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A novel mutation in GJA8 associated with autosomal dominant
congenital cataract in a family of Indian origin

Vanita Vanita?, Hans Christian Hennieg, Daljit Singh?, Peter Nurnberg’, Karl Sperling,* Jai Rup Singht

Centre for Genetic Disorders, Guru Nanak Dev University, Amritsar, Id@alpgne Center for Genomics and Institute for Genet-
ics, University of Cologne, Cologne, Germafr. Daljit Singh Eye Hospital, Amritsar, Indid;Institute of Human Genetics,
Charité, University Medicine of Berlin, Berlin, Germany

Purpose:To identify the genetic defect in an autosomal dominant congenital cataract family, having 15 members in three
generations, affected with bilateral cataract that gave the appearance of “full moon” with Y-sutural opacities.

Methods: A detailed family history and clinical data were recorded. A genome-wide scan by two point linkage analysis
using nearly 400 microsatellite markers in combination with multipoint lod score and haplotype analysis was carried out.
Mutation screening was performed in the candidate gene by bidirectional sequencing of amplified products.

Results: A maximum two point lod score of 5.4560.00 was obtained with marker D1S534. Haplotype analysis placed

the cataract locus to a 14.1 cM region between D1S221 and D1S498, in close proximity to the gene for the gap junction
channel protein connexin 5GJA8 at 1g21. Mutation screening @JA8identified a novel G>C transversion at nucle-

otide position ¢.235. This nucleotide change resulted in the substitution of highly conserved valine by leucine at codon 79
(V79L). This nucleotide substitution was neither seen in any unaffected member of the family nor in 180 unrelated control
subjects (360 chromosomes) from same ethnic background tested by sequence alyds of

Conclusions:The present study describes the mapping of a locus for congenital cataract that appeared like “full moon”
with Y-sutural opacities at 1921 and identifies a previously unreported mutatl& These findings thus expand the
mutation spectrum dbJA8

Congenital cataract, a clinically and genetically highlynecessary to prevent precipitation of crystallins and hence
heterogeneous eye lens disorder, is one of the significant causegaract formation [14]. At least nine mutations in Cx46 and
of visual impairment or childhood blindness. Inter- and intrasix mutations in Cx50 have been reported for human
familial phenotypic variation is quite significant in congenital cataractogenesis. Defects in Cx46 and Cx50 have also been
cataract and various types and sub types have been reportegorted to result in cataract in mice [15-20].

[1-3]. Nearly one third of the cases exhibit a positive family ~ Lens sutures are the lines at anterior and posterior poles
history and autosomal dominant is the most frequent mode of the embryonic lens nucleus where growing secondary fiber
inheritance [3,4]. At least 35 loci have been linked with varicells from the equator migrate and meet. Sutures start to ap-
ous forms of congenital and developmental cataracts, argkar during the eighth or ninth week of fetal life. The addition
mutations in at least 15 genes have been identified for is@f more cell layers, until birth, forms the suture plane with a
lated congenital cataracts [5]. symmetrical Y-pattern and a symmetrical inverted Y-pattern

Connexins (Cx) encode gap junction channel proteins thait the anterior and posterior portion of the lens, respectively
mediate intercellular transport of small biomolecules like ions[21]. Abnormal development of sutures has been reported in
metabolites, and secondary messengers of less than 1 kDaassociation with specific types of cataracts [22]. Sutural cata-
various cell types [6-9]. At least twenty connexins, categoract may occur as an isolated type of cataract [23] or in asso-
rized into three families, with molecular mass ranging betweeaiation with opacities involving other lens regions as well
25-62 kDa, have been identified in humans [10]. Threg24,25].

connexins that belong to theconnexin family are expressed We identified a three generation family having bilateral
in the human lens: Cx43, encoded®JAL in the epithelial congenital cataract. The cataract phenotype appeared like a
cells while Cx46 and Cx50, encoded®yA3andGJA8 re-  “fullmoon”. The opacities involved both the Y-sutures as well.

spectively, in the terminally differentiated fibers [11-13]. Cx46 A genome-wide scan by linkage analysis and haplotype analy-
and Cx50 are responsible for joining the lens cells into a funcsis placed the cataract locus between markers D1S221 and
tional syncytium. Lens fibers are connected to the epithelidd1S498 on chromosome 1g21, clos&#A8 Upon sequence

cells via gap junctions and are dependent on metabolicalgnalysis olGJA8we identified a heterozygous change result-
active epithelium for maintaining intracellular ionic conditions,ing in the missense mutation valine to leucine at codon 79
(V79L). The change cosegregated completely with the dis-
Correspondence to: Dr. Vanita Vanita, Centre for Genetic Disordergase phenotype, thus suggesting this as the disease causing

Guru Nanak Dev University, Aml’ltsar-l43005, Punjab, Ind|a, PhonemutauO” in the present famlly Th|S |S a novel mutauon not
+0183-2258802-09 Ext. 3277, 3279; FAX: + 0183-2258863 or 0183I=eported previously with congenital cataract.

2258820; email: vanita_kumar@yahoo.com
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METHODS

Family description: The proband, a 12-year-old child, was
diagnosed as having bilateral cataract that gave the appea|
ance of a “full moon” (Figure 1). Y-sutural opacities were also
observed. The detailed family history revealed 15 living af-
fected members in three generations (Figure 2). Detailed oph
thalmic examination that included slit lamp examination and
photography of affected lenses, carried out on 23 members 0
the family, confirmed 15 members affected with bilateral cata-
ract and 8 individuals (including 3 spouses) as unaffected.
Some affected individuals had cataract extraction in their earl
childhood.
Phenotype descriptiontn the unoperated affected indi-
viduals, the cataract phenotype gave the appearance of a “fu
moon”. Opacities were also seen around the Y-sutures (Figuré
1A). Apart from sutural opacities, the embryonal nucleus ap-
peared clear and showed no opacities. Optical section of thg
lens revealed very fine white opacities in the fetal nucleus
immediately surrounding the embryonal nucleus, giving it a
granular appearance (Figure 1B).
Genotyping and linkage analysisThis study was ap-
proved by our institutional review board. Written informed
consent was obtained from each individual studied. Blood wag

Figure 1. Lens photograph of a 12-year-old patient (IMA3Jataract
phenotype exhibits the appearance of full moon with both the Y-su-
tures being affected3: Optical section showing lens opacities in
patient IV-3. The optical section of lens showing absence of opaci-
ties in the embryonal region. The fetal nucleus surrounding the em
bryonal nucleus shows very fine white granular opacities.

B Figure 2. Haplotype analysis of the
cataract family with chromosome
1 markers. Sequence of markers is
from centromere to telomere.
Haplotypes segregating with the
disease are indicated in the shaded
boxes. Inferred haplotypes are
shown in italics. Recombination

i | e - I e o events seen in lll-4, I_II 12, 1Iv-7,
GATA124C08 ) j: | 12 B and IV-9 place the disease gene
151631 1
ara H RS 3 locus between markers D1S221
1ST67S 1
D15252 69 g | 53 B and D1S498.
D15534 a1 37 | 55 31
D152344 64 B4 | 68 B4
D15458 41 41 | 55 71
D15305 23 23 | 43 33
D151505 4 44 | 64 24
O— Q —0 -—‘ ﬁ [m] u
e -2 -3 m-4 | NS [T I 11 A | T S - | T | T 1z
GATATZCOR 3 3 3 232 22, | 21 :Jz z1 22 21 [ 32
DIS1631 71 2 27 i 47 1+ T 71 71 i 67
015221 13 ] 32 4[5 41 {1 z3 21 23 3 12y
D151675 43 1 11 |.1| 12 i]: 13 13 13 |E] zfi
D15257 45 7 79 78 67 K] 95 83 85 5 7 |6
015534 54 8 81 h,aJl 190 35 15 15 15 5 -
0152344 45 6 64 6 B 55 BE 46 46 46 [ 48
3 5 8 61 64| 75 45 15 15, 15 5 57
42 2 33 1!.'QJ. 24 2i3 34 34 34 L] 53
14 1 34 &;A_] 54 4 46 48 46 6 az
‘ ] l | | ® O
-1 (TR K ] M4 N5 ME NT MBIV
cATAT24C08 [l 3 [ E! [ ES 32 24 1 32, 32 3
D1§1631 81 81 |81 Bs [E~ B 7 1 11 1)
D15221 53 B3 (83, 4 |81 5 1 4 41 4
DIS1675 13 EN 12" [z fif=2 2 23 2|
D15252 6 5 R 6 4 7 &7 & 7 4 43 4
015534 3 4 34 [s 9 @2 [Ho & 65 6|
D152344 @5 B5 |64 5 |85 @5 5 s 5,
D15458 45 45 |43 45 s 5 3 38 35
D15305 22 2 2 2 4 a4 24 %4 5 53 53
0151595 44 42 |4 4+ n 44 il a4 34
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drawn and DNA isolated by standard methods. A genomean evolutionarily highly conserved valine with leucine at amino

wide search with nearly 400 microsatellite markers (Genethoacid position 79 (V79L) in the-helical transmembrane do-

linkage map) [26] was performed on the DNA samples of almain 2 (M2) of Cx50.

23 ophthalmologically examined individuals following meth-

ods and conditions described elsewhere [23]. Autosomal domi- DISCUSSION

nant inheritance with a disease gene frequency of 0.0001 wad%e present study describes the identification of a novel V79L

assumed. A reduced penetrance of 98% and a phenocopy ratdstitution in Cx50 segregating solely in 15 affected mem-

of 0.5% were considered. Recombination frequencies wetgers of a three generation family, having “full moon”-like cata-

considered equal between males and females. Two point aratt with Y-sutural opacities. The observed V79L substitution

multipoint linkage analyses were carried out with the LINK-lies within the second transmembrane domain (M2) of Cx50

AGE program package [27] and GeneHunter [28], respectively-
Mutation analysis:Primer sequences used to amplify the

exonic region of5JA8(GenBank U34802 and P48165) were l

from Shiels et al. [29]. Genomic DNA from two affected and

one unaffected individuals were amplified in aBeaction == C =

volume following conditions described elsewhere [23]. PCF Affected F strand

products were purified and sequenced bidirectionally follow:

ing conditions as detailed elsewhere [30]. Sequencing resul

were assembled and analyzed using the SeqMan Il progre

N N \
of the Lasergene package (DNA STAR Inc., Madison, WI). / & AA b Lj

e —thooi e -
AT TCGCCTCTGGGTGCTGTCAG

. . RESULTS . Unaffected F strand
Linkage analysis:In a genome-wide scan using nearly 400

microsatellite markers, we obtained a positive two point lod _
score of 2.91 #=0.000 with marker D1S221. Further analy- Figuré 3. DNA sequence of a part@JA8in an affected and unaf-
sis with more markers in this region on chromosome 1 gavf cted individual. Electropherogram showing a part of the sequence

ianificant itive lod indicati f link A . of GJA8in an affected and an unaffected family member (forward
significant positive lod SCores, Indicative ot finkage. max"strand; individuals II-2 and 11-3, respectively). A heterozygous change

mum two point lod score of 5.45 6£0.000 was obtained - G>¢ at the first base of codon 79 (GTG-C/GTG) resulting in substi-
with marker D1S534. Multipoint analysis carried out with tytion of valine 79 by leucine (V79L) in the affected individual's

analyzed markers from this region also supported the linkaggquence is indicated by an arrow.
with the same maximum lod score of 5.45 at D1S534 (data
not shown).

Haplotype analysisHaplotypes were constructed for the A 71 481 91
markers analyzed on chromosome 1 (Figure 2). Recombinfome sapiens 65 CYDERFPISHIRLWVLQIIEVSTPSLMY
. . . L. Pan troglodytes 65 CYDEAFPISHIRLWVLQIIFVSTPSLMY
tion events were detected in four affected individuals (-4 y.caca mulatta 65 CYDEAFPISHIRLWVIQIIFVSTPSLMY
-12, IV-7, and 1V-9). Individuals IlI-4 and V-7 showed & Rrattus norvegicus 65 CYDEAFPISHIRLWVLQIIFVSTPSLMY
recombination event at the most proximal markerMus musculus 65 CYDEAFPISHIRLWVLQIIFVSTPSLMY
GATA124C08. Individual 111-12 was recombinant at markers©anis familiaris 65 CYDEAFPISHIRLWVLQIIFVSTPSLVY

,,0 A 0

CTGGNTGC TGCAG

proximal to D1S1675 as well distal to D1S2344, the latte oy, 2 s = 00 e rvernetve
recombination probably inherited from his mother (11-6). INn-panio rzﬂo 65 CYDTFAPVSHLRFWVFQIVLVSTPSIFY
dividual 1V-9 was also found to be recombinant at marker:

distal to D1S2344. Cosegregation was observed in all affecte 71 181 91

individuals for markers D1S1675 to D1S2344. The catara(GJA8 65 CYDEAFPISHIRLWVLQIIFVSTPSLMY
locus was thus mapped to the 14.1 cM region between D1S2 623 65 CYDRAFPISHIRFWALQIIFVSTPTLIY

. . JA5 65 CYDQAFPISHIRYWVLQIIFVSTPSLVY
and D1S498, which corresponds to a region on chromoson .., ¢ CYDDAFPISLIRFWVLQIIFVSSPSIVY

1g21.1. @GJA10 65 CYDQAFPISLIRYWVLQVIFVSSPSLVY
Mutation screening:Sequencing of the complete coding éJa1 65 CYDKSFPISHVRFWVLQIIFVSVETLLY

region of GJA8in two affected (II-2 and IV-7) and one unaf- €724 €5 CYDQAFPISHIRYWVLQFLEVSTPTLVY

fected individuals (111-3) showed a heterozygous change G>(727 64 CYDAFAPLSHVREWVEQIILVATPSVMY
GJAYS 66 CYDRAFPISHIRYWVFQIIMVCTPSLCF

(Figure 3) at position 235 (¢.235G>C) from the transcriptiorgsa1, 67 cYDAFAPLSHVREWVFQIVVISTPSVMY
start site in patients. This was the only change seen in all the
15 aff individuals of this family. The alteration was nei-
5 affected individuals of this family. The alteration was ne Figure 4. A multiple alignment of amino acid sequences of Cx50 in

ther seen in any unaffected family member nor in 180 UNresc ont species and in different humartype gap junction pro-

lated control subjects (360 chromosomes) from the SaMgBins. Alignment data indicate that valine at position 79 is highly

Northern Indian population, tested by bidirectional sequencgynserved in different species)(and in differentr-type gap junc-
analysis (data not shown). This nucleotide substitution replacgn proteins in humansj.
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and represents a conservative amino acid change as both gpecies (Figure 4A) and also in different hunsatype gap

line and leucine belong to the same group of uncharged nojunctional proteins (Figure 4B). The V79L mutation may in-
polar amino acids with an aliphatic functional group undeifluence the correct transport of proteins into the plasma mem-
physiological conditions. Valine-79 is well conserved in thebrane. Polyakov et al. [31] have also reported a conservative
second transmembrane domain of connexin 50 in differerthange lle247Met in Cx50 in a Russian family with zonular

TasLE 1.

Ami no
acid
change

VA44E

E48K

V79L

P88S

R198Q

1 247M

Locati on/
GJIA8 donmi n
Cytopl asmi ¢
N-t er m nal

First
t ransnenbr ane
domai n (ML)

First
extracel lul ar
| oop (E1)

Second
t ransnenbr ane
domai n (M2)

Second
t ransnenbr ane
domai n (M2)

Second
extracel | ul ar
| oop (E2)

Cytopl asmic
C-term nus

Cat ar act
type
Congeni t al

nucl ear

Congeni t al
cat ar act
and

nm crocor nea

Zonul ar
nucl ear
pul ver ul ent

Ful I noon
like with
Y-sutura
opacities

Zonul ar
pul ver ul ent

Cat ar act
and
m crocor nea

Zonul ar
pul ver ul ent

Oigin of

Phenot ype descri ption
Progressive, dense
nucl ear (fetal/
enbryonal )

Fam |y

I rani an

Total |ens opacification I ndi an

Non- progressi ve, fine Paki st an
dust-li ke opacities

dense t hroughout the
nucl eus. Several cortica
riders in the zonul ar

region.

nore

Stationary cataract both I ndi an
Y-sutures affected. No

opacities in enbryona

nucl eus, fine granular

white opacity outside the
enbryonal nucleus in the

fetal nuclear region.

Non- pr ogr essi ve,

i nnuner abl e powdery
opacities located in the
nucl ear and | anel | ar
zones. Affects both the
enbryoni ¢ and feta

nucl eus: “total nuclear
cataract.”

Engli sh

Post eri or subcapsul ar I ndi an

Progressive, non Russi an
honpgeneous opacity

consi sting of opaque
particles of different
sizes, nost of these very
smal |, distributed
unequal ly in a disc of 5
mmin dianeter in the
center of the lens. Also
a slightly cloudy

i nhonbgeneous area of 2
mm at posterior pole.

Mutation spectrum of Connexin 50 and cataract phenotypes in different congenital cataract families.
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pulverulent cataract (Table 1). The mutation V79L identified  Interocular phenotypic variability. Ophthalmology 1994;

by us lies very close to a previously reported mutation P88S, 101:866-71.

which is associated with autosomal dominant zonular pulveruZ- Vanita. Genetical investigations in congenital cataract cases. 1998;
; ; ; ; Ph.D thesis, Guru Nanak Dev University, Amritsar, India.

lent cataract in an English family (Table 1). Proline at codon ' : . ' ’

88 has a function in voltage gating of gap junctions in CX26”>.Amaya L, Taylor D, Russell-Eggitt I, Nischal KK, Lengyel D. The

. . . . morphology and natural history of childhood cataracts. Surv
[32]. The P88S mutant connexin abolishes gap junction chan- Ophthalmol 2003; 48:125-44.

nel function and acts in a dominant negative manner [33]. 4 vanita, Singh JR, Singh D. Genetic and segregation analysis of
Mutations in Cx46 and Cx50 have been found in associa-  congenital cataract in the Indian population. Clin Genet 1999;

tion with congenital cataracts in man and mice. In man previ-  56:389-93.

ously at least six mutations have been reported in G384 5. Zhang Q, Guo X, Xiao X, Yi J, Jia X, Hejtmancik JF. Clinical

in six different families (Table 1). Four of these families have  description and genome wide linkage study of Y-sutural cata-

been reported to have either a zonular or zonular pulverulent act and myopia in a Chinese family. Mol Vis 2004; 10:890-

f;t:grnzcaE;\SgFi;te(r?T;gﬂorltigzigoé.x%ngg”zi i;lqefls_tqqlg,eorpu 6. Kelsell DP, Dunlop J, Stevens HP, Lench NJ, Liang JN, Parry G,

hich iated with | | | Mueller RF, Leigh IM. Connexin 26 mutations in hereditary
which seven were associated with nuclear or zonular pulveru- non-syndromic sensorineural deafness. Nature 1997; 387:80-3.

lent cataract. Zonular pulverulent cataract, also known ag gergoffen J, Scherer SS, Wang S, Scott MO, Bone LJ, Paul DL,
Coppock cataract, was first described by Neetleship and chen K, Lensch MW, Chance PF, Fischbeck KH. Connexin

Ogilvie [34] as pulverulent disc-like opacity involving the mutations in X-linked Charcot-Marie-Tooth disease. Science
embryonal and fetal nucleus with many tiny white dots in the ~ 1993; 262:2039-42.

lamellar portion of the lens. It has also been referred to & Richard G, White TW, Smith LE, Bailey RA, Compton JG, Paul

“total nuclear” cataract [35]. It is larger, 4 mm in diameter, ~ DL, Bale SJ. Functional defects of Cx26 resulting from a het-

and differs from the Coppock-like cataract. The Coppock-like erozygous missense mutation in a family with dominant deaf-

cataract is limited to the embryonic nucleus, is 2 mm in diam- Tou;fggg_%nd palmoplantar keratoderma. Hum Genet 1998;

eter [36], and has been reported to be caused by mUtation,SQi.r\Nhite TW, Bruzzone R, Wolfram S, Paul DL, Goodenough DA.
vC- andpB2-crystallin genes [37,38]. The phenotype seen in  sejective interactions among the multiple connexin proteins
our Indian family differs from the previously reported pheno- expressed in the vertebrate lens: the second extracellular do-
types associated witBJA8 as the Y-sutural opacities were main is a determinant of compatibility between connexins. J
present in all of the unoperated affected individuals. Upon  Cell Biol 1994; 125:879-92.
optical section no opacity was seen in the embryonal nucledd. White TW, Srinivas M, Ripps H, Trovato-Salinaro A, Condorelli
and very fine opacities were observed in the fetal nucleus only. PF; Bruzzone R. Virtual cloning, functional expression, and
So far, at least seven congenital cataract families have 92ting analysis of human connexin31.9. Am J Physiol Cell
been linked withGJA8but significant inter-familial pheno- 1 NFI)hy.S'o' 2002; 283:C960-70. .

- - . . Musil LS, Beyer EC, Goodenough DA. Expression of the gap
typic V,a”ab'“ty haslbeen observed in 'these ca;e; (Table f) junction protein connexin43 in embryonic chick lens: molecu-
Thus, it seems that in cataract, one major gene is involved but |ar ¢loning, ultrastructural localization, and post-translational
variants in other genes, involved in lens development, growth,  phosphorylation. J Membr Biol 1990; 116:163-75.
and maintenance, might cause phenotypic variability. 12. Paul DL, Ebihara L, Takemoto LJ, Swenson Kl, Goodenough

In summary, we describe a novel heterozygous V79L mu-  DA. Connexin46, a novel lens gap junction protein, induces
tation in Cx50 in an autosomal dominant congenital cataract Voltage-gated currents in nonjunctional plasma membrane of
family of Indian origin. As the phenotype observed in this fam-  Xenopus oocytes. J Cell Biol 1991; 115:1077-89.
ily showed marked variability from the previously reportedl3- White TW, Bruzzone R, Goodenough DA, Paul DL. Mouse Cx50,
phenotypes linked witlGJAS the present findings further a functional member of the connexin family of gap junction

. . . . proteins, is the lens fiber protein MP70. Mol Biol Cell 1992;
expand the genotypic-phenotypic heterogeneity of congenital  3.717.5g

cataract. 14. Simon AM, Goodenough DA. Diverse functions of vertebrate
gap junctions. Trends Cell Biol 1998; 8:477-83.
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