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[Abstract] Objective To analyze the clinical and molecular
genetic characteristics of a Chinese family with a congenital
cataract-microcornea syndrome. Methods: The method of
pedigree investigation was used. A Chinese Han family with a
congenital cataract-microcornea syndrome was recruited at the
Xiamen Eye Center of Xiamen University. All family members
received a detailed ophthalmologic examination including
best-corrected visual acuity, intraocular pressure measurement
using a handheld applanation tonometer, slit lamp biomicroscopy,
color fundus photography, B-scan ultrasonography, corneal
diameter, anterior segment optical coherence tomography,
ultrasound  biomicroscopy, corneal endoscopy, and corneal

topography. Genomic DNA was extracted from peripheral venous

blood collected from some patients and unaffected family members.

Targeted high-throughput DNA sequencing was performed on the
proband. The sequencing chip contained 188 known pathogenic
genes related to lens abnormalities. Suspected pathogenic genes
were verified by Sanger sequencing in phenotypically normal family
members to identify co-segregation and the disease-causing gene.
Bioinformatics analysis was performed to analyze the pathogenicity
of variants in this family by REVEL. Conserved protein domains
were analyzed by InterPro. Physicochemical properties of the
mutant  protein were analyzed wusing ProtParam. The
deleteriousness of the protein was predicted by PolyPhen-2.
Homology analysis of variants in the pathogenic gene used the
NCBI website to compare conservation among vatious species.
This study followed the Declaration of Helsinki. The study
protocol was approved by the Ethics Committee of Xiamen Eye
Center of Xiamen University (No. XMYKZX-LW-2009-003).
Written informed consent was obtained from each subject prior to
entering the study cohort.

Results There were 39 members of four generations in this
family, including 11 patients with an autosomal dominant
inheritance pattern. Clinical features of the patients included
congenital cataract and microcornea. No obvious abnormality was
found using ophthalmic and general examinations. A heterozygous
mutation, ¢.61C>T, in the CRY.AA gene was found, resulting in
mutation of the amino acids from arginine to tryptophan

(p.-Arg21Trp) at position 21, consistent with co-segregation. The

number of cationic clusters in the mutant protein decreased, and
the hydrophilicity and stability were reduced. The variant was
predicted to be a deleterious mutation and was highly conserved in
multiple species.

Conclusions A novel heterozygous mutation, c.61C>T
p-Arg21Trp, in the CRY.AA gene was thought to be the causal gene
of this family. It is the first time this variant has been reported in
China.
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Congenital cataracts account for 10%—38% of blinding eye diseases
in children, of which at least 30% are caused by genetic factors [1-2.
Hereditary cataracts are most commonly inherited in an autosomal
dominant manner and are phenotypically and genotypically
heterogeneous, showing considerable inter- and intrafamilial
variabilities Bl. In autosomal dominant congenital cataracts, there is
a special phenotype, congenital cataract-microcornea syndrome
(CCMC), which accounts for 12%—18% of the disease [4. CCMC is
characterized by congenital cataracts with microcorneas without
other systemic disorders or developmental abnormalities, which
may be associated with secondary damage to lens dysplasia or
mutations in certain growth or transcription factors Pl To date,
more than 100 genes have been reported to be associated with
congenital cataracts [P, of which at least eight genes are also
associated with corneal dysplasia, including the alpha-A component
of alpha-crystallin (CRY.AA, MIM 123580), B-crystallin-A4
(CRYBA4, MIM 123631), 8-crystallin-B1 (CRYBB7, MIM 600929),
B-crystallin-B2 (CRYBB2, MIM). 123620), y-crystallin-C (CRYGC,
MIM 123680), y-crystallin-D (CRYGD, MIM 123690), a8 connexin
(GJA8, MIM 600897), and v-maf avian aponeurosarcoma
oncogene homologs (MAF) % 614, In this study, the clinical
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henotype and molecular genetic  characteristics of a
g
four-generation autosomal dominant CCMC family were analyzed

to determine the pathogenic genes in the family.

1 Information and methods

1.1 General Information

Using the family investigation method, in July 2019, data from a
Han family of Fujian Youxi CCMC was collected from the
Department of Ophthalmology, Xiamen Eye Center Affiliated to
Xiamen University and the Department of Ophthalmology of
Union Hospital Affiliated to Fujian Medical University (Fuzhou,
China), with a total of 39 people in four generations, including 11
patients. This study followed the Declaration of Helsinki, and the
research protocol was approved by the Medical Ethics Committee
of Xiamen Eye Center Affiliated to Xiamen University (approval
number: XMYKZX-LW-2009-003), and all subjects were aware of
the purpose of this study and voluntarily signed an informed

consent form.

1.2 Methods

1.2.1 Medical history collection The 10 members of the family
who could be contacted provided basic information to the
Ophthalmology Department of Youxi County Hospital of
Traditional Chinese Medicine, including name, sex, date of birth,
relationship with the proband, place of residence, contact
information, previous eye health, general health status, and eye and
general condition of relatives of the relevant members including:
personal history, previous vision history, whether there were
systemic diseases, and histories of eye or systemic surgery or
trauma. The follow-up examination of the proband and patients in
the family were completed at Xiamen Eye Center Affiliated to
Xiamen University, the Department of Ophthalmology, Union
Hospital Affiliated to Fujian Medical University, and the
Department of Ophthalmology of Youxi County Hospital of

Traditional Chinese Medicine.

1.2.2 Eye examination Detailed eye examinations of family
included acuity  (UCVA),
best-corrected visual acuity (BCVA), intraocular pressure (SW-500

members uncorrected  visual
handheld rebound tonometer; Tianjin Sovi Electronic Technology
Co., Ltd, Tianjin, China), slit lamp microscope (SLI9ON; CSO,
Scandicci, Italy), color fundus camera (VISVCAM 524; Carl Zeiss,
Jena, Germany), oculat B-type ultrasound (Quantel Medical,
Clermont-Ferrand, France), corneal diameter measurement, optical
coherence tomography (SS-1000; Tomey, Tokyo, Japan), ultrasound
biomicroscopy (Quantel Medical), corneal endothelioscopy (SP-1P;
Topcon, Tokyo, Japan), and corneal topography (Pentacam AXL;
Oculus, Irvine, CA, USA).

1.2.3 Genomic DNA extraction Genomic DNA extraction
involved a total of 2 ml of peripheral venous blood of the subject
being collected in an ethylene diamine tetraacetic acid (EDTA)
anticoagulant tube. A DNA extraction kit (Oiagen, Hilden,
Germany) was used to extract genomic DNA from 200 ul of
peripheral blood, and the extracted genomic DNA was quantified
and tested for purity using a ultraviolet spectrophotometer(Nanjing

Wauyi Technology Co. , Ltd, Nanjing, China).

1.2.4 Gene mutation detection The lens abnormal gene

detection chip panel-V3 (containing 188 known pathogenic genes
related to lens developmental disorders) was obtained from Beijing
MyGenostics Medical Laboratory (Beijing, China) and used to
screen for mutations in possible pathogenic genes of the proband.
Based on next-generation sequencing technology, genes in the
target region were captured and sequenced with an average
sequencing depth of 300X per sample. A total of 1-5 pg of DNA
and fragments were extracted by enzyme digestion, end repair
involved adding “A” to the 3' end, and then adding a linker to
obtain a fragment of 350—400 bp, using the liquid phase capture kit
developed by MyGenostics Medical Laboratory. Hybridization,
elution, and library amplification were according to standard
methods. High-throughput sequencing used a NextSeq 500
sequencer (Illumina, San Diego, CA, USA). The sequencing data
were analyzed and filtered, and the screening conditions involved (1)
missense, shear, nonsense, synonym, promoter, and read-through
mutations; (2) gene mutations in 1,000 genomes, and The Single
Nucleotide Polymorphism database (dbSNP) and HapMap
databases (www.ncbi.nlm.nih.gov) with a frequency less than 0.01;
and (3) gene mutations with homozygosity greater than 10 and
heterozygous phases greater than 10. The suspected pathogenic
genes and mutations detected by screening were sequenced and
verified by Sanger sequencing in other family members to
determine whether they wete co-isolated from the disease

phenotype.

1.2.5 Bioinformatics analysis and variant pathogenicity
analysis  Bioinformatics analysis and variant pathogenicity
analysis involved the allele frequency of variant sites in the normal
population retrieved through the dbSNP database. The protein
function prediction software, REVEL, was used to petform
bioinformatics analysis on the pathogenic genes and their
mutations to evaluate the pathogenicity of the variants. InterPro
(http://www.ebiacuk/interpro/)  was used to  analyze

protein-conserved domains. The ProtParam tool
(http:/ /www.expasy.org/ tools/protparam.html) was used to
analyze the physicochemical properties of mutant proteins. The
effect of mutations on protein function was predicted using
PolyPhen-2
(http://genetics.bwh.harvard.edu/pph2/index.shtml). The

mutation sites of disease-causing genes were analyzed for

online software

homology using the NCBI website to compare their conservation

with different species.

2 Results

2.1 Clinical phenotype analysis

The lineage was consistent with autosomal dominant inheritance
(Figure 1). The proband, a female 16-years-old, had poor vision
since childhood, and was diagnosed with binocular congenital
cataract at Xiamen Eye Center Affiliated to Xiamen University. In
2005, she was treated with phacoemulsification extraction
combined with intraocular lens implantation at the Xiamen Eye
Center Affiliated to Xiamen University. and in 2017, she underwent
episcleral compression of the right eye at the Xiamen Eye Center
Affiliated to Xiamen University for retinal detachment. The cornea
diameter of both eyes was 9 mm, the axial length of the eye was
22.22 mm in the right eye, 20.73 mm in the left eye, and the
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diagnosis was CCMC. Among the 39 members of the CCMC
family, 11 CCMC patients had poor vision since childhood,
microcorneas, and lens opacities (Figure 2) with corneal diameters
of 7-9 mm. Other eye examinations and systemic examinations
were generally normal. The clinical phenotypes of some members
of this family are shown in Table 1.
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Figure 1 Pedigree of a cataract-microcornea syndrome family with autosomal

dominant inheritance

Six patients (IT-5, TTT-2, TIT-4, TT1-9, IV-1, and TV-3) and four

phenotypically normal members (III-1, III-3, III-5, and IV-2) in the family were
included O: normal male; 0: normal female; m: male patient; ®: female patient; /:

deceased; 7 : proband

Figure 2 Anterior segment photo of patient III-9
observed

A lens opacity was

Table 1 Clinical phenotypes in some family members

0

14

Corneal diameter

Family N Sex UCVA (BCVA) (omm)
members ge M/F) Cataract(Y/N)
OD (0N OD oS
1I-5 63 F 0.08 0.1 7 8 Y
III-1 53 M 1.0 1.0 11 11 N
112 45 F 02004)  0.4(0.6) 9 9 Y
I11-3 43 M 1.5 1.5 12 12 N
I11-4 43 F 0.15(0.4) 0.6(0.5) 8 8 Y
II1-5 39 M 1.2 1.2 11.5 11.5 N
111-9 32 M 0.25 0.3 8.5 8.5 Y
v-1 24 F 04(0.6) 004006 85 8.5 %
Iv-2 19 M 0.6 0.8 12 12 N
1V-3 16 F 0.15(0.25) 0.2(0.6) 9 9 Y

Note: UCVA: uncorrected visual acuity; BCVA: best corrected visual acuity;
OD: right eye; OS: left eye

2.2 Mutation gene detection and analysis

The proband CRY.AA gene hybrid mutation, c.61C>T, was found
by targeted high-throughput sequencing, which was verified by
Sanger sequencing to be present in all patients and not found in
the
co-separation of gene mutations and clinical phenotypes (Figure 3).
The dbSNP database search showed that the allele frequency of

this variant site in the normal population was extremely low (A <

normal phenotypic family members, consistent with

0.000 01), and InterPro analysis showed that the mutation site was
located in the conserved region of the CRY.AA gene, causing the
21st amino acid to mutate from arginine (Arg) to tryptophan (Trp).
ProtParam analysis showed a decrease in the total number of

cationic groups (Arg+Lys) of the mutant protein, and a decrease in

hydrophilicity (grand average of hydropathicity: —0.469) and
stability with an instability index (II) of 51.54. The PolyPhen-2
online software predicted that the R21W mutation in the CRYAA
gene was “likely to impair” protein function with a score of 1.000.
The results of the CRY.AA gene hybrid mutation c.61C>T
homology analysis showed that this locus was highly conserved in

monkeys, dogs, cattle, mice, and other species.
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Figure 3 Verification mutation in the

of CRYAA gene
cataract-microcornea syndrome family by Sanger sequencing A
heterozygous mutation ¢.61C>T in the CRY.44 gene was found in patients,
which was not found in phenotypically normal members. The arrow
indicates the c.61C>T variant. A: mutant type; B: wild type

3 Discussion

CCMC presents with a corneal diameter less than 11 mm and
hereditary cataracts, and other rare ocular manifestations include
myopia, abnormal irides, and Peters’ anomaly [1>-16]. There is clinical
heterogeneity in the cataract phenotype in CCMC in terms of age
of onset and progression of the disease. Cataracts in CCMC
patients can be divided into star, cortical, karyotype, and mixed type
according to the morphology of the lens opacity [4. In this study,
one CCMC family was found in the Youxi area, Fujian, in which
the patients had poor vision since childhood, the corneal diameter
of all patients was less than 9 mm, there were no other systemic
disease, and the cataract type was mixed in unoperated patients.
The cornea diameters of the non-affected members were normal.

More than 100 genes have been reported to be associated with
congenital cataracts [19, of which about one-half are lens protein
genes and one-quarter are membrane protein genes [17). Crystallin
constitutes the major protein of the vertebrate eye lens, with 90%
being water-soluble proteins, which play a key role in maintaining
lens transparency and refraction [18l. Mutations in crystallin genes
may affect protein stability, solubility, and oligomerization
properties, and interfere with the orderly arrangement of lens
proteins, which leads to cataract formation 9. According to
differences of solubilities, water-soluble lens proteins can be
divided into three subcategories: o, 3, and y. The a-crystallin
belongs to the family of small molecule heat shock proteins with
chaperone function, which maintain the solubility of denatured
lens proteins by mimicking chaperones, maintaining lens
transparency, and playing an important role in preventing apoptosis
and preserving cytoskeletal integrity [20].

This study confirmed that the cause in this CCMC family was
heterozygous mutation of c.61C>T of the CRY.AA gene, and its
expression product, in aA crystallin, the 21st amino acid arginine in
the nitrogen terminal region of the lens protein being replaced by
tryptophan. Previous studies have also reported that the CRY.AA

mutation was associated with CCMC 21221 in which congenital
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cataracts caused by multiple mutation sites on the CRY.AA gene
reported by Devi et al. [22I were combined with a microcornea
phenotype. These mutations are mainly located in the small heat
shock protein conserved area of the N-terminal and a conserved
a-crystallin domain region. The CRY.AA gene mutation in this
study was different from previous studies, and was the first time it
has been reported in China. The congenital cataract mutation sites
caused by the CRY.AA gene are mainly located in the N-terminal
and a conserved a-crystallin domain region, which is speculated to
be related to the stronger conservatism of the regional sequence
and the greater effect on the wa-crystallin mimicking chaperone
activity after mutation 123, which is consistent with the mutation
found in this study. Bioinformatics analyses of mutation products
at different sites showed that the total number of cationic groups
of protein products was decreased due to the decrease of the total
number of cationic groups of protein products and the decrease
of hydrophilicity and stability, resulting in the occurrence of
cataracts. The results of PolyPhen-2 prediction software suggested
that the mutation was a harmful mutation, and homology analysis
showed that the mutation site was highly conserved in multiple
species.

Genes associated with CCMC are now known to involve
CRYAA, CRYBB1, CRYBB2, GRYGC, GRYGD, G]A8, MIP, and
MAF 124,

microcornea, four other site mutations also cause CCMC (Table 2),

In addition to pR27W mutations, which cause

and in severe cases, microphthalmia ?4. These mutations are all
associated with CCMC, but the phenotype that causes cataracts is
not identical.

Table 2  Pathogenic genes and clinical phenotypes of the
cataract-microcornea syndrome family
Mutation Amino acid alter Ocular phenotype
C413T R116C Nuclear cataracts, Microcorneal6.26-28]
G347A R116H Star cataract, Microcorneal46,7,27-29]
C34T R12C Nuclear cataracts, axial length elongation,microcorneal#22|
C160T R54C Autosomal recessive cataracts, Microcorneal3l
Autosomal dominant cataracts, Microcorneal22l
Co1T R21W Cataract, Microcorneal4.21-22]

Note: CCMC: congenital cataract-microcornea syndrome

At present, the mechanisms of congenital cataracts combined
with microcornea are not clear, and the related hypotheses can be
divided into two categories: (1) mutations of transcription factors
or growth factors, which play an important role in maintaining and
promoting the structural development of the lens and anterior
segment of the eye, and the mutated genes can be manifested as
pleiotropy 1%); and (2) in addition to inducing and regulating the
lens in the embryonic stage, the mutant gene also has a multi-level
induction effect on cell differentiation of other antetior eye tissues.
Lens dysplasia can indirectly lead to abnormalities in the anterior
segment of the eye, including the microcornea. For the existence
of two different phenotypes of microcornea and microphthalmia
in some gene mutations, it is speculated that the two may belong to
the same category of clinical phenotypes, but their severity is
different, which may be related to the disorder of eye development
induction and regulation caused by lens abnormalities. This is also
consistent with the presence of two clinical phenotypes in this
family, Some

involving microcornea and microphthalmia.

researchers have also speculated that it may be caused by corneal
development arrest after the fifth month of pregnancy, but at
present, the mechanisms of the CRY.AA gene mutation and
anterior segment developmental abnormalities have not been
reported. Further study of these phenotypes, understanding the
functions of different genes, and analyzing their role in lens
development and their relationship with the anterior segment
structure of the eye are expected to explain the role of mutation in
the pathogenesis of CCMC.

In this study, the pathogenic mutation of the CCMC family
involved the heterozygous mutation, c.61C>T (p.R21W), of the
CRY.AA gene, which is the first report in China. The microcornea
may be associated with disorders of induction regulation due to
This
understanding of the role of the CRY.4AA gene in cataracts and eye

abnormal lens development. study has aided our

development. Further animal experiments of this mutation should

help to clarify its pathogenesis.
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