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CONGENITAL ANIRIDIA KERATOPATHY TREATMENT

MANEJO TERAPEUTICO DE LA QUERATOPATiA ASOCIADA
A ANIRIDIA CONGENITA

LOPEZ-GARCIA J$, GARCIA-LOZANO I2, RIVAS L3, MARTINEZ-GARCHITORENA }

ABSTRACT RESUMEN

Objective: To attempt to review the aniridia kerato- Objetivo: Revisar la patogenia de la queratopati
pathy pathogenesis and establish a treatment protpor aniridia y establecer un protocolo de tratamiel
col according to the severity of the symptoms. to segln su gravedad.

Methods: Personal experience in aniridic kerato- Métodos: Revision bibliografica y experiencia per-
pathy management and a bibliography review. sonal en el manejo de pacientes con queratope
Results: The ocular manifestations of this anomaly por aniridia.

include defects of the cornea, glaucoma, lens subltResultados: Las manifestaciones oculares de est
xation, cataracts, hypoplasia of the iris, fovea ancanomalia incluyen defectos a nivel corneal, glauc:
optic nerve, amblyopia and nystagmus. The keratoma, subluxacién del cristalino y cataratas, hipopl:
pathy occurs in a 20% of patients with aniridia. Thesia de iris, fovea y nervio éptico, ambliopia y nis
correct PAX6 expression is necessary for normatagmus. La queratopatia por aniridia ocurre en
corneal development, limbal stem cell activity and20% de los pacientes. La correcta expresion del g
correct corneal epithelial cell migration and adhe-PAX6 es necesaria para el normal desarrollo corne
sion. y actividad de las células limbares asi como |
Conclusions: The management of ocular surface correcta migracion y adhesiéon de las células epit
diseases due to limbal stem cell deficiency in aniri-liales.

dia is complex but has changed in recent years, éConclusiones:El manejo de los trastornos oculare:
an understanding of the limbal stem cells and theidebidos a la deficiencia limbal asociada a la anirid
microenvironment has modified the therapeutices complejo pero ha cambiado en los ultimos afic
approach. The use of autologous serum eye dropEl concepto de célula madre limbal y de su micrc
amniotic membrane transplantation, limbal trans-ambiente ha modificado la aproximacion terapéut
plantation or cultivated limbal cell transplantation ca de estos pacientes. El empleo del suero autélo
have all been reported as a treatment for severdrasplante de membrana amnidtica, trasplante
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ocular surface diseasdsrch Soc Esp Oftalmol limbo o trasplante de células limbares cultivada

2006; 81: 435-444). han sido utilizados en el tratamiento de distinto
trastornos de la superficie ocular.
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INTRODUCTION syndrome (Wilms tumor, aniridia, genital-urinary
abnormalities and mental retard). The appearan

Aniridia is an infrequent disease (1:65.000-0f these extraocular alterations in aniridia is mor
95.000) caused by a bilateral alteration in the eye’sommon in sporadic cases. When aniridia is diag
development. It has no gender or racial preferencgosed in a child whose family does not have ant
It is a well-documented genetic anomaly whichcedents of the disease, it is important to establis
may appear sporadically or within families, exhibi- via chromosome analysis whether or not the dels
ting a dominant autosomic inheritance pattern withtion extends to the domain of the gene which pre
variable expression amongst the members of gisposes to Wilms tumor in order to establish
family. The gene which accounts for the diseasenonitoring regime for the period of risk of
(PAX®) is located in the short arm of chromosomeexpression of this tumor, which is usually up tc
11 (1) and finds broad expression in the developage 8.
ment of various eye structures including the cornea, Although the phenotype may vary considerably
lens, camerular angle, ciliar body and all retina€ven among members of the same family, the visu
layers. Therefore, aniridia is a global eye disordeidefect appears in the first decade of live with visue
in which iridian hypoplasia (which gives its name to acuity values ranging between 10 and 20% due
the disease) is only the most evident clinical signfoveal hypoplasia combined with the possible exis
The alterations in the anterior segment includetence of congenital cataract, nystagmus and aml
keratopathy due to limbus dysfunction, dry eye,yopia (3). In contrast with the stability of retinal
glaucoma, cataract, lens subluxation and a numbeglteration, the progressive deterioration of the ey
of abnormalities in the camerular angle. The postesight is mainly due to the development of
rior segment alterations include macular and optic glaucoma (50-75%), cataract and keratopathy.
nerve hypoplasia with a frequent association of Keratopathy associated to aniridia (KAA) affects
strabismus and nystagmus, which worsen the visuad0% of patients, although alterations in the eye su
prognosis since an early age (2) (fig. 1).

The first description of the disease was made by \ A
Barratta in 1818, who gave it the name of irideremie . m J/’
in relation to the most apparent clinical sign. In the '{ =
early twentieth century the current denomination
began to be used. *'\.

In humans, PAX6 gene mutations were found nof
only in patients with aniridia, but also in some case
of Peter's anomaly. Said mutations can be intrage
nic or deletions of the 11p chromosome. No corre-
lation was found between the mutation site of the
PAX6 gene and variations in the expression of the
aniridia phenotype expression. In fact, a broad ran
ge of phenotypes can occur as a consequence of t
same mutation.

Among the most important extraocular altera-rig. 1: Keratopathy associated to aniridia. The illustra-
tions we find the development in sporadic cases otion shows the superficial neovascularization and sube
Wilms tumor, frequently as part of the WAGR pithelial fibrosis.
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face are found in up to 90% of cases (3). Expresred to be an important regulator in ocular morphc
sions can begin in the first decade of live with irre-genesis, controlling cellular proliferation, differen-
gular thickening of the peripheral epithelium follo- tiation and apoptosis processes in normal eye de\
wed by superficial neovascularization which lopment. The normal expression of PAX6 is dee
advances centripetally for years to ultimately invol-med essential for the development of ocular tisst
ve the entire corneal surface. Patients suffer recusuch as the corneal epithelium, iris, ciliar body, ler
rring erosions, ulcers and chronic pain and, if notand retina (8-10).

treated, ultimately exhibit serious corneal opacity The regulatory role of PAX6 continues in adull
due to subepithelial fibrosis and stromal scarringlife and occurs at several levels.

(fig. 2).

Regulation of the proliferation and
GENETIC BASES AND PATHOGENIC differentiation of the corneal epithelium
MECHANISMS IN KERATOPATHY

The absence of a selective marker for the limbt
ASSOCIATED TO ANIRIDIA stem cells (LSC) hinders the study of the epitheli

proliferative compartment in animal models. The

found in the 11p13 chromosome segment (4-6). Th esults obtained with the p63 nuclear transcriptio
majority of recent studies on the genetic bases Ostgtrgr’cse“gg:r?ée?oﬁiigfsrﬂglri rg%tgnft?;tgg'tgglll
hereditary aniridia are based on animals, particu= o o ,
larly mice. The gene PAX6 homozygotic alteration such as the am_pllfleq transient cells, QOesnt SEee
models give rise to mice with complete absence Ofo exhibit alterations in the PAX6 mutation models
eyes and nasal cavities which die soon after birth'nitr?dcd(;};Onl”olci:g:;![?(fr:\/?n;ﬁfgrlésSwsgleagoé rgztan-
The heterozygotic defect of PAX6 produces the Se 3). The F;x ression of CK-12 ;nd CK-3 thro(u |
(Small eye) mouse model with microphthalmus an - 1he exp . . . 9'
ocular alterations similar to those seen in human he epithelial cells is considered to be a differentic

with congenital aniridia, therefore regarded as aollgg irtn;rl;Zr S?a(.)tI:dSl?eggg(gor';:]]:szo;?:?lvaa?gr ?neSs'
good experimental model for the disease. 9 y '

PAX6 is contained in a region of DNA conside- luble cell cytoskeleton proteins which make up th
red to be of an extraordinary philogenetic impor_lntermedlate filaments of the epithelial cells. Thei

tance because it has been conserved in numerot/in function is to stabilize the corneal surface. |

species of vertebrates and invertebrates througho@g'r:gfsigﬁp;rt'?eirgil t?l?;gt?n;v?/vr?irclﬂ t?ar:(;g?gg
the evolutionary process (7). This gene is conside- pressior A ' A
vacuolization and fragility of the corneal epitheliur
- ‘

PAX6 is the gene responsible for aniridia. It is

(14,15).

Regulation of cell adhesion

The corneal epithelial cells have numerous adh
sion mechanisms, both intra- and inter-cellular &
well as with the extra-cellular matrix. Said mecha
nisms include «tight-junctions», «gap-junctions»
desmosomes and adhering unions. In addition, th
re is a large variety of adhesion molecules such
catenines, integrines, demogleine and desmochc
ne which make the corneal epithelium highly resis
tant to external attacks.

. - &3 In experimental aniridia models we find a reduc
Fig. 2: Corneal opacity and cataract in patient with tion in desmogleine as well as beta- and alpha-ca
hereditary aniridia. nine, the synthesis of which seems to be regulat
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by gene PAX6, which gives rise to spaces between ALTERATIONS OF THE OCULAR

epithelial cells (16). These findings, together with  SURFACE IN ANIRIDIA PATIENTS
the cytokeratine CK-3 and CK-12 deficit, make the
corneal surface very fragile. The clinical expression |t js increasingly frequent to find in our daily
qf this is t_he presence of recurring erosions or Perpractice alterations of the eye surface caused by
sistent epithelial defects (17). limbal insufficiency syndrome which in most case:
is caused by external agents, either traumatic
) ) o inflammatory. In the case of KAA, it involves an
Regulation of extra-cellular matrix activity intrinsice limbal involvement which qualitatively
o _alters the LSC functions. The alteations of the ey
The extra cellular matrix gives the cornea itSgyrface which appear in aniridia are due, at least ir
structural organization. In normal conditions, thetjally, to a LSC dysfunction (24). As with other
extra cellular matrix is subject to a slow but conti-cases of partial limal insufficiency, patients with
nuous remodeling which gathers pace in the progpjridia can remain without symptoms until ar
cess of repairing corneal damage (18,19). There igyternal factor acts upon the limbus, overthrowin
a balance between the production of collagen byhe fragile balance which maintained the integrit
keratocytes and their degradation by a group obf the corneal epithelium.
enzymes called metaloproteinases (MMP). These Relevant worsening of KAA symptoms are des
enzymes are produced by epithelial cells andyihed after surgery with excessive manipulation ¢
fibroblasts, and their expression is influenced byihe |imbus or application of topical antimetabolites
genes, growth factor, tissue inhibitors of metalo-for controlling the frequently associated glaucom
proteinases and elements of injuries. In turn, saiqps) Other authros underline the assymetry the
enzymes are involved in the activation of cytoki- gpserved in corneal alterations in these patients ar
nes, in the rupture of adhesion molecules and thg, many cases, relate it to traumatic or surgice
creation of biologically active fragments (20,21). gyents in the eye with the worst evolution.
Three types of metaloproteinases are known: Tperefore, the clinical treatment will depend or
MMP-1 . the degree of involvement. Thickness of the centr:
or collagenase type 1, MMP-3 or stromelysinecomea is usually very increased (26), frequentl
and gellatinase. All these are secreted as proenzynyolving superficial neovascularization, subepithe
mes and n_eed zinc as a cofactor (22). MMP1 is projig| fibrosis, progressive corneal opacity, high
duced mainly by keratocytes and degrades collagefegree of instability and irregularity in the ocula
type 1, 2 and 3. MMP-3 exhibits an intense prote-gyrface which, at the clinical level, is translated il
olytic activity vis-a-vis- caseine, fibronectine and_persistent or recurring epithelial defects, cornes

proteoglycanes. In turn, gellatinase is more selectizonjunctivalization, hyperplasia of the limbal epit-
ve for gellatin and collagen type 4, 5 and 7. Two

types of gellatinases are differentiated: MMP-2 is
more active in the presence of collagen type 4, whe
reas MMP-9 is more active in the presence of colla
gen type 5. The regulation of Gel-B or MMP-9 &8
depends on PAX6. In PAX mutation animal models
with Gel-B defficiency we find an accumulation of §
fibrine and infiltration by inflammatory cells in
relation to an increase in the levels of IL-1 (23). The
accumulation of fibrine alters the orderly arrange- ikl ekl
ment of collagen fibres, producing loss of corneal -
transparency. On the other hand, cellular infiltratio
translates into an important neovascular prolifera
tion stimuli.

Figure 3 shows the different actions of gene —
PAX6 on the eye surface and its clinical conse-
guences. Fig. 3: Pathogeny of keratopathy associated to aniridia
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helium, chronic inflammation, conjunctival hypere- insufficiency (fig. 5). Impression citology also faci-
mia, changes in Bowman’s membrane and keratinititates the epithelial phenotype study via markini
zation. Symptoms include crying, pain, eyesightwith monoclonal antibodies of selective citokerati
reduction, dry eye, photophobia and blepharoshes of each cellular lineage (31,32). Accordingly
pasm, with the frequent additon of bacterian infec-the conjunctival epithelium cells present citokerati
tions and the risk of eye perforation (27,28). ne CK19, whereas the corneal and limbal epitheli
The instability of the ocular surface which is cau- cells present citokeratines CK3 and CK12 (33). Th
sed by the defficient regeneration of the corneatornea of patients with LSC defficiency present
epithelium will determine, among other things, thereduction of citokeratines CK3 and CK12 and a
appearance of a secondary dry eye and the loss ofcrease of citokeratine CK19 (34). Furthermore
the corneal epithelium’s barrier function (fig. 4). impression citology allows a study of the ocula
This chronic aggression on the eye surface epithesurface after interventions such as limbus transpla
lium will produce a reaction of the latter in the form and amniotic membrane transplant (35,36).
of metaplasic transofrmation. Accordingly, squa- It is important to classify all the above signs an
mous metaplasia is a process utilized by humidgsymptoms in order to plan the therapeutic handlir
epithelia to provisionally overcome attacks. Thisof these patients. We have differentiated four leve
process involves both corneal and conjunctival epitor stages of development. A patient is considered
helial cells as well as the conjunctiva’s secretingexhibit slight limbal insufficiency (phase 1) when
cells (calliciform cells) (29). This is a pathological he/she refers a maximum of two recurring ulcer ¢
and reversible transition of the normal, non-kerati-erosion events in the past 6 months, slight photo
nized stratified epithelium to keratinized epithe- hobia and epiphora and also exhibit slight vascul:
lium. pannus not exceeding 1 mm from the limbic arc
Clinically, the keratinization process is easily and small disorders in the absorption of fluoresceil
recognizable via microscopy but squamous metaA patient is considered to exhibit moderate limbe
plasia which arises before keratinization can gansufficiency (phase 2) when the number of rect
unnoticed, above all in the initial stages. In thesering ulcer or erosion events equals or exceeds 3
cases, impression citology provides an objectivehe past 6 months, exhibits permanent instability
estimate of the deree of involvement of the oculathe lacrimal film and vascular pannus (with or wit-
surface, allowing an improved therapeutic approachhout sub-epithelial fibrous tissue which involves a
to the disease (30). In addition to assessing th&ast the peripheral half of the cornea, with photoy
degree of squamous metaplasia, citology will allowhobia, epiphora and red eye being the norm. Tl
the identification of the presence of caliciform cellsthird phase of the disease is considered to be re
in the corneal epithelium, a characteristic conjunc-ched when a patient exhibits corneal vascularizatic
tivalization sign and therefore signalling limbal involving the centre of the cornea as well as perm

_ _ _ _ _ _ Fig. 5: Impression citology. The presence of calliciform
Fig. 4: Tincture with sodium fluorescein, showing con- cells in corneal impression citology defines the instabi
junctivalization of the corneal epithelium. lity of the lacrimal film and an epithelial defect.
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nent clinical signs of corneal erosions and instabi-environment surrounding them in order to ensur
lity of the lacrimal layer. Photophobia, epiphora andtheir expansion and survival.

red eye are the norm, together with the loss of The therapeutic management of these patier

vision due to involvement of the visual axis. Finally, will depend on the degree of involvement of the

in phase «0» or sub-clinical limbal insufficiency we ocular surface. Thus, in patients exhibiting sub-cli

include patients with etiological processes liable tonical or slight limbal insufficiency, treating with

limbal insufficiency who do not express associatedartificial tears without preservatives could suffice

clinical signs (fig. 6). Although there are many tear drops in the marke

we prefer to use sodium hyaluronate preparatiot

free of preservatives. It is also important to appl

TREATMENT with these patients a number of measures aimed

improving their symptoms, such as protectior

One of the causes of progressive loss of visiordgainst sunlight by means of dark glasses, or a pi
and morbility in aniridia patients is keratopahy deri- ference for humid environments. The corneal erc
ved from the dysfunction of LSCs. The progress insion events shall be treated just like in any othe
recent years in the understanding of the mechaPatients, by means of occlusion and topical antibic
nisms involved in cellular renewal of the corneatics. In patients with slight keratopathy, we hav
have allowed an adequate therapeutic approach dfied treatment cycles with autologous serum an
these patients in any phase of the disease (37,38‘pund a subjective improvement and a reduction i
However, to date it hasn’t been possible to demonsthe number of corneal erosions (unpublishe
trate in KAA patients the existence of a LSC deffi- results).
ciency due to the lack of specific markers allowing In patients with moderate keratopathy, treatmer
for their identification in histological studies With artificial tears is not enough. In these patient
(39,40), as the clinical findings in these patientsautologous serum or amniotic membrane transpla
coincide with those described in the limbal insuffi- can be utilized. The former has proved to be
ciency syndrome. highly interesting therapeutic weapon for handin

Until about 3 years ago, the approach to KAAVarious pathologies involving the ocular surfact
was based on supporting treatment with topical42,43). As for autologous serum, it involves man
lubricants, therapeutic contact lenses or tharsofactors such as the epithelial growth factor, fibro
rraphy and, when patients developed severe corne8Ectine, vitamina A, the fibroblast growth bete
opacity, lamellar or penetrating keratoplasty wastransforming factoro2macroglobuline and neural
adopted with very negative results due to recurrenfactors such as the P substance, which act upon
ce of pre-surgical corneal alterations on the grafroliferation, migration and differentiation of cor-
(27,41). neal epithelial cells (44,45). In this regard, autolo

As with the rest of limbal insufficiency patients, gous serum would have an effect similar to that pre
treatment should aim at repopulating the sclerocorduced by the amniotic membrane, contributing t

neal limbus of the LSC and/or to restore the microimprove the environment and facilitating the
mechanisms involved in the cellular renewal an

maintenance of the ocular surface epithelium (46
The amniotic membrane transplant (AMT) exhibits
important clinical advantages as it improves cons
derably the environment of the extracellular matri:
of the limbar epithelial cells (47). The therapeutic
usefulnes of the AM is derived from its mechanica
and above all biological properties (48,49). Thit
makes it very useful for patients with partial limbau
insufficiency where the aggregation of multiple fac:
5 . tors enhances the development and expansion of i

- e surviving LSCs. AMT has been utilized for limbar
'mm‘“w insufficiencies associated to various etiologie

Fig. 6: Subclinical keratopathy in aniridia patient. (50,51) as well as in the treatment of aniridia-asst

— L
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ciated keratopathy (52). However, medical treat
ment by means of AMT in these patients provides
only temporary results, as we proved in aniridia
patients (52) (fig. 7).

In patients with severe stage 3 keratopathy, th¢
stabilization of the corneal surface involves suppl
ying LSC by means of a limbus transplant (53,54)
Aniridia being a bilateral disease excludes a self
transplant, which are substituted by allografts with
tissue from healthy relatives having high HLA com-
patibility, or from cadavers (55). In these cases, the
risk of rejection requires the application of a postop#
oral immunosuppressor treatment with potentialfy
side effects. The limbus transplant from relatives
allows for greater HLA compatibility, thus partially
reducing the rejection risk although it does notrig 7: Amniotic membrane transplant. The membran

allow for Obtaining grafts as large as those obtaine(covers the limbocorneal surface and is sutured with 10
when the limbal tissue comes from cadaver donorsnylon.

Homologous lamellar limbokeratoplasty has
been performed in patients with bilateral aniridia e . . .
with quite acceptable results (56). The combinatiofPha@coemulsification, with or without intraocular
of limbus transplant and AMT increases the benefidiaPhragm implants (65,66). Particular attentio
of each separately (35,57). In addition to the typicanould be given to treatment of glaucoma in thes
limbus transplant, at present we can supply Lsc@alients; whenever possible, preservative-free an
grown artificially on amniotic membrane (58-60). glaucomatous agents should be utilized to avoid tl
The main advantage of this technique is that arfémages caused to the ocular surface by some [
important number of cells can be transplanted fronpeVatives included in pharmacological preparatior
a small limbus sample obtained from the samdoutinely used for treating glaucoma.

patient. This considerably reduces surgical trauma_Although it does not appear in all patients, KAA
in the eye and the risk of rejection of the limbus'S @ frequent cause of morbility. Therefore, an ad

allotransplant. Although good results have beerflu@te therapeutic approach could be extremely u

described with these techniques for handling ul to improve the quality of life of these patients
Finally, it can be said that aniridia patients are &

various ocular surface pathologies (61,62), in prac: .
tice there are important issues to be resolved coMpPortant chalienge for ophthalmologists due to th

cerning the principles of this technique in the speci
fic case of aniridia patients. On the one hand, ther
is no selective and specific method for identifying
the LSCs and on the other, as mentioned above, a
ridia seems to involve primarily an alteration of the
environment surrounding the LSCs, with the quan
titative alteration being secondary. Therefore, it is
necessary to study the survival, mobility and adhe
rence of epithelial cells after transplanting them in
the eye of aniridia patients.

Figure 8 schematically illustrates the handling of
the eye surface of KAA patients.

In addition to keratopathy, these patients fre-
qguently exhibit other anterior segment alterationg
such as cataract, glaucoma or corneal opacity requ™
ring on some occasions surgical procedures such ig. 8: therapeutic scheme of the ocular surface hanc
trabeculectomy (63,64), corneal transplant (41) olling of aniridia patients.
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frequent association of the macula, optic nerve, nys-
tagmus and amblyopia disorders to the above men-
tioned anterior segment disorders, which conside-
rably reduce their visual capacity (67). On the other
hand, photophobia can be highly invalidading, to

the extreme that many patients require the iris prostlé.

heses (68,69). Lastly, we must not forget that in
many cases aniridia is associated to other systemig,
disorders which also require our full attention
(70,71).
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