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Congenital cataract and macular hypoplasia
in humans associated with a de novo
mutation in CRYAA and compound
heterozygous mutations in P

Abstract Background: An isolated
form of congenital cataract associated
with macular hypoplasia and a gen-
erally hypopigmented fundus in in-
fancy was observed in a German
family. To test the hypothesis that a
de-novo mutation had occurred in one
of the parental germ lines, a func-
tional candidate gene approach was
applied. Methods: The family was
carefully examined by a senior pae-
diatric ophthalmologist according to
routine procedures (slit lamp, fun-
duscopy, ERG). Blood was taken
from the proband and his parents,
genomic DNA was isolated and some
candidate genes for cataract (CRYAA,
CRYBB2, GJA8) or macular hypo-
plasia (OA1, P) or both (PAX6) were
analyzed. Results: The proband
showed bilateral cataracts at the age
of 4 months; the fundus appeared
pale, the optic disc grayish, and
macular reflexes were absent. After
cataract surgery, the nystagmus per-
sisted, and a control ERG at age

9 years showed essentially normal
scotopic and photopic wave forms.
An infectious aetiology as well as
galactosemia were excluded. Howev-
er, a heterozygous mutation was

Introduction

A broad variety of cataract mutations have been character-
ized in human and mouse within the last 10 years. The
analysis of congenital (mainly dominant) cataracts dis-
covered an unexpected high number of mutations in genes

found in the proband in exon 1 of
CRYAA (62 C—T), which leads to an
exchange from Arg to Leu at amino
acid position 21 (R21L). This se-
quence alteration was not found in the
parents and in 96 randomly selected
DNA samples from ophthalmologi-
cally normal individuals of the KORA
S4 study population. In addition, two
heterozygous mutations in P were
identified (R419Q and A481T); one
of both was present in each of the
unaffected parents. Conclusion:
Based upon the unique finding of the
mutation and the expression of
CRYAA in the lens, this R21L muta-
tion in the CRYAA is considered to be
causative for the dominant cataract
phenotype. Moreover, the macular
hypoplasia has to be considered a
concerted interaction with compound
heterozygous mutations in the P gene
manifesting a mild form of oculocu-
taneous albinism. Nevertheless, this
combination is rare and future studies
will focus on identifying similar
phenotypes.

Keywords Cataract - P - CRYAA -
Mutation - Human - Macular -
Hypoplasia

coding for y-crystallins, and to a less extent in those genes
coding for x-and {3-crystallins. Crystallins are considered

to act as structural proteins mainly in the lens; however,
some of them have also been detected in other ocular
tissues and other organs (for a review see [8]). Even
if the crystallins are recognized as highly conserved
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proteins among the vertebrate species, a high number of poly-
morphisms exist in the human population [12, 30, 31], and
among mouse strains [10]. Further structural proteins in the
lens represent membrane proteins. The most prominent
ones are the main intrinsic protein (MIP), which belongs to
the family of aquaporins, and gap-junction proteins, which
belong to the connexin families. Mutations in the cor-
responding genes MIP/Mip, GJA3/Gja3 and GJAS8/Gja8
(encoding the gap junction membrane channel protein «3
and o8, respectively) have been shown to underlie some
congenital, dominant cataracts in mouse and human (for
review, see [8]). However, none of these mutations has been
demonstrated in the past to be associated with retinal
disorders.

Macular hypoplasia, frequently associated with nystag-
mus, is a common feature of various forms of ocular
albinism caused mainly by mutations in the OA4/ gene
(OMIM 300500), the TYR gene (encoding tyrosinase;
OMIM 606933) and the P gene (gene symbol for pink-eyed,
OMIM 203200; unpublished results, B. Lorenz, M.
Preising). However, in these cases no cataract has been
observed (as example, see [28]). Moreover, ocular albinism
is not only associated with fundus hypopigmentation, but
also with iris transillumination, which was not detected in
the present case. Macular hypoplasia may also be a feature
of aniridia and aniridia phenotypes associated with PAX6
mutations (paired box gene 6; OMIM 607108). A hetero-
zygous PAX6 missense mutation was reported in one patient
with isolated foveal hypoplasia [1].

There are few reports dealing with both features, cataract
as well as foveal hypoplasia. The first appeared in 1982 and
described this new association of autosomal dominant
foveal hypoplasia and (presenile) cataract [28] in a four-
generation family; however, neither were mapping data
given, nor has a subsequent molecular analysis been
reported. Moreover, there were a few other reports on
such a syndrome demonstrating the involvement of various
PAX6 mutations in this particular phenotype [11, 32].

The present paper demonstrates clinical data for a
congenital cataract associated with macular hypoplasia in
an isolated patient of a small family. Therefore, linkage
analysis was not possible. Based upon the functional
candidate approach, CRYAA (encoding oA-crystallin),
CRYBB2 (encoding (3B2-crystallin), GJAS, OAl, P and
PAX6 have been tested. Since a novel mutation was

Table 1 PCR primer for CRYAA amplification from genomic DNA

identified in the CRYAA gene, which was not detected in
96 controls nor in the parents, it is considered to be
causative for the cataract, while the macular hypoplasia was
caused by the concerted interaction of two heterozygous
mutations in the P gene (compound heterozygosity).

Materials and methods

The study respected the tenets of the Declaration of
Helsinki, as the family members were fully informed of
their role in the study and the outcome, prior to securing
their informed consent, prepared according to standard
norms. The study was approved by the Ethics Committee of
the University of Regensburg. Clinical details were
recorded including the family’s health history. The proband
and his parents were examined by a senior paediatric
ophthalmologist (B. Lorenz) with a hand-held slit-lamp
(Kowa Genesis, Japan) and a Zeiss slit-lamp (Zeiss,
Oberkochen, Germany), respectively. As part of a pro-
spective study, the patient was photographed at the time of
surgery with a hand-held fundus camera (Kowa SL 14,
Japan). Lens material and blood serum were subjected to
microbiological analysis to exclude intrauterine infections.
Various forms of galactosemia were ruled out by analysis of
blood serum according to a previously published protocol
[33]. Because of the retinal changes, a Ganzfeld electroret-
inogram (ERG) was performed on a Nicolet Spirit exam-
ination unit (Nicolet, Madison, Wisc., USA) using DTL
electrodes according to the ISCEV standard for electroret-
inography [23].

To test the hypothesis that a de-novo mutation had
occurred in one of the parental germ lines, a functional
candidate gene approach was applied to identify a causative
mutation. Therefore, we tested CRYAA, CRYBB2, GJAS and
PAXG6 as candidate genes. To rule out albinism as a cause for
the macular hypoplasia, we screened OA/ and P.

Blood samples (5—10 ml) were collected from the family
members and additionally, cells of the mucous membrane
of the oral cavity from the proband; genomic DNA was
isolated according to standard procedures [24]. The func-
tional candidate gene PAX6 was amplified by PCR [7]
CRYBB2 and GJA8 were amplified as described previously
[16, 30]; the primer and PCR conditions for the amplifi-
cation of the three exons of CRYAA are listed in Table 1.

Designation Lab no. Sequence (5'—3") Fragment length (bp) Tm
CRYAA-Ex1-L1 42365 CTCCAGGTCCCCGTGGTACCA 254 65
CRYAA-Ex1-R1 42366 GCGAGGAGAGGCCAGCACCAC

CRYAA-Ex2-L2 42367 CTGTCTCTGCCAACCCCAGCAG 220 65
CRYAA-Ex2-R2 42368 CCCCTGTCCCACCTCTCAGTGCC

CRYAA-Ex3-L1 42370 GGGGAGCCAGCCGAGGCAATG 310 61-66
CRYAA-Ex3-R1 42369 GGCAGCTTCTCTGGCATGGGG
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right eye

Fig. 1 Clinical features. a Anterior segments of both eyes prior to
pars plana lentectomy at the age of 4 months. There was a dense
opacification of the fetal nucleus more pronounced in the right eye,
and with a clear periphery of the lens (Genesis hand-held fundus
camera; Kowa Company Ltd., Tokyo, Japan). b Fundus photographs
of both eyes at age 10 years (Zeiss Digital Fundus Camera; Zeiss,
Oberkochen, Germany). Note pronounced hypoplasia of the macula.
The temporal part of the optic disc is also hypoplastic. Increased
visibility of the larger choroidal vessels most pronounced in the
macular area indicative of hypopigmentation of the retinal pigment
epithelium (RPE) or thinning of the RPE

OAl and P exons were amplified using primers according
to [28] and [18], respectively. Amplimers were screened by
Single Strand Conformation Polymorphism Analysis and
those showing aberrant banding pattern were sequenced
directly; sequencing was done commercially (Sequiserve,
Vaterstetten, Germany, or Seqlab, Gottingen, Germany).

Table 2 Polymorphic sites in family 786

The KORA (Cooperative Health Research in the
Augsburg Region) Survey 2000 studied a population-
based sample of 4261 subjects aged 25-74 years during the
years 1999-2001 [13]. Ninety-six randomly chosen
ophthalmologically normal individuals of this cohort were
analyzed for the CRYAA mutation.

Results
Clinical findings

The proband V.C., born in 1993, was first seen at the
Department of Paediatric Ophthalmology, Strabismology
and Ophthalmogenetics at the age of 4 months because of
poor fixation, nystagmus and bilateral cataract (Fig. 1a). He
was born at term to non-consanguineous parents after an
unremarkable pregnancy with a birth weight of 3020 g. The
parents had noticed poor fixation, nystagmus and strabis-
mus since birth. The family history was unremarkable, as
was the clinical eye examination of the parents as to lens
opacities. The patient has two siblings, an older and a
younger brother, who are both healthy and in particular
have no lens opacities or any other eye abnormalities.

At the age of 4 months, V.C. showed bilateral dense
central lens opacities that were more pronounced in the
posterior part with a clear periphery (Fig. 1a). Biometric
measures were normal for age: the ultrasonographic axial
length was 18.4 mm RE, and 17.7 mm LE, (standardized A-
scan after Ossoinig). The keratometric readings were
6.85/6.85 RE, and 6.84/7.01 LE (Alcon keratometer,
USA). The fundus appeared pale, the optic disc grayish,
and macular reflexes were absent. No iris translucency was
noted. A bilateral pars plana lensectomy (PPL) was per-
formed, and the postoperative aphakia was corrected with
contact lenses. To exclude an infectious aetiology, the lens
material saved at the time of surgery as well as blood serum

Gene nt aa 786.1° 786.2° 786.3°

CRYAA 6: T—C D2D* + - +

CRYBB2 Intron 3 (+120): C—A** + + -
Intron 3 (—360): A—>G** + - ++
Intron 3 (—337): G>A** + + -
Intron 5 (+8): C—»T + + -
Intron 5 (+9): G—>A** + - ++

GJAS None

SMembers of the family 786: 1, proband; 2, mother; 3, father
— Identical to reference sequences in the GenBank/EMBL databases
Presence of polymorphic site: +, heterozygous; ++, homozygous

*Validated in the SNP database (http://www.ncbi.nlm.nih.gov/SNP); average allele frequency 0.0.517;

**Described previously [30]
nt are counted: A in the ATG as #1
aa are counted: Met as #1
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were tested for cytomegalovirus, herpes zoster, and toxo-
plasma, which were all negative. IgG for herpes simplex
and rubella were positive, IgM negative, indicative of ma-
ternal antibodies still present at the age of 4 months.
Uridyltransferase, galactokinase, epimerase and GAL-1-p
were measured in the blood, and all were normal, excluding
a metabolic defect in the galactose pathway. The ERG
measured in the dark-and light-adapted state under general
anaesthesia prior to the PPL in the second (left) eye showed

normal rod and cone responses. The nystagmus persisted
after surgery, visual acuity remained below age-normal
values, and an abnormal head posture developed with
dampening of the nystagmus with a right head turn.
Because of the head turn and an additional esotropia and
hypertropia, several squint surgeries were performed in the
follow-up. At the last follow-up at age 11 years, best cor-
rected visual acuity at distance was 0.2 in both eyes (with
contact lenses). The anterior segments were unremarkable

CRYAA Mutation in the Family 786

Tyr Pro Ser Arg Leu Phe Asp
Leu
A CTACCCCAGCCKGC 1 61

T CGAC
B

BO o

b ETAG CCE
&0

d 242 bp

190
147
111

67

34

Fig. 2 CRYAA mutation in the family 786. a A short fragment of
the first exon of the CRYAA gene is given: at sequence pos 71
(=position 62 in CRYAA exon 1, counting the A of the ATG start
codon as #1), the heterozygous situation of the proband (a) is
obvious (arrow). The corresponding fragment of the mother (b) is
identical with the database entry (AP001748.1); the arrow points to
the base altered in the proband. The underlined bases (CCGG)
define a Hpall restriction site, which is destroyed by the mutation.
The amino acid sequence is given above the colored DNA sequence;
the new Leu is underlined and given in bold. ¢ A schematic
overview of exon 1 of the CRYAA gene is given indicating the

116

| CRYAA-Ex1
48 bp

Hpall

-+ o+

+ Hpall

position of the ATG start codon and the two Hpall restriction sites.
They lead to three fragments of 48, 90 and 118 bp. The 5'-Hpall site
(indicated by an asterisk) is destroyed by the mutation leading to
two fragments only (48 bp and 206 bp). d Exon 1 of the CRYAA
gene was amplified in family 786 (1, proband; 2, mother; 3, father);
the fragment was analyzed on an agarose gel before (—) and after (+)
Hpall treatment. The larger fragment of 206 bp can be observed in
the proband only. All smaller fragments are present in all family
members; however, the 90/118 bp fragments are of lower intensity
in the proband, indicating the heterozygous situation; M marker (the
weak bands in lane 1 are derived from the marker lane)
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except for the surgical aphakia. On ophthalmoscopy, the
temporal part of the optic disc as well as the macula were
hypoplastic. The choroidal vessels were clearly visible in
particular in the macular area indicative of increased
translucency of the retinal pigment epithelium. Choroidal
pigmentation had considerably increased, and there were
even intensely pigmented patches most likely on the level
of'the RPE (Fig. 1b). A control ERG at age 9 years showed
essentially normal scotopic and photopic wave forms. Only
cone flicker amplitudes in the light adapted state were
slightly below the age-matched Sth percentile. Multifocal
ERG that would test retinal function spatially resolved in

Fig. 3 Enhanced hydrophobic-
ity of the R21L mutant «xA-
crystallin. The hydrophobicity 3
of the wild-type aA-crystallin

(a) is compared with the mutant

form (b). The red circle marks

the region of the mutation !
(amino acid 21) and shows the
area of enhanced hydrophobic-
ity. In the mutant, it reaches

almost the same size as in the - N

unaffected C-terminus, whereas
the corresponding region in the
wild-type «A-crystallin ranges
at about zero levels. Calculation
was done using the bioinfor-
matrics tool of the Expasy
server http://www.expasy.ch)

Score
U

-4 L

Hydrophobicity of wild-type

the macular area was not feasible due to the pronounced
nystagmus.

Molecular genetics

A few polymorphic sites were identified in the proband that
were not considered to be causative for the observed
clinical feature, as they have been described previously as a
polymorphic site or because no alteration of the amino acid
sequence could be predicted (Table 2).

oA-crystallin

'
Hphob. + Kyte & Doolittle ——

Score
1
T

-0 128 148 160

Position

Hydrophobicity of mutant R21L aA-crystallin

| Hphob. # Doo e

Kyte &

|.'|I !
. ;Rﬂlhh
R o g I|

a8 148 168

Position
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In exon 1 of the CRYAA gene, a heterozygous mutation
was found in the proband (62 C—T; Fig. 2a). This mutation
was confirmed by an Hpall digest of the PCR-amplified
exon | of the CRYYA gene (Fig. 2¢,d); similarly, the het-
erozygous mutation was also confirmed in DNA prepared
from the mucous membrane of the oral cavity excluding the
presence of a mosaic. Moreover, the mutation was seen
only in the proband, but not in his healthy parents (Fig. 2b,
d). Finally, this Hpall restriction site could not be found in
96 randomly selected human DNA samples of Caucasian
origin (data not schown). DNA translation programs predict
an exchange of the highly conserved Arg at amino acid
position 21 to Leu (R21L); Arg is present at this position in
all sequences available (of rat, mouse, bovine, Xenopus,
zebrafish, cave-fish and epigean fish).

A first attempt to understand the underlying molecular
mechanisms might come from the computer-assisted anal-
ysis of the structure of the mutated R21L aA-crystalline.
Using the proteomics program of the Expasy server http://
www.expasy.ch), we compared several features among the
wild-type and the mutant protein. No major differences
were found in the extend of «-helices or 3-sheets at this
particular position. The exchange of the basic amino acid
Arg by an aliphatic side chain as in Leu alters the isoelectric
point only slightly (from pH 5.77 to pH 5.60); however, the
hydrophobicity of this motifis significantly enhanced in the
mutant (Fig. 3).

To test also candidate genes for the macular hypoplasia,
mutations were checked in the 04/ and P gene. Since no
mutation could be shown in O41, screening of P resulted in
two mutations in exon 13 [R419Q (c.1256G—A)] and exon
14 [A481T (c1441G—A)], which have been reported
previously [15, 17, 25, 29, 34, 35]. While A481T occurred
only once in our set of albinism patients, R419Q was quite
frequent, with ten cases from 95 tested. Segregation of these
mutations was tested by Smal and Fru4HI digest showing
an independent origin from both parents (data not shown).

Discussion

We describe a young boy suffering from congenital cat-
aracts, hypopigmentation of the retinal pigment epithelium,
and macular hypoplasia together with temporally hypo-
plastic optic discs. His parents as well as his two brothers
are healthy. Because of the small size of the family, linkage
analysis could not be done. Therefore, we molecularly
analyzed functional candidate genes. The combination of
cataract, macular hypoplasia, and nystagmus has been
described in some cases as a manifestation of PAX6 mu-
tations [11, 32]. However, in our case no mutation was
observed in PAX6. Similarly, no mutation was detected in
the OAI gene.

Several genes have been demonstrated to be involved in
cataractogenesis in human as well as in model organisms
like the mouse coding for structural proteins (e.g. the

crystallins) or membrane proteins (e.g. the connexins; for a
recent review see [8]). Most of these genes are expressed
predominantly in the lens, and a mutation in one of these
genes would be a reasonable explanation for the cataract
phenotype. Therefore, the observed unique mutation in the
CRYAA gene is in line with previous reports on dominant
cataracts caused by other CRYAA alleles in humans [20, 21].
Moreover, a complete list of the allelic series of CRYAA4
mutations also demonstrates their diversity, since one of the
CRYAA mutations exhibits a recessive mode of inheritance
[27]. This genetic diversity is very similar to the situation in
the mouse, where the null mutation shows the cataract
phenotype in the homozygous null state only [2]. Two
additional mouse cataract mutants have been described: one
suffers from a dominant [9], the other from a recessive form
[3].

However, the position mutated in the patient reported
here lies in the N-terminal domain, which has been dem-
onstrated to be important in the ocA-crystallin self-interac-
tion [5]. It is at the very beginning of the highly conserved
helical motif SRLFDQFFG, being identical in both ocA-
and aB-crystallins. It shares a high homology also to other
mammalian small heat-shock proteins (RLFDQXFG).
Deletion of this highly conserved motif showed in in-
vitro studies that the multimeric size of the mutated protein
is significantly reduced [26]. Moreover, in a recent paper
Ghosh and Clark [6] demonstrated that this motif interacts
with aB-crystallin also.

Since this change in hydrophobicity is comparable with
others (R116C or V124E) known to be causative for cat-
aracts, it is an additional line of evidence for the patholog-
ical nature of the R21L mutation reported here. Future
biochemical investigations will add the experimental proof
of this suggestion.

In contrast to the involvement of acA-crystallin in cat-
aract formation, its participation in retinal disorders is not
yet established. The mouse mutation V124E occurred on
the genetic background of the C3H strain; this strain is
known to suffer from retinal degeneration caused by a
Pde6b nonsense mutation ([4], and references therein). The
other mouse mutation affecting Cryaa, lopl8, has been
investigated histologically only during embryonic devel-
opment [3]. Also for the human CRYAA mutations, no
information on a retinal phenotype is available; either it was
not analyzed because of the severity of the cataract, or it was
not present. Retinal effects may be expected, since CRYAA
is expressed in the retina [14, 19, 22]. However, to fit the
features of fundus hypopigmentation and macular hypo-
plasia, we screened the two most probable genes (OA/ and
P) involved in X-linked (OA4/7) and autosomal recessive
ocular albinism (OA43) or in a light form of oculocutaneous
albinism (OCA2), respectively. The mutations identified
have been reported previously as a polymorphism (R419Q)
[25, 34] or involved in darker iris colour (R419Q) [29], as
well as the cause of subclinical OCA or mild OA, re-
spectively (A481T) [15, 17, 35]. Both mutations are quite
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frequent in the Causasian and Japanese population (R419Q:
~8 %, A481T: ~12% in Japan, 1/50 carrier in Caucasian)
[15, 25, 29, 35]. Therefore, they are not likely to cause the
macular hypoplasia by themselves, although A481T is in-
volved in subclinical OCA [15]. Unfortunately, R419Q has
never been functionally tested like A481T which shows
70% activity in melanogenesis [35], and therefore, its in-
fluence cannot be evaluated completely. Our findings sup-
port the notion that this case has to be regarded as the rare
incidence of two independent genetic causes which em-
phasizes the necessity of considering P in cases of macular
hypoplasia and light features of albinism overlapping with
congenital cataract.

However, such coincidence appears to be rare, and
therefore the findings reported here might encourage col-
leagues in the field to look also for retinal changes at least in
some cataract patients as well as in corresponding model
systems.

In conclusion, mutations in the aA-crystallin encoding
gene lead to diverse phenotypes with respect to the form of
cataracts and mode of inheritance. Additional involvement

in findings in the retina could not be ruled out but should be
considered as a result of mutations identified in P.
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