remain unaffected (14.5%).

DISCUSSION
 In this communication, we describe a young lady, her mother
and a brother suffering from an isolated form of presenile cata-
ract. Her father and the sister are healthy with normal vision.
The affected family members had no other ocular defects.
Because of the small size of the family, linkage analysis could
not be attempted. Therefore, we molecularly analyzed func-
tional candidate genes and identified a mutation in the second
exon of the CRYAA gene (G98R). Since this mutation segre-
gates perfectly within this family and could not be found in 30
control subjects of Indian origin or in 96 healthy subjects from
the region of Augsburg, Germany, we considered this new al-

lele as probable causative molecular lesion for the observed
clinical findings.

Earlier reports [9,13,14] on dominant cataracts caused by
other CRYAA alleles depicted three missense mutations (R21L,
R49C, and R116C). Litt et al. [13] described a mutation in a
family wherein the phenotype was variable with some of the
family members presenting associations with microcornea.
Adults in their late thirties developed cortical and posterior
subcapsular opacities. Consequently, the time of surgery var-
ied from childhood to late adulthood. The pedigree described
here exhibits a cortical opacity in their teenage years, which
subsequently progressed to total opacity with diminishing vi-
sion.

Interestingly, a complete list of the allelic series of CRYAA
mutations demonstrates their diversity, since one of the CRYAA
mutations (W9X) exhibits a recessive mode of inheritance [15].
This genetic diversity is also reflected in the mouse, where
the knock-out mutation shows the cataract phenotype in the
homozygous null state only [16]. Two additional mouse cata-
ract mutants have been described so far: one suffers from a
dominant mutation (V124E [17]), the other from a recessive
form (R54H [18]). However, the position of the mutation in
the patient reported here lies in the αA-crystallin core domain,
which is obviously very important for the structural integrity
of the protein. This hypothesis is further supported by the fact
that the Gly residue at position 98 is conserved among 28
mammalian species and in chick and frog [19].

The transparency and high refractive index of the lens
are achieved by the precise architecture of the fiber cells and
the homeostasis of the lens proteins in terms of their concen-
tration, stability, and supramolecular organization. There are
several genes coding for structural proteins; in particular, the
crystallins have been demonstrated to be involved in
cataractogenesis in human as well as in model organisms like
the mouse (for a recent review see [1]). Most of these genes
are expressed predominantly in the lens, and a mutation in
any one of these genes would be a reasonable explanation for
the cataract phenotype. Of the three crystallins, the αA-crys-
tallin shows a striking sequence similarity to small heat-shock
proteins. It acts as a molecular chaperone and is thereby stabi-
lizing, and maintains the integrity of lens fiber cells and their
homeostasis from various insults (for a recent review see [20]).
However, it should be considered that various lower verte-
brates (like the gecko and bony fishes) keep their lenses trans-
parent with no, or hardly any, αA-crystallin being present [21].

αA-crystallin is almost exclusively expressed in the eye
lens and serves in mixed complexes with αB-crystallin to main-
tain lens transparency by preventing old and denaturing pro-
teins from aggregating. Therefore, the observed unique muta-
tion in the CRYAA gene is considered to be causative for the
cataract in family CCE20.

Either loss of chaperone activity and/or an increased ten-
dency of the mutant αA-crystallin to form aggregates by vir-
tue of altered positive charge and gain of sulfhydryl group has
been speculated towards molecular pathogenesis [13]. Another
hypothesis highlights the mechanism underlying the patho-
logical process, focusing on the fact that α-crystallins have
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shown a strong tendency to maintain their net charge constant
through evolution [22]. Surprisingly, all dominant mutations
reported up to now fit this hypothesis, because in all cases the
basic amino acid Arg is involved, either it is exchanged by a
neutral one or substituted instead of a neutral one. Several
other additional mechanisms may also be considered. Detailed
biochemical investigations demonstrated for the R116C mu-
tant alterations in the protein-protein interaction, particularly
a decreased interaction with βB2- and γC-crystallins, but an
increased interaction with αB-crystallin and HSP27 [23]. The
R49C mutation is located outside the phylogenetically con-
served “α-crystallin core domain”, and the mutant protein was
abnormally localized and failed to protect staurosporine-in-
duced apoptotic cell death.

The pathogenicity of this putative mutation remains to be
understood. Since biochemical data are not yet available, only
theoretical hypotheses can be made. Besides, an increase in
the isoelectric point (and the altered net charge of the protein)
and an extension of the α-helical domain around the mutated
region most likely influences the structure in the neighbor-
hood. Therefore, the possibility of an altered protein-protein
interaction of the mutant protein is very likely. It may be specu-
lated that the mutant αA-crystallin (G98R) might lead to an
impaired chaperone activity, resulting in the onset of cataract
as a presenile type in family CCE20.

It may be argued that the putative mutation is benign, since
the affected individuals do not suffer from visual impairment
until their teens, however, with advancing age, the pathoge-
nicity shows up since the altered CRYAA (G98R) probably
loses its integrity as a molecular chaperone, giving way to
protein aggregates and consequent opacities. Therefore, the
possibility of an altered protein-protein interaction of the mu-
tant protein is very likely. It may therefore be speculated that
the mutant CRYAA (G98R) might lead to impaired chaperone
activity, resulting in the onset of cataract as a presenile type in
family CCE20.

In conclusion, mutations in the CRYAA-encoding gene
lead to diverse phenotypes with respect to the form of cata-
racts, time of onset, and mode of inheritance.
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