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ABSTRACT

Aims: To determine the disease locus involved in autosoesassive Leber’'s Congenital Amaurosis.

Setting: Biomedical and Genetic Engineering Division, KR&lamabad.

Patients and Methods:Five generations of a Pakistani consanguineoudlyfesuffering from congenital blindness
(Leber's Congenital Amaurosis) was studied. Geno®DMA was amplified across the polymorphic micro efliie
markers. Polymerase chain reaction (PCR) produets weparated by non-denaturing polyacrylamidesigetrophoresis.
Alleles were assigned to individuals. LOD scoregkdtions were done using the Cryllic and MLINK tsgdre program.
Results: Molecular studies were done in 29 individuals led family of whom 11 were blind and 18 were norn@.
eleven blind individuals six were males and fivmédes. Linkage analysis for known loci of autosonegkessive LCA loci
was carried out. Two point LOD score analysis WitBA 4 locus (17p13.1) resulted in maximum lod sc@emax) of
4.75 for marker D17S796 gt0.

Conclusions:Significant linkage was found with LCA4 locus (1301).

Key words: LCA4 locus, 17p13.1, Leber's Congenital AmaispRakistan.

INTRODUCTION peripheratetina. In the absence of fundic abnormalities in
early infancy, LCA can be differentiated from other

L eber congenital amaurosis (LCA) is the most sevefétinal dystrophieby electroretinographic (ERG) testing.
form of all inherited retinal dystrophies, The ERG recordings irL.CA patients are markedly

characterized bylindness or severe visual impairmentttenuated or absent. Additional systerdisorders, of
from birth. It accountsfor at least 5% of all retinal Which psychomotor retardation is the most frequieae
dystrophies and is one of thain causes of blindness in been reported in association with LEA

childrert®. Clinically, patients affected with LCA present LCA is generallyinherited as an autosomal
in infancy with pendular nystagmus, unusual rovayg recessive disorder; though some autosomhainant
movementsand absent ocular pursuit upon ophthalmidamilies have been descriféd Since 1996, sigenes
examination. LCA patientsiay habitually rub their eyes involved in LCA have been identified, that isryl
with the fist or fingers pcculodigital reflex) and have a hydrocarborreceptor-interacting protein-like fAIPL1)%,
higher incidence of keratoconusan in the normal Crumbs homologl (CRBJ™, cone-rod homeobox
population. In early infancy, the optic disusd fundus are (CRX", guanylatecyclase 2D(GUCY2D RETGC)",
normal on fundoscopy. However, progressiv&PE653, and retinitis pigmentosa GTPase regulator-
abnormalities in the fundusppear with time, including interacting protein 1(RPGRIP)™. In addition, linkage
attenuation of the retinal vasculatuestic nerve pallor, Studies have revealed LCA loci d#q24 (LCA3J® and
bone corpuscular pigmentation, atrophy thé retinal 6911-q16 (LCAS)’.

pigment epithelium (RPE) and occasionally irregular LCA is not a curable disorder. Research, at
yellow pigmentation within the peripheral and mid-molecular level is in progress. Genes responsibfehis
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Figure 1: Pedigree of a consanguineous Pakistarrhily suffering from autosomal recessive Leber’s amenital amaurosis (LCA), 3CBL.
* Circles: women; Squares: Men; Filled symbols:e&tied individuals; Open symbols: Unaffected indieit$; Double line: Consanguinity.

disorder have been reported from different popoifesti Twenty nine individuals of the kindred (11
Pakistani population has a high percentage dfffected and 18 normal) were studied using mol&cula
consanguineous marriages; therefore it is expetiatl studies. Of thell blind individuals six were makeyd
recessive form of this disorder shall appear. Tine & five females. Ophthalmological examination of the
the present study was to search for any new lomuthfs unaffected parents revealed no evidence of retinal
disorder and see how consanguinity influences i ttdegeneration. All the affected members of the farhdd

appearance of this disorder. congenital blindness.
Two affected members (IV-15 and V-9) of the
PATIENTS AND METHODS kindred were clinically examined. Their ages wete 1

years and 10 years respectively, both had abseiltgyy
light reflexes and peripheral corneal opacitiesndus

.A large Pak!stani kindred sufferir_1g from I.'eber%howed diffused patches of peripheral chorioretinal
congenital amaurosis belonging to Punjab provines w,

studied. (Figure 1). The kindred spans on five gatitns atrophy and granularity. Maculopathy was observed i

: hoth patients. Optic disc pallor and attenuationtho#
and was designated as 3CBL. The surname of thdyfamy,.. - ;
was Abbasi and it had 77 individuals out of whi¢hvéere "etinal arterioles, nystagmus, roving eye movements

: i - ) strabismus was also observed. Cortical cataragesta
live and fifteen were dead at the time of study.ti@f live o

. i ) and Il was present in both affected individuals.eifh
members, thirteen were suffering from the diseasé - \vas non-recordable.
these included six females and seven males. Thidréd Peripheral blood samples were collected from
has _strict social_custom;, the family members yamerry normal and affected individuals with the informed
outside _the fa_mlly. Pgdlgree O.f 3CBL was CQHSIN‘J!G]G consent of the kindred and used for genetic armlysi
the basis of information obtained from family me"ﬁbeGenomic DNA was extracted from transformed
and showed autosomal recessive mode of inheritan phocytes using a modified organic extraction
Pedigree was constructed using the software pagck 8thod”.
Cyrillic version 2.1 (Cherwell Scientific Publiskgn
Ltd,Oxford, UK).
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Figure 2: Part of pedigree 3CBL (Figure 1) showindiomozygosity of the disease haplotype in affectéudividuals.
* Shaded bars denote the disease haplotype, asd lime represent the cross overs. Haplotypd#-8fand V-2 are assumed from their progeny.

Microsatellite analysis flanking markers of this region were typed for thkole
Alleles for the autosomal recessive Leber'damily. The microsatellite markers D17S1298, D17§93
congenital amaurosis (arLCA), autosomal recessiM@17S796, and D17S1303 were typed for confirmatibn o
macular degeneration (arMD), autosomal recessivk alinkage at LCA4 locus. Alleles were assigned to the
dominant cone rod dystrophy and recessive, domiaaet individuals and their haplotypes are shown in tig 2=
denovo Leber's congenital amaurosis linkedi'wo point LOD score analysis resulted in maximumiLO
microsatellite markers were amplified from genomicscore (Z max) of 4.75 for marker D17S796 at
DNA samples of all 3CBL and 4CBL family membersrecombination fraction 0 (Table-1). The flanking rkex
using primers for these markers. D17S938 proximal to D17S796 and spaced at OcM gave
Polymerase chain reaction (PCR) was performeldOD score 2.32 at recombination fraction 0. Another
in a 10d reaction with 40ngf of genomic DNA, marker D17S1298 proximal to D17S796 and spaced at
according to the standard proto]é’olThe amplified 3.87 cM yielded LOD score of 0.29 at recombination
products were separated by electrophoresis on 10%action 0.2. Marker D17S1303 distal to marker D196
polyacrylamide gels and stained with ethidium bdeni  and spaced at 8.87 cM resulted in a negative LQidesc
of -¥ at recombination fraction 0 and it was -3.52 at
Linkage Analysis recombination fraction 0.01.The highest negative lo
Alleles were assigned to the individuals, andcore for this marker was -0.03 at recombinati@ctfon
genotypic data were used to calculate the LOD score).4. Two point LOD score and genetic distances betw
Two point linkage analysis was performed between thmarkers is listed in Table-1.
diseasggene and each marker using the MLINK program All affected individuals were homozygous for
(version 5.1) othe LINKAGE package to calculate LOD marker D17S796 (IV-7, IV-8, IV-9, V-1, V-2, V-5, V;
score. The disease was coded as a fully penetrap®, v-10, and V12) except one individual (V-11)h&
autosomalrecessive trait with a gene frequency obffected individuals hetrozygous for marker D17S8.29
0.00001 for the affecteallele. The number of alleles for agnd D1751303 were V-7, V-8, IV-9, V-7, and V-12.
each marker was set as the number observed in thRe affected individuals hertozygous for marker
pedigreé®. D17S1303 were V-2, V-5, V-9 and V-10. There wasyonl
one affected individual (V-1) who was homozygous fo
RESULTS all the four markers (D17S1298, D17S938, D17S786, a
D17S1303). In all blind individuals the haplotypegion
In these kindred, all the known loci werebetween markers D17S938 and D17S796 was
excluded except LCA4 locus (17p13.1). Co-segregatidhomozygous, except V-11 who was hetrozygous for
of the disease region with markers D17S938 anmharker D17S796. Other markers while seafirg
D17S796 was found. In order to confirm the linkage,
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Table 1: Two point lod scores and the genetic destces between the microsatellite markers analyséa this family.

Marker Marshfield LOD scores aty
Map position
0.0 0.01 0.05 0.1 0.2 0.3 0.4 Zmax g max
D1751298 10.72 ¥ -0.69 -0.02 0.21 0.29 0.19 0.06 0.29 0.2
D175938 14.69 2.32 2.27 2.07 1.79 121 0.62 0.15 32 2. 0.0
D17S796 14.69 4.75 4.63 4.13 3.48 2.18 1.04 0.25 75 4. 0.0
D17S1303 23.56 ¥ -3.52 -1.52 -0.78 -0.25 -0.08 -0.03 0.03 0.4

(D1751298 and D17S1303) appear both homozygous aB@BL, showing the exclusion of the region of RetGC-
heterozygous. In the affected members V-7, IVA8:9,  and possible involvement of AIPL1 gene.

V-7 and V-12 recombination at markers between Several mutations in the LCA 4 and adCORD
D17S1298 and D17S938, and between D17S796 andses have been reported in different exons oAtR&1
D17S1303 was observed. Affected members V-2, V-5, \yené®?2 They also suggested that of these Trp278x
9, V-10, and V-11, showed recombination betweemutation appears to be very common and has been
markers D17S796 and D17S 1303. Occurrence oéported in several families from different ethnic
recombination at markers D17S1298 and D17S938; ambdckgrounds around the world, including six fansilief
between D17S796 and D17S1303 isolate the critic®akistani origin. The presence of a novel Thr39 Asn
region of marker D17S796 that in all affected merabe mutation in this gene in yet another Pakistani fami

remained homozygous (except V-11). suggests a high rate of AIPL1 gene mutations irisPaaki
families®. Many LCA families of Pakistani origin
DISCUSSION mapped on 17p have been shown to have AIPL1 gene

mutations. The interesting observation is that nohthe

Present study revealed the presence of diseakdn " linked Pakistani families that had been repored s
locus at LCA 4 region (17P13.1). Two point linkagdar P;ad disease associated mutations in the GUCY2D
analysis showed the maximum LOD score (Z max) cgené. It is suggestgd that AIPL1 is thg candidate gene,
4.75 with microsatellite marker D17S796ca¢ 0 in this Which is involved in the pathogenesis of autosomal
kindred. recessive leber congenital amaurosis.

Sohockiet al® reported the presence of LCA
locus on 17p13.1. In one Pakistani family they neghp REFERENCES
the LCA locus to 17pl13.1, between D17S849 and o
D17S960, a region that excludes GUCY2D. The LCA if- Schappert-Kimmijser J, Henkes HE, van den Bosch J.
this family was designated as LCA4. They described ~ ~Maurosis congenita (Leberirch Ophthalmol1959; 61:

new photoreceptor/pineal-expressed gene, AP 211-8. . '
’ Kaplan J, Bonneau D, Frézal J, Munnich A, Dufier JL

(encoding aryljhydrocarbon interacting p.rotein-lilif), Clinical and genetic heterogeneity in retinitis rpgntosa.
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protein contains three tetratricopeptide (TPR) fapti 3. Perrault |, Rozet JM, Gerber S, Ghazi I, Leowski C,
consistent with nuclear transport or chaperoneviagti Ducrog D, et al.. Leber congenital amaurosiel. Genet.
They described that a homozygous nonsense mutation  Metab.1999; 68: 200-8. _ _
codon 278 is present in all affected members oL.tba4 4. Moore AT, Taylor DS. A syndrome of congenital refin
family and suggested that AIPL1 mutations may cause gysjrgpfr?tfharl‘d Sﬁggjdgspﬂszﬁ'agi”bset of Leber siasia.

) . ST r phthalmo ; 68: =31.
approximately 20% of recessive LCA. This is in ;
agreement with the present study where a maximum LO™ Lambert SR, Kriss A, Taylor D, Coffey R, Pembrey M.

. . . ) Follow-up and diagnostic reappraisal of 75 patiemith
score (Z max) of 4.75 was obtained with microsaéell Leber's congenital amaurosism J Ophthalmo1989; 107:

marker D17S796 a = 0 in this kindred. 624-31.
Sohocki et al?* analyzed that microsatellite 6. Heckenlively JR. 1988Retinitis pigmentosaPhiladelphia:

markers D17S796 and D17S1881 are tightly linked JB Lippincott; 1988.
flanking markers of AIPL1 gene. In contrast,7- Sohocki MM, Sullivan LS, Mintz-Hittner HA, Birch D,
microsatellite markers D17S960 and D17S1353 are Heckenlively JR, Freund CL, et al. A range of dali
flanking markers of RetGC-1 gene. As in presentigtu ~ Phenotypes associated with mutations @RX a
maximum LOD score (Z max) of 4.75 was obtained with photoreceptor transcription-factor gemfen J Hum Genet

. . ) . . 1998;63: 1307-15.
microsatellite marker D17S796 gt= 0 in the family
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