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Novel mutationsin GJA8 associated with autosomal dominant
congenital cataract and microcornea
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Purpose: The purpose of this study was to estimate the importance of mutations in the connexin&8J48nes(a cause

of congenital or developmental cataracts in the Indian population and to identify novel mutaGIAS ithat cause

cataract in this population.

Methods: The coding region o6JA8 was analyzed for mutation by single strand conformational polymorphism in 60
probands affected with congenital or developmental cataract of which 11 probands’ corneal diameter measured less than
11.00 mm. Direct sequencing was performed for samples that displayed an abnormal electrophoresis pattern. The segrega-
tion of the change with the diseased phenotype was analyzed in the entire pedigree by restriction fragment length poly-
morphism (RFLP) analysis.

Results: Molecular analysis dBJA8revealed two novel missense mutations V44E and R198Q), in the population screened.
The mutations cosegregated with the diseased phenotype in an autosomal dominant manner and were absent in 400
normal control chromosomes analyz&€JA8 mutations were seen in two of the 60 unrelated probands with cataracts.
Affected individuals in both of whose families also had microcornea and variable myopia.

Conclusions: This is the first report of mutations @JA8 to be associated with autosomal dominant cataract and micro-
cornea. Mutations iJA8 cause 3.3% of congenital cataracts in the population of India.

Cataract or opacification of all or part of the lens in thecellular junctions, which allow the metabolically active epi-
eye is a major ocular disease that renders millions of peopthelium to maintain the precise intercellular communication
blind throughout the world. Congenital cataract is the mosand transport between the lens periphery and its interior [7].
common cause of treatable childhood blindness. Worldwide, Connexin genes encode intercellular channels that in dif-
20 million children under the age of 16 suffer from cataracfusion of signaling molecules regulate growth and develop-
and 1.4 million of them are blind [1]. Inherited cataract aciment. These channels allow rapid exchange of ions and me-
counts for at least 50% of all congenital cataracts [2]. Heredtabolites up to about 1 kDa in size [8]. Connexins are a
tary cataracts are most commonly inherited in an autosomaiultigene family consisting of >20 members, three of which
dominant manner and are phenotypically and genotypicallgre expressed in the lens [9]. The lens epithelial cells show a
heterogeneous, showing considerable inter- and intrafamiligredominant expression of connexin 43 (Cx43) [10]. During
variability [3]. Autosomal recessive and X-linked forms aredifferentiation into fibers, Cx43 expression is down regulated
also known to exist [4,5]. and replaced by Cx46 and Cx50 [11,12]. Targeted ablation of

The lens is an avascular structure that has an anterior lay@k46 and Cx50 in mice caused cataract and genetics studies
of cuboidal epithelial cells that terminally differentiate at thein humans revealed that mutations in either of these genes
equatorial zone to form lens fiber cells [6]. Fully differenti- (GJA3 and GJAS8, respectively) lead to the development of
ated lens fibers lose their intracellular organelles and accuistinct cataract phenotypes [13-16]. This studys aims were to
mulate high concentrations of soluble proteins known asanalyze GJA8 in Indian patients affected with congenital/child-
crystallins. Initially, these cells are arranged as concentric layrood cataract.
ers extending from the anterior to the posterior surface of the
lens, but as the lens develops, the lens fiber cells extend from METHODS
the capsule to the lens sutures. Lens fiber cells lack nucldé®atients: Probands with a positive family history of congeni-
mitochondria, and ribosomes, so that they must be physiologial cataract or developmental cataract were ascertained through
cally maintained to prevent precipitation of crystallin and catathe Paediatric Ophthalmology Clinic, Aravind Eye Hospital
ract formation. Since the lens lacks any vasculature, this (?AEH), Madurai, India. Probands with a history suggestive of
achieved by highly sophisticated protein architecture of interintrauterine infection, such as rubella, complicated cataract,
unilateral cataract, and traumatic cataract were excluded from
Correspondence to: Ramya Devi, Department of Molecular Biologyth€ Study. Ethics approval for the study was obtained from the
Aravind Medical Research Foundation, Aravind Eye Hospital, No.nstitutional Review Board and the study was performed in
Anna Nagar, Madurai-625 020, Tamilnadu, India; Phone: 91 452accordance to the tenets of Declaration of Helsinki. Blood
2532653; FAX: 91 452 2530 984; email: ramyadevi@aravind.org samples were collected from the proband and their available
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family members after obtaining informed consent. The conintraocular pressure is high but has normal fundus). The axial
trol subjects who matched the ethnic background of thé&ength of individual 11l:1 (R-25.65, L-25.95) suggested a mild
proband were recruited from the general ophthalmology clinidegree of myopia. Mutation analysis revealed ¢.131T>A trans-
of the AEH. Ophthalmologic examination included the bestersion that led to the replacement of evolutionarily conserved
corrected visual acuity (Snellen’s), slit lamp biomicroscopyyaline at position 44 by glutamic acid (V44E; Figure 1A,B,E).
and fundus examination. Corneal diameter and axial lengthhe mutation resulted in the gain offagl restriction site.
were measured when indicated. RFLP analysis confirmed the presence of a heterozygous T>A
Mutation analysis: DNA was isolated from peripheral transversion in the affected members of the pedigree (Figure
blood lymphocytes using protocols described by Miller et al1D).
[17]. Connexin 50 encoded I8JA8 located on chromosome Family 2 was comprised of three generations, with three
1g21.1 is comprised of two exons, the coding sequence beirdfected members (Figure 2C). The proband (111:2) was diag-
encompassed in its entirely by the second exon (NM_00526%)osed with bilateral developmental cataract. The axial length
Polymerase chain reaction (PCR) was used to amplify the codras 25 mm in both eyes, suggestive of mild myopia. The type
ing exon using oligonucleotide primer pairs and PCR condief cataract was posterior subcapsular. Medical records of in-
tions as previously described in the literature [18]. One voldividuals I:1 and 1l:1 show that they underwent cataract ex-
ume of PCR product was mixed with 1 volume of formamideraction at 27 and 10 years of age, respectively. The cataract
dye and denatured at 98 for 4 min prior to loading on an phenotype was not available. Individual II:1 is diagnosed with
8% nondenaturing gel. Electrophoresis was carried out at 700gh myopia; the axial length was 29.5 mm in the right eye
V for 12-15 h. Direct sequencing was performed for producand 24.5 mm in the left eye. The decreased axial length in the
that displayed a difference in electrophoresis pattern from thégft eye is a complication of an old retinal detachment, which
of the controls. Primers flanking codon 1-108 and 169-318d to the impairment of vision in the eye. The mutation in
were used to amplify the fragment harboring the mutation fothis family was identified as a ¢.593G>A transition that re-
RFLP analysis to test the identified sequence variants in thailted in a missense mutation where a highly conserved argi-
family members of the proband for segregation of the diseaseine was replaced by glutamine (R198Q; Figure 2A,B,E). The
The segregating sequence variants with the diseased phetass of aMspl restriction site in the mutant allele was used to
type were analyzed for the presence in 400 normal contrabnfirm the cosegregation of the mutation with the disease
chromosomes. phenotype (Figure 2D).
In both families, individuals with the mutation had cata-
RESULTS ract with microcornea variably associated with myopia. The
Sixty probands of unrelated families with inherited congeniimutation segregated with the disease phenotype in the respec-
tal or developmental cataract, including 11 probands with cataive families and was not present in 400 normal controls ana-
ract and microcornea, were enrolled in this study. The probantized. The GenBank sequence (P48165) revealed that residue
of each of these families were analyzed@JA8 mutations, V44 was in the first transmembrane domain and R198 on the
which revealed significant changes in two probands. In boteecond extra cellular loop.
proband families all affected members were diagnosed with
congenital cataract associated with microcornea. The clinical DISCUSSION
phenotypes are summarized in Table 1. We report two novel missense mutations in connexin 50 that
In family 1, six members (two affected and four unaf-is shown to be responsible for congenital cataract and micro-
fected) participated in the study. The affected members hawbrnea, while previous reports of mutations in Cx50 (summa-
congenital cataract and microcornea. The proband had totated in Table 2) are associated with isolated congenital cata-
lens opacification. She is a glaucoma suspect postoperativeigct.

TaBLE 1. CLINICAL FINDINGS OF INDIVIDUALS WITH THE GJA8 MUTATION

Snel | en best Cor neal
corrected di anet er Axi al
Age at vi si on (mm) length (nm)

Age cataract  ------------ ------o----o oo
Fam |y I ndi vi dual (years) surgery Ri ght Left Ri ght Left Ri ght Left

1 11 40 3 years 6/ 36 6/ 36 10.5 10.5 25.65 25.95
1 6 3 nont hs 6/ 24 6/ 24 10.0 10.0 19.50 21.03

2 I:1 57 22 years 6/ 60 6/ 60 10.0 10.0 21.05 20.98
11 32 10 years 6/ 60 HM 10.0 10.0 29.50 24.50

1 7 4 years 2/ 60 2/ 60 10.5 10.5 25.21 25. 06

The column “Age” refers to the age at which corneal diameter (microcornea is defined as corneal diameter <11 mm) anthaxéd leng
measured. “HM" refers hand motions.
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Microcornea is defined by the horizontal corneal diam-and cataract occurs in association with other ocular manifes-
eter measuring less than 11.00 mm. The association of catations such as microphthalmia, myopia, iris coloboma, scle-
ract with microcornea in the absence of other ocular anomaecornea, and Peter’s anomaly [21,22].
lies has been observed in rare pedigrees [19,20]. Microcornea
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CXA8 HUVAN 11 LEEVNEHSTVI GRWLTVLFI FRI LI LGTAAEFWWGDEQS 50
D: CXA8_MOUSE 11 LEEVNEHSTVI GRWLTVLFI FRI LI LGTAAEFVWGDEQS 50

. CXAB_SHEEP 11 LEEVNEHSTVI GRWLTVLFI FRI LI LGTAAEFVWGDEQS 50
CXA8 CH CK 11 LEQUNEQSTVI GRWLTVLFI FRI LI LGTAAELVWGDEQS 50
CXAL_ HUAN 11  LDKVQAYSTAGGKVW.SVLFI FRI LLLGTAVESAWGDEQS 50
ubD M 1 1 12 I |:2 CXA3_HUMAN 11  LENAQEHSTVI GKWALTVLFI FRI LVLGAAAEDWGDEQS 50
CXA4_HUAN 11  LDQVQEHSTWGKI W.TVLFI FRI LI LGLAGESMGDEQS 50
CXA5_HUMAN 11  LEEVHKHSTWGKVW.TVLFI FRVLVLGTAAESSWEDEQA 50
CXALO_HUVAN 11 LEEVH HSTM GKI VLTI LFI FRVLVLGVAAEDWWDEQS 50

Figure 1. Analysis of family 1A: The genomic sequence of the wild
type showing valine at codon 4B: The mutant allele showing a
heterozygous T>A transversion that replaces Val by GilPedi-
gree of family 1.D: PCR-RFLP analysis showing a gain ofag|l
site that cosegregates with the affected individuals. The unaffected
individuals display a 648 bp band while the affected individuals dis-
play a 648 bp, 519 bp, and 129 bp bands. In the image, M indicates
the 100 bp DNA ladder, C indicates control, and UD indicates undi-
gested PCR produdf: A multiple alignment of amino acid sequence
of GJA8 with different species and five other connexins from hu-
man. The amino acid marked ried indicates a neutral amino acid
(valine, alanine, or serine) at codon 44.
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CXA8_HUVAN 193 DCFVSRPTEKTI FI LFMLSVASVSLFLNVMELGHLGLKG R 233
CXA8_MOUSE 193 DCFVSRPTEKTI FI LFMLSVAFVSLFLNI MEMBHLGWKG R 233
CXA8_SHEEP 193 DCFVSRPTEKTI FI LFMLSVASVSLFLNI LEMBHLGLKKI R 233
CXA8_CHI CK 193 DCFVSRPTEKTI FI MFMLWAAVSLFLNLVEI SHLI LKRIR 233
CXA1_HUVAN 193 DCFLSRPTEKTI FI | FMLWSLVSLALNI | ELFYVFFKGVK 233
CXA3_HUVAN 193 DCFI SRPTEKTI FI | FMLAVACASLLLNMLEI YHLGAKKLK 233
CXA4_HUVAN 193 DCFVSRPTEKTI FI | FMLWGLI SLVLNLLELVHLLCRCLS 233
CXA5_HUVAN 193 DCYVSRPTEKNVFI VFMLAVAALSLLLSLAELYHLGAKKI R 233

CXA10_HUWVAN 193 DCFVSRPTEKTI FLLFMQSI ATl SLFLNI LEI FHLGFKKI F 233

Figure 2. Analysis of family 2A: The genomic sequence of the wild
type pedigree showing an arginine at codon B38he mutant al-

lele showing a heterozygous T>A transition that substitutes Glu for
Arg. C: Pedigree of family 2D: PCR-RFLP analysis showing the
loss of arMspl site in the mutant allele that results in 243 bp, 144 bp,
27 bp, 21 bp, and 16 bp bands while the normal allele shows 243 bp,
105 bp, 39 bp, 27 bp, 21 bp, and 16 bp bands. The latter 39 bp, 27 bp,
21 bp, and 16 bp bands are not visible on the gel. In the image, M
indicates the 100 bp DNA ladder, C indicates control, and UD indi-
cates undigested PCR produgt A multiple sequence alignment of
Cx50 with other connexin proteins. The amino acid markeédn
indicates the position of R198, where ariginine is highly conserved
among connexins.

TABLE 2. SUMMARY OF MUTATIONS IN HUMAN GJA8

Base change

c.

. 131

. 142

. 191

. 262

. 593

741

T>A

GA

>G

T

GA

>G

Mut ati on Location Popul ati on Ref er ence
R23T Cytoplasmic N-term nal I rani an [16]
VA4E First transnmenbrane donmin I ndi an Thi s study
E48K First extracellular |oop Paki st ani [37]
V64G First extracellular |oop Chi nese [38]
P88S Second transnenbrane donain British [18]
R198Q Second extracellular | oop I ndi an Thi s study
| 247M Cytoplasmic C-term nal Russi an [39]

Shown are connexin 50 gene mutations that have been identified in this and other studies.
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Mutations identified in transcription factor gene such asreloped milder cataract and mice homozygous for the muta-
PAX6 have led to cataract, microcornea, and anterior segmetion exhibited a reduction in the total ocular mass by approxi-
dygenesis, while mutations MAF resulted in pulverulent mately 30% compared with wild-type [36]. It would be inter-
cataract variably associated with microcornea, and irigsting to study the effect of V44E and R186Q mutation on the
coloboma [23,24]. A missense mutationdRYAA and a ho-  ocular phenotype of mice.
mozygous nonsense mutatiordRYBB2 have been reported This is the first report of mutations GJA8 to be associ-
to cause cataract, microcornea and microphthalmous [25,2@&ted with autosomal dominant cataract and microcornea.
To date, the X253R mutation DRYBBL is the only reportto  Though the etiology of microcornea in these families is not
be associated with cataract and microcornea in the absencectdar, mutations disrupting the protein structure severely and
other ocular or systemic anomalies [27], and cataract assothereby interfering with the lens development can affect the
ated with myopia has been described as a resultbédpa  anterior segment development.
mutation [28].
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