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    Chapter 19   
 Future Avenues of Research in Aniridia       

       Tor     Paaske     Utheim     

    Abstract     Aniridia is a rare, sight-threatening disorder that affects the iris, retina, 
optic nerve, lens, and cornea. Aniridia most often occurs as an isolated ocular 
abnormality without obvious systemic involvement, but may also be part of certain 
syndromes. Absence or hypoplasia of the iris and foveal hypoplasia are characteris-
tic features that present from birth in patients with aniridia, usually resulting in 
photophobia, reduced visual acuity (normally 20/100–20/200) and nystagmus. 
Cataract, glaucoma, and aniridickeratopathy are frequently associated progressive 
ocular disorders with typically later onset. The prevalence of aniridia is about 
1:80,000 with no known race or gender effect [1]. Approximately two-thirds of 
cases are inherited in an autosomal dominant fashion and one-third are sporadic. 
Aniridia is associated with PAX6 gene mutations. There is considerable phenotypic 
heterogeneity, but usually little difference between the two eyes.  
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     Aniridia in Brief 

    Aniridia is a rare, sight-threatening disorder that affects the iris, retina, optic nerve, 
lens, and cornea. Aniridia most often occurs as an isolated ocular abnormality with-
out obvious systemic involvement, but may also be part of certain syndromes. 
Absence or hypoplasia of the iris and foveal hypoplasia are characteristic features 
that present from birth in patients with aniridia, usually resulting in photophobia, 
reduced visual acuity (normally 20/100–20/200) and nystagmus. Cataract, glau-
coma, and aniridickeratopathy are frequently associated progressive ocular 
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disorders with typically later onset. The prevalence of aniridia is about 1:80,000 
with no known race or gender effect [ 1 ]. Approximately two-thirds of cases are 
inherited in an autosomal dominant fashion and one-third are sporadic. Aniridia is 
associated with PAX6 gene mutations. There is considerable phenotypic heteroge-
neity, but usually little difference between the two eyes.  

    Summary of Main Clinical Features in Aniridia 

    Iris 

 Iris hypoplasia is the most commonly seen ocular abnormality. Normally, only 
residual iris tissue is left in patients with aniridia. However, PAX6 mutation with no 
clinical evidence of defects in irides has been described [ 2 ].  

    Cornea 

 Aniridickeratopathy is thought to be caused by limbal stem cell defi ciency second-
ary to PAX6 gene mutation [ 3 ]. It is a common feature, but often presents relatively 
late in the disease [ 4 ]. Corneal changes vary from mild peripheral vascularisation 
to pancorneal vascularisation, ulceration, keratinization, and opacifi cation. 
Aniridickeratopathy can be painful and ultimately result in blindness [ 4 ]. 
Aniridickeratopathy may be triggered by surgical intervention for glaucoma or 
cataract [ 4 ].  

    Lens 

 The prevalence of cataract in aniridia varies from 50 % to over 90 % [ 1 ,  5 ]. 
Signifi cant lens opacities typically develop from the teens. Lens subluxation or 
dislocation may also occur occasionally.  

    Glaucoma 

 Glaucoma develops in about half of patients with aniridia with mean onset in the 
teens [ 6 ]. Initially, patients are usually treated with intraocular pressure-lowering 
medications, but most eventually require surgery to control intraocular pressure.  

T.P. Utheim



185

    Retina 

 Foveal hypoplasia is seen in about four out of fi ve patients, whereas optic nerve 
hypoplasia is less common (about one in fi ve cases) [ 7 ].  

    Dry Eyes 

 Dry eye disease is frequently observed in aniridia [ 8 ]. It is often caused by Meibomian 
gland dysfunction with stenosed Meibomian orifi ces [ 9 ]. Dry eye disease exacer-
bates the ocular surface problems associated with aniridic keratopathy [ 4 ].  

    Vision 

 Visual acuity is often between 20/100 and 20/200 [ 4 ], and nystagmus has been 
described in 95 % of the cases [ 7 ].  

    Systemic Features 

 Aniridia may be part of syndromes such as WAGR (Wilmstumour-Aniridia-Genital 
anomalies-Retardation) or Gillespie syndrome (cerebellar ataxia, partial aniridia, 
and developmental delay). In sporadic aniridia there is an increased risk of 
involvement of both the PAX6 and the WT1 gene, which strongly predisposes 
patients to developing Wilmstumour, a paediatric nephroblastoma. There is 
increasing awareness that even ‘isolated’ aniridia may have characteristic systemic 
features, such as reduced olfaction and auditory defi cits [ 10 ,  11 ].   

    Future Avenues for Research: Examples 

    Genotype: Phenotype Correlations 

 Greater awareness of the huge variations in severity of aniridia is important to avoid 
misdiagnosed or undiagnosed mild presentations. The range of phenotypes 
described, with which PAX6 mutation is associated, is steadily increasing. The total 
number of unique DNA variants reported in the PAX6 locus-specifi c database is 
also increasing (359 at present). Studies correlating genotype with phenotype will 
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facilitate diagnostics and make it easier to estimate a prognosis. The use of optical 
coherence tomography (OCT) for phenotypic characterization should be encouraged 
for three reasons: (1) its non-invasive nature; (2) few studies are hitherto performed; 
and (3) it gives valuable and quantifi able morphological information of the eye. 

 With recent advances involving nonsense mutation suppression drugs for certain 
types of aniridia [ 12 ], precise knowledge about the individual’s genotype may 
become therapeutically more important than ever. As pharmaceutical therapy is 
associated with adverse side effects, knowledge about the association between the 
genotype and phenotype will help guide the clinician as to when a possible 
intervention is advisable. However, the highest value in genetic testing is to 
determine whether there is an underlying WAGR deletion (i.e. deletion of PAX6 and 
WT1) due to the increased risk of cancer.  

    Aniridic Fibrosis Syndrome 

 Intraocular fi brosis has been noted after ocular surgery in 8 % of patients [ 13 ]. 
A characteristic feature of aniridic fi brosis syndrome is the development of fi brosis 
in the absence of clinically observable infl ammation [ 13 ]. Activation of immature 
vessels in the rudimentary iris in patients with aniridia, as a consequence of the 
surgery, has been put forward as a potential mechanism. However, the syndrome is 
poorly understood. More research is needed to explore the underlying mechanisms, 
thereby paving the way for improvements in the clinical outcome of surgery for 
cataract, glaucoma, and aniridickeratopathy.  

    AniridicKeratopathy 

 There is undoubtedly room for improvement in the treatment of progressive ocular 
disorders such as glaucoma and cataract in patients with aniridia. For severe 
aniridickeratopathy caused by limbal stem cell defi ciency, the potential for 
improvement may be signifi cant. It is unclear whether limbal stem cell defi ciency is 
primarily caused by reduced number of stem cells or unfavorable alterations in their 
microenvironment. Basic research on the interaction between limbal stem cells and 
their niche structures may provide valuable insight into the best therapeutic 
approach. Limbal stem cell defi ciency may be treated by transplantation of either 
non-cultured [ 14 ] or ex vivo cultured tissue [ 15 ]. 

 The use of cultured cells, rather than non-cultured cells, for treating limbal stem 
cell defi ciency has some advantages [ 16 ]. If the cells are cultured, only a small 
biopsy is needed for producing a suffi ciently large transplant [ 17 ], thus minimizing 
the risk of inducing stem cell failure in the donor eye [ 18 ]. The high rate of rejection 
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following transplantation of non-cultured foreign tissue (i.e. limbal allograft) is 
associated with the presence of antigen-presenting cells, vessels, and lymphatics in 
the limbal region. If cultured cells are used, no or very few antigen-presenting cells 
are contained in the transplants, which reduces the risk of provoking an immune 
response [ 16 ,  19 ]. 

 As limbal stem cell defi ciency in aniridia is almost invariably bilateral, there is a 
need for a non-limbal cell source for ex vivo culture and transplantation. This avoids 
the need for immunosuppression and its many known adverse effects. Recently, 
several non-limbal autologous cell sources have shown promising results in 
treatment of limbal stem cell defi ciency. These cells are derived from various 
locations, including oral mucosa, conjunctiva, epidermis, dental pulp, and hair 
follicles [ 16 ]. This fi eld remains largely unexplored for patients with aniridia, apart 
from the transplantation of cultured oral mucosal cell sheets in four patients with 
aniridia [ 20 ,  21 ]. 

 The costs related to the establishment and maintenance of a stem cell laboratory 
is a disadvantage of ex vivo based cell therapy. However, such facilities open up the 
possibility for genetic manipulation of cultured cells before they are transplanted to 
the patients. This is particularly relevant for patients with aniridia where PAX6 
mutations are the cause of their limbal stem cell defi ciency. 

 Recently, several non-cell based approaches to treat mild or moderate forms of 
limbal stem cell defi ciency that do not require surgery have emerged. These include 
electro-stimulation, oxygen therapy, amniotic membrane extract, and limbal 
fi broblast conditioned medium [ 16 ]. These alternative methods of treating limbal 
stem cell defi ciency have not yet been evaluated in clinical trials in aniridia. Such 
approaches may prove particularly useful for patients with aniridia as surgical 
intervention is associated with more complications in these patients compared to the 
general population.  

    Dry Eye Disease 

 There are very few studies on dry eye disease in patients with aniridia despite its 
high prevalence [ 8 ]. It is generally believed that increased lubrication has a benefi cial 
effect on the development of aniridickeratopathy. Therefore, research on dry eye 
disease may serve a dual purpose: lessening dry eye disease symptoms and reducing 
the severity of aniridickeratopathy. Autologous serum may be effective in the 
treatment of some types of dry eye disease, but it does not address. Meibomian 
gland dysfunction, which is the most common form of dry eye disease. Meibomian 
gland dysfunction, if left untreated, may result of atrophy of the glands. Research on 
the many possible new strategies to treat Meibomian gland dysfunction, such as the 
use of Blephasteam (LaboratoiresThéa) and LipiFlow (TearScience), should be 
prioritized in patients with aniridia.  
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    A Mutation-Independent Nonsense Mutation Suppression 
Strategy 

 Some mutations of PAX6 belong to the larger category entitled nonsense mutations, 
for which a novel therapeutic approach has recently been tested in a mouse model 
of aniridia [ 12 ]. The most successful results in this model were achieved through 
topical application of the drug formulation START (0.9 % sodium chloride, 1 % 
Tween 80, 1 % powdered ataluren, 1 % carboxymethylcellulose). Topical application 
has the benefi t of reducing the risk of systemic adverse effects. Gregory-Evans and 
co-workers demonstrated that nonsense mutation suppression inhibited disease 
progression and, more remarkably, reversed retinal, lens, and corneal malformations 
[ 12 ]. It also restored electrical and behavioral responses of the retina. These fi ndings 
suggest that START was able to suppress the nonsense mutation in order for full- 
length PAX6 protein to be synthesized [ 12 ]. More research, including additional 
animal studies, is warranted to fully explore the mechanism of action of this drug, 
in which ataluren is known to have nonsense suppression effect. Such efforts may 
lead to initiation of clinical trials applying nonsense mutation suppression strategies, 
which, if successful, may represent a paradigm shift in the therapy of aniridia.   

    Conclusion 

 Gene therapy and pharmaceutical therapy, such as nonsense suppressiondrugs, open 
up new exciting possibilities for research in aniridia. These advances, coupled with 
the emergence of strong international networks of clinicians, scientists, and patients, 
may pave the way for large, well-coordinated studies to signifi cantly advance our 
knowledge and treatment of aniridia in the future.     
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