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Introduction

MicroRNAs (miRNAS) are single-stranded noncoding RNAs that regulate gene expression
by partially base pairing with target mMRNAS and either inhibiting their translation or
promoting their degradation [1]. Recently, a heterozygous mutation ¢.57 C>U in the seed
region of miR-184 (MIRN184 [MIM 613146]) located on15g25.1 was found in the affected
members of the large Northern Irish family with rare familial syndrome of anterior polar
cataracts and keratoconus [MIM 613146.0001] [2]. Same mutation was later identified in a
large family with EDICT syndrome, an autosomal dominant syndromal anterior segment
dysgenesis characterized by endothelial dystrophy, iris hypoplasia, congenital cataract, and
stromal thinning [MIM 614303][3]. Here we describe third occurrence of the same mutation
in the members of five-generation family originated from Galicia, Spain with congenital
cataracts and variable corneal abnormalities which include both non-ectatic corneal thinning
and severe early onset keratoconus. We suggest that ophthalmologists should consider
testing for this mutation in patients presenting with similar symptoms.

Materials and Methods

Research Subjects

A 9 year old boy (proband) was referred to one of the authors (YSR) for progressive loss of
vision in both eyes. Later his parents and maternal and paternal grandmothers were
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examined. This study was conducted in concordance with the provisions of the Declaration
of Helsinki and Institutional Review Board (IRB) approval. Written informed consent was
obtained from all subjects.

Clinical Diagnosis

Complete ophthalmological evaluation was performed by a cornea trained ophthalmologist
(YSR). A diagnosis of keratoconus was made if there was corneal stromal thinning on slit-
lamp evaluation, scissoring on retinoscopy, and an AB/RAX pattern on videokeratography
[4], accompanied by marked corneal thinning on OCT evaluation device (Optovue Inc.,
Fremont, CA). A diagnosis of generalized thinning was made if there was thinning
demonstrated on OCT but no clinical or videokeratography signs of keratoconus.

DNA isolation

Sequencing

Results

Genomic DNA was extracted from immortalized with Epstein-Barr virus lymphoblastoid
cell lines was extracted using NucleoSpin Tissue kit (Macherey-Nagel Inc., Bethlehem, PA)
according to the manufacturer’s protocol.

Stem-loop region of MIR184 gene was amplified by PCR as described [2] and sequenced in
both directions using Sanger DNA Sequencing services by Genewiz, Inc. (La Jolla, CA).

Evaluation of the family members

Clinical findings of the family members are summarized in Table 1 and family structure id
presented in Figure 2. Congenital cataracts and keratoconus were diagnosed in the proband;
whereas proband’s mother, maternal grandmother, and maternal great-grandmother were
previously diagnosed with congenital cataracts show extreme corneal thinning. The great-
grandmother was born in the city of La Estrada in Galicia, Spain. She had three sisters, none
of whom have been diagnosed with cataracts. All other relatives on the maternal line (still
residing in Spain) have not been diagnosed with either lens or corneal abnormalities. The
paternal side of the family is described by mixed ethnicity which includes Eastern European
and German roots.

Identification of the MIR184 c.57 C>U mutation in affected members of the family

To test for the MIR184 ¢.57 C>U mutation we amplified and sequenced 300 bp of the
MIR184 gene overlapping the position of the mutation in a proband and both of his parents.
We observed this mutation in a heterozygous state in the proband and his mother (Figure 2,
individuals 1VV-1 and V-1). A homozygous wild type C allele was identified in proband’s
father (Figure 2, individual 1VV-2). Same mutation was identified in the subsequently
collected and sequenced DNA of the proband’s maternal grandmother (Figure 2, individual
11-1).
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Discussion

The combination of the clinical signs of congenital cataracts with childhood bilateral
keratoconus in the proband in the family we report here is very rare and shares a significant
similarity to the clinical features described in the affected members of the Northern Irish
family [5] (Table 2). In contrast, maternal relatives of the proband share a combination of
the congenital cataracts with diffuse stromal thinning (but no keratoconus) similar to the
corneal defect described in the affected members of the EDICT family [6]. Based on clinical
similarity between these three families, two of which carry the MIR184 ¢.57 C>U mutation,
we decided to perform molecular testing for this mutation using the proband’s DNA sample.
We identified ¢.57 C>U mutation in the heterozygous state in all maternally related affected
members of the family including proband, his mother and maternal grandmother. The
mutation was not present in the father of the proband.

It is quite common that the same mutation may lead to different clinical manifestations
(phenotypes) in different individuals [7]. This is the case with ¢.57 C>U mutation which
already has been documented with a significant heterogeneity of ocular abnormalities across
different families (Table 2). This observation led to an extensive discussion in an effort to
explain this phenotypic variability by potential phenotype misclassification or additional
genomic variants [8], [9], [10, 11]. In the Galician family there is also a clear heterogeneity
of corneal defect between a proband and his maternal female relatives (keratoconus vs.
corneal thinning, Figure 1), and of lens defect between a proband and Northern Irish and
EDICT families (posterior vs. anterior cataracts). This genetic heterogeneity can be
explained by modification by individual’s genomic variant (s) millions of which we carry in
our genome [12]. Some of these ‘modifiers’ may have been introduced many thousands
years ago and some - recently. Such recently acquired genetic ‘modifier (s)’ may have been
inherited by a proband from his paternal grandmother (Figure 2, individual 111-2) who was
diagnosed with keratoconus at the age of 65.

In conclusion, we suggest that the third independent occurrence of the MIR184 ¢.57 C>U
mutation presented here supports genetic testing for this variant in patients with familiar
corneal and lens abnormalities.
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Figure 1.
Videokeratography and OCT measurements of the proband and additional family members.

A. Proband (V-1), OD, videokeratography map; B. Proband (V-1), OS, videokeratography
map; C. Mother of the proband (1VV-1), OS, videokeratography map; D. Proband (V-1), OD,
OCT pachymetry; E. Proband (V-1), OS, OCT pachymetry; F. Mother of the proband
(IV-1), OS, OCT pachymetry; G. Father of the proband (IV-2), OS, videokeratography map;
H. Paternal grandmother of the proband (111-2), OS, videokeratography map.
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Figure2.
Family structure with the results of sequencing analysis identifying ¢.57 C>U mutation in
MIR184 gene.
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Clinical features of the examined family members of the Galician family.

Table 1

Keratoconus

Subject | Age | Right eye Left eye

-1 83 Not available Congenital cataract;
Uniform corneal thinning

111-2 74 Age-related late onset cataract | Age-related late onset cataract
Late onset keratoconus

V-1 47 Congenital cataract Congenital cataract

Uniform corneal thinning Uniform corneal thinning
V-2 48 Normal Normal
V-1 10 Congenital posterior cataract Congenital posterior cataract

Keratoconus
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