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Abstract

Purpose To reporta newphenotypeawith addiional dataon theoculodental syndrome abnerod
dystrophy(CRD) andamelogenesis imperfecfal) caused bynutations orCNNM4, a metal transporter,
with linkage at achromatopsia locus 2q3alili syndrome).

Methods Threesiblings aged, 6 and D yearsfrom asix-generation Arab family in Gaza Citnderwent
full systemic, ophthalmiand dentaéxaminationsinvestigationanddetailed genealogy

Results Subjectpresentedteearly childhoodwith visual impairment and abnormal dentitimgether wih
photophobiaandfine nystagmus increasy underphotopic conditionsgn the presence aformalfundi.
Electrophysiologicallyphotopicflicker responsesvereimpaired;scotopicresponsesvereextinguishedat
the age of 10 yearénterior open bite accopanied amelogenesis imperfecta in all siblifigse syndrome
formed 83% ofCRD cases ithe Gaza Stripwhich has a prevalence of 1:10 000

Conclusion Based ortlinical featuresand electrophysiologywo phendypesexist an infancyonset form
with pragressivemacular lesiorand arearly childhood onsdbrm with normal fundiMore prevalent than
previously thoughtJalili syndromepresents modelof the effect ofdifferent mutation®f the same genetic
defect observation®f the same phenotype atfdifentstages of the natural history of the diseaselthe
influence ofepigenetic antissue specififactorsas causesf phenotypicvariability. The paperalls for
actionto tackle consanguinity iendogamousommunitiesaddresssthe possible roleof high fluoride
levels ingroundwatems atriggerfor genetic mutatiog) and the use of retinted filter in cone orders

Introduction

Coneroddystroplies(CRD) arepart of a wide spectrum of progresspletoreceptodisordes becoming
knowncollectively as retinal ciliopathi€€ Photoreceptodystrophiesare categorised on thasis of the
photoreceptor cells primarily involved in the disease procedsmsted by electrophysiolggWithin this
spectrum, thremain groupsre recognised; cosred, rodcone and mixed receptors dystrophiaghe former
(CRD), cones ar¢he cellspredominately involved in the disease process, at least inftfafigd-cone
dystrophiegRCD) form the other end of this spectrum wheredys are the primarilgiffectedcells the term
retinitis pigmentoséRP)is nowcommonlyreservedor this latter groug”’ In betweerlie rarerandmore
complexclinical entities mixed receptors dystrophigs,whichboth photoreceptdypes areseverely
compromisedrom onsetThe commones#ntityin the latter $ Leber congenital amauro$isCA) in which
night blindnessas initially described by Lebds,an important featurg> More recently less recognised
conditions with photophobifiom different genetic mutatiorfsave beg included under #atermLCA,*
althoughthe termcongenital amaurosis of the coarmel (CACR wassuggesteds an alternativior this
subgroupo identify them as separate cliniestities™ Retinal ciliopathiescanoccur agsolated retinal
conditiors or in combination with other ciliopathieghich encompassctodermal, cerebrorenal and metabolic
disordersand arecaused by wide array of genetic mutatiohs"

Hereditary anelogenesis imperfectaa fairly commorgroup ofgeneraliseénamebisaders inheritedas
autosomal dominant, autosomal receseié-linked traits, affecting both primary and secondary dentition.
can manifst in isolation or as part siyndromatic disorder Dependhg on the timing of the disturbane¢
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embryonic develpmenttwo main types exisg hypoplatic and a hypomineralise@ihe hypoplastictype
results fromdisturbanceatthe secretory stage of matrix formation leadinddficientmatrix and thin
hypoplastic enameHypomineralisedhl is the outcomef impairment at the maturation stage of enamel
formation Both typescanoverlapand there isio agreed method of classificatiorl is diagnosed on the
basis of thestructural and morphologit abnormalities in the enam&enetic aterior open bite (AOB)aform
of mabcclusion is skeletal in origirandhas been reported both typesof Al.***! Dental anomaliebavealso
beendescribed in association wittther eye conditions including retinitis pigement(RR)*
oculodentodigital dysplasia withicrophtralmia®iris coloboma®* myopia® and other abnormalities of the
ocular adnexd®

Therecessive oculdental syndrome afonerod dystrophyandamelogenesis imperfedf@MIM 217080
wasidentifiedby the authoduring blindschools survey between B38987in 34 patients from three families
from the Gaza Strip (GSyhecondition in29 patient§Gaza A)from anextended family waseportedirst.*’
Clinical features of the second family (Gaza B), which exhibited a different pheroigy@e additional
singleton have not been published previousilitkage at the achrabpsia locus on chromosome 2q11
with the causative gene residing in the same chromosomal r@gjpwas establisheflRecentlythe
syndrome has been reporiadseveral other ethoally diversefamiliesin different world regions with
differentmutationson CNNM4, a metal transporter gerendthe nameJalili syndrome proposeihis
finding establiskesa connection between tooth biomineralisation and retinal function and thefrolesab
transport irtheseprocesse&™™ *

M ethods

Threesiblings two femalesaged 5 and &nd a maleaged 1Q/earsfrom a $x generations Arab famillving in
Gaza City(Gaza BFigurel: VI:1, VI:5, VI:6) first presented to the authas part ofL8 sibships who shared
anoculo-dental associatiofpupils atUNRWA School for the Blind, Gaza Cityn the course ad blind
schoolssurveybetween 1988987 (http://jalili.co/covil) Full ophthalnic, systemic andehtal examinations
together with psychophysicahd electrophysiological testgereperformed The latter included fulfield
electroretinography (ERG), electooulography (EOG) and visual evoked potentials (VEPhe eldest,
kinetics perimetry sing Gldman's field analysemdfluorescén angiography{FFA) were alsaindertaken

The full methodologyandelectroretinographgrotocolaredescribed elsewher **Comprehensivéamily
interviewsdelineating all family relationships, reliant upon the sgroral tradition of family genealogy held
by family members and the eldevgere carried out testablish relatednessd identify genetic families.
Additionally the siblings were tested for functional and symptomatic improvementesitimted glasses
alsotheir educational abilities using school marks eside parametavere assesseéd comparison to other
blind schools childrenBlood samples for molecular studies wikenfrom all family membersThe findings
were comparedith 30 patients (17igships)from two other Gaza familiasith the syndromevith additional
unpublished dat@®revalence given was basedwerl9years old population @&22 000, 562 300 and 884
400 populations in the &aStrip, the WestBankandboth Palestiniarregionscombinedrespectivelyat the
time ofthe survey

Results

Demography and consanguinity
Parentsfigurel: V:9, V:10) were second cousins living in Gaza City. Grandfather I:1 came from Egypt to
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Barbara village (population 2,410, entirely Arab, id3Q17 km northeast of Gaza City, currently Mavki'im
near Ashkelonmarrying a local Palestinian (l:Z5upplementaryrigure S}
(http:/fen.wikipedia.org/wiki/Barbara, _Gazaccessed Dec 2009). Pedigree chart analysis of this family
suggestshte genetic mutation occurred either in the first generdfiiguie1: I:1 /1:2) or in the secondr{gure

1: 11:3 / 1I:4). The extended Gaza B familyas highly inbred with other reported genetic conditions including
individual cases of mental subnormality, ptosis and buphthalmos being said t&igxist 1: 1V:8,

IV:12,V:4).
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Figure 1. Family tree of Gaza B sibship with canad dystrophy and amelogenesis imperfecta type B (Jalili
syndrome phenotype B)

Ophthalmicfindings

Theeldest two siblingpresenteavith visualdifficulties between % years of age arttieyoungest with the
dental anomaly at the age of 3 ye@rable 1) Corrected isual acuitiesndoorwith Snellen chanvere 2/60,
5/60 and 6/6@n the 5, 6 andQyears old siblings respectivelgnly fractiondly better than unaided acuity
Thiswas consistent over 18 months follow up periodafhcuitywas N8 in the youngesiblingand N12 in
theeldest All affectedsiblingshad 24 dioptres of hypenetropia Visual acuitiesaried with the levelof
illumination being more compromised undmrtdoor bright daylightillumination. Photophobia was marked
causing habitual orbicularis spasm. All siblings demigtit blindnessvhich was confirmed by obséing their
navigational abilities in dim light.
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Table 1 Comparison of clinical features between the two phenotypic types ofrodndystrophy and amelogene
imperfecta (Jalili Syndrome)

Type A (Gaza A and Singleton C)

Type B (Gaza B)

Mutations
Numbers

Onset
Presentation

Nystagmus
Refraction

Macula

Fundus
Optic disc
Teeth

ERG

EOG ratios

termination mutation (c.599>A; Ser200yr)

31 cases (18 sibships, 2 families)
aged 3 months to 50 years (M 17, F 14)
since hirth / early infancy

phobphobia in 19/29

nystagmus in 6/29

visual impairment in 1/29

variable, fine pendular to wondering/jerky

average +3.00; singleton C +5.00 dioptbres
bull 6s eye, choroid
atrophic macular degeneration

peripheral pigmentary clumping in late teer

gradual progression to optic gty

Al, AOB in 2/30

posterior open bite in 1/30

flicker: extinguished

b wave: good, declines from the early 20s
variable, deteriorate with age:

13 yrs old, 275%; 18 yrs 150%; 19 yrs 120

missense mutatioft.1813C>T; Arg605X)
3 siblings (1sibship)

male 5yrs, females 6 and 10 yrs

early childhood 3 to 6 yrs of age

visual impairment in 2/3
teeth discolouration in 1/3

fine pendular
+2.00 to +4.00 (average +2.50)

normal

a few RPE changes in one case
unremarkable
Al with anterior open bite (AOB) in all

flicker; severely impaired

b wave: impaired, extinguished by 10 yfage
grossly impaired from an early age
50%-100%

a. . . .D . .
includes one female declined examinatiospherical equivalent

Fine nystagmusvasdetected in théwo eldestsiblings increasing iamplitudeunderbright outdoor
illumination. In the youngesnystagmus was latemhanifestednly underbright conditions.The eldeshad
slight latent deviatioffior both near and distaneéth diplopiaexperiencedbeforeremverytogether with a

tendency to deviate axlevation None of the patients HauppressionColour vision was absent in all cases.

Anterior segmenta/ere normahs verepupillary reactons.
Fundiappeared normal with minor retinal epithelial defettheperiphery in the eldest camfied by
fluorescein angiogghy (Figure2b). A few vitreous cells were present in all siblinBgsripheral fieldsvith
Goldman perimetryvere full in the eldesthe youngest tweisters had nperipherakontractiorby the
confrontationmethod

Dental Findings

Amelogenesis imperfecta (Al) was associated with AOB and small premaxilla in all the three siblings. Various
degrees of decay were present and the eldest brother had a significant degree of calculus fogueg®on. Fi

2m-o depict the natural history of dental changes in Jalili syndféme.

General aspects

Siblings were otherwise healthy with no other associated medical conditions. They were educationally normal

and scored above average in their school marks. dlhbgnefited from plain glass rdited filter with

significant increase in comfort, improvement of photophobia and enhanced contrast sensitivity. The latter had
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an appreciable impact on their image perception, particularly outdbtops//jalili.co/covi/redfilter.pdyf
Discussion

Two clinical phenotypes exist in this syndrome. The three siblings reported in this paper differ from those
reported initially in type A (Gaza A) presentation, fundugppearance, speed of loss of rod responses and the
association of anterior open bite (AOB) with Al in all the siblifgs.

Genetic Epidemiology

The finding of different mutations in the CNNM4 gene causing the syndrome has confirmed the
unrelatedness of ¢htwo Gaza families (Gaza A and B) whose origin differed with no traceable intermarriage
found between them. In Gaza B, the male founder was Egyptian marrying a local villager from Barbara
village in Palestine. The ancestor of Gaza A was traced back Asahi@&n Peninsula.
(http://jalili.colcovi/ft_gazaa.pdfThe suspected founder of the genetic mutation in @azas the fourth
grandson of a man who had originally moved fidekka in Hijaz (present dayafdi Arabia) and settled in
Salama village near Jaffa, now Kafr Shalem, marrying into the indigenous population. The family moved
after 1948 to the eastern part of Khan Yunis (Younis) (Wikipedia.Khan Yunis.
http://en.wikipedia.org/wiki/Khan_Yunjsaccessed Dec 2009) where they were scattered in several nearby
vill ages and hamlets such as KSupplerbeatarFigude B8)zCahéra , Ber
sibships with affected siblings had emigrated to Libya and other Arab countries.

Thefounders of Gaza C family had moved from Bir Shivaheir current location in Rafah on the Egyptian
border postl967. Although there was evidencemtermarriage between the extended family of the
singleton C and the extended Gaza A family, it was not possible to ascertain a direct linkage that would
account for singleton C being part of the genetic Gaza A farhity:{/jalili.co/covi/ft_gazac.pdf
(Unpublished data)

Jalili syndrome was only found in the Gaza Strip with no other cases detected in the WeShBsmk.
communities are highly inbréd®? with 95% (17/18 sibship) consanguinity ratethe affected sibshipéirét
cousins, 8; second cousins, 6; and third cousins,
cases which constituted 83% of the total cases of progressive cone degeneration in the Gaza Strip.
(Unpublished datadmong the recently reported cases eight are homozygous and two are heterozygous from
genetic isolate¥'™

Socio economic factors combined with social custom have accentuated the high level of inbreeding,
increasing in the younger generations, and oguie explosion of large numbers of cases in Gaza A
family.** This wascompounded by the state of isolation caused by geopolitical factors together with social
stigmatisation faced by these families, thus deterring marriages other than between vegusiose The
strong tribal bond is well demonstrated by the marriage between a mentally subnormal member of the family
to a normal female second cousin, the grandparEmgsrél 1V:8 and IV:9) of the three siblings of Gaza B.
Additionally the severe staf economic deprivation of all the families denied the affected members any
effective dental treatment and denied access to visual aids. There is a great need to tackle consanguinity in
the endogamous communities in many developing countries.

The prevéence of progressive cone degenerations (predominantly CRD) in the Gaza Strip-98986
was 1:10 000 versus 1:26 000 in the West Bank (average 1:18 500 in both regions combined) (unpublished
data). Epidemiological studies on the prevalence of thesetiomsdare scarce. Gaza prevalence figure is
significantly higher than the reported prevalence of 1:40°000. t he best of the aut hec
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the highest reported prevalence of dood dystrophies. The published prevalence of Al ranges batwee
1:700 to 1:14 008" “**® however figures are unavailable on its prevalence among the population in the
region.

Clinical Aspects

The combination of photophobia and dental anomaly is the hallmark of this syndrome in both types. In type
B (this paper)ocular features were milder and of later onset than in type A presenting at early childhood.
Type A was detected in early infancy and could have been present at birth as the youngest sibling aged 3
mont hs had a wel | 3 Nahtbieddessovad dended in &l Baza dasesbutavas.present

in the other reported cas¥2> **The absence or lack of significance of night blindness in some cases of CRD
is well documented and in others it developed only when the visual field became <10; cegegptanation,
however, has been given for this phenometfofiThe speed of scotopic ERG loss also differed. In type B, rod
ERG became extinguished by the end of the first decade of life whilst in type A rod responses remained
recordable until theate teens/early twentiés.

The degree of scotopic ERG loss also correlates with those found in the red tinted filter trial whereby
advanced cases of CRD with well established pigmentary proliferation responded less to red filter than those
with earlierdisease CRD, cone dystrophies, and achromatopsia (unpublishedltatagrit of red tinted
filters in symptomatic relief of photophobia and increasing contrast sensitivity was ascertained in all cases with
cone disordersThere was considerable, thougirigble, symptomatic relief as opposed to using standard
commercially available ultraviolet absorbing brown and grey glassesy#ssonfirmed in later studiésThe
use of redinted contact lenses incorporating the refractive error was not praetidaduse of both the
patientds environment and the socioeconomic depri
of refractive, red filtered contact lenses in the management of cone dystrophies including achromatopsia is
recommended.

It is difficult to explain the significance of the better distance visual acuity with increasing age of the three
siblings and whether this was a genuine improvement with age or due to other factors such as increased
discipline at examination with age,rpaf intrafamilial variability in the severity of the visual loss, or related
to the deterioration of rod function. It is interesting to note that the acuities iAlthg&ars age cohort
(13/34 patients) in the total Gaza series with this syndromegactteetter than the acuities in the <7 years
cohort (10/34). The acuity started to decline gradually after the age of 15 years from advancing macular
degeneration in type A (11/34 cases) which also paralleled the loss of rod ERG in these cases.
(Supplementar¥igure S2 Near acuity in type B, however, deteriorated with age despite the absence of
macular lesion.

Retinal Phenotypes

It is not possible to ascertain whether the absencéimdliriesion is a permanent feature in this phenotype or it
reflects a stage in the natural history so that macular lesions and pigmentary proliferation would eventually
develop in the course of the disease. Typésfldys the whole spectrum of maculasites described in

CRD ranging from bull s eye |l esion in early infan
posterior staphyloma (coloboma) at later stages of the dideigsiee2g-i). Whilst themain Gaza A genetic

family followed theabove natural history, there was a suggestion of patrilineal variability whereby sibships
descended from fathers from outside the genetic family showed minor differences in the appearance of the
macular/retinal lesion3.hese includedetinal morphology tht bore resemblance to RCD (RP) whereby

macular lesions were flat and atrophic without excavation with early appearance of peripheral pigmentary
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clumping. Figure2j-k)
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Figure 2. TypeB conerod dystrophy and amelogenesis imperfecta (Jalili syndromelpper row (a,b): fundus
photographs and angiogram of the 10 years old sibling; (c) 5 years youngest sister with phenotype B Jalili s
showing normal looking macula and absence of peripheral pigmentary prolife@&gimond row(d-f): Al in the 10,
6 ard 5 years old siblings respectively; (d) staining and calculus formation in the upper teeth, note pitting fro
cracking, and irregular dentition in the lower teeth; (e) marked calculus formation and AOB in the 6 years o
sister; (f) AOB without staiimg or calculus formation in the youngest sistéhird row (g-i) evolution of macular
lesions in phenotype A (Gaza A); (g) bulls eye lesion becoming more confluent with eventual chorioretinal a
and excavation (enlarged in insdtpurth row (j-k) retina in members of Gaza A genetic family from different
sibship from a different patrilineal descent; (j) flat atrophic macular degeneration, (inset) atrophic macular
degeneration from a different sibling; (k1) peripheral pigmentary clumping; (k2) gligjfftrent Al morphology
in siblings of this sibship of type A; (I) macular coloboma (posterior staphyloma) of sibling C, note the remn
posterior hyaloid artery at 8 o06cl ock pftheow{n-odn v
evolution of dental lesions in Al; (m) teeth are initially pitted; (n) further loss of enamel and staining; (o) evet
loss of teeth in a 50 years old patient from Gaza A.

The latter subtype retained the same electrophysiological pattern of responsesraelaimgght blindness;

their peripheral visual fields were only moderately contracted. This is in contrast to members of the same age
group of the main Gaza A genetic family who had intact peripheral fields. Further molecular work is needed to
establishhe presence or absence of any modifying factors in influencing these phenotypic diffeiibtings. S

C phenotype is that of type A with colobomatous macular lesion and peripheral pigmentary disturbances
present at a much earlier age of 17 yeBigure?2l) than his counterpart with colobomatous lesion in Gaza

A, who was 50 years of agé(Unpublished data)

Electrophysiology

Cone responses (flicker) were grossly impairethe youngest sibling, baretgcordable in the middle, and
totally extinguishedn the eldestRod response® low intensity blue lightvere flatin all the siblinggut
were recordablaith highintensity blue and white lighgtimuli. These wersignificantly reducedh the
youngest twaiblingsandextinguishedn theeldestbrother(Figure3). EOG shavedgrossly reducedrden
ratios(Tablel). VEP responses were normal

Differential diagnosis

On the basisf clinical features and electrophysiology, Type B was differentiated from other retinal dystrophies
with normal looking fundus, photophobia and absent colour vision, which were achromatopsia (rod
monochromatism) and comed congenital amaurosis (CACRhe achromatopsia cohort (33 cases, 12

families) was a predominantly clinically homogeneous stationary group with severe photophobia and better
visual acuities ranging from 6/60 to 6/36. CACR, was an unusually severe form of mixed receptors dystrophy
which exhibited profound photophobia with total cessation of visual functions (absolute hemeralopia) under
bright illumination.Vision in this condition changed from CF/navigational vision indoors and in dim
illumination, to NLP combined with profound discomfarisunlight'(11 cases, 4 families). This contrasted to

the LCA series (88 cases, 45 families) in which night blindness and comfort in bright light, with a sense of
pleasure staring at the sun, was the hallmark of the condition together with thecutfyeise=
manifestation§(Unpublished data)
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Figure 3. ERG in three siblings in Gaza B family with cera dystrophy and amelogenesis imperfecta (Jalili
syndrome).

Type A, with its early macular lesion, was differentiated from other conditions with progressive macular
lesions namely RCD and LCA, cone degenerations, and a variety of isolated macular dystrophies. Cone
dystrghies lacked scotopic involvement as confirmed by serial analysis of 11 cases from 5 families between 3
53 years of age at various stages of the natural history of the disease (unpublished data).

Isolated macular dystrophies (24 cases) which had nooimlrovision and intact fulfield electrophysiology
included Stargardt disease with flecked retina, (6/24), juvenile atrophic type of macular dystrophy with myopia
(3/24), and a rare association of a congenitalet macular dystrophy with high myopiaeThtter (6 siblings)
differed by their characteristic well defined lesions starting at choriocapillaris and retinal pigment epithelium
level progressing with age both in size and depth combined with progressive myopia rangi3g0bcio:

10.50 dioptre&®

Dental phenotypes

All reported casewith Jalili syndrome exhibit the same type of Al consistingerferalised mixed
hypomaturation/hypoplastiorm in both primary and secondary tieedetaied description reportezglsewhere
(Figured-f).** *"* The association of AOB and small premaxilla in Gaza B sH®0%6 penetrancgetit was
present in onlywo siblings(2/30)in Gaza Awith an additionakiblingwith posterior open bitdUnpublishedl
AOB was noteported in the other cases of the syndravith CNNM4 mutations***Malocclusionis a

known association iseveral other syndromé&s* In the blind schools surveygetic 20B was encountered in
two singletons, onaith microphthalmia and a secomith syndromatic musculoskeletal abnormalitiéth
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