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A novel mutation in the connexin 46 (GJA3) gene associated with
autosomal dominant congenital cataract in an Indian family

Kamlesh Guleria,* Karl Sperling,? Daljit Singh,® Raymonda Varon,? Jai Rup Singh,! Vanita Vanita!

Centre for Genetic Disorders, Guru Nanak Dev University, Amritsar, Iithiatitute of Human Genetics, Charité Humboldt Uni-
versity, Berlin, GermanyDr. Daljit Singh Eye Hospital, Amritsar, India

Purpose: To identify the genetic defect in an autosomal dominant congenital cataract family (ADCC), having 18 indi-
viduals in four generations affected with embryonal cataract.

Methods: A genome wide scan using the GeneChip Human Mapping 10K Array, version 2 was performed on DNA
samples from eight affected and two unaffected members of an ADCC family having 18 members in four generations
affected with embryonal cataract. The region of potential linkage delimited by single nucleotide polymorphic (SNP)
markers was analyzed using fluorescently labeled microsatellite markers. Mutation screening was performed in the candi-
date gene by bidirectional sequencing of amplified products.

Results: By whole genome screening linkage in this family, the genetic defect was located to a region of chromosome
13911 which contains the candidate genanexin 46(GJA3J for ADCC. Sequencing of the coding region@JA3

showed a novel heterozygous 98G>T change resulting in the substitution of highly conserved arginine by leucine at codon
33 (R33L), located in the first transmembrane domai@ A3 This nucleotide change was not seen in any unaffected
members of this family nor in 50 unrelated control subjects.

Conclusions: The present study describes a novel mutation (R33L) i@##8associated with finely granular embryo-

nal cataract. These findings expand the mutation spectr@dAin association with congenital cataract.

Congenital cataract is one of the significant causes dfeen linked with congenital cataract in humans [8,9] and mice
visual impairment in infants. It is clinically and genetically a[10-13]. In the present study, we detected linkage of finely
highly heterogeneous lens disorder with autosomal dominagranular embryonal cataract with the connexin@&X3gene,
inheritance being most common. Congenital cataract can oGenBank NM_021954) on chromosome 13q11 in a four-gen-
cur as an isolated anomaly or associated with other ocular eration autosomal dominant congenital cataract (ADCC) fam-
developmental anomalies. Its incidence is estimated to be biéy of Indian origin. Upon sequence analysi€afA3 we iden-
tween 2.2 and 2.49 per 10,000 live births [1,2]. In one-third ofified a heterozygous G98T change resulting in the substitu-
the cases, congenital cataract has been reported as a familiah of a highly conserved arginine by leucine at codon 33
trait [3,4]. At least 35 loci and mutations in 15 genes havgR33L) in the affected individuals of this family. This is a novel
been identified to be involved in the pathogenesis of variousiutation not previously reported in congenital cataract.
forms of congenital and developmental cataracts [5].

The eye lens, an avascular organ, has developed an ex- METHODS
tensive cell to cell communication system via gap junctiorPatient ascertainment and collection of genetic materkal:
channels, which are encoded by connexin genes. The gap juricur-generation family (CC-644) with autosomal dominant
tion channels facilitate the exchange of ions, metabolites, sitpilateral cataract was investigated at the Dr. Daljit Singh Eye
naling molecules, and other molecules with a molecular weightospital, Amritsar, Punjab (India). Both affected and unaf-
up to 1 kDa between adjacent cells [6]. In humans, more thdacted individuals underwent detailed ophthalmic examina-
20 genes that code connexins of varying molecular mass, rartipn including Snellen visual acuity, A-scan ultrasonography,
ing between 25 and 62 kDa, have been identified. Three @ind slit-lamp examination with dilated pupils. The phenotype
these (connexin 43, connexin 46, and connexin 50; all belongas documented using slit-lamp photography. Twenty-five
to the a-connexin family) are expressed in the lens. Mutaimembers of this family participated in the study and 15 of
tions in specific connexin genes have been associated withem were diagnosed as affected. The study protocols adhered
several diseases including genetic deafness, skin disease, fethe tenets of the Declaration of Helsinki and were approved
ripheral neuropathies, heart defects, and congenital catardmt the Institutional Review Board of the Guru Nanak Dev
[7]. Mutations in either connexin 46 or in connexin 50 haveJniversity, Amritsar. After informed consent, 5-10 ml venous
blood was collected from affected and unaffected members of
Correspondence to: Dr. Vanita Vanita, Centre for Genetic Disorder%hiS fqmily and.DNA was extracted for subsequent molecular
Guru Nanak Dev University, Amritsar-143005, Punjab, India; Phon&enetic analysis.

+183-2258802-09 Ext. 3277 or 3279; FAX: +183-2258863 or +183-  Phenotype descriptionAll unoperated affected family
2258820; email: vanita_kumar@yahoo.com members showed bilateral cataract characterized as a band of
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Figure 1. Slit-lamp photograph of affected individual 3&: Oblique illumination showing a finely granular opacity in the embryonal
nucleusB: Optical section showing a slit-like or hollow discus-like clear area surrounded by a thick, finely granular opacity.
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Figure 2. Haplotype analysis of a portion of family CC-644 using chromosome 13 single nucleotide polymorphic markereckghRaf

3, 2-10, 3-2, 3-6, 3-17, 4-1, 4-3, and 4-8) and two unaffected (3-10 and 3-16) family members were analyzed. Recombitsati@neeven
observed in three affected individuals (2-3, 3-6, and 4-1) at SNP_A-1508817 as inherited from father (2-3) to his dajughteth@go his
grandson (4-1) placing the disease locus between SNP_A-1516595 and SNP_A-1586884rs indicate the affected haplotypes.
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numerous granular opacities involving the embryonal nucleugienome sampling analysis approach [14] with the GeneChip
The central biconvex area of the lens appeared to have no op&tiiman Mapping 10K Array, version 2 (Affymetrix, Santa
ity. The edges of the granular band of opacity appeared to leddara, CA). This whole genome sampling comprised of 10,204
diffused on either side. The optical section showed a slit-lik6&NP markers with an average heterozygosity in Caucasians
or hollow discus-like clear area surrounded by a thick, finelyof 38% and a mean intermarker distance of 258 kb, equivalent
granular opacity (Figure 1). The equatorial periphery of theéo 0.36 cM. DNA samples from eight affected (2-3, 2-10, 3-2,
lens showed many grey and blue dot opacities. The width argi6, 3-17, 4-1, 4-3, and 4-8) and from two unaffected (3-10
density of the opacity increased with age. Apart from cataracind 3-16) family members (Figure 2) were analyzed follow-
there was no family history of other ocular or systemic abnoring the Affymetrix protocol. Genotypes were called by the
malities in the affected individuals. GeneChip® DNA Analysis Software version 2 (Affymetrix,
Linkage analysisA high density single nucleotide poly- Santa Clara, CA). Data was analyzed using the ALOHOMORA
morphic (SNP) genome scan was performed using a whofgogram [15]. Regions of potential linkage delimited by the
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Figure 3. Graphical view of additive LOD score calculations of genome-wide single nucleotide polymorphism. The higheshpeaoon
some 13 (indicated bydarrow) with lod score value of 2.56 indicates the region of potential linkage.

TABLE 1. Two-PoINT L OD SCORES FOR LINKAGE BETWEEN THE DISEASE LOCUS AND CHROMOSOME 13 MARKERS

LOD scores at 6=

[T e B e T TR

Mar ker (cM 0. 000 0.001 0.010 0.050 0.100 0.150 0.200 0.300 O0.400
D13S1236 4.2 -0.087 0.948 1.856 2.301 2.273 2.104 1.864 1.255 0.537
D13S175 7.4 3.894 3.887 3.824 3.539 3.170 2.787 2.390 1.552 0.674

This table summarizes the two-point LOD scores for chromosome 13q11 markers Glda& fbhe highest LOD score 3.8946at0.000 was
obtained for marker D13S175. Position of the markers is based on the Genethon linkage map [16].
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Figure 4. Haplotype analysis of the cataract family. Haplotypes segregating with the disease are indicated in the sh&seod bdnteation
events were observed in three affected individuals (2-3, 3-6, and 4-1) at D13S1236. Squares and circles symbolize males,aadfem
tively and filled symbols denote affected individuals. Proband (2-2) is indicated with a black arrow.
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Figure 5. A portion 066JA3DNA sequence in an affected and an unaffected individAlaDNA sequence electropherogram (forward strand)
showing the heterozygous 98G>T transversion that replaces arginine by leucine at codon 33 in the affected indivBLRNA-3¢gquence
electropherogram of an unaffected individual (2-1) showing wild type G at position 98. The position of mutated (G>T) gpd wildl¢-
otide G in an affected and an unaffected individual (2-7 and 2-1, respectively) is indicated with pink arrows.
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SNP markers was further analyzed in 25 individuals of thi©13S175 (Table 1). Haplotype analysis with analyzed mark-
ADCC family including 15 affected and 10 unaffected throughers D13S1236 and D13S175 showed three affected individu-
the use of fluorescently labeled microsatellite markerals (2-3, 3-6, and 4-1) to be recombinant at marker D13S1236
(Genethon linkage map) [16] following the methods and con¢Figure 4). Individual 3-6 inherited this from her father (2-3)
ditions described [17]. Electrophoresis of PCR products waand then passed it onto her son (4-1).
carried out on an ABI PRISM 3730 automated DNA sequencer Mutation analysis: By direct sequencing of the entire
(Applied Biosystems, Foster City, CA) and data were anacoding region of5JA3 a novel heterozygous G>T transver-
lyzed by GeneMapper software version 3.5 (Appliedsion at nucleotide position 98 (c. 98G>T) was detected in two
Biosystems). Autosomal dominant inheritance with completaffected members of this family (Figure 5). This transversion
penetrance of the trait and a disease gene frequency of 0.008ads to the replacement of a highly conserved arginine with
were assumed. Recombination valu#siere considered to leucine at codon 33 (R33L). This substitution resulted in the
be equal between males and females. Two-point linkage analgain of aSfa\l restriction site. Analysis of all other members
sis was carried out with the LINKAGE program package [18]of this family showed cosegregation of this change with the
Mutation screening: The coding region o6GJA3was  disease phenotype in the affected individuals only. Further
bidirectionally sequenced using previously published primesequence analysis of fifty unrelated control subjects (100 chro-
sequences [19]. Genomic DNA from two affected membersosomes) from similar ethnic background showed only a wild
and one unaffected member of the family were analyzed. PCigpe G at nucleotide position 98 (data not shown).
and sequencing reactions were performed following condi-
tions detailed elsewhere [20]. Electrophoresis of the sequenc- DISCUSSION
ing reaction products was performed on 5% urea-polyacrylain the present study in a genome-wide screening, we identi-
mide gels on the ABI Prism 377 DNA sequencer (Appliedfied a locus on chromosome 13 in an ADCC family of Indian
Biosystems). The data were analyzed using the sequence analyigin having finely granular embryonal cataract. Further, we

sis software version 3.4.1 (Applied Biosystems). report a novel change (R33L) ®BJA3in association with
congenital cataract in this family. This change seems to be
RESULTS disease causative as it segregated completely with the disease

Linkage and haplotype analysidn a genome-wide scan, a phenotype and was absent in unaffected individuals in this
region of potential linkage with a maximum LOD score offamily and in the 50 unrelated controls from a similar ethnic
2.56 was identified on chromosome 13 (Figure 3) betweehackground.

the SNP markers SNP_A-1516595 (rs1947012) and SNP_A- GJA3consists of a single exon encoding a 435 amino
1508817 (rs725600). This region on chromosome 13 harboexid protein in humans and is predominantly expressed in lens
connexin 46GJA3J, earlier reported to be linked with con- fiber cells. All connexins have four transmembrane domains
genital cataract. SNP haplotype analysis showed three affect@d1, M2, M3, and M4), two extracellular loops (E1 and E2),
individuals (2-3, 3-6, and 4-1) to be recombinant at SNP_Aand cytoplasmic NH and COOH-termini (Figure 6). Thir-
1508817 thus placing the disease locus between SNP_Aeen mutations i®JA3involving the different domains have
1516595 and SNP_A-1508817. Further microsatellite markeso far been reported to be associated with ADCC in humans
analysis was carried out on 15 affected and 10 unaffectddable 2). Of these, seven mutations have been linked with
members of this family with markers D13S1236 and D13S178&uclear or zonular pulverulent cataract that is mainly charac-
in the mapped interval on chromosome 13qg11. A maximurterized as having dust-like opacities in developmental zones
lod score of 3.894 a1=0.000 was obtained with marker of the lens.

P59L
Amino terminal \y 4551 Ng3g CYtoplasmic loop Carboxyl terminal
1 ‘ | | 435
M1| E1 M2 M3| E2 M4
D3y LLRSE—L Lra7m / \ |
L11S — F32L [—R76G P187L N188T S380fs
—V28M R76H

Figure 6. Schematic diagram of the connexin 46 polypeptide and locations of identified mutations. The connexin 46 p(\3aegtidteo
acids) has nine structural domains including a cytoplasmic amino terminal, four transmembrane domains (M1-M4), two exXtvapsliula
(E1, E2), a cytoplasmic loop, and a cytoplasmic carboxy terminal (figure modified from Bennett et al [33]). The locatianroéifa88n
observed in the present family (as highlightedei) and other already known mutations associated with congenital cataract are indicated.
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TABLE 2. MUTATIONS IN HUMAN CONNEXIN 46 (GJA3)

Cat ar act
type

Zonul ar
pul ver ul ent
Ant - egg

Vari abl e

Nucl ear
pul verul ent

Fi nely

granul ar
enbryona

Nucl ear
Nucl ear
punctate
Zonul ar

pul verul ent

Tot a

Nucl ear
pul verul ent

Pear|l box

Zonul ar
pul verul ent

Nucl ear
pul verul ent

Zonul ar
pul verul ent

Phenot ype description

Progressive zonul ar pul verul ent cataract

Lanel | ar cataract with dense ant-egg
l'ike structures inbedded in the |ens,
primarily confined to the perinuclear
layers and to | esser degree in the feta
nucl eus

Vari abl e cataract types like total,
anterior capsular cataract with
posterior cortical opacities in

di fferent individuals

Punctate opacities in the central zone
of the lens linmted to the enbryonal
nucl eus

A band of opacities formed by nunerous
granul ar opacities with diffused edges
on either side involving enbryona

nucl eus. Optical section of the lens
shows slit like or hollow discus |ike
clear area surrounded by thick finely
granul ar opacity

Progressive nucl ear cataract

Coarse punctate opacities located in the
central or nuclear region of the lens

Coarse and granul ar opacities in the
central zone of the lens. Fine dust-like
opacities predom nated in the periphera
zone of the lens

Total |ens opacification

Faint |anellar nuclear opacity
surroundi ng pul verul ent nucl ear
opacities, some with fine gold dots or
haze and sone with needle-Ilike
peripheral riders

A bunch of white spots in the enbryonal
nucl eus. The central white spots
distributed in a radial manner. The
space between the surface opacity and

central white spots was optically enpty
Central dust-like opacity affecting the
enbryonal, fetal and infantile nucl eus

of the lens surrounded by snowfl ake-1ike
opacities in the anterior and posterior
cortical region of the lens

Progressive, central pulverulent opacity
affecting the enbryonal, fetal and
infantile nucleus of the |ens

Coarse and granul ar opacities in the
central zone of the lens. Fine dust-like
opacities predom nated in the periphera
zone of the lens

©2007 Molecular Vision

Family
origin

Hi spani ¢

Dani sh

I ndi an

Chi nese

I ndi an

Chi nese

Aneri can

Caucasi an

I ndi an

Australian

I ndi an

Caucasi an

Chi nese

Caucasi an

Reported mutations in GJA3 associated with different congenital cataract phenotypes in different families.
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The 98G>T substitution observed in the present study rérave been reported to cause variable [24] and nuclear pul-
sulted in the replacement of a polar amino acid (arginine) toerulent cataract [26], respectively (Figure 6). The transmem-
nonpolar amino acid (leucine) at codon 33 (R33L), localizedbrane domains of the connexins are proposed to participate in
in the first transmembrane domain (M1) of the GJA3 polypepthe oligomerization into connexon hemichannels and are also
tide (Figure 6). A multiple amino acid sequence alignmengssential for the correct transport of the protein into the plasma
showed that arginine at position 33 in the first transmembramaembrane [27]. It has been reported that residues in the first
domain (M1) of the connexin 46 is phylogenetically conservedransmembrane domain are essential for the formation of the
in different species (Figure 7A) as well as in different humarpore lining and therefore channel permeability [28]. Although
a-connexins (Figure 7B). This suggests that arginine may plaghe effect of the R33L mutation observed in the affected indi-
a key role in connexin function. In connexin Z&JB2), lo-  viduals of this ADCC family on the activity of connexin 46
calized at 13qg12, two corresponding mutations (R32C anbdas not been directly tested, we speculate that like P88S in
R32H) in the first transmembrane domain have been report&alJA8 and other dominantly transmitted mutations in differ-
to be associated with deafness [21,22]. Replacement of an argiat connexins, R33L may also result in inappropriate associa-
nine with leucine (R21L) in CRYAA, associated with con- tion of connexins and alter the function of wild-type connexins
genital cataract and macular hypoplasia, has been reportedinya dominant negative manner.

Graw et al. [23] in a German family. They further observed  Apart from humans, defects in thennexin 4Gand the

that this exchange alters the isoelectric point slightly and erconnexin 5@enes have also been reported to be linked with
hances the hydrophobicity significantly in the mutant. Simi-cataract in mice. A missense mutation (Glu42Lys) in the
larly, substitution of arginine by the uncharged amino acictconnexin 4@ene has been reported to be associated with con-
glycine at codon 76 (R76G) in the first extracellular loop ofgenital cataract in rats [10]. Point mutations (G22R, D47A,
GJA3 has been reported in total congenital cataract [24]. Yeagand V64A) in theconnexin 5@ene have also been reported to
and Nicholson [25] hypothesized that this might alter theesult in dominant cataracts in mice [11-13]. Gong et al. [29]
charge on the surface of the extracellular loop thereby affecteported that mice homozygous for disruptedl connexin

ing the connexon docking. In connexin 46, two heterozygoudeveloped nuclear cataracts which resulted from proteolysis
mutations (V28M and F32L) are located within the first trans-of y-crystallin proteins and their conversion into insoluble
membrane domain (M1). These mutations, V28M and F32Lforms, whileconnexin 5&nockout mice had abnormal lens
and eye growth along with nuclear cataract [30,31]. Targeted
replacement ofonnexin 50with the connexin 4G oding re-

A 33 40 gion in mice demonstrated that connexin 50 is required for
Homo sapiens IGKVWLTVLFIFRILVLGAA  normal lens and eye growth whereas connexin 46 is essential
Mus musculus IGKVWLTVLFIFRILVLGAA  for maintenance of lens transparency [32].

gztizz gzgg;cus igggiggggﬁ&gﬁ The cataract phenotypes that have been reported to be
Danio rerio IGKVWLTVLFIFRILVLGAA ImI;gd withGJA3mutations share ge;qotype-phgnotype simi-
Ovis aries IGKVWLTVLFIFRILVLGAZ  larities to some extent but also exhibit some differences with
X. tropicalis IGKVWLTVLFIFRILVLGTA respect to the appearance and location of opacities within the
Tetracdon nigroviridis VGKVWLTVLFIFRILVLGTA  lens. The phenotype in the present family resembles to some
Pan troglodytes IGKVWLTVLFIFRILVLGRAA  extent with other cataracts linked@JA3as having granular
Macaca mulatta . IGRVWLTVLFIFRILILGTA  gnacities (Table 2). However, the appearance and shape of the
Monodelphis domestica IGKIWLTVLFIFRILILGAA . s . : .
Bosprimigenius taurus IGRVWLTVLFIFRILILGTA opacity, which is like a hollow discus (F|gu.re 1B), d|ffers from
Canis familiaris IGKVWLTVLFIFRMLVLGTA  the other reported cataract types. The difference in the mor-

phologies of cataract phenotypes associated with mutations

B 33 in theGJA3may be attributed to the action of modifier genes
21 40 or environmental factors that could affect the expression of

GJA3 21 IGKVWLTVLFIFRILVLGAA connexin 46

GJAL 21 GGKVWLSVLFIFRILLLGTA . .

GJIAL 21  VGKIWLTVLFIFRILILGLA In conclusion, we describe a novel heterozygous R33L

GJAS 21 VGKVWLTVLFIFRMLVLGTA mutation inGJA3in an autosomal dominant congenital cata-

GJAS8 21 IGRVWLTVLFIFRILILGTA H H HP : H

CIALO 51 IGKIWLTILEIFRMIVLGVA ract fqmlly of Indian origin. These findings thus expand the

Connexiné2 21  VGKIWLTILFIFRMLVLRVA mutation spectrum dBJA3

GJAT 20 VGKIWLTVLIVFRIVLTAVG

GJA9 22 IGRILLTVVVIFRILIVAIV

GJAL2 23 VGKVWLTVLVVFRIVLTAVG ACK NOWL EDGEM ENTS

Figure 7. Amultiple sequence alignment of a section of connexin 4
amino acids in different species and in different humaonnexins.
Alignment data indicate that arginine at position 33 markeedis
highly conserved in different species)(and in different humaa-

connexins B)
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