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Abstract
Background To unravel the molecular genetic background re-
sponsible for autosomal dominant congenital pulverulent nu-
clear cataracts in a four-generation Chinese family.
Methods Family history data were collected, ophthalmolog-
ical examinations were performed, and genomic DNA was
extracted from peripheral blood of the family members. The
candidate genes were captured and sequenced by targeted
next-generation sequencing, and the results were confirmed
by Sanger sequencing. The structure modelling of the pro-
tein was displayed based on Swiss-Model Server, and its
possible changes in the secondary structure were predicted
using Antheprot 2000 software. The chemical dissimilarity
and possible functional impact of an amino acid substitution
were performed with Grantham score, PolyPhen-2, and SIFT
predictions. Protein distributions were assessed by confocal
microscopy.
Results A novel heterozygous c.829C>T transition that led
to the substitution of a highly conserved histidine by tyro-
sine at codon 277 (p.H277Y) in the coding region of

connexin50 (Cx50, GJA8) was identified. Bioinformatics
analysis showed that the mutation likely altered the sec-
ondary structure of the protein by replacing the helix of
the COOH-terminal portion with a turn. The mutation
was predicted to be moderately conservative by Grantham
score and to be deleterious by both PolyPhen-2 and SIFT
with consistent results. In addition, when expressed in
COS1 cells, the mutation led to protein accumulation and
caused changes in Cx50 protein localization pattern.
Conclusions This is a novel missense mutation [c.829C>
T, (p.H277Y)] identified in exon 2 of Cx50. Our findings
expand the spectrum of Cx50 mutations that are associated
with autosomal dominant congenital pulverulent nuclear
cataract.
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Introduction

Congenital cataract is the leading cause of reversible blind-
ness in childhood and accounts for one tenth of the cases
of childhood blindness [1]. Its prevalence, depending on
the regional socioeconomic development, is estimated to
vary from 0.6 to six cases per 10,000 live births in indus-
trialized countries [2, 3], and from five to 15 per 10,000 in
the poorest areas of the world [4]. Nearly one third of the
cases have a genetic basis [5]. It can present in an isolated
manner or may occur in association with other ocular or
systemic diseases [1, 6].

Although X-linked and autosomal recessive transmissions
have been reported for congenital cataract, the autosomal
dominant trait seems to be the most prevalent mode [7]. To
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date, at least 30 independent loci and 18 genes on different
chromosomes have been associated with isolated congenital
or infantile cataract [8–11]. Of the known mutant genes in
cataract families, approximately half involve mutations in
crystallins (CRYAA, CRYAB, CRYBA, CRYBB, CRYGC,
CRYGD, CRYGS), about a quarter involve mutations in lens
specific connexins (Cx43, Cx46, and Cx50), and the remain-
der include: mutations in major intrinsic protein (MIP) or
aquaporin-0 (AQP0), beaded filament structural proteins-2
(BFSP2), paired-like homeodomain transcription factor-3
(PITX3), avian musculoaponeurotic fibrosarcoma (MAF),
heat shock transcription factor-4 (HSF4), chromatin modify-
ing protein-4B (CHMP4B), lens intrinsic membrane protein 2
(LIM2), and Eph-receptor type-A2 (EPHA2E) [8, 9, 11–16].

In this study, we applied a next-generation sequencing ap-
proach to test 60 known inheritable genetic congenital
cataract-related genes in a Chinese family. With this approach,
we identified a novel heterozygous mutation, the c.829C>T
(p.H277Y) mutation, in exon 2 of Cx50, which co-segregated
with autosomal dominant congenital pulverulent nuclear cat-
aract. And with in silico prediction and functional study, we
further verified the pathogenic effect of this missense muta-
tion, which may represent a possible mechanism for cataract
formation in this Chinese family.

Materials and methods

Clinical examination and isolation of genomic DNA This
study was approved by the medical ethics committee of the
First People’s Hospital Affiliated to Shanghai Jiao Tong Uni-
versity (No. 2013KY096) and was conducted in accordance
with the Declaration of Helsinki of the World Medical Asso-
ciation. A four-generation family originating from the prov-
ince of Jiangsu, China, with isolated congenital cataracts was
recruited to our hospital. Informed written consent was signed
by the participants or their legal guardians. Affected status was
identified by a history of cataract surgery or ophthalmological
examinations, including visual acuity, slit lamp, biometry, and
fundus examination. The cataract phenotypes were recorded
using anterior segment photography. Corneal size and axial
lengths were measured with IOLMaster (Carl Zeiss Meditec
AG, Jena, Germany). Genomic DNA from peripheral blood
leukocytes derived from the affected individuals and the avail-
able unaffected family members was extracted using the
QIAamp DNA Blood Midi Kit (Qiagen, Hilden, Germany).

Mutation detection The list of 60 inheritable genetic congen-
ital cataract-related genes, including 18 isolated congenital
cataract genes and their subtypes, and seven other systemic
congenital cataract genes, in the panel for captured and
targeted next-generation sequencing can be seen in Supple-
mentary Table 1 (Online Resource 1). There were two patients

who underwent next-generation sequencing of the gene panel
(II:5, III:7, Fig. 1a). As described previously, the exon regions
of these 60 genes, including the Cx50 gene (gap junction
protein alpha 8, GJA8), were specifically enriched using bio-
tinylated capture probe (MyGenostics, Baltimore, MD, USA)
[17, 18].

Short read mapping and alignment were performed using
Burrows Wheeler Aligner software. Single-nucleotide poly-
morphisms (SNP) and insertions/deletions were tested using
SOAPsnp software and GATK Indel Genotyper (http://www.
broadinstitute.org/gsa/wiki/index.php/; The Genome Analysis
Toolkit), respectively. All reference sequences were based on
the NCBI37/hg19 assembly of the human genome [19].

To confirm the c.829C>T (p.H277Y) variant identified
with next-generation sequencing, genomic DNA samples
were amplified with the forward primer 5′-GGGCCACTAC
TTCCTGTACG-3′ and the reverse primer 5′-CTGCGGCTCT
TCTTTTTCAC-3′ for 35 cycles using the following program:
95 °C for 30 s (1 cycle); 95 °C for 30 s, 62 °C for 30 s, 72 °C
for 30 s (35 cycles); 72 °C for 4 min (1 cycle).

Bioinformatics analysis Taking the resolved structure of
connexin-26 gap junction as template (Protein Data Bank ac-
cession No. 2ZW3), the model structure of homomeric wild-
type Cx50 gap junction channel was modelled by Swiss-
Model Server [20] and shown with the PyMOL Molecular
Graphic system (Delano Scientific). Comparative secondary
structure profiles of wild-type amino acid sequences with the
p.H277Ymutant of Cx50 were analyzed with Antheprot 2000
software (version 6.0; IBCP, Lyon, France). Additionally, the
chemical dissimilarity of codon replacements was predicted
by Grantham scores, which categorize into four classes: con-
servative (0–50), moderately conservative (51–100), moder-
ately radical (101–150), or radical (≥151) according to the
classification proposed by Li et al. [21, 22]. Meanwhile, the
possible functional impact of an amino acid change was pre-
dicted by PolyPhen-2 (http://genetics.bwh.harvard.edu/pph2/
index.shtml) and SIFT (http://sift.jcvi.org/).

Cloning and plasmid construction of wild-type and mu-
tant connexins Genes coding for Cx50 wild-type, Cx50
p.H277Ymutant were cloned into the eukaryotic gene expres-
sion Vector pEGFP-N1 (Invitrogen, Carlsbad, CA, USA) to
obtain pEGFP-N1-Cx50 Wild-type, and pEGFP-N1-
p.H277Y Mutant, respectively. DNA sequencing confirmed
the resultant constructs and verified the target mutation.

Cell culture and transfections COS1 cells (kidney fibro-
blasts of African green monkey) were obtained from Shanghai
Institutes of Biological Sciences, Chinese Academy of Sci-
ences (Shanghai, China) and cultured in Dulbecco’s modified
Eagle’s medium (HyClone, Logan, UT, USA) containing
10 % fetal bovine serum, 100 mg/ml penicillin and
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streptomycin, and 22 mM glucose. Cell lines were maintained
in a humidified atmosphere containing 5 % CO2 at 37 °C.
Transfections were carried out using the transfection reagent
Lipofectamine 2000 (Invitrogen), according to the manufac-
turer’s instructions.

Western blot analysis Total proteins were extracted from
COS1 cells transfected with pEGFP-N1-Wild-type, pEGFP-
N1-p.H277Y Mutant, and EGFP vector plasmids using a
RIPA kit (Beyotime, Shanghai, China) as per the manufac-
turer’s instructions. And total protein concentration was esti-
mated using the BCA kit (Beyotime). After electrophoresis,
the proteins were transferred onto nitrocellulose membranes.
The target protein was blotted with anti-GAPDH (1:2000;
Protein Tech Group, Chicago, IL, USA), anti-GFP (1:2000;
Abcam, MA, USA) as primary antibodies, and then incubated
with goat anti-mouse IgG-HRP (1:5000, Santa Cruz, CA,
USA), goat anti-rabbit IgG-HRP (1:5000, Santa Cruz) as sec-
ondary antibodies. GAPDH was used as an internal control.

Immunofluorescence staining Forty-eight hours after trans-
fection, the cells were permeabilized with 0.2 % Triton X-100,
blocked in solution, and the cellular nuclei was labeled by 4’,
6-diamidino-2-phenylindole (DAPI; Sigma, Saint Louis, MO,
USA). Both wild-type and mutant Cx50 protein distribution
and gap junction formation were monitored based on tagged
GFP signaling in these cells using a confocal laser scanning
microscope (Zeiss LSM 510, Zurich, Switzerland).

Results

Clinical evaluation There were seven affected individuals
with congenital cataract in this four-generation Chinese pedi-
gree (Fig. 1a). The clinical findings of the affected family
members who participated in our study are summarized in
Table 1. The age of onset was recorded as the age when the
disease was first noticed by the patients or their parents, or first
documented by a clinician. None of the cases were products of

Fig. 1 Clinical evaluation of a
Chinese pedigree with autosomal
dominant congenital cataracts. (a)
A Chinese family with autosomal
dominant congenital cataracts.
The arrow indicates the proband.
Squares and circles symbolize
males and females, respectively.
Black and white denote the status
of family members affected or
unaffected, respectively, by
congenital cataract. Question
mark next to the proband’s
grandmother indicates the
questionable status of family
member I:2. (b) Slit-lamp
photographs of the affected
family member III:5 on the front
and lateral sides. The slit-lamp
photographs show pulverulent
nuclear cataracts affecting the
embryonic and fetal nuclei of the
lens where the cortex is
transparent. R=right; L=left
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a consanguineous marriage and all affected patients had bilat-
eral congenital cataracts.

The proband (III:7) was diagnosed with bilateral congenital
cataract at age 7 years, and she underwent cataract extraction
and intraocular lens implantation surgery at age 18 years. Her
right eye was diagnosed with posterior capsular opacification
at age 22 years, and she did not undergo Nd:YAG
capsulotomy. The proband’s fraternal twin sister (III:8) was
unaffected. The proband’s grandmother (I:2) had various ill-
nesses and was bed-ridden; hence, she could not be examined
with slit-lamp microscopy. Although we were told by her
family members that her vision was very poor at an early
age, we could not diagnose her condition with so little infor-
mation. The phenotypes of cataract were pulverulent nuclear
cataract affecting the embryonic and fetal nuclei of the lens
where the cortex was transparent. These features were similar
among all the affected participants (Fig. 1b). The average
horizontal corneal diameter was 12.12 mm oculus dexter
(OD) and 12.50 mm oculus sinister (OS). The average axial
length was 22.82 mm OD and 22.48 mm OS. Fundus exam-
ination showed a normal appearance in all participants.

Ophthalmic records confirmed that the lens opacities were
late-onset and that no history of other ocular or systemic ab-
normalities was present in this family.

Identification of Cx50mutations The 60 inheritable genetic
congenital cataract-related genes were captured and se-
quenced by next-generation sequencing using genomic
DNA from two patients (II:5 and III:7). Overall, 58 and 52
variants were found in the two samples, respectively. The
variants were filtered out if they were present in the 1000
Genome database (http://www.1000genomes.org/) or the
dbSNP database (http://www.ncbi.nlm.nih.gov/SNP/). After
filtering and samples comparison, one heterozygous change
was identified in both patients associated with congenital
cataract, C>T, at position 829 (c.829C>T) in exon 2 of
Cx50 (GJA8), leading to the replacement of a wild-type histi-
dine with tyrosine at codon 277 (p.H277Y; Fig. 2). All Cx50
exons for both patients were well covered by the next-
generation sequencing data. Table 2 presents the coverage
statistics. The mutation was further confirmed by Sanger se-
quencing (Fig. 3). Additional testing proved that this p.H277Y

Table 1 Clinical characteristics of the patients with congenital cataracts who participated in our study

Patient Mutation Age (years) at exam/onset Inh Visual acuity Corneal size (mm) Axial length (mm)
OD/OS OD/OS OD/OS

II:5 c.829C>T; Cx50 56/20 AD 0.2/0.3 12.9/12.5 22.66/22.73

III:4 c.829C>T; Cx50 33/20 AD 0.5/0.5 12.0/12.7 23.61/23.69

III:5 c.829C>T; Cx50 34/16 AD 0.6/0.25 12.5/13.0 21.91/21.88

III:7† c.829C>T; Cx50 22/7 AD 0.12/0.6 11.5/12.0 24.27/22.32

IV:3 c.829C>T; Cx50 12/12 AD 0.4/0.3 11.7/12.3 21.65/21.77

Inh inheritance; OD oculus dexter; OS oculus sinister; AD autosomal dominant.

† Postoperative data for patient III:7 after her right eye was diagnosed with posterior capsular opacification.

Fig. 2 Identification of a
heterozygous mutation, c.829C>
T, in Cx50 in two Chinese
patients (II:5 and III:7) with
autosomal dominant congenital
cataract using targeted next-
generation sequencing. A variant
c.804C>T was also found in the
same allele; however, it’s a
synonymous variant (p.L268L)
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replacement was shown in all affected individuals who partic-
ipated in our study, and it was not detected in the unaffected
family members or in 800 healthy local Chinese controls.

The p.H277Y mutant is located within the intracellular
COOH-terminal region of Cx50 as indicated by Maeda’s
structural studies of the connexin gap junction channel
(Fig. 4a) [23]. Histidine at position 277 is highly conserved
in Cx50 according to multiple sequence alignments analyzing
ten different species (Fig. 4b).

Bioinformatics analysis The homology modelling showed
the sideview and topview of Cx50 gap junction channel

structure (Fig. 5a). The possible effect of the p.H277Y muta-
tion on Cx50 was analyzed with bioinformatics software,
which indicated that the wild-type helix in the COOH-
terminal portion is likely replaced with a turn in the
p.H277Y mutant (Fig. 5b). Moreover, the in silico prediction
of the pathogenicity showed a Grantham score of 83, which
meant that the variant (p.H277Y) was predicted as being
Bmoderately conservative^. And this mutation was predicted
to be Bpossibly damaging^ by PolyPhen-2 with a score of
0.867 (HumVar-trained), and Baffect protein function^ by
SIFT with a score of 0.00.

Functional analysis N terminus of Cx50 is critical for both
Vj-gating and unitary conductance [24]. In order to avoid or
minimize the effect on structure and function of Cx50, we
used the pEGFP-N1 vector to generate the fusion protein
Cx50-GFP. Both GFP-tagged Cx50 wild-type and p.H277Y
mutant protein were expressed in COS1 cells, and similar
expression level of the wild-type and mutant protein
(~70 kDa) was determined based onWestern blotting analysis
of the cell lysates (Fig. 6).

Confocal immunocytochemical analysis showed that both
GFP-tagged Cx50 wild-type and p.H277Y mutant recombi-
nant proteins were localized to the cytoplasm and plasma
membrane. The results indicate that the p.H277Y mutant did
not affect the subcellular distributions and trafficking to the
plasma membrane of Cx50 protein. However, distinct from
wild-type, the Cx50 p.H277Y mutant protein showed a differ-
ent localization pattern with increased accumulation of mutant
protein or cytoplasmic inclusions, and reduced linear distribu-
tion along appositional membranes (Fig. 7).

Discussion

Ultrastructurally, the lens is composed of two distinct types of
cells: an anterior layer of organelle-rich cuboidal epithelial
cells and a large fiber cell mass making up the bulk of the
lens. The cellular architecture and arrangement of the fiber
cells, and particularly their sutures, play a pivotal role in light
transmission and lens transparency [9]. The normal function
and survival of cells in the avascular lens is facilitated by
intercellular communication through an extensive network
of gap junctions. Each gap junction channel comprises two
hemichannels called connexons, which dock in the extracel-
lular space between adjacent cells. Each connexon comprises
a hexamer of connexins, which is formed predominantly by
three isoforms of connexins (Cx43, Cx46, and Cx50) [12,
25]. Connexin proteins are membrane proteins containing four
transmembrane domains (M1, M2, M3, and M4), two extra-
cellular loops (E1 and E2), and three intracellular regions (the
NH2-terminus, a cytoplasmic loop, and the COOH-terminus;
Fig. 4a) [26].

Table 2 Coverage statistics with next-generation sequencing in two
patients with autosomal dominant congenital cataract

Sample II:5 III:7

Initial bases on target (bp) 609,324 609,324

Bases covered on target (bp) 603,219 603,543

Coverage of target region 99.00 % 99.10 %

Average sequencing depth on target 397.19 429.98

Fraction of target covered with

at least 4× 96.70 % 96.70 %

at least 10× 93.20 % 92.80 %

at least 20× 88.30 % 87.70 %

Fig. 3 The mutation inCx50was confirmed with Sanger sequencing. (a)
A heterozygous C>T transition at codon 277 in one patient from the
family (arrow). (b) Wild-type sequence from an unaffected family
member. F=Female
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Gap junctions are membrane specializations that contain
clusters of intercellular channels that are permeable to ions
and small solutes, including ions (K+, Ca2+), nutrients, small
metabolites (e.g. glucose), and second messengers (inositol
triphosphate, cAMP, cGMP) (≤1 kDa) [25]. These functions
play a critical role in lens metabolic homeostasis and mainte-
nance of transparency of fibers within the ocular lens. The gap
channels function is regulated by post-translational modifica-
tions of the COOH-terminal cytoplasmic tail. (http://www.
genecards.org/cgi-bin/carddisp.pl?gene=GJA8&search=
3b0321a9b4cc1de65fcf11360f75f598; The Human Gene
Compendium). And recently, Wang et al. also suggested that
hemichannels are a pivotal source of autocrine and paracrine
messengers [27].

Recent genetic studies showed that Cx50 is essential for
lens growth, maturation of lens fiber cells, and lens transpar-
ency [28]. Pal et al. found that incorporation of even a single
mutant protein molecule into a gap junction in Xenopus oo-
cytes inhibited channel function [29]. Studies of certain
connexin mutants linked to congenital cataracts have

implicated hemichannels with aberrant voltage-dependent
gating or modulation by divalent cations in disease pathogen-
esis [25]. Further deletion analysis has shown that the fourth
transmembrane domain (M4) and a membrane proximal re-
gion (codons 231–294) of the cytoplasmic domain are needed
for transport from the endoplasmic reticulum and localization
to the plasma membrane [30]. However, unlike previously
characterized Cx50 mutants that exhibited impaired intracel-
lular transport and subsequent insertion into the plasma mem-
brane and/or lack of function, the Cx50 mutant p.G46V with
functional hemichannels and gap junction channels causes cell
death even when expressed at minute levels. Biochemical data
indirectly suggest a potential novel mechanism by which
connexin mutants could lead to cataracts: cytotoxicity owing
to enhanced hemichannel function [31].

To date, at least 34 mutations have been identified in hu-
man Cx50 (summarized in Fig. 4a, Supplementary Table 2,
Online Resource 1). Since mutations in the same gene can
result in morphologically different lens opacities and muta-
tions in different gene loci can lead to similar opacities,

Fig. 4 Schematic diagram
showing the human Cx50
mutations reported to date and the
relative conservation of a portion
of the Cx50 COOH-terminus. (a)
Diagram illustrating the topology
of the Cx50 protein containing all
reported mutations and the
locations of the missense
mutation (yellow bands |) and
frame shift (fs) mutations (◆◆)
identified in members of families
with inherited cataracts. The red
band denotes the mutation
p.H277Y reported in our present
study. (b) Multiple sequence
alignment of a section of the
Cx50 amino acid sequence
(codons 268–287) from ten
different species, indicating that
histidine at position 277 (red) is
highly conserved among Cx50
members from a variety of species
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inherited cataracts lack clear genotype-phenotype correlation
rendering both clinical classification and molecular diagnosis
challenging [11]. There is only one possible genotype-
phenotype correlation that we found after a comprehensive
literature search and careful comparison: the Cx50 mutations
associated with congenital cataract-microcornea syndrome
were exclusively located in first transmembrane domain
(M1) and second extracellular loop (E2) (Supplementary
Table 2, Online Resource 1). Our current study constitutes
the first report that the p.H277Y mutation is associated with
congenital pulverulent nuclear cataract. Several amino acid
substitutions have been identified near position 277 of Cx50
that are associated with congenital cataract in mice and
humans, including p.I247M [32], p.S258F [5], p.S259Y

[33], p.S276F [34], and p.L281C [35]. The fact that we iden-
tified p.H277Y in this mutational hot spot emphasizes that this
residue and surrounding region are critical for Cx50 function.

The overall conformation of wild-type human Cx50 is
quite similar to that of the p.H277Y mutant. The most sub-
stantive variation was predicted to be in the secondary struc-
ture, in which a turn in the mutant likely replaces the wild-type
helix in the COOH-terminal subdomain (Fig. 5b). A study
about the structure and intermolecular interactions between
the Cx40 and Cx43 COOH-terminal and cytoplasmic loop
domains suggests that α-helices may be important for stabi-
lizing the COOH-terminal dimer conformation under acidic
conditions (i.e. more α-helix leads to a stronger binding affin-
ity for the dimer conformation). Evidence supports involve-
ment of the COOH-terminal domains in regulation of
heteromeric channels. Predictions from their sequence indi-
cate that analogous helical structures also occur in wild-type
Cx50 COOH-terminus [36].

Furthermore, the novel detected c.829 C>T substitution
turned a positively charged histidine into an uncharged tyro-
sine at position 277, and since it is located in the hydrophobic
core of the COOH-terminus as well as in the positively
charged cytoplasmic domain [23], it may interfere with the
folding of the whole protein. This mutation was predicted to
be deleterious by both PolyPhen-2 and SIFT with consistent
results. Additionally, such a high degree of conservation at
this position (Fig. 4b) argues for functional importance of this
amino acid residue as well as that of the nearby residues [37].

Fig. 5 Structure modelling of
Cx50 homomeric channel and
comparison of the secondary
structure of wild-type and
p.H277Y mutant Cx50. (a) Side
view and top view of wild-type
Cx50 channel in cartoon form,
showing the predicted homomeric
gap junction channel structure
(Swiss-Model Server). Cyans:
helix; Magentas: sheet; Dark
salmon: loop. (b) Difference in
the predicted secondary structure
between the wild-type and mutant
Cx50 protein indicates that an
original helix of the COOH-
terminus has been replaced by a
turn, labeled by a red arrow and a
red circle (Antheprot 2000).
Blueberry: helix; Lemon: sheet;
Spring: turn; Turquoise (graph
only): coil

Fig. 6 The expression level of Cx50 wild-type and Cx50 p.H277Y
mutant in stably transfected COS1 cells identified by Western blot. The
similar expression level indicates that the p.H277Y mutation of Cx50 did
not result in instability of the protein. The pEGFP-N1-transfected cells
served as controls
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Our functional finding further validated the in silico pre-
diction, and the result is consistent with or similar to the re-
ported Cx50 p.P88T [16], p.P88S [38, 39], and p.P88Q [10,
40] mutants, which found a distinct localization pattern and an
increased accumulation for mutant protein (Fig. 7). The aber-
rant Cx50 p.H277Y mutant protein accumulations likely re-
sults from misfolding and/or incomplete/improper oligomeri-
zation [41], or may be a result of inadequate degradation ca-
pacity of constitutive autophagy [39]. The retention of mutant
subunits in the endoplasmic reticulum and the altered degra-
dation of Cx50 mutants may cause a stress response, which
might exhibit alterations for lens homeostasis [27]. Also, the
aggregation may cause light scattering, which might account

for one of the molecular background underlying cataracts in
this family [41].

In addition, our study found that the linear distribution
along appositional membranes as expected for large gap junc-
tions plaques is rarely formed for Cx50 p.H277Y mutant
(Fig. 7), which may imply the impaired gap channels function
or altered ability for entry of ions and small solutes. And the
decreased gap junction plaques would result in disarrange-
ment or separation of fiber cells, which may cause metabolic
disorder of lens fiber and eventually lead to the formation of
cataract. Hence, we consider this p.H277Y variation to be a
causative mutation of the disease in this pedigree. Whether the
p.H277Y mutant would be a dominant negative inhibitor of
wild-type Cx50 remains to be investigated.

In conclusion, this study identified a novel missense muta-
tion [c.829C>T, (p.H277Y)] in exon 2 of Cx50 using targeted
next-generation sequencing approach, which further confirms
thatCx50 plays a pivotal role in the maintenance of lens trans-
parency, and expands the spectrum ofCx50mutations that are
associated with autosomal dominant congenital cataract.
Based on our secondary structure analysis, we speculate that
the p.H277Y mutation may not only affect the folding of the
whole protein, but also affect the proper assembling of the
dimer. Functional study proved a different distribution pattern
of the mutant protein, the increased accumulation of mutant
protein and decreased gap junction plaques staining may lead
to altered function of gap channels and metabolic imbalance
of lens fiber, which might be a contributing factor to the cat-
aract formation.

Since there are many different derangements in the cellular/
biochemical behavior and function of the Cx50 mutants, fur-
ther functional impact of the mutant protein on cell growth
[16, 42] or hemichannels voltage-dependent gating [30, 43],
will improve our understanding of the underlying pathogene-
sis of cataract formation and illuminate the role of the
connexin family in the lens. Also, since this is a dominant
disease, it would be really interesting to assess whether the
mutant protein dimerize with the wild-type form would im-
pede the proper localization or function of the wild-type [44],
which would help to design possible genetic therapies in the
future.
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Fig. 7 Immunofluorescent localization pattern of Cx50 wild-type and
p.H277Y mutant. Confocal images of EGFP recombinant proteins
showing stably transfected COS1 cells with Cx50 wild-type, p.H277Y
mutant, and pEGFP-N1 backbone plasmids (control). DAPI shows
nuclear DNA staining. Arrows indicate the aggregation of mutant
protein in the cytoplasm and plasma membrane. Stellate symbols
denote the linear distribution along appositional membranes
corresponding to the gap junction plaques. Scale bar: 50 μm
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