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| appreciate the invitation of the Spanish Association of Anitliarite some words as
an introduction to the ASpanish Guidelines
fundraiser and coordinator. A publication where some of the most relevant Spanish
ophthalmologists participate and that means a milestoaeiiidia healthcare.

| appreciation is doublé: On one hand, as the current Minister of Health, responsible to
guarantee the right to healthcare for all citizens, it gives me the opportunity to show our
activities in the field and also because it allowestmrenew my personal committment with a
group of diseaseéisiir ar e di seaseso, the society i1 s mo
made by platients” organizations.

Aniridia, that according to estimations affects 1 person per 90.000 born chiidhen,
fits in this group of low prevalence disorders, but together affect a wide number of people, since
rare diseases could be around 6000. In fact, the figure of people with rare diseases at European
leve lis estimated around 30 million people, thiglaiks to be a priority in the Public Health
Frame Programme 208208 of the European Union and in Health Policies in Spain.

This is why, we have pushed forrward initiatives to improve the knowledge, care and
treatment of patients with these disea3é&en, one of the first Biomedical Research Network
Centre, we have developed, is focused on them. 535 researchers work in this consortium in 61
research groups, this means a great effort that we are sure will contribute drastically to improve
the epidemitogical knowledge, translational research and therapeutic strategies.

This is a very important aspect, since because rare disorders face difficulties specially to
develop studies, mainly clinical trials, and innovative pharmaceutical products reseatch is n
financially attractive enough. This is why, the Ministry of Health is funding independent
research, which means to be among the first countries in Europe regarding public funding of
orphan drugs research.

But the relevance of the problems requiresdadugther. A Nationa agreement is needed
to coordinate initiatives developed by each of the different Administrations in the field of their
competences.

Then, based in the scientific evidence analysis, in collaboration with Patients
Organisations and Scigfic Societies, and with the autonomous Communities consent, a
National Strategy for Rare Diseases is being developed, we are sure that will very much
contribute to give a right answer to the challenge meant by such rare diseases as Aniridia.

To reach ths goal, a common effort of the society is required. This is why | would like
to appreciate and support such a needed initiative as this Guidelines. There, the knowledge is
updated, experiences are shared and all relevant questions are analysed, freio dspbets
of the disease to the medical and surgical therapeutic strategies. | congratulate, then, both the
authors and coordinators of this publication and the Spanish Association of Aniridia that make
it possible and | am pleased to have such a usslfor a shared goal: to improve
citizens”healtcare.

Bernat Soria

Minister of Health.
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CHAPTER 1
INTRODUCTION TO ANIRIDIA

Juan Murube del Castillo, MD, PhD.

Congenitalniridia is usually an autosomic dominant hereditary disease affecting one of about
60,000 to 100,000 newborns. It frequently evolves along their life to visual impairment.
Nevertheless it was not identified until very recently by Barratta in 18&81). Its late

description is surprising, mainly because this disease usually affects several members of a
family.

1.1. Origin of the name

|l ri s -o(ltsyd9)d,was the name given in ancient €
goddess Hera (under whose throne she lived and slept, always shoed, ready to journey at any
moment).She may also have been messenger of ZBea$.2).

The word Iriswas also used in classical ancient Greece to name the rainblowh was

believed to be the trail of the messengerliise colored or luminous circle, the iris of the

eye, and the botanic lily. It was regarded as of femenine gender

Figure 1.1. Rainbow. The rainbow is seen in front of the spectators whemvater drops in the atmosphere
are in front of them, and when the sunilluminates from behind. This is due to the refraction of the sun
light in the anterior surface of theatmospheric water drops, and the reflection of the light in the posterior
surface of the drops.
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Ancient classic Rome incorporated a large part of the Greek mythology. Iris continued
being the messenger of the goddess Jirimy the Elder Ref 3) maintaire d t he name
for the atmospheric rainbowthe colored disc of the anterior sector of the eyelmild the
gladiolus, using the femenine gender; and for a river of the Asiatic -Sdesh that flows
into the Black Sea, using thmasculine gender.

In the modern Romanic IndBuropean languages, the term iris used for the meaning of
rainbow was complemented or substituted with the anteposition of the substantiveSarcus.

i n French 't hierscieevliool v(eadr ct oi nf atrhtef af ri cr onbaam e@nt 0) o,
(baléno = lightning), and in Spanitho fiar co i r i sEuropeandangliagesias ni c
German, rainbow i s A RdngEagishavhiehismainlyamxtureff t h e
Germani c and Latin r oo thasbeen mantaiNed.un Geekaod t er r
Latin languages the gendef the term was femenine, maybe because of its relation with the
goddess Iris.In Romanic languages the gender of the term is masculine, because its relation
with the goddess Iris was forgotteand the masculine arc prevailé German the term

Regenbogen is also masculine

In the medical books the total or partial lack of iris received theferimr i der emi a0 ¢
Afaniridiaodo because although t lthe mostkidentdrans e h ¢
birth is the total or partial lack of iri$-{g. 2). This occurred about two centuries ago, when the

—

Figure 1.2. Congenital aniridia.
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pathologic entities wenmmainly named by their external physical manifestations, more than by
their etiopathogeny, which was almost always unknodm.older example of this is the term
glaucoma, derived from Gregjaukos which means marine bluish color, because the cloudy
color of the cornea in the painful acute glaucoma was the only intraocular hypertension
diagnosed in old times; currently, the painless chronic intraocular hypertension maintains the
term glaucoma despite the fact that the cornea keeps a normal transpatentarms

irideremia and aniridia are descriptively very exact, because the affected patients do have an
iris, although with diverse grades of hypoplasia. Irideremia, the term most used in the XIX
century, comes forismd Gr eak ai)r(igg dEsayds F, short
desert). Aniridia,the term most used in the ¥>entury and currently, also comes from
Greekan, a negative prefix, ands, -idos iris.

1.2. The problem: Inheritance and clinics

The first genodendrons @enealogical trees of patients with aniridia were published in
1834 by GutbierRef 4) in a tree of four generations, and in 1845 by Curikexf.(5 in a tree
of three generations. Risley (1915Ref. 6) reported 221 eyes with aniridia in a
genodendronof 119 persons. These genealogical trees showed that the syndromes of aniridia
had no preference in relation to sex. Later on it was also obsé¢hatdhey did not have
significative racial differences.

The genetic upset that causes the aniridia is a mutation or a deletion of the chromosome
11p13.3, affecting the PAX6 geneAt present 130 different mutation have been identified in
this gene(Ref 7).

The PAX6 gene may activate the transcription ohscade of approximately 2,500 genes
(Ref. 8, as the WT1, and other&Réfs. 9, 10, 11, 12, )33 The expresion of this gene
increases when the plaque of the crystalline lens is developingRéf 14, and these
alterations produce ocular malformatioriee most gaudy being the hypoplasia of the iris.

The disease, almost always heterozygote, is transmitted in autosomic dominant form. When
the patient has a homozygote alteration of the PAX6 genes, this rarely occurs because both
father and mother are affedtéRef 15, but usually because a homozygote mutation has
occurred Ref 16. These homozygote cases have frequently the additiama@bhthalmia,
cerebral abnormalities, and highate of mortality(Ref 18).

Along the approximately 180 years of the diagis of aniridia many different associations
with hypoplasia iridis have been describék.the beginning it was thought they were casual
coincidences, but gradually there were syndromic associations, as surfocular damage and
corneal opacitiesRefs 5, 7), ectopia lenti&®1" 181920 cataract?’ 1819212223 hypoplasia of
the ciliary body Refs 17, 18, 214, glaucomaRefs 17, 18, 20, 21 hypoplasia of the macula
and optic nerveRefs. 19, 25, 25 retinal detachmen®Ref 18, opacities of thevitreous body
(Refs 6,18), microphthalmosRefs 5, 27, 28, 29 strabismusRefs 19, 30, nystagmugRefs
5, 19, 25, 31, 32 and blepharoptosis congenitdef 8). Many of these additions produce
symptoms along the life of the patients, such as photmahcefractive defects, amblyopia
and low vision.

More recently extraocular associations were determined, as the WAGR syndrome (Wilms
tumor, aniridia, genitourinary anomalies, aneental delay)Refs 33, 34, Gillespie syndrome
(aniridia, cerebellar at@é and mental delayRef 39 and Peters6é anomal



SPANISH GUIDELINES FOR THE MANAGEMENT OF CONGENITAL ANIRIDIA 13

anterior segment and sww€ulus) Ref 8). In WAGR syndrome, the nephroblastoma has no
direct relation with the ocular manifestations of the PAX6gdrefy 8, 36. In Gillespie
syndromemutations of the PAX6 gene have not been detected, and the responsible gene
remains unknownRef 8. Some abnormalities of Petersodo e
short body stature) have besometimes associated with PAX6 mutatiofef(37).

The danage and opacification of the cornea was described in the first publication of
congenital aniridiaRef 1). Later on some keratopathies associated with congenital aniridia,
such as malformations, opacifications and vascularization were sometimeRatedy 17,

19, 27, 38, 39, 40 Lagrange (1905)Ref 17) reported that the corneal malformations and
alterations associated with congenital aniridia are the most frequently published, and Mackman
et allii (1979) Ref 40 classified their different types.

For more than one century it has been well knothwat congenital aniridia is frequently
associated with diffuse limits between cornea and sdengunctiva Ref 5), and for more
than two decades the scarcity or lack of limbal palisades of Vogt has leldnawn Refs
41, 42. Along the 70s and 80s of the last century it was determined that the niche of the stem
cells of the corneal epithelium was in the limbal surfocular ritefg 43, 44, 4h and that it is
frequently altered in aniridic patients.vitas also verified that the anatomical tissues behind
the limbal ring, such as Schlemm canal, ir@oneal angle, ciliary body, and cHarystalline
zonule, are frequently abnormal.

There are three basic types of dacryoglands (ie., aqueoserous, lipmieinét). In my
clinical experience | have not detected statistical difference in the quantity of aqueoserous tear
in the aqueoserous glands (main and accessory lacrimal glands) in persons with aniridia and
without aniridia. The lipid glands (meibomianands, Zeis glands) develop an agkiated and
hormonal gland dysfunction in all aging people, but without differera/een aniridic and
nontaniridicindividuals. It has been reported that aniridic patients develop a narrower lid
aperture and more lidnmkles Ref 46), but this does not modify the lipid tear
component.The mucinic glands (mainly the goblet/caliciform cells dispersed over the
conjunctiva) are the only dacryoglands deficitary in the congenital aniridia. This was cited to
my knowledge fothe first time by Bietti (1963)Ref 47) , who publishedfive cases of
dysgenesia mesodermalis, iridopupitara | f or mat i on, and conjunct.
spots due to the deficitary numbef caliciform conjunctival cells. Later on new casesave
published Ref 48). Nevertheless, two authoRéfs 41, 42 who only studied the lower bulbar
conjunctiva found more goblet cells in this ar@at other authorsRef. 49 who analysed the
four quadrants of the bulbar conjunctiva determined that 56&aintlic patients have a
moderate deficit of goblet cells in the four quadrants of the surfocular conjunctiva.

The limbal epithelium has two main functions: to produce the epithelial cells of the cornea,
and to prevent that the conjunctival epithelialcelvading the corneal surfacg/hen the
limbal cells are deficitary and pathologic they can not impede the invasion of the corneal
epithelium by cells of conjuntival epithelium of ngacretory or mucinsecretory type. This
pathologic phenomenon is quitequent in patients with congenital aniridia. Binder (1853)
was the first author to report the lack of mucinsecretory goblet cells in the perilimbal
conjunctival ring Ref 50) in normal people. Barraguer (1980) was the first author to publish
that whenhe limbal epithelium is damaged and deficitary, the conjunctival epithelium invades
the surfocular layers of the corndef 51). This invasive phenomenon was later on named
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Afconjunctivalization of the cor neainsmanyhe cc
of its normal functions, but not others.
At present the most evidemhanifestation of the conjunctivalization of the corneal

epithelium is the presence ofiucinsecretory goblet cells in the surfocular cornea, and the
metabolic alterations of éhsubjacent corneal stroma induced by the conjunctival migrated
epithelium. The permeability of the conjunctival epithelium to the fluorescein is higher than
that of the corneal epitheliunRéf 52, and therefore the conjunctivalized corneas dye with
fluorescein more than normal corneddargo Ref 53 published that the cornea of aniridic
patients is easily invaded by fibrovascular pannus. And Tseng Bieds. $4, 5% associated
the limbal insufficiency of the congenital aniridia with its corneal dpaation and
vascularization.
1.3. The fight against aniridia

The medical society have been trying to ease or to resolve the problems of the aniridic
patients since the disease became kndveis(56, 57. First, already in the XIX century, an
attempt was made to diminish the excess of light that enters in the eye of aniridic patients by
the use of spectacles with dark glaRef(5) , Serr es 6 p &KRef@p Dandersspect
pinhole stenopeic glasseRdf 17), and Konigshofer diphragmatic spectacleRéfs 17, 53
(Fig 3). Later on, in the XX century, new optic treatments appeared, such as surfocular
contact lenses, opaque or colored in their peripteey §9, intracamerular diaphragmed
artificial iris, and pseudophak@iaphragmed lenseRé€fs. 60, 61, 62, §3

Figure 1.3. Kdnigshofer stenopeic diaphragmatic spectacles (Encycl. Fran®phtalmol, Vol I, pages 3889.
1905)

The medical and surgical treatment of the glaucoma in patients with genetic aniridia has
gradualy improved. The limbal transplant with limbal stem ceRe{ 62, and the cultures of
stem cellsRefs 63, 64, 6b prevent the damage that its defect may prodRet §6).

The genetic information and advice was based from the beginningidetitdication of the
genetic aniridia by maRef@7)gandfdrthesd patientsitojalosd g e r
having descendants. Later on, the prenatal diagnosis by amniocentesis and analytic study of
the extracted DNA was introduced. More receritlg, advances in molecular biology and
genetic medicine have improved the approach to this disease.
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1.4. Medical and patients associations
The health organizations and the patients groups with their current knowledge and objectintnaon
finding the best option for patients with genetic aniridia.
The health organizations are aware that any disease requires the collaboration of many health specialities,
which today are named pregpecialities. Centuries ago pregpecialities appeared, such astydtion and
oculist, followed by dermatology, ottino-laryngology, cardiology, genetic, etc.

Figura 1.4. Extraccién deun anillo de supeficie limbal deojo decadaver para transplante limbal heter 6logo.

After those protespecialities, branches andmbinations of them appeared and are still
appearing. They are named deutspecialities or specialities of second generation, which are
also coined suispecialities or supespecialities.New deuterespecilities of ophthalmology
are cataractology, lieblogy, glaucomatoloy, strabismology, dacryology, €fdto-
specialities or specialities of third generation are slowly being stablished. They treat vey
specific problems, that usually need the concourse and cooperation of various branches of
deuterespecialities. The benefit of this evolution is evident for doctors and patients, as the
objective is to resolve the medical problems as nearly as possible in 100% of theTb&ses.
does not mean a reduction in the knowledge of the doctors, but only #oeduche
knowledge that does not benefit the patient of their-gjiteciality. However there is an
increase in the very diverse knowledge that resolves the maximum of the diseases they treat.
The patient obtains the most benefit of this evolution.
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Thepatients with congenital genetic aniridia were until very recently passive protagonists of
their disease. But little by little the social evolution and the easier intercommunication is
making them active participants in the search of a solution for anardi its associated
problems. The most important step was the foundation of societies-bkfgldirected by
patients with aniridia, which seek social help for activating and stimulating research in this
field.

The first Society of sekhelp in Anirida was the Asociacion Espafiola de Aniridia (AEA,
Spanish Association of Aniridia), founded in 1996 by Rosa Sar&®zga. After directing it
for more than ten years, organizing meetings with patients and doctors, conferences, awards for
research in anidia, she was substituted by Yolanda Asenjo, who has maintained the same high
activity, aided by her Administrative Secretaries Marta Gaitdn and Maru ChezAEA
organized an International Symposium of Aniridia, in Madrid in 2002, that increased the
interest in aniridia in medical, laboratory, sanitary and social ambiBefs68. Later a
National Prize in Aniridia, open to any researchers on Aniridia was created and awarded at
every annual congress of the Spanish Society of Ophthalmology; in 208dhe was given
toAM°rcher | enses in Aniridiaodo ( bdgeTdedd®d, inBr and
2006t o ASurfocul ar Tr eat me@®tRivas& GRazano),ink00dt ( b\
glaucoma and Aniridia.

After the creation of the As@xion Espafiola de Aniridia other societies were founded in
several European countries that eventually developed the European Federation of Aniridia,
Aniridia Europe ABEvww.aniridia.eu
There, you can see the differéhiropean Aniridia Associations

There are other Associations, not specifically devoted to aniridia, but to rare disorders, among
which aniridia is includedln 1983 the National Organization for Rare Disorders (NORD) was
founded in USA (webwww.rarediseases.orgemail:orphan@rarediaseases.prand in 1997
the EuropearOrganization of Rare Diseases (ERURORDIS) (weabw.eurordis.org was
founded in France. In 1999 the Federacion Espafiola de Enfermedades Raras (FEDER) (web:
www.enfermedaderaras.org)was founded in Spaijit is to be hoped that the political and
financialpowers will collaborate in the near future with patients, medical, doctors, genetists,
sociologists, educators, pedagogues and in the fight for an answer to aniridia. As a result of
promotion in research and therapeutical application, the complex diseaketed in the so
named congenital aniridia may well reach a solution.

This future will be reached within a very few generations, and later on, as at the end of a
storm, the sun will come again, and a beautiful atmospheric rainbow will appear.
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CHAPTER 2
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2.1. Introduction: The importance of Epidemiology in the research on
congenital defects.

In general, it can be said that in spite of the great advances in the field of Medicine in the
last century, congenital defects continue being widely unknown, and only a few exceptions
run away from this generalization. In ancient times, it was considbeg¢dhe birth of a baby
with anomalies was surrounded by bad omens or malign influences, and its origin was often

|l ooked for in both deitiesdéd fury and gl ory
and curiosity, but mainly due to that supatural halo that encompassed them. From the
heal thés point of view, congenital defects

they have classically been considered as unpredictable, incurable, unavoidable, possibly
hereditary, and luckily novery frequent.2 In the past century, there were two facts that
exerted a catalytic action on the research about causes of congenital defects: first, the
description by Gregg3, in 1941, of congenital cataract as one of the most characteristic
defects of he clinical pattern produced by the prenatal exposure to the rubella virus; and
second, the suspicion in 19614 and further recognition in 1962,5 by Dr. Widukind Lenz, of
thalidomide as the agent that caused diverse types of alterations of prenatal demglopm
mainly limb reduction defects, in thousands of infants worldwide. Since that moment, there
has been a general raise of awareness on the need for research on the causes of congenit
defects. Partly due to that reason, epidemiological surveillancensystere created in many
countries. These were specially aimed at detecting variations in the frequency of congenital
defects, that can help in identifying their causes and to prevent them. On the other hand, the
great advances in the field of Geneticstle last decades have completed a scenario in
which it is intended to dig into knowledge on congenital defects to find the most adequate
approach in each case and, additionally, seek their prevention and favor that prenatal
development goes by the most pitcous conditions, thus preventing its alteration. In this
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sense, Epidemiology has a pivotal role because experiments are not possible in humans anc
the results from animal experiments can not be extrapolated to our species. For this reason, it
must be tied to obtain the maximum yield from observation of our reality, to stab to infer
the causes of congenital defects.

It is frequent to assimilate Epidemiology to the mere study of frequencies. However, this is
a much wider discipline that allows carryingtanalytical studies, specifically addressed to
the causal investigation. Therefore, the epidemiological studies are a fundamental pillar in
which such investigation is based. But, in order to get valid conclusions from the
epidemiological studies, thesaust be based on data obtained from unselected series of
cases, as well as an appropriate reference group (for comparisons), and the size of the
samples must be sufficient. These must not be biased, neither in the phase of collection of
the information norin the phase of analysis. In this way, from the comparison of the
characteristics of the individuals presenting with the pathology under study, against healthy
individuals, some conclusions can be obtained about the causes that give rise to such
alteration of prenatal development. However, to secure the accomplishment of all these
conditions is neither easy nor always possible. Therefore, this kind of studies implies great
difficulties, and the conclusions from them must have considered all the possiibéidins
of each study due to unfulfilling of one or several of those some requirements.

2.1.1.Epidemiology of congenital Aniridia

The diagnosis of many congenital eye anomalies can be difficult at birth. Therefore, this one
is one added difficulty to géoig adequate samples for epidemiological studies on these
pathologies. This is probably the reason by which there are very scarce studies on the
epidemiology of congenital ocular defect2® On the other hand, many of those studies
approached only padi aspects or they grouped very diverse pathologies, and therefore only
very limited information can be obtained regarding the epidemiology of specific defects. In
the case of aniridia the situation is even more severe due to its very low frequencyit$5 and
rather complex detection in newborn infants. In addition, the clinical variability observed
gives rise also to difficulties for the diagnosis,24,25 being difficult to differentiate it from
some colobomas, remaining undetected in certain cases prgseittirgood vision, or being
uncorrectly diagnosed in those with a thin iris.

Following the current usual procedures for medical literature review, it is easy to confirm
the shortage of papers on the epi dieam oal nodg y
Afepi demi ol ogyo, as search criteria, the Pul
February 9, 2014) gives us 55 results, but only one27 approached specifically the
epidemiology of aniridia as the main issue of the article. This meanthéhaview of the
epidemiological aspects of congenital aniridia must be done by analyzing the results of papers
that also include data related to aniridia among other information.

2.1.2.Frequency of congenital Aniridia.

According to Nelson et af® the frequency oéniridia varies between 1 in 64,000 and 1 in
96,000 individuals. In the Chinese population, Hu éf aktablished its frequency in 0.75 per
100,000 individuals, or 1 in 133,931. More recent population data in Derifigivie a
frequencyof 2.5 per 100,000 live born infants, or 1 in 40,000, while in Sweden it was 1 in



SPANISH GUIDELINES FOR THE MANAGEMENT OF CONGENITAL ANIRIDIA 21

70,000 (95% confidence interval: 1:59,60@5,000), and in Norway it was 1 in 76,000 (95%
confidence interval: 1:61,000:103,000Y’ The generally accepted figure is 15,000

100,000 individual§® In Spain, the minimal estimation of its frequency, obtained by the
Spanish Collaborative Study of Congenital Malformations (ECEMC) was 0.42 per 100,000
newborn infantd?

Regarding its sex distribution, although Okamoto &t abserved a slight excess of males,
given that the analyzed sample was very small (6 males and 4 females), these data have a
limited value. In Denmark, the study by Granskov et’glerformed on data gathered between
the years 1875 and 1999, both sewxese equally affected, after studying 87 females and 83
males. A slight predominance of females was observed in Sweden (male/female ratio was
0.85) and the contrary was registered in Norway ((male/female ratio w& aft2Y, studying
a total of 181 patnts from both countries.

2.1.3. Types of presentation of congenital Aniridia.

Aniridia can be uni or bilateral, and can present clinically isolated or associated to other ocular

or extraocular defecf8:* 1t can be familiai®*?or sporadic (in up ta third of case§®.
Val enzuel a an d>*wab simila,éndicating that 10% sf mniridia cases are

familial. Grenskov et al’ established that the overall proportion of familial/sporadic cases was

100/44. In familial cases, aniridia ietrsmitted as an autosomal dominant trait (with high
penetrance but variable expressivityalthough there are also some cases compatible with
autosomal recessive intheritari¢é?

2.1.4. Association of Aniridia with other congenital defects.

As expressed in the previous paragraph, aniridia can present as an isolated defect or associatec

to other anomalie€’*2Chapter 4 provides an exhaustive review of the systemic pathology to
which aniridia can be associated. However, only to approach aspezts of the

epidemiology of aniridia, we provide here some figures on the most frequent clinical pattern in

which it appears: approximately one third of the sporadic cases of patients with aniridia
develop Wilms tumor in association with genitourindefects and mental retardatién’ and
are therefore diagnosed as WAGR (acronym\ftms tumor,Aniridia, Genital abnormalities
andRetardatior) syndrome.

2.1.5. Morbidity and mortality associated to Aniridia.

While themorbidityin cases with aniridigs relatively high, due to the considerable reduction
of sight and the associated alterations, especially the Wilms tumonptteity of patients
presenting only with aniridia is very low, since this is not a lethal pathology.

2.1.6. Teratogens relate to Aniridia.
At present there is no evidence of aniridia being caused by any teratogen.

22.Epi demi ol ogy of congenit al Aniri dia i
ECEMC (Spanish Collaborative Study of Congenital Malformations), as defined in its

Operating Manual , i sclirical andepisieensmlogichbsppatsefg r a m
congenital defects in humanso, andewbdn i s

infants with congenital anomalié%®

n

0
b

r
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2.2.1. Study population.

ECEMC was created and has been operating since 1976. Until 1979, only data on liveborn
infants were registered. In January 1980 gathering of data on stillborn infants was initiated.
Therefore, since then, data on the total newborn infants (wheather live or still born) are
available. Thus, in this chapter, the data registered by ECEMC since January 1980 to
December 2012 (the most recent available data at the time this chapter watettdram its
original in Spanish, published in 2008) have been analyzed in order to refer figures to total
births. In that period, ECEMC surveyed a total of 2,819,321 births, among which 41,179
(1.46%) had congenital defects detected during the firay8 df life, which is the detection
period at the ECEMCO6s registry.

2.2.2. ECEMCO6s methodol ogy.
ECEMCO6s methodol ogy includes the exploratic
description of each defect, either major or minor/mild, in every case with anomalies. The
results of such exploration and the description are documented by images atehuamary
studies needed for the diagnosis of each case, and are made by the physicians integrating the
ECEMCO6s Per i.pThey araih chakge of the detection of cases, the selection of
controls and the collection of the corresponding informdbohe cases as well as for the
controls, which is gathered in the specifioc
infant are stored (demographic data, family history, obstetrical history and any type of
exposures during pregnancy and even evio it). All that information is sent to the
ECEMCOGs Coor d,iwhich procesges iGinauding coding of all the anomalies and
the high resolution and molecular cytogenetic study, apart from the clinical analysis
specifically designed at ECEM@king into account both the etiological and pathogenetic
aspects. For that purpose, a system developed by this group is used, and it is based on a
modified and extended version (to increase its specificity) of the International Classification of
DiseasegICD). Once all the defects have been coded, the ECEMC Coordinating group uses
its own system for coding the global pattern of defects in each child, in three’*f&Velad
that is the starting point of ECER@RSGs cl i ni
performed in several steps, and are the base for further epidemiological analyses:
1. First, to establish possible pathogenetic relationships between the defects observed in each
child, trying to identify the different altered processes during theapmedevelopment. It
is intended to define the diverse dysmorphogenetic patterns, taking into account the most
modern concepts of the errors of morphogefie&isind, if some defects have originated
others in a sequential manner, to define the primaryomma&tion(s) and the secondary
defects derived from the primary defect(s). Once this has been done, the corresponding
codes for those dysmorphogenetic patterns are assigned, in order to enter them into the
ECEMCGO6s database.
2. Second, taking into account #lat, each child is classified into one of the three big groups
of clinical presentation: Isolated, Multiple Congenital Anomalies (MCA) patterns, and
SyndromesThese groups are also respectively coded.
3. Third, the corresponding subgroups within thoseghmain groups of clinical presentation
are also conveniently coded.
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Once the clinical and dysmorphological analyses have been performed following the
ECEMC6s met hodol ogy, and once the differe
data are ready tperform the epidemiological analysis in the pertinent clinical groups,
according to each studyds objectives.

2.2.3. Congenital Aniridia cases registered by ECEMC.

During the period comprised between Jand®§0 and December 2012, among a total of

2,819,21 births surveyed, 17 had congenital aniridia, for a birth prevalence of 0.6 per 100,000

newborn infants (95% Confidence Interval [Cl]: 0397). This figure registered by ECEMC

is close to the one described by some autfiasd lower than the one efied by other&®*°t

must be said that the detection period at ECEMC comprises the first three days after delivery,

and due to the difficulties for the diagnosis of aniridia, that were already commented at the

beginning of this chapter (although the pityans who participate in the ECEMC program

have a long experience in the detection of birth defects in newborn infants, it is also possible

that in some cases this ocular malformation could have not been detected. On the other hand,

although aniridia canot be prenatally detected, it is possible that a certain proportion of

gestations of fetuses in which other defects associated to aniridia are prenatally diagnosed

could have been interrupted. For these reasons, the figure registered by ECEMC must be

corsidered as a minimal estimation of the real frequency of aniridia in the Spanish population.
Table 1 shows the distribution of the 17 cases registered with aniridia, by clinical

presentation of the defect. Among the 17 cases, seven (41.2%) were isoldti, a

remaining 10 (58.8%) had other anomalies associated. Among the isolated, four (57.1%) were

sporadic and three (42.9%) were familial, compatible with an autosomal dominant pattern of

inheritance. The percentage of sporadic cases at ECEMC is highah&30% described by

other authorg®33>*

Table 1. Distribution of cases with congenital Aniridia registered by ECEMC in 198012, by type of
clinical presentation

Type of clinical presentation Number ofcases
Isolated - 4 sporadic cases
- 3 familial cases (dominant inheritance)
Asociated to - 3 WAGR syndrome with 11p13 deletion
other defects - 2 Aniridia-plus syndrome [described by
Hamming et aff]
-1 Trisomy 13

- 4 with aniridia associated to other ocular defects
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Regarding the sex distributonher e i s a cl ear the predomi nal
series, since 12 out of the total of 17 were males and only 5 were females.

With respect to the presence of deletions in the critical region for aniridia, among the 17 cases
registered, 11 were cygenetically studied: six had normal karyotypes, one had an extra Y
chromosome, one had trisomy 13, and three had deletions at 11p13.

The laterality of the defect was specified in 16 of the 17 cases registered, being bilateral in 10
and unilateral in #otal of six (three for each side).

Table 2 shows the values for a series of variables in the group of sporadic cases with isolated
aniridia registered by ECEMC in the mentioned period. The mean and standard deviation for
the quantitative variables are egpsed in the table for the cases and controls. Nevertheless,
since the number of cases is small, it is difficult that the conclusions can be made extensible to
all the cases with aniridia. The objective of detailing those data in the table is thatiihése c
available for other researchers analyzing comparable series of cases. Regarding the obtained
results, we have observed a statistically significant (p<0.001) reduction of the gestational age of
cases, being the gestation of patients with sporadicanmore than four weeks shorter than

Tabla 2.2. Distribucion delos casosesporadicosde Aniridia congénita aisladaregistradospor el ECEMC entre
1980y 2005, para unaseriedevariables.

CASE1 CASE2 CASE3 CASE4 CASES CASES CONTROLS
VARIABLES 1 2 3 4 5 Mean SD Nr. Mean SD t p

Gestational age

(weeks + days) 41+1 4143 38+3 23+5 38+6  36+5 7+2,7 30.37z 3%53 1,80 39+5,3 <0,001

Survival LB LB LB LB

Gender M F F M F

Birth weight () 3.185 2.880 2.295 780  2.920 2.412 968,5 32.106 3.279,4! 482,57 4,02 <0,001
Bithlength(cm.) 51 - 46 - - 485 3,5 14.880 49,65 2,26 0,72 NS
F irth

(Ocmiatb'” 35 . 31 : 33 2,8 14.83 3422 153 1,12 NS
Maternal age 21 29 29 32 30 28,2 4,2 32114 2838 534 0,08 NS
Paternal age 27 39 31 36 38 34,2 51 31535 31,14 572 1,20 NS
Paternal age

difference 6 10 2 4 8 6 3,16 31521 273 3,66 2,00 <0,05
Number of 1 2 1 5 1 2 1,7 3159 1,96 1,17 0,08 NS
pregnancies

Consanguinity No No No No No

Ethnic group White  White White White White
[B: Tiveborn infant M: Male; F: Female; OFC: occipitefrontal circumference SD: Standard deviation; NS: Statistically not significant.
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theones of the control§ here is also a statistically significant reduction of the birth weight
(p<0.001), that is not observed for the birth length and ocdimtdal circumference (OFC) at
birth. Therefore, taking into account the mean gestational apg @fises, their mean birth
weight falls between thé®and 23’ centile, being the birth length and OFC between tie 75
and 90 centiles. Regarding the parental ages, although there are no statistically significant
differences between cases and cdsfrine paternal age seems to be slightly higher among the
cases, what could be indicating a higher mutation rate.

2.3. Epidemiology of WAGR (Wilms tumor, Aniridia, Genital abnormalities and
Retardation) syndrome.

After a review of the literature, it idear the importance of WAGR syndrome when studying
aniridia, because it is the most frequent clinical pattern in which aniridia presents associated to
ot her anomali es. In the ECEMCOs series, t |
syndrome with cldemosomal microdeletions at chromosome 11p13. Since the detection period
at ECEMC includes the first three days after delivery, the follow up of cases can reveal that the
real frequency of WAGR syndrome is higher than ours. In fact, some babies withdisolate
aniridia at birth will develop Wilms tumor and mental retardation, thus being considered as
WAGR syndrome. Therefore, its epidemiology deserves to be specifically approached, as
some authors have already done so far.

Initially, it was considered that 30 of the individuals with aniridia and no family history of
the defect develop Wilms tumor in the first 5 years of ffajthough posteriorly it was
observed that the risk must be lower.

In patients with WAGR syndrome there is a deletion of He#X6 gene (responsible for
aniridia) andWT1 (responsible for Wilms tumof}, that are adjacent genes located at the p13
region of chromosome 11 (11p13). This syndrome is, therefore, associated to deletions in the
region 11p13°3" and this will be explained idetail in chapter 3. It has been observed that
70% of cases with deletions in the region 11p13 develop Wilms tihaithough this
estimation is based on small sampfe€ According to Grgnskov et aP, 40% of the
individuals with the deletion of th&ilms tumor gene developed the tumor. So, after the
detection of a deletion aVT1gene, an ultrasonographic follewp every three months up to
the age of eight years is recommended, while in absence or the deletion the risk for Wilms
tumor is very low anguch followup is not required®*’

Actually, there are very few studies on the WAGR syndrome including a considerable
number of patients. In the greatest published stfidp, evaluation of the clinicadathological
characteristics of a group of 64 patis was made, and it was based on data from the archives
of the National Wilms Tumor Study Group (NWTSG), from the USA. When that study was
performed, such archives contained information on a total of 8,533 children with renal tumors
that represented betésn 70 and 80% of the Nosfkmerican children with this type of tumors.

A further study® included data from 54 patients aged 7 months to 42 years, with a mean age of

9.2 years.

- Risk for Wilms tumor in patients with sporadic aniridia: According toBreslowet a
if we accept that the prevalence of sporadic aniridia is 1.2 per 100,000, if the cumulative
incidence of Wilms tumor is 1 in 10,000 births, and the prevalence of sporadic aniridia

4
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among patients with Wilms tumor is 7.5 per 1,000 (as those authtoulatetf), then the

risk for Wilms tumor among patients with sporadic aniridia can be estimated in 6.3%
(0.0075 x 0.0001/0.000012). Although this figure is lower than the one provided by Ivanov
et al®* (who indicated that approximately one thirdtbé patients with sporadic aniridia
would have WAGR syndrome), is very close to the risk of 2 in 44 (4.5%; with 95%
confidence interval [IC]: 045.5%) observed in the Danish populational study by
Granskov et al® According to these last authors, patiewith sporadic aniridia have a-67

fold higher risk (CI: 8.1241) than the general population to develop Wilms tumor. Among
patients with molecular study, two out of five individuals with a deletion of the Wilms
tumor gene \(VT1) developed the tumdPf, although the patients with small deletions or
intragenic mutations did not develop the tumor. It can be said that the risk for Wilms tumor
in the sporadic cases (intended as first occurrence in a family)58%0af the individual

has the deletion in 118. Grenskov et & detected mutations in 68% of the sporadic
cases and in 89% of the familial cases. If no deletidVirigene is detected, the risk for
Wilms tumor is low*®*” Absence of on&VT1allelein the germlineleads to a high risk
(~45%) of Wilms tumor occurring through somaticutation that results inloss of
heterozygosit{LOH) in a single differentiating kidney cell.

Frequency of the syndrome:The frequency oWilms tumor in the population is 1 in
10,000 individals younger than 15 years, and its incidence seems to be higher-in Afro
americans and African blacks, being reduced to a half in AsiarisThe prevalence of
WAGR syndrome among patiesrwith Wilms tumor was 0.81% in a French hospital series

in which four cases with the syndrome were detected among 501 patients with Wilms
tumor, between 1982 and 198@However, such prevalence went up to 2.19% in a British
populationalbased series (1&ffected with the syndrome among a total of 549 individuals
with Wilms tumor)>® According to data from the NWTS® from the USA, 0.75% of the
registered cases with Wilms tumor had the WAGR syndrome; the prevalence of the
syndrome remained stable alohg fperiod 1962002, without any statistically significant
tendencyThe prevalence of WAGR syndrome is approximately 1:500,000.

Sex distribution: Twentyseven (42%) patients from the NWT®Gwith WAGR
syndrome were females, while in the group with Witomaor without WAGR syndrome it

was observed a slight preponderance of female patients (8#94he study by Fischbach

et al.”® twenty-three (42.59%) patients with WAGR syndrome were females and 31 were
males, being these figures totally concordant witise described by Breslow ef*al.
Somatometry: These patients seem to have lower birth weight and length than the healthy
individuals®®>**>According to data from the NWTS® the mean birth weight was 2,940

g., while in the group with Wilms tumor thiout WAGR syndrome the mean birth weight
was 500 g. higher (p<0.00001). Nevertheless, since the NWTSG did not have any data on
the gestational age, it was not possible to figure out whether this observation could be due
to shorter gestations. At the tinoé diagnosis the length was 4.5 cm. shorter than among
patients with WAGR syndrome (p<0.00001), what was not observed for the weight, that
was only slightly lower than that of patients with the tumor but without the syndrome,
although the difference was tr&tatistically significant.

Mean age at diagnosisWilms tumor in patients with WAGR syndrome is diagnosed at
earlier ages than in patients without the syndrd&®*>®According to data from the


http://www.ncbi.nlm.nih.gov/books/n/gene/glossary/def-item/allele/
http://www.ncbi.nlm.nih.gov/books/n/gene/glossary/def-item/germline/
http://www.ncbi.nlm.nih.gov/books/n/gene/glossary/def-item/mutation/
http://www.ncbi.nlm.nih.gov/books/n/gene/glossary/def-item/loss-of-heterozygosity/
http://www.ncbi.nlm.nih.gov/books/n/gene/glossary/def-item/loss-of-heterozygosity/
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NWTSG the mean age at diagnosis of the tumor was 22 months, compared to 39 months
in the group without WAGR syndrome; only 16% of the patients with WAGR syndrome
were diagnosed after the age of four years, compared to 38% in the other group.

- Histology and lateality of the tumor: In patients with WAGR syndrome, Wilms tumor
is more frequently bilateraf>**> Anaplasia was not observed in any of the 64 patients
with WAGR syndrome and studied in the NWT&GHowever, it was identified in 8% of
the patients witbut the syndrome (p=0.05), the histology being favorable in 100% of the
patients with WAGR syndrome, and in 91.9% of the cases without it (p=0.0004). In such
study?® fourteen percent of the patients with WAGR syndrome had bilateral affectation
regarding he Wilms tumor; in 48% of the patients with unilateral tumor this was stage I,
and only one patient (2%) had metastasis (stage 1V) at the time of diagnosis (p=0.002 for
the trend test). Most (81%) of the kidney specimens from patients with the syndrome had
nephrogenic rests, that were only observed in 42% of the patients with tumors without
WAGR syndrome.

- Clinical evolution of patients with WAGR syndrome: The initial clinical evolution of
patients is favorable. According to data from the NWT&&Japsesn the first four years
reached 0.99% (Cl 95%: 0.8189), and it has been observed that in spite of the good
response to the treatment of the Wilms tumor, patients with WAGR syndrome have a high
risk for renal disease in an advanced stage as they reaelult age. The cumulative risk
for renal failure was estimated in 52.8% (Cl 95%: 2A4046%) at 20 years of age.

- Survival: The survival of patients with WAGR syndrome in the NWT%®as 95% =+
3.0% four years after the diagnosis (compared to 92% * OmB3fatients without the
syndrome), and 47.8% + 17% twetggven years after the diagnosis (compared to 85.8%
+ 1.0% among cases without the syndrome).

In summary, as it can be observed in the epidemiological data included in Table 3, from

Breslow et al?® the tumor is diagnosed earlier in patients with WAGR than in any other type

of patients, they have mostly bilateral affectation, have a high incidence of intralobar

nephrogenic rests, their tumors have a favorably histology, with general good respibrese to
treatment and their initial survival is comparable to that of the patients with tumor but not
having WAGR syndrome. However, they frequently evolve to an advanced stage of renal
disease at the adolescence, what results in a lower survival rate @ltrege.

2.4. Final comments.

The epidemiological data available in relation to aniridia allow outlining several guidelines of
clinical utility in affected individuals. On one hand, given its frequent hereditary nature, it is
advisable to rule ouninimal affectations in parents and sibs of a patient in order to provide an
accurate recurrence risk assessment to the family. It is also important to perform a detailed
examination to confirm or rule out the presence of other alterations of the prenatal
development and, of course, a thorough ophthalmological study, since aniridia can present
associated to other ocular defects. Genetic studies are recommended to look for alterations at
chromosome region 11p13. Moreover, the folopvof these patients important, given their

risk to develop Wilms tumor.
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Tabla 2.3. Caracteristicasepidemiol6gicas delos pacientescon sindrome deWAGR, enrelacionconeltumor de
Wilms (tomado deBresbw et al.*")

Patients with Wilms tumor

With WAGR Without
syndrome WAGR
syndrome
Frequency among individuals with Wilms tumor 0,7%% 99,2%%
Mean birth weight 2.940 g. 3.450 g
Mean age at diagnosis of the tumor 22 meses 39 meses
Bilateral tumor 17% 6%
Metastasis 2% 13%
Favorable histology of tumor 100% 92%
Intralobar nephrogenic rests 77% 22%
Survival at 4 years from the diagnosis 95 +£3% 92 £0,3%
Survival at 27 years* 48 +17% 86 £1%
Unilateral renal disease in advanced stage* 11/37(29,7%) 44/5.489(0,8%)
Bilateral renal disease in advanced stage* 5/10(50%) 55/440(12,5%)

* After a mean followup of 12.6 years after the diagnosis of Wilms tumor

Finally, given the scarcity of epidemiological studies, whether descriptive or analytic,
regarding aniridia, we consider of great importancaigilight the need to study unselected
series of cases that are big enough and providing data to identify possible risk factors for this
defect of ocular development that can bear so determining consequences for affected people.
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CHAPTER 3
GENETIC IMPLICATIONS OF ANIRIDIA
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3.1. ANIRIDIA and PAX6 GENE

Aniridia is a panocular disorder (MIM 106210) causedby mutations in the developmental
PAX6gene. This gene encodes a transaiptional regulator which inteacts with DNA regulating
other genes function andis involved in oculogenesis and other aevelopmental processes.

Chr11
11p15.5 e,
D11S1984
D11S2362
11p15.1
D11S929
11pi14.1
D11S914
11p13
D11S995
NpI2 PAXG6
wWT1
D11S4101
HP:H D11S1751
Eh D11S1918
119121 D11S935
11q13.1
11q14.1
11921
11922.1
11923.1
11q24.1
11925

Figure 1. Chromosame 11lodline showingPAX6 gene and Wilms &umour locus at 11p13,
flarked by the microsatellite markers used for indirect or familial geretic analysis of aniridia
and related pherotypes.
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PAX6 gene is involved in eye embryonic development in severa organisms from

invertebrates as flies (Drosophila melanogaste)* to human$, and both its squence and
expresson pattern are highly conseved along evolution, thus demonsteting its crucial
biological role® . Human PAX6 gene maps on the shortarm of chromosomell (11pl3),
close to other genes like the tumour suppressor WT1 gene (related with urogenital
development and whosemutations are responsble for Wilms @umour) and other genes
related with men#l retardation (Figure 1). The PAX6 gene encompases 16 exons
spanning 28 kb and encodes severa different transcripts either dueto selection of different
promaters or throwgh pog-transcriptional aternative splicing. There are two major PAX6
isoforms, thefi manical PA X 6 04@2Zamino-adds and the isofam PAX6(5a) of 436 amino-
adds. The 422-amino acids protein containstwo DNA-binding domans: a bipartite paired
domain (PD) of 128 amino adds, which is shaed by al of the PAX proteins, and a
homeodorain (HD) of 61 amino acids, both separated by a glycine-rich linker of 78 amino
adds. The C-terminal domainis enriched with proline-serine-threonine (FST) residuesand
plays a role in the transattivation adivity of PAX6 (Figure 2). The transaiptional variant
PAX6(54), produced by aternative splicing of exon 5a, contains

an inset of 14amino acidsin the PD domain®,

28kb

0 1 2 3 4 asS55% 6 7 g 9 10 1112 13
p \
’ \
’ \
’ \
/s
\
i \
/ \
/, :
\
4
’ ‘\
B 4 PD a2z
PAXG g )
PAX6(5a) |_ PAI RED SN B PST :

1 436

Figure 2. Gene and potein dructure of PAX6. A. Genamic gructure ofthe PAX6 gene encopassing
28kb of the chromosamal 11p13 regon is showd. The caling exonsare cdoured,the non-
codng exonsare in bladk. B. Schematic representation of the gructure of two proteic PAX6 isoforms,
the canmical PAX6 andthe PAX6(5a) proteins of 422 and 436 amino- adds, respectively. The three
main domains are represented. The Paired domain (PD) is subdvided in PAI (blue) and RED (in
red) subdomains. The homeodamain (HD) and the goline-serine-threanine (PST) enicheddomain
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are represented in yellow and green, respedively. In PAX6(5a) isdorms, the oligopeptide of 14
amino-add (in light blue), encaded by exon 5adisrupts the PDdomain (Modified of Chaubanet d,

2004)%,
Dominguez et al. 2004 demonsteted in Drosophla that both Pax6 isoforms are needed for
the eye development. Pax6(5a) induces prolferation without differentiation, whereas

canonical Pax6 induas differentiation in the primordial eye without ocular growth®. PAX6
expresson mainly occurs at cdl nucleus in the fetal eye, brain, spine and olfadory
epithelia, with an important role in their morphaenesis as well as in pancreas wiere it is
required for the U-pancredic islands dfferentiation.

During the mouse forebrain neurogenesis, Pax6 regulates other transcriptional factors
and its abserte affeds signal malecules as retinoic add or Rlbpl’. During development of
neocortex, Pax6 expresson s for the right specific ation of the main areas and plays a crucial
role inthe rejionalization of themain divisionsof telencephalon and diercephalon®.

In pancreas, it compedes with Pax4 binding the Glucagon, insulin and somatos#tine
promaers. The shortPax6(54) isoform seems to function as a mdeaular switchfor severa
specific target genes. During vertebrate development,Pax6 is expressedin eyes in stemcdls
of optic vesicle reuroepithelium regulating their poliferations and differentiation
(neurogenesis and identty of retinal stem cells)®. Pax6 is expressedin different ocular
regions as cornea, lens,camera angle, ciliary body and al theretinal layers. A critical doseof
the Pax6 protein is required to initiate the tansaiption of its downstean target genes for
normel eye development™®,

Beyond embryonic development, the Pax6 protein is present during al life in
ceaebellum, eye, and pancress. It plays a rdein cdl proliferation control of corned epithelium
and in mainterance of retinal stemcels present in the ciliary body*'*? Pax6 regulates adilt
cells achitecture of the pancreas islands™.

3.2. Gene mutations in PAX6
Mutationsin the PAX6 gene are known to cause ocular disor@rs such as aniridia and Peter's
anomdy. The ocular malbrmations caused by PAX6 mutations vary consicerably
in pattern and severity. Iris hypoplasia, nystagmus, and fovea hypoplasiaare the most
common, but also microcornea related to PAX6 mutations has been aso described. Aniridia
(OMIM 106210) isarare, bilateral, congenital ocular disoder causingincompleteformation
of the iris. It is phenatypically and genetically heterogeneous. In 85% of cases aniridia
appears confined to the eye, as a trait either inherited as an autosomaldominant trait (two
thirds) or spoidic (one third). Once the muation occurs, it can be transmitted from the
affected patient to the children in the rext generation, as anautosonal dominant tiait.

In around13% of patients, aniridia is part of theautosomaldominant WAGR syndrome that

assocatesWilmsdtumour, Aniridia, Genitourinary abnomalities, and mentl Retardation**>.

In very few instances (around 2%)"°, aniridia occurs as part of other disorers, including

Peters anomdy™ and Gillespie syndrame'’, in autoomal dominant and recessve
inheritances, respectively.
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Corgenital aniridia is tranamitted as an autosonal domnant trait with high penetrance and
variable expresgvity and it occurs due to deaeased dosage of the PAX6 gene
(haploinsuficiency mechanism). Mutations occur heterozygoudy and are scattered
throughoutthe gene.

Animal modelswith bah Pax6 gene aleles atered (both copies of the gene) result in
individualswith comgete absence otyes (anophthalnia), choanal atresia and severe central
nervous system malformations. In humans and animal modeb, high lethality is obseved
when both allées of thegene are mutated'*%%,

The PAX6 locus-speific database currently contains 375 unique sequence changes in the
human PAX6 gene (http://Isdb.lgu.mrc.ac.uk/hame.php?select_db=PAX6, PAX6 mutation
databese, last access 01 March, 2014)?*. Over 90% of thesevariants are likely pathological
mutations disrupting the protein. The vast majarity of those repored so far lead to the
introdwction of a prematue termination codon (PTC), causng a loss of function”?, as
frameshift deletions and insetions, "nonense" mutations, and splicing muations that are
predicted to cause prematue truncaion of the PAX6 protein. The emainders are probably
neutral polymorphisns. Mutant transaipts containinga PTC are degraded by thenonsens-
medeted decay (NMD) mechanism that prevents the synthesisof a truncaed protein. These
mutations that result in truncaed or non functional proteirs, usually cause an aniridia
phenotype assocated or not with extraocular abnormalities. The PTC mutations are
distributed throughout the coding region of PAXG with the exception of the 2nd half of exon
12 and the codingregion of exon 13. Approximately 10% of the PAX6 mutationsare amino-
acid subsitutions (missense mutations) that produce a full-length protein®. Most of
these missense mtationsare located in the paired domainand may affed the DNA binding
function of PAX6. Thesemutationscan produce a lesssevere phenotype thanthe aniridia but
this ruleis notfulfil led®,

According to the PAX6 mutation databese’, the most frequent mutations in aniridia are
three stop gain mutations (p.Arg203*), (p.Arg240°), (p.Arg317*) and a stoploss muation
(p.*423Leufsext*108) leading to a C-terminal extension(CTE). There are four muational
hotspots in four CpG dinucleotides located in exons 8, 9, 10 and 11, [(p.Arg203%),
(p.Arg240*), (p.Arg261*), (p.Arg317)] respectively. Mutationstype "transition” at these
points acount for about half of al aniridia patients having nongnsemutations.

Among fde nowo cases, around 30% may present asciated anomalies, usualy
Wilms éumour”®. These associted anomalies are due toa “"contiguous gene deletion
syndronmeo, caused by heterozygous submigoscopic deletions on chromosomell (11p13)
affecting not oy the PAX6gene, but al®WT1 and other gnes™,

However, it should be noted that PAX6 gene has regulatay elements located in either
intragenic and extragenic regions, up to 165kkbeyond its squence”. This could explain the
existerce of cases of chromosomalrearrangementsand mutations which do not disruptor
alter the gene sequence itself, that remains intad, but thataffed PAX6gene control elements
and cause the phenotype€’’?®. This should be taken into acwurt, becaise it might
explain the apparent absenceof mutationsin somecases of familia aniridia®.
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Tabla 3.1. Tasade detecciénde mutacionesenel genPAX6 enpacientesconaniridia, endiferentes
poblaciones.

Casosmutados DatosClinicos Técnica Poblacién Autor

5/9 casosfamiliares

(56%) Aniridia SSCP INDIA Neethirajanetal. 2006
5/11 casodamiliares

(46%) Aniridia Secuenciacion CHINA Wangetal.2006
30/54* casos Aniridia DGGE (ex4-13) EUROPA Vincentetal,2003
(56%) o relacionados + SSCP(ex9 y10)

*13/ 18 casodamiliares (16 Aniridia + 1 microftalmia+ 1 nistagmus)
*17/ 36 casoesporadicog34 Aniridia +2 esporadicosiehipoplasiafoveal)
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3.3. PAX6 Associated Phenotypes

In Drosophila,Pax6 mutations lead to eyeless phenatype (absence of the eyes). In mice,
mutations in the Pax6 gene are assocated both to small eyes and to the lack of eyes. In
humans, mutations in PAX6 gene are mainly assocated with aniridia (pan-ocular
phenaotype) and in somecases with Peters anomdy [M IM: 604229](central corneal leukonmg,
absence of poserior corneal stroma and Descemd's membrane, and a variable degree
adherence of iris or lenticubr remnantsto the posgrior cornea) Corgenital lens o@dties are
common in aniridia patients® and some PAX6 mutations have been reported to be
asciated with juvenile cataract (http://www.nchi.nlm.nih.gov/ books/NBK1360)°°3.

There are other possble phenotypes assocated with PAX6 mutations, as edopia
papillae [MIM: 1297%), foveal hypoplasia, isolated or assocated with presenile
caarad [MIM: 13652D], the autosomal domnant aniridiarelated keratopatyy [MIM:
14819Q. In addition, it rarely produces ocular colobama [MIM: 12020Q, optic nerve
coloboma [MIM: 12043)], bilateral optic nerve hypoplasia [MIM: 16553 or
microphthelmia. Extraocular symptoms, such as cranial or CNS malformations, hypo- or
anosmiaand glucose intolerance could be also assocated with aniridia. Over 50% of patients
dewelop glaucoma and 50-85% develops cataracts™.

There is no correlation between genotype (locaion / type of PAX6 mutation) and a
particular phenotype in aniridia cases and grea clinical variability and differences in the
clinical expresson of aniridia may even be seen, as a conseuence of the same
mutation. Besides,there seemsto be a pattern between induced alteration in protein and the
ocular phenotype (anirida vs. versus other ocular phenatypes)'®. Thus, PTC muations
are mainly assocated with aniridia; while on the contrary, non-aniridia phenctypes are
usually assocatedwith missensenutations®,

3.4. Genetic Diagnosis of Aniridia and Related Disorders

3.4.1.Mutational Analysis

3.4.1.1.Point mutations detection

Screening techniques (AHPLC, HRM, etc) and Sanger sequencing. The sensttivity for change
detection of these screening techniques is variable (between 90 and 9%%6). Changes
detected by these techniquesare mastly in the coding sequence, as the regulatay elements
are not usualy analyzed, and they need a further identification and confirmation by Sanger

seguencing.

3.4.1.2 Detection of largedeletions

MLPA, FISH and familial haplotype studes (with PAX6 chromosomalregion markers). The
MLPA technique detects large dlletions and duplicaions affeding PAX6 exons. Some
commercial kits also include the WT1 region, being very useful in fiden o vaasés orin
cases with suspeted Wilms @mourt Usuwally, point muations are not detected.
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Other techniquesfor genomic or chromosonal analysis (such as high-resoluion karyotyping,
FISH or CGH-arrays) are usedor the diagnosticof large chromosomal earrangementsin the
11p13regon and therefore may affedt the PAX6gene or its regulatary regions®*=. They are
useful in cases of WAGR syndrome, iideno v @niridia cases, and/ or in thosecases in which
no aterationshave keen detectedwith the useof the peviously described techniques®,

It is worth remarking that sincethe existence of mutations outsde the coding sequence is
probable, the analysis of the coding region alows for a very variable detection rate of
mutations in the PAX6 gene, detection of 27-91% of familial aniridia cases, depending on
the studed population andethnique usd (Table 1).

Table 1. Mutation detedion rate for PAX6 genein anridia patients fromdifferentpopuations.

Mutated Mutation Pherotype technique Population Author

cases rate
Familial 5(2/690)/0 Aniridia Saeening India Neethirza(j)gré(?, etal
Familial ‘(‘55/?;/)" Aniridia Sanger Sequencing China Wang P, etal. 2006%
Familial (71%/‘;’;") Aniridia Sanger Seduencing * China Zhang X, etal. 2011%°
T | e | At | oy | mew | VeGEd
F;rgir'aiggg ( 42/0%’)* Agmf{; ggs'ffd Senger Seuencing™ | Caucasian | RedekerEJ, etal. 2008%
F;rgigzil; (égg;* Aniridia Saeening Mexico villa rrggg(él%, etal.
Familial ?ng)/f Aniridia Saeening Thailand Atchan:tiy;.%léﬂ LO, et
F;)T:gﬁ:: (fg/i’;/)o* Aniridia Sanger Sequencing Korea Park SH, etal. 2012*

-Vincent MC, et d. 2003

*Familial: 72.2% (13/18), Sporadic: 47.2% (17/36).

** Familial: 16 Aniridia +1microphthalmia + 1nistagmus. Spaadic: 34 Aniridia + 2foved hypopasia
-Redeke EJ, et a. 2008 * Mutated cases: not spedfied ** Phenotypes: not spedfied

-Villarroel CE, et al. 2008* : * Farrilial: 27.3% (3/11).Sporadc: 47.2% (17/36).
-Park SH, et a. 2012: * Familial: 90.9% (10/11). Sporadic: 85.5% (6/7).

3.4.1.3.0thertechniques

RNA Studies

RT-PCR analysis can be usedto analyze the PAX6 mesgnger ribonucleic add (mMRNA) lewvel
to identify aberrant splicing events die to spicing mutations®.

Next-generation sequencing (NGS): WES (Whole Exome Sequencing) / WGS (Whole

Genome Segencing)
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In the future, the recently developed next-generation sequencing strategies will replace the
previoudy direct screening methodsand chromosomakbnalysisfor identifying intragenic point
mutationsat coding and regulatay regionsof PAX6 and also chromosomatearrangements.

3.4.2.Guiddinesfor Genetic Study

3.4.2.1 Familial cases

Inherited isolated aniridia cases can be addressedthrouwgh dired genetic study involving the
screening of point intragenic mutations and/or Sanger sequencing of the coding regions of
PAXG If a mutationresponsble for aniridia is identified by this study, the familia mutation
study may be extenced to other individualsin the family. In these ingances, ealy, prenatal or
pre-implanttion diagnosis ideasible.

When mutation is not identified by this first approach, the anaysis can be competed
with by MLPA, FISH or CGH-aray techniques for the study of large and small
deletions / duplicaionsin the PAX6 locus****, When no point mutation or deletion

/dugication has been detected with the previous tedhniques, the karyotype can be usdul to
identify chromosomakearrangemens, without genetic material loss, disgadng or separating
theregulatary regionsfrom the PAX6gene coding seqience

If no muation is identifed with the previous echniques, it isapgopriated to perform an
indirect genetic stuly, analyzing extragenic poymorphc makers within the chromosome
11pl3region, in al hedthy and affected family menbers, to confirm if there is linkage
between the aniridia locus and the clinical phenotype. This last appraoach, in the absence
of identified mutation, allows for discarding cases of possble genetic heterogeneity (the
gene responsble for the phenotype could be other than

PAX8.

Although not mutation is detected, somecases present high suspcion of extragenic or
outdde thecoding sequence dterations. This way, when co-segregation between linked
makers and aniridia exists, and when the replotype inked to the dis@se isknown, itis
possble to gerform prenatal genetic diagnosis.

In cases in which muation hes not been identified and thelinkage to PAX6 cannot be
excluded, sequencing the entire locus of PAX6 should be addressed to identify
aterations in the regulatory region and for those variants found, functional analyses have
to be nade to estabsh ther pathogenic roé.

Despite it has not yet performed for uncharacterized cases of aniridia, as in any case
without genetic diagnoss, anaysis by exome or genome sequencing could be useful as a
reseach tool to identify new gene(s) or genetic mechanisms causing aniridia out of PAX6
gene.

3.4.2.27 Dmeo v @ases

When facing the diagnostic of a ide n o v anididia case, whether it is a newborn or child
under four years of age, it is urgent to discard large deletionsthatinclude notonly the PAX6
gene but the WT1 gene, due tothe high risk of developing Wilm's tumour®. Therefore,
deletion analysis in these m@tients is recommended first using MLPA and/or CGH-array,
because of theclinical importance of detecting deletionsassociated with WARG syndrome.
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3.4.3.Indicationsfor Genetic Study

The indicaions for the genetic study of aniridia are®® 1) the presence of isoated or
syndromicaniridia (WAGR syndrame), or 2) the presence of any of the possble prenotypes
asciated with mutations in the PAX6 gene, such as Peters anomay, edopia pupillae,
foveal hypoplasia isolated or assocated with presenile caaract, autosomaldominant
aniridia-related keratopaty. Other less common indicaions (and more unlikely to have
mutational result) are colobamas (ocular, or optic nerve) and biateral optic nerve hypoplasi

3.4.4.Reasmsfor Genetic Study
Genetic Study is useful for®®:

a) Clinical diagnosis confirmation, when causative genetic defect is identified (clinical
diagnosiscannot be dis@rded in thosecases withoutidentified muation).

b) Genetic assessmentadvising of the risk of repetition to affeded and unaffeded
relatives. This can also be pedicted based on clinical diagnosisand patients family
tree, even before the moleaular study.

c) Assssmentof prognosis and / or evolution in mutations with known genotype-
phenotype correlation.

Itis essntial to:

a) Know therisk of Wilm s tdmor in ide  n ocasas @ congenital aniridia in infants or
very young patients.

b) Perform a peimplanttiona or prenatal diagnosis.

3.4.5.Protocol for Gendic Study
Theprotocol for the genetic diagnostic and genetic clinical managementof patients with

aniridia® is reflected inFigure 3.
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Genetic Testing
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individualized follow up, familial assessment and
possibility of familial genetic testing

Figure 3. Protocol for the genetic study of aniridia
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CHAPTER 4
MAJOR SYNDROMES ASSOCIATED WITH ANIRIDIA

Oscar Giron Vallejo, Josel. Ruiz Jiménez, Miguel A. Gutiérrez Canté.
Pediatric Surgery Departmertio s pi t al Uni ver si t arBHRam&Wurcigen de | a

4.1. Introduction

Severe aniridia, which often results in blindness, cataract@mgenital glaucoma, can be
associated with Wilms tumor (WT) in an isolated way, although it is more commonly associated
with several anomalies leading to different syndromes, the best known being called WAGR
syndrome (Wilms tumor, Aniridia, Genitourinagnomalies, and mental Retardation). The
multiple abnormalities that can accompany this syndrome are caused by a deletion of genetic
material from chromosome 111. The FISH2 (fluorescence in situ hybridization) molecular
cytogenetic technique must be useddafirm these deletions (see Chapter 3). Mutations of the
PAX6 gene, located on chromosome locus 11p13, are responsible for about 80% of cases of
aniridia, both sporadic and familial. Between 33 and 50% of patients with WAGR are at risk for
WT. WT occurgn association with severe isolated aniridia in around 50% of cases.

4.2. Signs and symptoms of WAGR syndrome (SW)
The diagnostic criteria fOWAGR syndromeequire aniridia to always be present and at least
one of the other three anomalies. Some children with WAGR have a low birth weight and most
of them have short stature and microcephaly. No other specific signs or problems have been
reported in studies wolving the analysis of large series of patients although severe obesity has
been observed in nearly 20 percent of cases described. In some cases, especially in oldel
children, psychiatric disorders have also been described

Aniridia occurs in 1/50,0000t 1/100,000 individuals. Two thirds of cases involve
families with autosomal dominant aniridia caused by PAX6 Yaiterations. The remaining
one third of cases of aniridia is sporadic and is frequently associated with WAGR syndrome,
showing a high riskdr WT.

Aniridia, or iris hypoplasia, per se causes photophobia and can be associated with foveal
hypoplasia, optic nerve hypoplasia, cataract, lens subluxation and glaucoma. Other clinical
manifestations that may be associated with aniridia are nystagmub$yopia and strabismus.
Blepharophimosis, microphthalmia, palpebral ptosis, anterior segment anomalies and retinal
dysplasia occur more rarely but some cémee been reportad

The precise risk for Wilms tumor development is unknown, although sewexays
estimate it to be between 30 and 50%, with a higher risk for males (62% males, 38% females).
In 80% of WT cases, patients are diagnosed before the age of 5, but there have been a few
reports of cases in patients over age 20. Deletion of two tamppressor genes for WT have
been identified: WT1, which is located at chromosome 11pl13 and WT2, which is at
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chromosome 11pl5. Mutations in these genes contribute directly to alterations in the
development of the genitourinaimacf’.

WT is the most commomalignant kidney tumor in children and at present is one of the
best examples of the good results that can be obtained in Pediatric Oncology by using
multidisciplinary treatments and protocols. Overall cure rates are close to 80% and in some
stages are her than 90%

In over 70% of cases, WT manifests clinically as an abdominal mass with few, if any,
accompanying symptoms which is usually discovered by chance by a parent or the pediatrician
during a routine cheeldp (Fig. 4.1). More rarely, patients mayesent with abdominal pain,
hematuria or hypertension. Prognosis is basically related to the histological type of the tumor,
its clinical stage and the age of the patient.

Being an embryonic tumor, the histological type usually contains epithelial tisgue
is blastemal or mesenchymal, although in 5% of cases anaplastic or sarcomatous foci may
appear. These are called unfavorable histology WT and account for more than 60% of deaths.
Patient age also tends to be directly related to prognosis, whichiallyusiore favorable in
those cases diagnosed in children under the age of one year. With regard to clinical stage, five
stages are described, depending on how much the tumor has spread (Table 4.1), with a

Figure 4.1. Abdominal massin the right flank that does not cross the midline
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Table 4.1. Stages of Wilms Tumor

Stagel. The tumor is limited to the kidney and is completely resected.

Stagell. The tumor extends beyond the kidney (fat, pelvis, vein) tedrigpletely resected.

Stagelll. Incomplete resection of the tumor.

StagelV: Distant metastases.

StageV: Both kidneys are affected.

progressively pooreprognosis the more it has spread. In stage IV, metastases occur almost
exclusively in thdung (Fig. 4.2), with bone or brain metastases being very unusual and, in the
event, usually related to cases of unfavorable histology.

»

Figure 4.2.Chest Computer Tomography. Scan showing multiple lung metastases
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With respect to treatment, there @tebally two major trends in therapeutic approaches,
one |l ed by the European SIOP (Soci®t ® Inter
preoperative chemotherapy (CT) and the approach followed by the NWTSG (American National
Wilms Tumor Study @up), which recommends surgery as the first phase of tredtment

SIOP protocols are followed in our country (Spain), with preoperative administration of

vincristine and actinomycin D during a period eB4veeks. The aim is to reduce the tumor

size (whid is highly chemosensitive) to make surgery easier and minimize the risks involved,
as well as to prevent a possible rupture of the tumor during the procedure, as they are often
large tumors (Fig. 4.3). The surgical procedure involves the en bloc renfotla ¢umor,

kidney and ureter (Fig. 4.4) as well as an examination of the other kidney and nearby lymph
nodes. Postoperative treatment will consist of more or less aggressive CT (actinomycin D,
vincristine, carboplatin and epdriamycin) on the basis ¢dvorable or unfavorable histology

and clinical stage. Radiation therapy is usually reserved for patients with unfavorable histology.

4.2.1.Genitourinary malformations

Some reviews of WAGR syndrome show that nearly 40% of patients develop kidney failure
within about 20 years after a diagnosis of WT and that after 25 years the cumulative risk for
renal failure is 60%. Glomerulosclerosis is the most common cause of kidney failure in patients
with WAGR, being found in more than 50% of patients over the d&gE2oyears who are
affected by this syndrome. Proteinuria is usually the first sign, so it is advisable to have a
urinalysis done every 6 months and, subsequently, refer the patients to an experienced
nephrologist for management, as most of them will exadhytrequire a kidney transpldfit

Figure 4.3. Abdominal Computer Tomography with contrast. Figura 4.4. Surgical specimen including the
Large left renal tumor that displaces the kidney tumor, kidney and ureter
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The genital abnormalities that are most frequently present in nearly 90% of males are
cryptorchidism, hypospadias, micropenis and hypoplastic scrotum. Rarely they may present
with severe genital ambiguity, although every newborn with an uneeplasevere genital
anomaly should be examined by an ophthalmologist to rule out aniridia or iris hypoplasia. No
external genital abnormalities have been described in girls but uterine and ovarian anomalies
have been reported. Gonadoblastomas have beertagpn both sexes so it is advisable for
girls to have an annual pelvic ultrasound and for boys to undergo regular testicular examination,
and in both cases biopsies should be performed if there is any reasonable doubt.

4.2.2.Neurological manifestatics

Mental retardation is the most commonly found neurological disorder in these patients.
Approximately 60% of WAGR patients present with motor impairments (hypotonia,
hypertonia, incoordination), neuromuscular disorders (kyphosis and scoliosis) andeabsenc
crisis, so all of these patients must be examined by a child neurologist. They will require early
stimulation or other treatment strategies that are the standard of care for their associated
problems.

4.2.3.0ther signs and symptoms
Other anomaliethat have been described in some series, although with a lower incidence, are
E.N.T. infections (ear and sinus) in aboutl@ of patients, reactive airway disease iR 14
15% and, more rarely, heart defects, diaphragmatic hernia, cleft palate and exostoses

While it is important to know that these anomalies may be present in patients with WAGR
syndrome, it is also very important to know that 50% of patients will not present with WT, that
genital abnormalities may be minimal or mrexistent and that a sigint number of
individuals will have 1Qs that are normal or even above normal. The diagnosis of WAGR
syndrome will be difficult to establish in some of these patients. They should be periodically
examined by different pediatric specialists with experiemtethe different types of
abnormalities that may be present. In addition, frequent radiological studies should be
performed (Table 4.2).

4.3. Gillespie syndrome
This is an extremely rare genetic disorder that involves eye and brain abnormgdities:
aniridia, cerebellar ataxia and mental retardation. It was first described in 1965 by this author in
two siblings aged 22 and 19 years. It is an autosomal recessive disorder and to date no genetic
mutation has been found, unlike congenital domimadsomal aniridia, which is the result of
a mutation in the PAX6 gene.

From the clinical point of view, from birth the infant has bilateral pupillary dilatation
which is areflexic to light. During its first few months of life, the infant keeps its dgsed
because of intense photophobia. Slit lamp examination shows partial aniridia with some
specific features of this syndrome. Visual acuity is limited. It may present with palpebral ptosis
and very often glaucoma develops. Computer tomography and M&ing studies show
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cerebellar hypoplasia or atrophy. It is necessary to establish the differential diagnosis to
distinguish it from WAGR syndront&

Table4.2. WAGR syndrome management

Newborn infants  Genetic analyses
Eye exam by a pediatraphthalmologist
E.N.T. examination
Detailed information to parents

1 month to 1 year E.N.T. examination
Ultrasound every 3 months
Evaluate psychomotor development

1 to5years: Abdominal ultrasound every 3 months
Neurological symptoms evaluation
Endocrine evaluation (obesity)
Nephrology evaluation
Orthopedic treatment
E.N.T. exams

5to13years Pediatric neurologist
Ophthalmology exam
Endocrine and orthopedic exams
Ultrasound every 3 months until the age of 6, afterwards every 6 months
Nephrology and dietary followp
Dental examination

13to21years Developmental followup
Neuropsychiatric followup
Nephrology and endocrinology
Dietary follow-up
Dentist and orthodontist

4.4. Potocki-Shaffer syndrome
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This is a disorder in which aniridia is associated with iplelt exostoses. These are
cartilaginous growths that develop in the diaphysis of long bones. This anomaly is linked to
deletion of the EXT2 gene, located at chromosomd. 1p

4.5. Marinesco-Sjogren syndrome

This is an extremely rare association of aniridia with congenital cataracts, cerebellar ataxia
and mental retardation. Only a few cases have been reported and the genetic alterations that
cause itare not yet well known
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CHAPTER 5
EXAMINING THE CHILD WITH ANIRIDIA

Ignacio Rodriguez -Ufia,! Pedro Arriola Villalobos, 2 Rosario Gomez de
Liafio.3
1 Resident oDphthalmology 2 Ophthalmologist3 Proffesor of Ophthalmology.

Unidad de Motilidad Ocular y Oftalmologia Infantil. Hospital Clinico San Carlos. Madrid.
Instituto de Investigacion Sanitaria del Hospital Clinico San Carlos (IdISSC), Madrid, Spain

5.1. Introduction

When examining a newborn with aniridia, we should remember that the disease is uncommon
(it is estimated to affect one in 80,0000,000peoplein Spain) and thatt iis difficult in this

first exam to assess the extent of damage within the severity of the disease itself. In most cases
aniridia is characterized by the partial or complete lack of iris tissue. It is a congenital bilateral
ocular defect, sometimes asymimic, with a strong hereditary component. Some authors
dispute the use of the term aniridia since, as the name suggests, the whole iris is not lacking anc
gonioscopy generally shows the presence of the iris root. In addition, ocular structures other
thanthe iris are affected. Thus, it is not unusual to find cataract, lens luxation, glaucoma,
corneal opacities, foveal and optical nerve hypoplasia and other primary or secondary
conditions such as ptosis, ocular motor alterations or nystagmus.

The cardinakign of aniridia is iris hypoplasia. The residual root stump varies in size to
give rise to a lesser or greater amount of iris, such that it may be confused with a coloboma.

Another characteristic manifestation of aniridia, which determines greater visual
impairment, is foveal hypoplasia. Its typical sign is a reduced or lacking foveal reflex.
Fluorescein angiography shows a diminished or absent avascular foveal zone. In some patients.
retinal vessels crossing this zone cause macular pigmentation aitsrafihese foveal
anomalies appear from birth. Optic nerve hypoplasia is less frequent, but is also an important
limiting factor for patient visual acuity. Both abnormalities, which usually lead to the
appearance of a sensorial nystagmus, determine aikwal acuity, generally under 20/200
(0.2).

The development of glaucoma in patients with aniridia is fairly common, affecting more
than fifty percent. Glaucoma secondary to aniridia is mainly caused by congenital anomalies of
the angle, including absencef Schl emmés <canal and gradual
due to anterior rotation of the iris root.
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Keratopathy occurs later. It usually commences in the periphery, appearing as a haze in
the Bowmandés membrane and a ®©veetime,dt maygprogressna |
to affect the central area, diminishing visual acuity to an extent that warrants a penetrating
keratoplasty.

Photophobia is the initial symptom of aniridia in most cases.

5.2. Examination

Aniridia is usually diagnosed at its early stages, except abortive or rudimentary forms, in which
the presence of a greater amount of iris tissue decreases the clinical manifestations and typical
signs of this disease. In dark eyes, diagnosis may be delay¢he same reason. In general,

the newborn with aniridia will closes the eyes in response to light and feel more comfortable in

t he dar k. Diagnosis is hindered by a chil do
tests.

The examinatiomf a child with suspected aniridia should seek to confirm or rule out its
presence, detect other ocular manifestations of this syndrome, screen for the systemic
abnormalities that may accompany sporadic forms, and guide genetic tests. We should bear in
mnd the patientds age and | evel of cooperat
their results.

5.2.1. Anamnesis

Before the initial examination, we should obtain the following data in a complete anamnesis:
5.2.1.1. Patient clinical history. It is important to collect information about any possible
accompanying systemic disordpgssible genitalirinary alterations along with information on
the childdés ment al devel opment , espegeodatial |y
studiesshould also be obtained. Parents should also be asked about possible incidences during
pregnancy, labor, etc.

5.2.1.2. Family history. Almost two thirds of patients with aniridia have the familial, or
autosomal dominant, form of the disease. However, afflefeimily members are uncommon,
though these could have abortive or minimally expressed forms. This determines a need to
examine the family members of children with aniridia, since they may have a less obvious form
of the disease without being aware ofthrurther, we should obtain information on any other
family ophthalmologic condition.

5.2.1.3.Disease history and progressioRarents should be asked when symptoms commenced

in the child, how the child is doing and whether there are any complicatiatisnt® with

aniridia have intense photophobia, this being the initial symptom in most cases. We should also
ask about previous treatments and the use of protective glasses for outdoors or visual aids.
Finally, parents should be encouraged to contactSpanish Society of Aniridia or, if
applicable, the Spanish organization for the blind ONCE.

5.2.2. Examination procedure

The examination assesses bot h t he chil dés
binocular, or motor, function.

5.2.2.1. VisualAcuity (VA)

Visual acuity is generally low (under 20/100, 20/200). As mentioned earlier, impaired visual
acuity is related more to foveal or optic nerve hypoplasia than to the aniridia itself. However,
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VA cannot be accurately predicted in the fundus eganducted in the first months of life. In
addition, further manifestations of the syndrome such as keratopathy, congenital cataract or
glaucoma, may reduce vision. To determine VA, we first need to select the most appropriate
test for t h ebabieshup lumtilbtee agegoé two years, fixation assessment, the
preferential looking test or visual evoked potentials test can be used; the OKN drum can be
used in some. Table 5.1 lists the different tests suitable for children of different ages along with
normal test results.
In a healthy infant under two months of age, we can only assess the photomotor
reflex (absent in patients with aniridia) and fixation (e.g., detecting whether the infant
follows a moving face (usually this is possible around week8of life). Responses,

nevertheless, vary because of considerable variations in maturity (without repercussions
throughout life). When examining a premature baby, the response should be interpreted

after correcting for age. Examining a young child is noeasy and sometimes several tests

are needed, or a single test with contradictory results will have to be repeated.

Table 5.1. Acuity testing and normal test results in children

Age (years) Test Normal result

2 or younger Fixation CSM

2 or younger Preferential looking 0.23t0 9.8 cy/cm

2 or younger Visual evoked potential

(VEP)

2-3 Pigassou test 0.4-0.8 (projector at 3 m)
0.5-0.6-1.25 (screen at 3
m)

3-4 LeaHyvarinen 0.32-1.0 (at 3 m)

4-6 Snellen 0.5-1.0

> 6 Letters 0.51.0

From 23 monthsof age, responses are more reliable, and the fixation test, preferential
looking test and in some cases visual evoked potentials test can be performed.

Ocular fixation. Monocular and binocular fixation are assessed. For monocular
fixation, the infant is Isown a small object and we observe if the child fixes centrally with the



SPANISH GUIDELINES FOR THE MANAGEMENT OF CONGENITAL ANIRIDIA 54

fovea. If he/she does not fix with the fovea this means that VA is 20/200 or lower. After
separately covering each eye, the smallest object the infant can follow is determinebn Fixat

is recorded as good, intermediate/bad, central or eccentric and maintained or sporadic using the
acronyms CSM(Central, Steady, Maintaingénd UC, US and UM as follows:

The first l etter, C, i ndi cates fieciethd r al
center of the cornea that is symmetric in both eyes. If the reflex is eccentric, fixation is recorded
as UC (UC=ncentra). The second letter, S, describes how stable the fixation istEsely,
US=unsteady and the third letter, M, describd#se extent of monocular fixation maintenance
and binocular alignment. When fixation is maintained in one eye but not the other, there may be
considerable difference in VA between both eyes rfMmntained,UM=unmaintainefl This
fixation can be assessed ugithe Gracis biprism as described below. In some children,
inducing a small squint using a vertical prism (of 10 D) is useful to assess fixation maintenance
capacity. Finally, the childds capacity to
more prolonged blink.

Some clinicians prefer to use the acronym Fix(and follow or Spanish terminology
for the CSM system.

Preferential looking test This test is based on a yo
look at a bold pattern rather than larik area. This was initially a fairly sophisticated test but
has been simplified over time and is currently performed using Teller acuity cards (see Fig.
5.1). The test consists of a set of cards (9 in the basic test, 16 in the extensive) each with a
centr al peephol e, through which the infantos
patch of vertical blaclandwhite stripes with constant contrast (90%). From one successive
card to the next, gratings decrease in thickness such that théal fieguencies measured in
cyclesper centimeter (Cy/cm), each time go up by half an octave. The cards are presented
through a window, alternating cards with the gratings on the right with those with the gratings
on the left. Without knowing which sideetlgratings are, the observer determines which side
the child looks at and after checking that the response is correct, moves on to the next card until
the card with the thinnest stripes distinguishable is detected. The preferential looking test
provides a illustrative measure of visual perception. Tables exist of measures of normality of
perception obtained using Teller cards in children of different ages and possible Snellen
equivalences??® Although this test requires no identification skills, iafected by psycho
affective factors and the childbds attention
is overestimated. The test, nevertheless, is non invasive and gives a rapid measure of visual
perception in patients unable to cooperatmiding the need to wait for the results of
electrophysiological tests. It is usually available (or should be) at most pediatric centers. It is
more effective in children under 12 years. Beyond this age, it is difficult to keep their attention.
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Figure 5.1. Preferential looking test

In Table 5.2, we provide a list of Teller card visual acuity measures obtained in children
with aniridia examined by us and in a control group of 40 healthy children. All children were 1
to 12 months old. Up until the agd two months, many of the healthy children did not
cooperate. In all the infants with aniridia, lower VA values were obtained than in the children
without the disease, although VA varied among the affected infants. Also, newborns of only a

few months ofage were unable to distinguish even the clearest test, though with age, some
perception was acquired.
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Table 5.2. Teller visual acuity measures recorded in infants with aniridia and in 40 healthy age
matched controls

Visual evoked potentials(VEP) test. The results of this test are usually abnormal in
patients with aniridia although a normal test result may be obfaifredhe flash VEP test,
latency and amplitude are modified while the response to the pattern VEP test indicates
improved centralretinal activity. Electrophysiological experiments have generated Snellen
equivalences. The drawbacks of this test in children are the need to sedate the child and a nee
for a team of pediatric electrophysiologists. In contrast, the electroretinograornsal in
patients with aniridi

I n children ol der than two (and nearly u
cooperation), we can use verbal tests with pictures, such as Pigassou optotypes (Fig. 5.2A) or
LeaHyvarinen symbols, also knowrs ghe LH (lighthouse) test (Fig. 5.2B). In most children,
the first test with which we can measure visual acuity is the Pigassou. This test provides an
improved measure over the preferential looking test but it is still imprecise: images are not
equivalen in identification difficulty and may be comparable to larger images. In addition,
memory contributes to the score obtained. A Pigassou visual acuity ef.b@%nay vary by
two lines from the result of the Snellen fesin our patients, we recorded/a of 0.1-0.6 using
Pigassou symbols compared to 08 using the LH test. When some of these childvere
examinedas adults, their Snellen VA was lower than their Pigassou value (e.g., Pigassou 0.6
versus Snellen 0.1), while correlation was much higbethe LH test. Most children had a
different VA in each eye attributable to their aniridia per se and to amblyopia. Most had an
associated tropia/microtropia/anisometropia and responded well to treatment.

In children with aniridia and very low visionests with larger pictures are required.
However, fewer symbols on the chart will determine that memory may affect the results. It is
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therefore best to use individual optotypes although this will prevent overlapping. For a VA
worse than 0.05, we use theiffbloom chart.

VA is usually determined first in the right eye and then the left. The eye is covered using
a patch to make sure the child is unable to use the covered eye. If the whole line can be
distinguished, then the corresponding VA is recorded,(€.8). If the line is difficult to
identify, the figure recorded should be 0 (or -2) for one or two erroneous symbols
respectively, or 0.3 (+1 or +2) if one or two symbols in the next line are distinguished. When
using isolated optotypes, the sizelwd test and the number of symbols seen by the child should
be recorded; for example 0.1 (4/4) or 0.1 (3/4). Children with aniridia often ctiosiderable
variation in VA between visits (e.g., 0.1 to 0.2). Cooperation is poor in young infants so it is
difficult to identify differences. Often tests need to be conducted at half distance so that more
optotypes may be used. If the patient has a latent nystagmus, rather than occluding the non
examined eye it is better to penalize it with a translucent &hter+8 D lens.
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Figure 5.2. A) Pigassou optoiypes B) LH test
TheSnellen testan be used from the age of 4 years|attdr optotypeveyond 6 years.
Some aniridia patients will have a VA<0.05 and others a high VA, but typically 0A8.2.
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Near VA should also be recorded. Pediatric scales exist based on theogtotype
formats as for distance visual acuityear VA is usually higher thadistance VA. 1t is
important that the test distance is 33 cm. Accommodation maydservedn patients with
aniridia despite being lower than normal. Near VA should be measured using plus lenses

5.2.2.2. Refraction

In a general ophthalmologic examination, the pinhole is used to determine whether vision will
be improved bycorrectimor i f the patientds nor mal corr
inconsistent in children both with and without aniridia, and is even less useful if the disease is
accompanied by a nystagmus.

Child aniridia patients usually have refractive defeletsa series of 14 children younger
than 3 years, mean refraction wals37 + 4.07 D. Eight children had myopia (spherical
equivalent-1 to-7.75 D), 3/14 had a refraction of +14band3/14 had moderate hyperopia
(+3.5 to +6). Most had astigmatism-42D), and 10/14 had 1 to 3 D of anisometropia. In
addition, in successive exams we noted a higher than usual variation in the refractive state of
these children, that we attribute to an abnormal lens position during growth, corneal
modifications and to thimherent difficulty in testing lowision eyes, in which foveal fixation
cannot be assured.

Refraction testing in children with aniridia should be conducted eyithoplegia The
use ofretinoscopyis more precise though in our experience both methbdsld be used.
Pupil dilation might be considerednnecessary because of itgypoplasia though some
accommodative power persists, albeit lower than in healthy children. For cycloplegia, we prefer
the use of two drops of cyclopentolate given 5 minutes apart 45 minutes before testing.
Atropine is not recommended since accommodation is normally reducaddaional visit is
needed and near vision is impaired for longer. In our series of 13 children (@gech@nths)
with aniridia, refractive state was determined pgdiatric autorefractometryand band
retinoscopywith and withoutcycloplegia (Table 5.3 A myopic shift of-2.64 +2.1 Dspherical
equivalent was detectdzktween refraction with and withoaycloplegia and ofl.13 +4.65 D
between retinoscopy with and withazycloplegia. The pediatric autorefractometer is used for
refractometry without cycloplia in the young child (Fig. 5.3). Thmsethod has its drawbacks
since we cannot contréikation when VA is low. We have also detectagher variation due to
accommodation. Finally, some child patients have cataract, which even if mild can modify the
auorefractometry response.

Children older than two are able tooperate more and, depending on the patient, we
can gradually introduce more adult tests. The use of lens frames is recommended. In every
check up visit, at least one retinoscopy withoytloplegia should be performed and pupil
dilation indicated if a marked change is detect&darge shift to myopia may be a sign of
ocular hypertension.
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Table 5.3. Refractive state determined in 13 children with aniridia (aged-36 months) by pediatric
autorefractometry and retinoscopy with and without cycloplegia

SPHERICAL EQUIVALENT (Mean + standard deviation)
Autorefractometry withoutycloplegia -3.57+£3.42D
Autorefractometry wittcycloplegia -1.59+422D
Retinoscopy withoutycloplegia -2.19+£ 3.74 D
Retinoscopy witltycloplegia -1.37+4.07D

Figure 5.3. Pediatric autorefractor

5.2.2.3.0cular motility and binocular vision tests

Most children with aniridia have strabismus, amblyopia or fusion defects. Even if mild,
strabismus needs to be assessed to detect a possible amblyopia requiring treatment. In ou
patient series, most children had lawgle microtropia or endotropia, whicgh some cases
progressed to exophoria/tropia. Some children (those most affected) showed considerable
exotropia (Fig. 5.4).
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Most of the children in our series presented with amblyopia during check up visits and
were treated. When possible to measureesfisis was 400 seconds of arch. In most of the
patients, nystagmus, usually pendular/jerky was observed. Nystagmus was more intense in the
children with more severe disease and sometimes improved between the age of 1 and 2 years.
Two children had severdin-u p tort icollis and fAsetting sun

o PR W

A

Figure 5.4. Exotropia in a child with aniridia

The motor and sensory examination of strabismus is extensive, and there are numerous
published reports on this topic. The description Wwele a general overview of the basic
examination normally performed in pediatric aniridia patients.

Motor Evaluation

1. We should first determine if there is manifest tropia upon visual inspection and describe the
nystagmus in terms of its: direction (horizontal, vertical or rotatory), frequency (constant or
variablei the latter is common in severe caspgndularor jerky, right- or left beating, and
amplitude. Later on a more precise assessment is conducted using measuring devices, bu
this initial examination gives an overal
cooperation needed. During this exam, the preseoic orbitefacial asymmetries or
torticollis should be recorded.

2. Ocular rotations in the 9 positions of gaze. In children it is better to start with ocular
versions. If the patient is unable to follow the object, the head may be moved to examine its
movements. We should record any vertical deviations in lateral versions or oblique
positions and also make note of the behavior and characteristics of the nystagmus. To draw
the chil doés attenti on, rat her t han using
presented. It is common in a patient with aniridia and low vision that he/she cannot always
follow small objects. If this occurs, we recommend the usmlirful stimulisuch as the
top of the cyclopentolate bottle.
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Near and distance deviation. Usuatlye examination starts with the child in primary
(distance) viewing position (PP), but before the age of one year, it is difficult to get the
child to fix his/her sight at distance. We recommend the cover test and rarely use the
Hirschberg test since it iery vague, especially in patients with aniridia. A morphoscopic
object is used to stimulate accommodation. We then observe whether there is a tropia or
phoria. If we cannot observe the strabismus, a Gracis biprism may be used but this test is
not alwaysconclusive because of the reduced VA. Besides finding out the magnitude of the
deviation, we should also establish which eye is dominant. This will provide information
about a possible amblyopia. The overall extent of strabismus is provided by the cover
uncover test.

The horizontal component of the strabismus is assessed when looking up or down to
determine the A/ pattern.

Vertical strabismus is assessed during lateral movements, in oblique positions and with the
head tilted towards one shoulder anddtieer.

The size of the deviation is measutesing prisms (horizontal and vertical if necessary).

To examine torsional components, the bilateral Maddox tavdiometer, synoptophore or
fundus pictures/retinographies can be used.

The near point of convergee (reduced in most of our patients), fusion vergences and the
modified AC/A are measured. For these measurements, the child needs#o/éarsold.

Special tests: passive ductions, generated forces, speed of saccadic movements.

Sensorytests

1.

In child patients with aniridia, we usually use tlsgnoptophoreto assess retinal
correspondencérom the age 08.5-4 years). Vision is generally too low for foveolar and

we use larger tests (macular tests). The Bagolini striated glass test is dilgp hugeto

detect small abnormal angles/angular defects, this test can only be used in children of 6
years or older. The macufloacular test is very accurate for a retinal correspondence study
but in patients with low vision results are imprecise (Fi§).5.

To assess fusion at distance, we use the Wedit 4est and polarized vectograph test. The
Worth test serves to identify gross or peripheral fusion (Fig. 5.6), while the variable
vectograph system requires finer fusion (though charts of differegislef difficulty exist)

(Fig. 5.7).

Figure 5.5. A) Synoptophore B) Bagolini striated glass test



