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of Literature

Congenital cataracts are the most impeortant cause of severe visnal
bmpabrment In infants, Genetic factors contribute to the disease
development and 29 genes are known to cause congenital cata-
racts. Tdentifying the genetic canse of congenital cataracts can be
ditficult because of genetic heterogeneity, Vemaf avian muscu-
Ioaponeurotic fbrosarcoma oncogene homolog {MAF) encodesa
basic region/lencine zipper transcription factor that plays a key

mutations have been reported to cause juvenile-onset pulverulent
cataract, microcornen, irls coloboma, and other anterior segment
dysgenesis. We report on six patients in a family who have
congenital cataracts were identified MAF mutation by whole
exome sequencing (WES) The heterozygous MAF mutation
(33031 detected in the present family occurs in a well conserved
glutamine residue af the basic region of the DNA-binding
domain, All affected members showed congenital cataracts, Three
of the six members showed microcornea and ooe showed iris
coloboma. Congenital cataracts with MAF mutation exhibited
phenotypically variable cataracts within the family. Reviewof the
patients with MAF mutations supports the notion that congenital
cataracts caused by MAF mutations could be accompanied by
microcornea and/or irvis coloboma. WES is a useful tool for
detecting disease-causing mutations in patients with genetically
heterogeneous conditions, © 2014 Wiley Pertodicals, Ine

Key words: congenital catarac, MAR vl colobomas mioro-

ornea; whole exome sequencing

INTRODUCTION

Congenital cataracts are an ocular abnormality causing crystalline
lens opacification and are the most important cause of severe visual

© 2014 Wiley Periodicals, Inc.

role as u regulator of embryoniclens fiber cell development, MAF
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traits [Hejtmancik, 2008; Churchill and Graw, 2011]. To date,
29 genes associated with congenital cataracts have been identified
[Huang and He, 2010]. These genes encode structural proteins,
cytoskeletal proteins, gap junction channel protein, membrane
associated proteins, glycolytic enzymes, and cell-signaling proteins
[Huang and He, 2010]. In most cases of inherited congenital
cataracts, lens manifestations occur in isolation, while the other
cases exhibit other ocular anomalies or occur as part of a metabolic
disease or genetic syndrome [Huang and He, 2010; Churchill and
Graw, 2011]. However, patients with congenital cataracts having
identical gene mutations exhibited various types of lens manifes-
tations and also other ocular abnormalities while others with the
same phenotype of lens abnormalities had different gene mutations
[Huetal., 2010; Huang and He, 2010; Sun et al., 2011]. Such genetic
heterogeneity makes it difficult to identify disease-causing muta-
tions in patients with congenital cataracts. A new approach,
whole exome sequencing (WES), is a remarkable tool that can
identify disease-causing mutations in genetic heterogenetic diseases
[Tsurusaki et al., 2012; Aoki et al., 2013]. Kondo et al. [2013]
reported two families with congenital cataracts and CRYAA or
CRYGC mutations using WES.

We have found a v-maf avian musculoaponeurotic fibrosarcoma
oncogene homolog (MAF) mutation in a large family with congen-
ital cataracts by WES. MAF is one of the causative genes for
congenital and juvenile cataracts. Thirty-three patients from five
families have been reported typically with pulverulent or cerulean
types of cataracts accompanied by microcornea [Jamieson
et al., 2002, 2003a,b; Vanita et al., 2006; Hansen et al., 2007,
2009]. For further delineation of clinical characteristics of patients
with MAF mutations, we will describe detailed clinical information
of affected individuals in our current family and review all the
patients reported to date.

MATERIALS AND METHODS
Clinical Report

A Japanese boy (IV-1), now 5 years old, was the first child born to
nonconsanguineous parents. His mother (III-2) had bilateral con-
genital cataracts, requiring lens removal at age 3 months. His
maternal grandmother (II-2) had bilateral cataracts requiring
surgery in her high-school period (Fig. 1A).

During the neonatal period, he was diagnosed with lamellar-type
cataract without other eye malformations. Bilateral lens removal
was performed at age 3 months. Throughout infancy and child-
hood, his motor development was normal. However, his language
development was delayed and he was diagnosed with autism
spectrum disorder at 4 years of age. He also had abnormal lower
incisors and a bifid uvula. Nance-Horan syndrome (NHS), an
X-linked disorder characterized by congenital cataract, dental
anomalies, dysmorphic features, and mild to moderate intellectual
disability was suspected, but molecular analysis for the causative
gene NHS showed no mutation. G-banded chromosomes was
normal. Microarray comparative genomic hybridization using
CGX-3 cytogenetics arrays (Roche NimbleGen, Inc., Madison,
WI) showed no pathogenic genomic copy number abnormalities.

IV-2, a Japanese girl now 3 years old, was the first child born to
nonconsanguineous parents. She was a maternal cousin of IV-1. She

had bilateral lamellar and anterior polar type of congenital cataract
with bilateral microcornea and iris coloboma. Her visual acuity was
20/100 OD, 20/100 OS, and 20/50 OU with myopic astigmatism.
Her developmental milestones were normal.

IV-3, a younger brother of IV-2, now 1 year and 2 months old,
had bilateral nuclear and anterior subcapsular type of cataract with
bilateral early cataract surgery at 3 months of age, and secondary
surgery for glaucoma in the left eye at 11 months of age. After
cataract removal, he was found to have bilateral mild macula
hypoplasia. Aphakic glasses were prescribed and his grating visual
acuity with correction was 20/190 OU. He also had inguinal hernia,
which was surgically repaired. His developmental milestones were
normal. His mother (III-3) is a sister of I1I-2 and was diagnosed with
bilateral cataracts and microcornea. She underwent a surgery for
bilateral cataracts and a second surgery for retinal detachment in the
right eye during junior high school period.

Exome Sequencing

Library preparation. After informed consent was obtained,
genomic DNA for II-2, III-1, III-2, and IV-1 was extracted from
peripheral blood using the Gentra PureGene Blood kit (QIAGEN,
Inc., Valencia, CA). Genomic DNA for II-1, I1I-3, and IV-3 was
extracted from saliva using the Oragene DNA collection Kit
(DNA Genotek, Inc., Ottawa, Ontario, Canada) according to the
manufacturers instructions.

Target selection and sequencing. Exome sequencing was con-
ducted for three DNA samples (1I-2, I1I-2, and IV-1). The genomic
DNA was shared into approximately 150-200 base pair (bp) frag-
ments, and used to make a library for multiplexed paired-end
sequencing (Illumina, San Diego, CA). The constructed library was
hybridized to biotinylated cRNA oligonucleotide baits from the
SureSelect Human All Exon 50 Mb Kit (Agilent Technologies, Inc.,
Santa Clara, CA) for exome capture. Targeted sequences were
purified by magnetic beads, amplified, and sequenced on an
Ilumina HiSeq2000 platform in a paired-end 101 bp configuration.

Mapping and SNV/indel calling. After quality control tests,
the réads were mapped to the reference human genome (UCSC
Genome Browser hgl9) using Burrows-Wheeler Aligner (ver.
0.5.9). The mapping results were corrected using Picard (ver.
1.49) to remove duplicates and Genome Analysis Toolkit
(GATK, ver. 1.1-31) for local alignment and quality score recali-
bration. SNV and Indel calls were performed with multi-sample
calling using GATK. The annotations of SNVs and Indels were
based on dbSNP131, CCDS (NCBI, Sep 2009), RefSeq (UCSC
Genome Browser, Oct 2010), and Encode (UCSC Genome
Browser, ver. 4).

Verification of variants. The segregated variants in the present
family were confirmed by Sanger sequencing. Primers were
designed flanking the candidate loci based on the genomic sequence
of the human genome (UCSC Genome Browser hgl9). The geno-
mic DNA of the patients in the present study was amplified by
polymerase chain reaction (PCR) for each gene. After purification,
the PCR samples were directly sequenced using the ABI BigDye
Terminator Cycle Sequencing Kit (Applied Biosystems, Foster City,
CA). Reactions were analyzed on an ABI 3100 semi-automated
sequencing analyzer (Applied Biosystems). The DNA sequences
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FIG. 1. The MAF Glu 303 Pro mutation was identified in five patients in one family A: Pedigrees of the family. Square: male; circle: female;
open symbol: unaffected; filled symbol: affected; E-+ mutation positive, E— mutation negative. B: Sequencing results of MAF from unaffected
{111-:1) and affected (IV-1) members is shown. The position of nucleotide substitution is indicated by a red arrow. C: Compared amino acid
region of MAF across species. Glutamine at position 303 is in bold and underlined. Different parts from human are indicated in gray.

D: Schema of MAF domain structure and identified mutations in previously reported and present (red letter) patients. The functional domains
are indicated as follows: EHR, extended homology region; BR, basic region. i : ' '

were analyzed using FinchTV version 1.4.0 (Geospiza, Inc., Seattle,
WA). The comparison of sequencing data was completed by the
GENETYX software (Software Development, Tokyo, Japan). This
study was was approved by the ethics committee of Shinshu
University School of Medicine.

RESULTS

After removing previously reported variants from the WES gener-
ated data, we identified 2,231 variants in three affected members.
We screened these variants for inheritance in an autosomal domi-
nant manner or X-linked dominant manner among these three
patients. After this step, we identified six variants (USP9X,

XPNPEP2, BMP15, TIMP, CXorf59, and MAF). We surveyed the
mutations in the 29 known genes of congenital cataract by visual
inspection. The MAF c.908A>C variant was predicted to convert
glutamine to proline at amino acid position 303. This mutation was
not found in any samples in the National Heart, Lung, and Blood
Institute Exome Sequencing Project (NHLBI ESP) Exome Variant
Server (Seattle, WA). The algorithms of Polymorphism Phenotyp-
ing (PolyPhen-2) and Sorting Intolerant from Tolerant (SIFT)
software predicted that p. Q303L would be a damaging mutation
as the PolyPhen-2 score was 1.0 (range 0-1; 0 = neutral, 1 = dam-
aging mutation) and SIFT tolerance index score was <0.05. To
confirm the variants detected in WES, all family members were
screened by PCR amplification and Sanger sequencing for the MAF
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and other five variants. A heterozygous variant in MAFwas found in
all affected members (Fig. 1B), but the other five variants were not
seen in two members (III-1, IV-3). The MAF variant had not been
identified in 200 alleles in Japanese controls and in other unaffected
members (II-1, III-1). These data indicated that the c.908A>C
mutation in MAF probably would cause cataract in this family.

DISCUSSION

We report on a Japanese family with congenital cataracts and
identify MAF mutation by WES. The three affected members in
this current family show lamellar, anterior polar, nuclear, and
anterior subcapsular types of cataract accompanied by microcornea
and iris coloboma. To date, missense mutations in MAF were
identified in four families [Jamieson et al., 2002, 2003a,b; Vanita
et al., 2006; Hansen et al., 2007, 2009]. Additionally, Jamieson et al.
[2002] reported a family with congenital cataract and a balanced or
an unbalanced translocation, one of the breakpoint of which was
located in 16g23.2. Molecular cloning of the breakpoint demon-
strated that the breakpoint did not disrupt the coding region of
MAF directly but transected the the genomic-control domain of
MAF. Totally, 39 patients from six families with MAFabnormalities
have been reported including the current family (Table I).

The type of cataract was not available in all the patients in the
current family. In previous reports, patients in a single family
displayed multiple types of cataracts with microcornea, iris
coloboma, and other segment dysgenesis conditions [Jamieson
et al, 2002; Hansen et al., 2007]. A patient in Family
CCMCO0113, reported by Hansen et al. [2009], manifested only
microcornea without cataract, while other patients in the family
showed cataract with or without microcornea. In the current
family, three of the six affected patients exhibited severe cataract,
requiring lens removal at infancy. Total 26 patients underwent
surgery until adulthood and at least five patients did not require lens
removal. Among all the reported patients including those in the
current family, 17 patients had microcornea and three had unilat-
eral or bilateral iris coloboma.

MAF encodes a protein that belongs to a family of DNA-binding,
basic region/leucine zipper transcription factors playing a key role
in regulating embryonic lens fiber cell development, increasing
T-cell susceptibility to apoptosis, and chondrocyte terminal differ-
entiation [Yietal., 2011]). MAF is expressed early in the developing
lens vesicle and has the central regulator of gene expression in the
crystalline lens during the differentiation of the primary posterior
lens fibers [Kawauchi et al., 1999; Kim et al., 1999; Ogino et al., 2000;
Ring et al., 2000]. Homozygous null mutant ¢-Maf mice showed
defective lens formation and microphthalmia as a result of failure to
elongate of the posterior lens fibers [Kim et al., 1999]. The MAF
mutation R288P which was identified in a family with juvenile
cataract [Jamieson et al., 2002] showed a reduction in the trans-
activation ability of MAF [Perveen et al., 2007]. The MAF mutation
Q303L in the current family was found in a well-conserved
glutamine residue at the basic region of DNA-binding domain
(Fig. 1C,D) and was presumed to interfere with MAF-dependent
transcriptional activation.

Patients with the MAF abnormalities exhibited variable types
of congenital cataracts with or without microcornea and iris
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Clinical Manifestations in MAF Positive Patlents

TABLE L

Patients
with
cataract

Total in MAF

Other ocular
manifestations’

fris coloboma

(3 patients)

Microcornea
(17 patients)

Age at operation

MAF
rautation
0303P

positive
patients

Other

(26 patients)
High school period

Cataract classification

NA
NA

NA

NA

NA

NA

NA
Lamellar

-2
-2
-3

-1

NA

NA

3m

Junior high school period

Lower incisar,

3m

bifid uvuia, ASD

Unoperated

Lamellar, anterior polar
Nuclear, anterior subcapsular

V-2

3m
Infancy—Adulthood{4)

Iv-3
" Familyt V¥

Inguinal hernia

Opaque cornea,

Totai cataract, cortical and

Peter anomaly,
Microphthalmia

sutural pulverulent

Hodgkin's

Uveal
melanomalveal

25-28y(4)

Cortical pulverulent, nuclear

R288P

Family2 1)

disease

pulverulent, posterior

naevus

subcapsular,
Cerulean
Posterior palar,

Childhood—24y(8)

K297R
R299S

cc-277%

1m-4?7y{4)

Family CCMC 0112

nuclear, lamellar

(3)

43y(1)

Nuclear

?

K320E

Family CCMC 0113%

*1 The family had balanced or unbalanced translocation in 5p15.3 and 16q23.2.

*2 The patients with unbalanced translocation showed developmental delay, thin upper lip, short nose, micracephaly, brachycephaly, coarse hair, and small hands with clinodactyly.

6] Hansen et af. [2009).

5) Hansen et al. [2007],

NA,, data nat available; ASD, autism spectrum disorder; y.c., years old; m.o., month oid. 1] Jamieson et al. [2002], 2] Jamieson et al. [2003a], 3] Jamieson et al. [2003b], 4] Vanita et al. [2006],
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coloboma. Microcornea is thought to occur secondary to an arrest
in corneal growth as the result of an overgrowth of the tips of the
optic cup [Nischal, 2002]. Coloboma is caused by faulty closure of
the optic fissure [Chang et al., 2006]. These developmental defects
of these manifestations seem to be different from those of congeni-
tal cataracts. However, cataracts can be found together with iris
coloboma or microcornea [Chang et al., 2006]. Mutant mice
heterozygous for c-MafR291Q showed pulverulent cataract, where-
as other strains could show aberration in the development of the
anterior segment in addition to cataract [Lyon et al., 2003]. Some
genetic modifiers were suggested to contribute to the development
of various ocular abnormalities in an incomplete penetrance [Lyon
et al.,, 2003]. MAF abnormalities are considered to that act or
coordinate with other modifiers during eye development together
with other genetic modifiers resulting not only in congenital
cataracts but also in anterior segment dysgenesis.

Two male members of the current family had cataracts with
autism spectrum disorder, abnormal lower incisors, bifid uvula, or
inguinal hernia. MAFhas not been proposed to play a rolein ASD or
in inguinal hernia. From a report of a MAF mutation-positive
patient with Hodgkin disease [Jamieson et al., 2003b], further
analysis of the clinical manifestations of the MAF mutation in a
higher number of patients is needed to evaluate the associations
with other systematic diseases.

In conclusion, WES identified a novel MAF mutation in a family
segregating with congenital cataract and microcornea and/or iris
coloboma in some affected individuals. Review of the patients with
MAF mutations supports the notion that congenital cataracts
caused by MAF mutations could be accompanied by microcornea
and/or iris coloboma. WES is a useful tool for detecting disease-
causing mutations in patients with genetically heterogeneous
conditions.
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