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Congenital aniridia is a rare genetic disorder characterized by varying
degrees of iris hypoplasia that are associated with additional ocular
abnormalities. More than 90% of the causal mutations identified are found
in the PAX6 gene, a transcription factor of critical importance in the
process of neurogenesis and ocular development. Here, we investigate
clinical, molecular, and craniofacial features of a large Brazilian family
with congenital aniridia. Among the 56 eyes evaluated, phenotype variation
encompassed bilateral total aniridia to mild iris defects with extensive
variation between eyes of the same individual. PAX6 molecular screening
indicated a heterozygous splice mutation (c.141 + 1G>A). Thus, we
hypothesize that this splicing event may cause variation in the expression
of the wild-type transcript, which may lead to the observed variation in
phenotype. Affected individuals were more brachycephalic, even though
their face height and cephalic circumference were not significantly
different when compared to those of non-affected relatives. From this, we
infer that the head shape of affected subjects may also be a result of the
PAX6 splice-site mutation. Our data summarize the clinical variability
associated with the ocular phenotype in a large family with aniridia, and
help shed light on the role of PAX6 in neurocranial development.
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Congenital aniridia (OMIM #106210) is a rare
condition associated with a wide range of clinical
manifestations. Although it is usually diagnosed in
early infancy, the disease ultimately leads to vision loss
during adulthood. While the name ‘aniridia’ indicates
defects in the iris, ocular abnormalities associated with
this disease encompass multiple ocular structures and
tissues, with complete or partial hypoplasia of the iris,
corneal opacification, cataract, lens ectopia, glaucoma,
and macular and optic nerve hypoplasia characterizing
the disease. Refractive errors, strabismus, and ptosis
may also be present in the affected eye. Clinical
expression is highly variable within and between
families, but there appears to be little difference
between the eyes of a single patient (1-4).

Approximately two thirds of all congenital aniridia
cases have been linked to an inherited autosomal dom-
inant trait that demonstrates near complete penetrance
and lacks any known ethnic, geographic, or gender
bias. In the remaining one third of cases, the disease
occurs as a sporadic disorder, and is frequently asso-
ciated with Wilms tumor as part of the Wilms tumor—
Aniridia—Genital anomalies—Retardation (WAGR) 11p
microdeletion syndrome (1-4).

Despite the wide phenotype variability, more than
90% of the mutations leading to congenital aniridia are
found in the paired box gene 6 (PAX6) locus, located
on chromosome 11p13 (chr11:31806340-31839509;
GRCh37/hg19). PAX6, like all PAX family members, is
a transcription factor known to play key roles in many
aspects of embryonic development and organogenesis,
including neurogenesis and ocular development (3, 5).
The OMIM catalog use as examples 26 alleles for the
PAX6 gene (OMIM *607108; accessed on October 17,
2013): 13 are solely associated with aniridia, whereas
the remaining 13 are also linked to other malformations
that occur with or without aniridia. The interactive
database Lovd-PAX6 presents 592 documented vari-
ations of the human PAX6 gene. Notably, 56 of the
PAX6 variants have unknown molecular mechanisms
(http://www.lovd.nl/3.0/home, accessed on October 17,
2013). Most of causal mutations create codon shift that
yields a premature stop codon, leading to truncated,
non-functional PAX6 protein. Loss of PAX6 function
results in altered downstream gene regulation and
subsequent changes in cell signaling, which, in most
cases, leads to morphological abnormalities.

The aim of this study was to investigate the clinical
features in a large Brazilian family with congenital
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aniridia and to identify the genetic factors associated
with the disease phenotype.

Materials and methods
Subject recruitment and clinical examination

We investigated a family of 163 individuals across a
five-generation pedigree, residing in a rural area North-
east of Brazil (Agua Branca, Alagoas — 09°15'39"S;
37°56'10"W), including 53 subjects presenting phe-
notypes similar to that of congenital aniridia. Clinical
data and biological samples were obtained for 60
family members (31 affected and 29 non-affected).
Clinical diagnosis of aniridia was made after a com-
plete ophthalmological examination was performed by
four ophthalmologists. Examinations included corneal
inspection, measurement of visual acuity, intraocular
pressure with applanation tonometry (mmHg), refrac-
tion, slit-lamp examination, and dilated fundoscopy.
Careful physical examination was also performed by
two dysmorphologists. The use of human subjects in
this study was approved by the Federal University
of Rio Grande do Sul Ethics Committee (Protocol
# 195.023). Informed consent was obtained from all
participants or their guardians.

Craniofacial measurement

Four craniofacial absolute/linear measures — head
length (g-op), head breadth (eu-eu), facial length (n-gn)
and head circumference — were obtained using sliding
and spreading calipers. In order to minimize error, the
anthropometric measurements were obtained according
to international standards and by the same researcher.
The cephalic index (CI=eu-eu x 100/g-op) was calcu-
lated based on these absolute measurements. Individuals
under 12 years of age were excluded from this analysis.

Molecular tests

DNA was extracted using a standard volume of
2.0ml Oragene DNA/saliva mixed samples. DNA
from seven individuals (5 affected and 2 unaffected)
was amplified by polymerase chain reaction (PCR)
using primers specific for 18 regions (6, 7), which
covered the entire coding and adjacent PAX6 gene
regions (7527 bp). The amplified products were purified
following the Exonuclease I and Alkaline Phosphatase
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Fig. 1. Family pedigree with 53 identified members diagnosed with aniridia in five generations of the family. Five affected individuals with
molecular screening and two unaffected individuals with molecular screening.

(Amersham Bisciences — GE Healthcare, Piscataway,
NJ) protocols. Both DNA strands were sequenced
using an ABI 3730/3730x Sequence Analyzer (Life
Technologies, Carlsbad, CA). Any putative mutations
identified were re-amplified and re-sequenced for
confirmation.

Sequence data analysis

DNA sequences and chromatograms were aligned
and their quality and accuracy were checked using
the CoDONCODE ALIGNER software (http://www.codon
code.com/). All statistical analysis (ANOVA test, bar and
regression graphics representing mean indices values)
was carried out using XLSTAT software.

Results
Pedigree analysis

The pedigree analysis is concordant with dominant
inheritance having complete penetrance (Fig. 1). The
ratio of affected to normal subjects in segregating sib-
ships was 0.52/0.48, similar to the expected segregation
ratio of 0.5/0.5.

Clinical characteristics

Of the living family members affected with congenital
aniridia, we were able to perform clinical examina-
tion of 31, ranging from 2 to 72 years of age, 58% of
whom were male. Among the 56 eyes (26 right eyes and
30 left eyes) evaluated, the following phenotypes were
observed: bilateral total aniridia (38 subjects), unilat-
eral total aniridia (4 subjects), bilateral partial aniridia
(4 subjects), unilateral partial aniridia (4 subjects),
bilateral misshapen pupils (4 subjects), and unilateral
misshapen pupils (2 subjects) (Table 1). Further, nys-
tagmus, cataract, photophobia, strabismus, and corneal
changes (opacity, neovascularization, and microcornea)
were the most prevalent associated problems (Fig. 2).
Intraocular pressure in the aniridia-affected eyes ranged
from 7 to 32 mmHg. Other minor facial defects, includ-
ing synophrys, low set ears, epicanthus, and clin-
odactyly, were observed in 21 subjects (70%). Two
subjects presented motor delay and learning disabilities.

Craniofacial analysis

Affected individuals have significantly higher CI
(85.93, SD 44.8) compared to their normal relatives

(82.46, SD £5.12) (p=0.014), often presenting a more
brachycephalic head shape. In contrast, there was no
significant difference in face height or cephalic circum-
ference between affected and non-affected relatives.

PAX6E molecular screening

All five of the affected individuals sequenced for
PAX6 (IV-12, IV-31, IV-34, V-1, and V-58) presented
a heterozygous G>A change in the first nucleotide
following exon position 141 (c.141 4+ 1G>A). The two
normal individuals tested from this family did not show
the mutation (V-6 and V-11).

Discussion

The clinical findings presented here corroborate what
has been presented in literature regarding the broad
spectrum of the ocular phenotype and the extent of
intrafamilial and individual variability (1, 2, 4, 8). In the
family studied for this investigation, different degrees of
iris hypoplasia (from total aniridia to misshapen pupil)
were observed within family members and between
the eyes of an affected individual, with the analyzed
affected individuals presenting severe, progressive loss
of vision. Additionally, motor delay and learning
disability were verified in two subjects, both of whom
suffered from perinatal and postnatal injury, according
to their clinical history. Other anatomic sites did not
show significant malformation, and the minor defects
identified did not follow a consistent pattern. Therefore,
we postulate that these insignificant abnormalities are
not part of the spectrum of aniridia in this family, and
will not be discussed further in this study.

Many PAX6 mutations have been linked to aniridia
pathogenesis. In the Brazilian family studied, we
found that all five of the affected patients analyzed
carried a G>A mutation in the first nucleotide of
intron 5 (nucleotide 141+ 1) that was not present in
the healthy control samples. This particular mutation
(c.141 +1G>A) was first described by Wang et al.
(9) in two related Chinese individuals. They indicate
that this mutation likely leads to disruption of one
of the splice sites present in exon 5, which contains
part of the paired domain, altering the strength of
the donor splice site. PAX6 mutations in splice sites,
caused by a point mutation, were present in 9% of
the records in the PAX6 Allelic Variant Database
(http://1sdb.hgu.mrc.ac.uk/home.php?select db = PAX6,
accessed on October 17, 2013), and the phenotype
related to these mutations varied from complete absence
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Fig. 2. Clinical features of affected subjects. (a) Subject V-2 left eye = total aniridia, cataract, and corneal opacity and vascularization; (b) Subject
V-2 right eye = full corneal opacity; (¢) Subject V-24 left eye =total aniridia and star-shaped cataract; (d) Subject V-24 right eye = total aniridia
and full cataract; (e) Subject V-74 right eye = partial aniridia; (f) Subject V-13 right eye = misshapen pupil; (g) Subject III-5 left eye = total aniridia,
full cataract, corneal vascularization, and subluxed lenses; (h) Subject III-5 right eye = Phthisis bulbi.

of the iris to mild iris defects. Splice site mutations
modify or terminate mRNA processing and maturation,
and can result in the complete skipping of one or more
exons, retention of introns, pseudo-exons, or activation
of cryptic splice sites within an exon or an intron.
These splice-site mutations may or may not completely
abolish expression of the wild-type PAX6 transcript,
which may lead to variation in the morphological
phenotype (10—13).

In addition to congenital anomalies, clinical progres-
sion of the disorder involves gradual loss of vision
combined with a variety of early-onset age-related ocu-
lar diseases, which were detected in the majority of the
affected subjects in this family. This susceptibility to
early-onset eye diseases can be attributed to the anti-
apoptotic and multipotent switch functions PAX6 plays
in adult tissues (14), whereby the malfunction of PAX6
prevents proper cellular maintenance and regeneration
in many ocular tissues.

PAX6 is a pleiotropic gene that functions in mul-
tiple tissues during development. Homozygous muta-
tions in the human PAX6 gene result in an absence
of nasal bones and defects in parietal bones, in addi-
tion to aniridia and other ocular abnormalities (15).
Further, previous work in the field identified a sub-
ject with a compound heterozygous PAX6 mutation
that presented with severe bilateral microphthalmia and
extreme microcephaly (16). Jami et al. (17) found that

pax6 was expressed exclusively in the calvaria and
long bone tissues during mouse development. These
results indicate that PAX6 might play a central role in
stimulating the differentiation of mature osteoblasts to
osteocytes in calvaria bones. Furthermore, this function
is likely accomplished through the inhibition of canon-
ical WNT signaling as PAX6 stimulates the expression
of Sclerostin (SOST), a WNT pathway inhibitor, by
binding to its promoter.

Considering this, our findings regarding the shape of
the neurocranium, particularly the marked differences
in CI and prominent brachycephalic head shape, may
be associated with the severity of the ocular phenotype
presented by these individuals. The affected individuals
showed half of the correlation (RZ=0.0522) between
face height and CI that their non-affected relatives
did (R?=0.1069). These results seem to be consistent
with the role of PAX6 in the spatial expression of
neurocranial osteocytes, but not facial osteocytes, found
in other studies (17). Together, this evidence suggests
that the more brachycephalic head shape observed in
affected individuals may be a result of the PAX6 splice-
site mutation.

In conclusion, this clinical study reports a large
Brazilian family with congenital aniridia, summarizing
the clinical variability of ocular phenotypes, related to a
particular PAX6 mutation (c.141 + 1G>A). Moreover,
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we have shed light on the role of PAX6 in the develop-
ment of the neurocranium. Further research on genetic
and environmental factors is needed to better under-
stand the intricate developmental pathways involved in
the phenotypic spectrum of congenital aniridia.
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