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Abstract
● AIM: To identify genetic defects in a Chinese family 
with congenital posterior polar cataracts and assess the 
pathogenicity.
● METHODS: A four-generation Chinese family affected 
with autosomal dominant congenital cataract was recruited. 
Nineteen individuals took part in this study including 5 
affected and 14 unaffected individuals. Sanger sequencing 
targeted hot-spot regions of 27 congenital cataract-
causing genes for variant discovery. The pathogenicity of 
the variant was evaluated by the guidelines of American 
College of Medical Genetics and InterVar software. 

Confocal microscopy was applied to detect the subcellular 
localization of fluorescence-labeled ephrin type-A receptor 2 
(EPHA2). Co-immunoprecipitation assay was implemented 
to estimate the interaction between EphA2 and other lens 
membrane proteins. The mRNA and protein expression 
were analyzed by reverse transcription-polymerase chain 
reaction (qRT-PCR) and Western blotting assay, respectively. 
The cell migration was analyzed by wound healing assay. 
Zebrafish model was generated by ectopic expression of 
human EPHA2/p.R957P mutant to demonstrate whether 
the mutant could cause lens opacity in vivo.
● RESULTS: A novel missense and pathogenic variant 
c.2870G>C was identified in the sterile alpha motif (SAM) 
domain of EPHA2. Functional studies demonstrated the 
variant’s impact: reduced EPHA2 protein expression, 
altered subcellular localization, and disrupted interactions 
with other lens membrane proteins. This mutant notably 
enhanced human lens epithelial cell migration, and induced 
a central cloudy region and roughness in zebrafish lenses 
with ectopic expression of human EPHA2/p.R957P mutant 
under differential interference contrast (DIC) optics.
● CONCLUSION: Novel pathogenic c.2870G>C variant of 
EPHA2 in a Chinese congenital cataract family contributes 
to disease pathogenesis.
● KEYWORDS: congenital cataract; EPHA2; missense 
variant; function analysis
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INTRODUCTION

C ongenital cataract (CC) is a prevalent cause of childhood 
blindness. The incidence ranges from 2.2 to 13.6 cases 

per 10 000 children globally, with Asia having the highest 
prevalence at 7.43 per 10 000[1]. While timely surgery can help 
preserve vision, predicting outcomes remains challenging[2]. 
The pathogenesis of CC is complex, involving factors like 
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heredity, infections, metabolism issues, X-ray exposure, drugs, 
and more. Heredity contributes significantly, accounting for 
30% of cases, often through autosomal dominant inheritance[3]. 
Currently, over seventy pathogenic loci linked to CC have 
been identified, categorized by function, such as crystalline, 
cytoskeleton-related, membrane, and growth factor 
genes[4-5].
Ephrin type-A receptor 2 (EPHA2, OMIM:176946) is a 
prominent member of the ephrin (Eph) receptor tyrosine kinase 
family, playing a pivotal role in essential cellular functions 
such as differentiation, migration, intercellular adhesion, and 
tissue morphogenesis[6-7]. Initially termed epithelial cell kinase 
(eck), the protein encoded by EPHA2 holds a widespread 
presence among epithelial cell populations. The EPHA2 
receptor is a 130-kDa transmembrane glycoprotein consisting 
of 976 amino acids[8]. Its structure comprises extracellular 
(N-terminal), transmembrane, and intracellular (C-terminal) 
segments. The extracellular region includes an ephrin ligand 
binding domain (LBD), a cystine-rich domain (CRD), and two 
fibronectin III domains (FN III). The intracellular C-terminal 
domain encompasses a juxtamembrane region (JMS), a 
conserved tyrosine kinase (TK) domain, a sterile-a-motif 
domain (SAM), and a C-terminal zona occludens PSD95/
DLG/ZO1 (PDZ) binding motif.
In 2008, it was initially noted that the EPHA2 gene is 
associated with hereditary and age-related cataracts in 
Caucasians[9]. EPHA2 is present in both human and murine 
crystalline structures, actively participating in guiding crystal 
cell movement and aligning fibers[10]. If EPHA2 is disrupted 
through knockout methods, it noticeably changes the shape and 
arrangement of lens epithelial cells, leading to disturbances 
within the lens environment and ultimately causing cataract 
formation[11]. Remarkably, more than 20 variants of the EPHA2 
gene associated with various congenital cataract types have 
been documented over time. These variants are archived in the 
Cat-Map database (April 2022 version), primarily concentrated 
within the intracellular region. Curiously, the SAM surfaces 
as the most frequently altered domain in this context[12]. In this 
study, we identified a novel missense variant c.2780G>C of 
EPHA2 (p.R957P) in a Chinese four-generation pedigree with 
autosomal dominant congenital cataract. The molecular basis 
underlying the pathogenicity of cataract caused by this variant 
was investigated.
SUBJECTS AND METHODS
Ethical Approval  This study was approved by the Research 
Ethics Committee of the First Affiliated Hospital of Fujian 
Medical University (approval No.[2019]131). The procedures 
of the study conformed to the tenets of the Declaration of 
Helsinki and all subjects were informed of the research 
purpose before participating and signed the consent form.

Subjects and DNA Specimens  A four-generation Chinese 
family affected with autosomal dominant CC was recruited 
at the First Affiliated Hospital of Fujian Medical University. 
Nineteen individuals took part in this study including 5 affected 
and 14 unaffected individuals. Clinical and ophthalmological 
examinations were performed on the affected individuals, as 
well as on the unaffected family members. Phenotype was 
documented by slit lamp photography. One hundred and 
twelve samples from ethnically matched control individuals 
were obtained prior to the study. Total genomic DNA was 
extracted from whole blood using the Wizard Genomic DNA 
purification kit (Promega, Beijing, China) according to the 
manufacturer’s instructions. 
Variant Screening and Haplotyping Analysis  The variant 
screening strategy was based on the hot-spot variant regions 
of cataract-causing genes that cover about 80% of variants in 
inherited cataract, and the detail experimental process was the 
same as our previous study[13-14]. Briefly, the top 26 exons in 
18 pathogenic genes were selected as the hot-spot mutation 
regions. These genes including CRYAA, CRYAB, CRYBA1, 
CRYBA4, CRYBB1, CRYBB2, CRYBB3, CRYGC, CRYGD, 
CRYGS, GJA8, GJA3, HSF4, MIP, BFSP2, EPHA2, FYCO1, 
and PITX3. The selected hot spot exons and splice junctions 
of these genes were amplified by polymerase chain reaction 
(PCR) from genomic DNA[13]. PCR products were purified and 
directly sequenced on an ABI 3730XL Automated Sequencer 
(PE Biosystems, Foster City, CA, USA) using the same PCR 
primers. When a suspected variant is found in the proband, it 
was confirmed among all of available other family members 
as well as in 112 normal unrelated individuals from the same 
ethnic background.
To further validate the co-segregation of the novel variant in 
EPHA2, the genotyping analysis was performed in available 
family members as the same as our previous study[13-14]. 
Briefly, three microsatellite markers (D1S2736, D1S570, and 
D1S2672) flanking EPHA2 gene were selected. PCR products 
from each DNA sample were separated by gel electrophoresis 
with a fluoresence-based on ABI 3730 automated sequencer 
(Applied Biosystems) using ROX-500 as the internal lane size 
standard. The amplified DNA fragment lengths were assigned 
to allelic sizes with GeneMarker Version 2.4.0 software 
(SoftGenetics, State College, Pennsylvania, USA). Pedigree 
and haplotype data were managed using Cyrillic (version 2.1) 
software.
Bioinformatics Analysis  Variant description followed the 
recommendation of the Human Genomic Variation Society 
(HGVS). The effects of novel missense variant on the encoded 
protein were further evaluated by Polymor phism Phenotyping 
v2 (PolyPhen-2)[15] and Sorting Intolerant From Tolerant v5.1.1 
(SIFT)[16]. The pathogenicity of the variants was evaluated by 
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the standards and guidelines of American College of Medical 
Genetics and Genomics (ACMG)[17].
The 3-dimensional (3D) structure of wild type human EPHA2 
was predicted with deep learning method by Robetta sever[18]. 
Swiss-Pdb Viewer software (Deep Viewer) 4.1.0 was used to 
analyze the structure. The mutant was induced in the modeled 
structure using the mutate tool and then selected the “best” 
rotamer on the new amino acid. Location in the structure, 
solvent accessibility of the residues, and change of surface 
electrostatic potential, gain/loss of H-bonds and steric clash 
were examined.
Cell Culture and Plasmids Transfection  The full-length 
cDNA encoding EPHA2 (GenBank: NM_004431.5) with 
additional C-terminal Flag-tag (Flag-EPHA2-WT), and 
EPHA2-R957P mutant with C-termial HA-tag (HA-EPHA2-
R957P) were synthesized and cloned into pcDNA3.1(+) 
(Invitrogen, Carlsbad, CA, USA) at NheI and XhoI sites. Both 
plasmids of wild type (pcDNA-Flag-EPHA2-WT) and mutant 
(pcDNA-HA-EPHA2-R957P) were confirmed through direct 
DNA sequencing.
COS-7 cells and human lens epithelial cells line (SRA 01/04) 
were cultured in Dulbecco’s Modified Eagle’s Medium 
(DMEM, Cat# C11885500BT, Gibco, USA) supplemented 
with 10% fetal bovine serum (FBS, Cat# ST30-3302, PAN, 
Germany), 100 U/mL penicillin, and 100 μg/mL streptomycin. 
The cultures were maintained at 37℃ in a humidified 
atmosphere of 95% air and 5% CO2. Transient transfections 
of wild type and mutant plasmids were separately carried 
out using Polyethylenimine Linear MW40000 (PEI, rapid 
lysis; Cat# 40816ES02, YEASEN, China) according to the 
manufacturer’s protocols.
Quantitative Real-time PCR  Quantitative real-time 
PCR (qRT-PCR) was applied to detect the relative mRNA 
expression of wild-type and mutant of EPHA2. Briefly, total 
RNA was extracted by Trizol (Cat# R4801-01, Magen, China) 
from COS-7 cells after 48h transfection. RNA samples were 
reverse transcribed into cDNA using the All-in-one First-
Strand Synthesis MasterMix (Cat# BM60502S, Baimeng 
Medicine, China). qRT-PCR was applied to detect the relative 
mRNA expression of wild-type and mutant of EPHA2. 
Briefly, total RNA was performed with a LightCycler 96 
RealTime PCR Detection System (LightCycler 96, Roche, 
Switzerland) using Taq SYBR® Green qPCR Premix (Cat# 
BM60312S, Baimeng Medicine, China) with primers against 
EPHA2 (Forward: 5’-TCAGAACAACTGAAGCCCCTG-3’; 
Reverse: 5’-CACAGGATGGATGGATCTCGG-3’) and 
GAPDH (Forward: 5’-CACCCACTCCTCCACCTTTGA-3’; 
Reverse: 5’-TCTCTCTTCCTCTTGTGCTCTTGC-3’). Pre-
denaturation at 95℃ for 30s and then reactions were run 40 
cycles including denaturation at 95℃ for 10s, annealing at 

60℃ for 30s and fluorescence signals collecting. Finally, the 
samples were entered the dissolution curve stage including 
95℃ for 15s, 60℃ for 1min and 95℃ for 15s. All samples 
were normalized to median GAPDH expression. The qRT-PCR 
experiments were repeated three times.
Western Blot  COS-7 cells or SRA 01/04 cells were grown 
on a 6-well plate, whole-cell extracts were obtained after 48h 
transfection and resolved by denaturing SDS-PAGE. In short, 
the collected cells were washed by the ice-cold phosphate 
buffer saline (PBS), and re-suspended in cell lysis buffer RIPA 
(Beyotime, P0013B) containing proteinase inhibitor PMSF 
(Beyotime, ST505, 1:100). After lysis on ice for 30min, the 
supernatant containing the target protein was collected by 
centrifugation (12 000 g) at 4℃. The protein concentration 
was quantified using the BCA assay with bovine serum 
albumin as standard protein. Total proteins were diluted in 4× 
loading buffer and denatured at 98℃ for 8min. Proteins 30 μg 
were separated by SDS-PAGE with 10% or 12% acrylamide 
and then transferred onto the a polyvinylidene fluoride 
(PVDF) membrane. PVDF membrane was next incubated with 
primary antibodies against HA (Affinity Biosciences, Cat# 
T0008), FLAG (Affinity Biosciences, Cat# T0053), EPHA2 
(Cell Signaling Technology, Cat# 6997), β-catenin (Santa 
Cruz Biotechnology, Cat# sc-7963), E-cadherin (Santa Cruz 
Biotechnology, Cat# sc-8426) and β-Tubulin (Cell Signaling 
Technology, Cat# 2146S) at 4℃ overnight, diluting in a ratio of 
1:1000, followed by horseradish peroxidase (HRP)-conjugated 
goat anti-rabbit (Affinity Biosciences, Cat# S0001, 1:5000) or 
mouse (Affinity Biosciences, OH, USA, Cat# S0002, 1:5000) 
secondary antibody at room temperature for 2h. The protein 
bands were visualized by enhanced chemiluminescence 
and the grey value was analyzed by Image J software. Each 
experiment was done at least three times independently.
Immunocytochemistry Assay  COS-7 cells were cultured 
in confocal plates and fixed with 4% paraformaldehyde for 
15min, followed by incubation for 1h in blocking buffer (5% 
normal goat serum, 0.3% Triton X-100 in PBS). Cells were 
then incubated with anti-HA (Affinity Biosciences, Cat# 
T0008), anti-Flag (Affinity Biosciences, Cat# T0053) primary 
antibody overnight at 4℃. After gently washing, the respective 
fluorescent secondary antibodies (Abcam, goat anti-mouse 
IgG H&L, Alexa Fluor 488, Cat# ab150113, 1:1000 or Abcam, 
goat anti-rabbit IgG H&L, Alexa Fluor 647, Cat# ab150079, 
1:1000) were added and incubated with cells at 37℃ for 2h 
away from light. Hoechst 33342 (0.01 mg/mL) was used to 
stain the nuclei. Images were captured using a laser-scanning 
confocal microscope (Nussloch, Leica, Germany), merged and 
labeled by using Image J software.
Co-Immunoprecipitation Assay  COS-7 cells were seeded 
into 10 cm dishes and transfected with plasmid encoding Flag-



1010

tagged EPHA2-WT or HA-tagged EPHA2-R957P for 48h. 
Cells were harvested with co-immunoprecipitation assay (Co-
IP) buffer (Beyotime, Cat# P0013). The lysates were then 
precleared with a 20 μL slurry of Protein A/G Beads (MCE, 
NJ, USA, Cat# HY-K0202) for 2h at 4℃. Precleared samples 
from wild-type and R957P group were incubated with flag 
or wild-type antibody overnight at 4℃, respectively. Then, 
20 μL of protein A/G beads was added to the samples and 
incubated for 2h at 4℃. Samples were washed with co-IP 
buffer and boiled with 2× loading buffer for 10min at 98℃. 
The supernatants were carefully separated from the beads and 
loaded onto SDS-PAGE gels for Western blot analysis.
Wound Healing Assay  The cell migration ability was 
analyzed by wound healing assay. SRA 01/04 cells with 
different transfections were cultured on 24-well plates at 37℃ 
and 5% CO2 to reach confluence monolayers. A linear wound 
was created by using the fine end of sterile 100-μL pipette 
tips and washed three times with PBS to remove unattached 
cellular debris. The cells were then cultured in serum-free 
medium. Images of migrated cells were captured under 
inverted microscope at different times of cultivation (0, 12, and 
24h). The gap distance of each monolayer was quantitatively 
evaluated using Image J. Cell migration rate was calculated as [0h 
scratch area-12h or 24h scratch area)/0h scratch area]×100%.
Zebrafish Maintenance and Breeding  Zebrafish were bred 
in accordance with Fujian Medical University Animal Care 
and Use Committee protocols. The AB wild-type zebrafish 
were all maintained in E3 media (NaCl: 344 mg, KCl: 15.2 
mg, CaCl2·2H2O: 58 mg, MgSO4·7H2O: 98 mg) in the same 
tank. The male to female ratio was 2:1, light:dark (L:D) cycle 
was in a 14:10. The embryos were collected and raised at 
28.3℃ and staged in hours post fertilization (hpf) or days post 
fertilization (dpf). PTU 0.003% (300 mg of phenylthiourea 
and fix the volume to 1 L of E3 media) was added to inhibit 
melanogenesis.
Injections of mRNA into Zebrafish Embryos  The 5’-capped 
mRNA of wild-type and mutant of EPHA2 were synthesized 
from pcDNA-Flag-EPHA2-WT and pcDNA-HA-EPHA2-
R957P using mMESSAGE mMACHINE T7 kit (Ambion), 
respectively. Zebrafish embryos were divided into four 
groups: Control (no injection), enhanced green fluorescent 
protein (EGFP mRNA), EPHA2-WT (EGFP and hEPHA2-
WT mRNA) and EPHA2-R957P (EGFP and hEPHA2-R957P 
mRNA). A total of 100-500 pg of mRNA purified with the 
RNeasy mini kit (Qiagen, Austin, TX, USA) were injected into 
the one-cell stage embryos. Living embryos were observed 
under a stereo microscope (Nikon, SMZ800N, Japan) and 
photos were taken. Three separate eye phenotypic categories 
including vacuoles at 28 hpf, microphthalmia at 48 hpf, lens 
opacity at 3 dpf, and 4 dpf were recorded.

Statistical Analysis  All the experiments indicated above 
were implemented at least 3 times. The data are presented as 
mean±standard deviation (SD). The statistical analysis was 
performed by R4.1.2 and by GraphPad Prism 7.0 (San Diego, 
CA, USA). The differences between two groups were analyzed 
by Welch’s t-test, whereas that among three or more groups 
by one-way analysis of variance (ANOVA). The differences in 
counting data between groups were compared using Fisher’s 
exact test. P<0.05 was considered statistically significant.
RESULTS
Clinical Features of a Chinese Cataract Family and 
Bioinformatics Analysis  There are five affected individuals 
with congenital cataract in the Chinese four-generation 
family. This pedigree demonstrates the autosomal dominant 
inheritance pattern based on clinical histories (Figure 1A). The 
proband (IV: 2) was a 4-year-old boy who suffered posterior 
polar opacity in bilateral lens (Figure 1B). His visual acuity 
was 0.3 in both eyes and his best corrected visual acuity 
ranged from 0.5 to 0.7. The other four affected members 
showed similar cataracts and underwent cataract surgeries soon 
after the diagnosis. There were no other ocular or systemic 
abnormalities in these cases.
By sequencing the hot-spot variant regions of cataract-causing 
candidate genes, a heterozygous c.2870G>C variation in exon 
17 of EPHA2 was detected in the proband of this family (Figure 
1C), which changed arginine to proline at codon 957 (p.R957P) 
in the SAM domain of EPHA2 protein (Figure 1D). Since this 
variant has not been reported previously, we deposited it in the 
online human variation database LOVD3: https://databases.
lovd.nl/shared/variants/0000167021#00007156. The multiple 
sequence alignments showed that this amino acid is highly 
conserved across various species (Figure 1E). This variant co-
segregated with the phenotype in all affected family members 
and was not observed in unaffected family members or in 
the unrelated healthy population. Haplotype analysis showed 
that the affected individuals in the family shared a common 
haplotype with markers D1S2736, D1S570, and D1S2672 
flanking EPHA2 locus (Figure 1A). The hEPHA2/p.R957P 
variant has not been previously reported and was also absent in 
the public databases including dbSNP, 1000 Genomes, ExAC 
and gnomAD. It was predicted with high confidence to be 
“possibly damaging” and “deleterious” by both Polyphen-2 
(score=0.958) and SIFT (score=0), respectively. The clinical 
significances of this variant was classified as “pathogenic” with 
the criterions of PS3, PM1, PM2, PP1 and PP3 by Inter Var 
software based on the criteria recommended by ACMG/AMP 
guide-lines[13]. In addition, the molecular surface structure 
of EPHA2 may be changed by R957P variant through the 
prediction of Robetta sever and Swiss-Pdb Viewer (Figure 1F)[18].
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Effect of R957P Variant on EPHA2 Expression  To 
investigate whether the c.2870G>C (p.R957P) variant affects 
EPHA2 expression, COS-7 cells were transiently transfected 
with Flag-tagged EPHA2-WT or HA-tagged EPHA2-R957P 
plasmid, respectively (Figure 2A). In Western blotting 
experiments, anti-Flag antibody, anti-HA antibody and anti-
EPHA2 antibody were used to detect protein bands with 
a molecular weight similar to EPHA2 protein (130 kDa; 
Figure 2B-2C). The quantitative analysis results showed that 
compared with the Empty group, the WT group overexpressing 

wild-type EPHA2 showed an increase in EPHA2 protein 
levels. However, compared with the WT group, the R957P 
group overexpressing variant EPHA2 showed a statistically 
significant decrease in EPHA2 protein levels (Figure 2D, 
P<0.001), suggesting that p.R957P variant only affected 
EPHA2 protein expression post-transcriptionally.
EPHA2/p.R957P Variant Affected the Subcellular 
Localization and Protein-Protein Interaction of EPHA2  
As illustrated in Figure 3A, Flag-tagged wild-type EPHA2 
manifested as membrane localization, while HA-tagged variant 

Figure 1 EPHA2 variant (p.R957P) in Family CAT-49 with autosomal dominant congenital posterior polar cataract  A: Pedigree of CAT-49 family. 

Haplotype segregating with the disease is red boxed with markers D1S2736, D1S507, and D1S2672. Squares and circles symbolize males and 

females, respectively. Filled symbols denote affected status. The proband is labeled by a black arrow. B: Slit lamp photograph of the left eye of 

the patient (IV: 2) with posterior polar opacity in lens. C: DNA sequence of affected and unaffected individuals. A novel heterozygous variant 

(c.2870G>C, p.R957P) was detected in exon 17 of EPHA2 in affected individuals. The variant was not detected in the unaffected members in 

the family or the 112 unrelated normal controls. D: Schematic diagram of EPHA2 structure. The amino acid residue R975 was located in SAM 

domain (orange arrow) of EPHA2. E: Multiple sequences alignment of EPHA2 is shown from various species, including human (NP_004422.2), 

chimpanzee (XP_016810290.1), Rhesus monkey ( NP_001035768.1), mouse (NP_034269.2), rat (NP_001102447.1), cattle (NP_001192660.1), 

dog (XP_038516156.1), pig (XP_005665094.1), rabbit (XP_002722370.1), snake (XP_032088153.1), lizard (XP_028597216.1), frog 

(NP_001006765.1) and zebrafish (NP_571490.1). F: Structure homology modeling and comparison of EPHA2 wild-type and p.R957P mutant. 

The structure model of human EPHA2 protein was predicted by Robetta sever (left), and alteration of surface electrostatic potential in mutant 

(right) comparing to that of wild-type (middle). The molecular surface is colored according to electrostatic potential using the Swiss-PdbViewer, 

with red-white-blue corresponding to acidic-neutral-basic potential, and the blue dotted circle represents the region of significant alteration of 

surface electrostatic potential.
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EPHA2 represented cytoplasmic localization that distributed 
around the nucleus. However, in COS-7 cells co-transfected 
with Flag-EPHA2-WT and HA-EPHA2-R957P group, both 
fluorescence-labeled Flag and HA puncta scattered around 
the nucleus in cytoplasm, and the co-localization of these two 
puncta was observed, indicating that p.R957P mutant altered 
the membrane distribution pattern of wild-type EPHA2 
(Figure 3B).
The effects of p.R957P variant on the interaction between 
EPHA2 and membrane proteins including E-cadherin[19] 
and MIP[20] were further explored. We observed positive 
interactions between the wild-type EPHA2 with E-cadherin 
and MIP (Figure 3C). However, the interactions between the 
mutant EPHA2 and E-cadherin or MIP were not detectable, 
suggesting that p.R957P variant destroyed their interaction. 
Together with the results from subcellular localization analysis, 
the dissociation between EPHA2 and lens proteins may be 
due to its transportation to cytoplasm induced by p.R957P 
variant.

EPHA2/p.R957P Variant Promoted Cell Migration in SRA 
01/04 Cells  Subsequently, SRA 01/04 expressing wild type 
or p.R957P variant EPHA2 were constructed to determine the 
effects of EPHA2 variant on the biological activities of lens 
epithelial cells. Compared with empty plasmid control, cells 
transfected with EPHA2-WT showed no significant difference 
in migration after 12 and 24h. However, cells expressing 
EPHA2/p.R957P mutant migrated more than 2-fold faster than 
those expressing EPHA2-WT at 12 or 24h after transfection 
(Figure 4A-4B). Furthermore, the protein levels of β-catenin 
and E-cadherin were significantly down-regulated in SRA 
01/04 cells with transfection of EPHA2-R957P plasmid 
compared with that in WT group (Figure 4C-4D), indicating 
that epithelial-to-mesenchymal (EMT) was activated, which 
might explain the inhibitory effect on cell migration induced 
by p.R957P variant.
hEPHA2 R957P Mutant Resulted in Lens Opacity in 
Zebrafish  As illustrated in Table 1 and Figure 5, when 
ectopically expressing R957P mutant, 8.3% (10/121) zebrafish 

Figure 2 Expression analysis of EPHA2-WT and EPHA2-R957P in COS-7 cells  A: mRNA expression of EPHA2 analyzed by qRT-PCR. There was no 

statistical difference in the expression level of EPHA2 mRNA between WT and R957P group, with GAPDH as loading control. n=3, aP<0.001, ns: 

P>0.05. B-C: Anti-Flag antibody, anti-HA antibody, and anti-EPHA2 antibody were used to detect protein bands with a molecular weight similar 

to EPHA2 protein (130 kDa) by Western blot. D: The expression of EPHA2 protein in R957P group was lower than that in WT group, taking 

β-Tubulin as loading control. n=3, aP<0.001. EPHA2: Ephrin type-A receptor 2; WT: Wild type.

Figure 3 The effect of R957P variant on the subcellular localization and protein-protein interaction of EPHA2  A: Subcellular localization of 

wild type and mutant EPHA2 protein. The confocal microscope showed that the EPHA2-WT mainly existed on the cell membrane in COS-7 cells 

(green), while the EPHA2-R957P presented a diffuse perinuclear distribution pattern (red). B: Partial co-localization of p.R957P mutant and wild-

type EPHA2 (yellow puncta). Scale bar: 10 μm. C: EPHA2/p.R957P destroyed the interaction between EPHA2 and other membrane proteins. Co-

IP assay indicated the interaction existed between EPHA2-WT and membrane proteins (E-cadherin and MIP) in COS-7 cells, which was absent in 

R957P group. EPHA2: Ephrin type-A receptor 2; WT: Wild type; Co-IP: Co-immunoprecipitation assay.

EPHA2/p.R957P mutant in congenital cataract
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embryos exhibited obvious cataract phenotype including a 
central cloudy region at 3 dpf, while 35.5% (43/121) embryos 
displayed the opacity ranging from a central area to larger 
region encompassing most of the lens at 4 dpf. In contrast, 
almost all of lens from wild-type embryos and embryos with 
ectopic EGFP expression were completely transparent at 3 

and 4 dpf. Interestingly, 1.25% (1/80) embryos ectopically 
expressing human wild-type EPHA2 displayed the lens 
opacity at 3 and 4 dpf. No lens opacity was observed in the 
control group or embryos injected with EGFP, WT, and mutant 
EPHA2 groups at 28 and 48 hpf. These results suggested 
that the incidence of cataract phenotype in hEPHA2 p.R957P 

Figure 5 EPHA2/p.R957P mutant leaded to cataracts in zebrafish  Zebrafish injected with hEPHA2 R957P mRNA into single-cell embryos 

showed central lens opacity in 3 and 4 dpf. Scale bar: 10 μm. CON: Control; EGFP: Enhanced green fluorescent protein; WT: Wild type; hpf: 

Hours post fertilization; dpf: Days post fertilization.

Figure 4 R957P variant promoted cell migration  A-B: Wound healing assay detected cell mobility. The percentage of wound healing area in 

R957P group increased significantly comparing with that in WT group 12 or 24h after scratch. n=6, aP<0.001, ns: P>0.05. C-D: Western blot 

analysis of EMT-related proteins. The quantitative analysis showed that EPHA2/p.R957P variant significantly down-regulated the expression 

levels of E-cadherin and β-catenin. n=3, ns: P>0.05, aP<0.001. EPHA2: Ephrin type-A receptor 2; WT: Wild type; EMT: Epithelial-to-mesenchymal.
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mutant group is significantly higher than that of WT group 
(Fisher exact test, P<0.001), supporting the causative effect of 
p.R957P on the development of cataract. 
DISCUSSION
Variants in the EPHA2 gene can cause congenital and age-related 
cataracts[4,21-22]. Herein, based on screening the variant hot-spot 
regions of cataract-causing genes, a novel missense variant 
EPHA2 c.2870G>C was identified in a four-generation Chinese 
family with the posterior polar cataracts. This pathogenic 
variant was further confirmed by haplotype and co-segregation 
analysis. The c.2870G>C transversion leads to the substitution 
of a nonpolar and hydrophobic proline residue for a positive 
charge and highly conserved arginine residue at codon 957 
(p.R957P) which located at the SAM domain of EPHA2. 
Since human EPHA2 was first identified as the causative gene 
responsible for cataracts that map to 1p36 in 2008[9], twenty-
five variants were reported in different populations so far 
(https://cat-map.wustl.edu/; Table 2)[1,4,9,21,23-40]. These variants 
are located in different domains of EPHA2, including CRD, 
FN III, JMS, TK, SAM and PDZ domains. Among of them, the 
SAM domain is the most frequently variant region (41.67%, 
10/24), which suggests that the SAM domain of EPHA2 may 
be important in EPHA2 function. In fact, this domain exists 
in all Eph receptors and is known as an interaction motif, 
which form homotypic and heterotypic dimers or oligomers 
to mediate protein-protein interactions[41]. Variants within 
SAM domain, such as R957D, result in attenuated binding 
affinity compared to the wild-type proteins[42]. The research 
on p.R957H as a somatic variant in age-related cataract[12] 
and R957C associated with ovarian cancer[8] both reveals that 
mutations in SAM will alter the protein’s function.
To gain insights into the potential mechanism of how EPHA2/
p.R957P mutant causes cataract, we have investigated its 
functional defects which may be involved in both gain and loss 
of function of EPHA2. The effect of R957P variant on EPHA2 
expression was first analyzed. The results showed that the 
expression of EPHA2/p.R957P mutant significantly decreased 
at protein level through post-translational modifications as well 
as that of the other SAM domain variants of EPHA2[43]. The 
c.G668D variant in the kinase domain of EPHA2 also led to 

a relatively low mutant protein level, which was considered 
as a EPHA2 loss-of function[21]. In addition to variants in 
the coding region of EPHA2, non-coding SNP rs6603883 
located in the PAX2-binding motif within the promoter region 
of EPHA2 declined the EPHA2 protein levels through the 
translational regulation. This down-regulation of EPHA2 
levels alters the downstream MAPK/AKT pathway and affects 
other extracellular matrix (ECM) and cytoskeletal genes to 
cause cataracts[44].
The EPHA2 protein localizes to the cell membrane in both 
lens fiber cells and lens epithelial cells in vivo[45-46]. However, 
some variants of EPHA2 were reported to alter subcellular 
distribution[21]. Indeed we also observed that the EPHA2/
p.R957P mutant mis-localized to the perinuclear space of 
cells. What’s more, this mutant may also influence membrane 
localization and subcellular distribution of the wild-type 
EPHA2 when co-expressed in COS-7 cells. Major intrinsic 
protein or aquaporin-0 (MIP/AQP0), one of the causative 
genes of congenital cataracts, functions as a water channel 
and an adhesion molecule in mediating the formation of thin 
junctions between lens fibers[47]. We observed that the p.R957P 
variant destroyed the interaction between EPHA2 and MIP 
by Co-IP assay, implying that this mutant could alter the MIP/
AQP0 localization. Cheng et al[48] reported that the localization 
of MIP/AQP0 is disrupted in EPHA2–/– cortical lens fibers. 
Thus, these data suggest that EPHA2/p.R957P mutant could 
lead to cellular disorganization and eventual lens opacity.
The coordinated elongation and migration of cohorts of 
lens fiber cells plays an key role in the development of lens 
sutures[49]. EPHA2-null lenses have displayed the sutural 
defects and disturbances in the surface patterning of individual 
fiber cells, implying that EPHA2 has a role in the directed 
migration of lens fiber cells[50]. Murugan and Cheng[51] 
reported that the wild-type EPHA2 promoted the migration of 
mouse lens epithelial αTN4-1 cells in the absence of ligand 
stimulation, and that the variants in SAM domain diminished 
this activity. Our results of wound healing assay revealed that 
the overexpression of wild-type EPHA2 in SRA 01/04 cells 
had no effect on cell migration. However, unlike the inhibition 
of cell migration caused by the other SAM domain variants 
(T940I, G948W, V972GfsX39 and splicing mutant c.2826-
9G>A) of EPHA2[25], the R957P mutant exhibit significantly 
enhanced cell migration compared with wild-type in SRA 
01/04 cells, suggesting that the disease-causing R957P variant 
in humans likely acts by gain-of-function. Furthermore, 
EPHA2/p.R957P mutant reduced notably the expressions 
of both E-cadherin and β-catenin. E-cadherin may recruit 
β-catenin to form complexes that are involved in EMT[52]. They 
are also required for cell adhesion during lens development 
and have shown to play an important part in the coordination 

Table 1 Prevalence of different eye phenotypes in zebrafish at the 

different development stages
Phenotypes 28 hpf 48 hpf 3 dpf 4 dpf

Control 0/100 0/100 0/100 0/100

EGFP 0/100 0/100 0/100 0/100

Wild type 0/80 0/80 1/80 (1.25%) 1/80 (1.25%)

R957P 0/121 0/121 10/121 (8.3%) 43/121 (35.5%)

P - - 0.053 <0.0001

EGFP: Enhanced green fluorescent protein; hpf: Hours post fertilization; 

dpf: Days post fertilization.
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of morphogenesis[53-54]. These data suggest that EPHA2/
p.R957P mutant could lead to human lens epithelial cell trans 
differentiation and subsequent cataract formation. 
To functionally validate pathogenicity, we also performed 
the ectopic expression of human wild-type or R957P mutant 
EPHA2 in zebrafish. The incidence of cataract phenotype in 
hEPHA2 p.R957P mutant group increased from 8.3% (10/121) 
at 3 dpf to 35.5% (43/121) at 4 pdf with statistical significance, 
which further confirmed that this mutant may contribute to 
the development of cataracts. Morpholino knockdown of 
EPHA2a/EPHA2b in zebrafish resulted in significantly reduced 
eye size and cataract formation[23]. However, we observed no 
smaller eyes and lens in embryos injected with WT hEPHA2 
and R957P hEPHA2 than that in the normal control zebrafish. 
Several groups have reported that disruption of the mouse 
EPHA2 gene has been exerted dramatically variable effects 
on lens phenotype ranging from severe progressive cataract 
formation to subtle nuclear opacities or clear lenses with 
smaller equatorial diameter and disturbed lens refractive 
properties[51]. 

In summary, our study reported a novel EPHA2 gene variant 
(c.2870G>C, p.R957P) in the SAM domain that results in a 
congenital posterior polar cataract in a four-generation Chinese 
family. Functional defects of this variant studies revealed that 
p.R957P variant generated variant or unstable EPHA2 protein, 
changed subcellular localization of the EPHA2 from the cell 
membrane to the cytoplasm, destroyed the interaction between 
EPHA2 and membrane proteins and promoted cell migration. 
β-catenin and E-cadherin expression were down-regulated that 
further triggered EMT. The dysregulated function above may 
be primary causes involved in the formation of cataracts.
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Table 2 Variants in EPHA2 known to cause congenital cataract

No. Exon/
intron DNA change Protein change Mutational 

pattern
Mutated 
domain Inheritance Phenotype Origin Year Reference

1 Ex3 c.649G>C p.G217R Missense CRD AD Nuclear and 
microphthalmos and 

microcornea

Spain 2021 [23]

2 Ex3 c.785G>A p.C262Y Missense CRD AR Lamellar, microcornea 
and nystagmus

India 2020 [1]

3 Ex4 c.855A>G p.K282E Missense Non protein 
region

AD Nuclear, cortical UK 2016 [24]

4 Ex5 c.988dupT p.S330FfsX51 Frameshift FN III Sporadic NA Sri Lanka 2018 [25]

5 Ex5 c.1046C>T p.T349M Missense FN III AD Nuclear China 2014 [26]

6 Ex5 c.1059_1060dupCA p.S354MfsX40 Frameshift FN III N/A Nuclear, cortical and 
microcornea

UK 2014 [27]

7 Ex6 c.1315C>T p.P439S Missense FN III AR Pediatric Saudi Arabia, USA 2017 [28]

8 Ex6 c.1405T>C P.Y469H Missense FN III AR Posterior polar Saudi Arabia, USA 2012/2015 [29-30]

9 Ex7 c.1532C >T p.T511M Missense FN III AD Total China 2019 [31]

10 Ex10 c.1751C>T p.P584L Missense JMS AD Irregular nuclear and 
cortical

Australia, UK 2013/2021 [32-33]

11 Ex11 c.2003G>A p.G668D Missense TK AD Posterior subcapsular China 2019 [21]

12 Ex11 c.2007G>T p.Q669H Missense TK AD Pediatric Saudi Arabia, USA 2017 [28]

13 Ex14 c.2353G>A p.A785T Missense TK AR Nuclear Pakistan 2010/2021 [4, 34]

14 Ex15 c.2668C>T p.R890C Missense SAM AD Posterior polar China 2013 [35]

15 Ex16 c.2710delG p.V904CfsX36 Frameshift SAM AR Nuclear Pakistan 2021 [4]

16 Ex16 c.2800G>A p.E934K Missense SAM Sporadic Cortical China 2016 [36]

17 Ex16 c.2803A>T p.K935X Missense SAM Sporadic Total China 2016 [36]

18 Ex16 c.2819C>T p.T940I Missense SAM AD Posterior polar China 2009 [37]

19 IVS16 c.2825+1G>A p.D942EfsX1 Splice site SAM AD Pediatric China 2016 [38]

20 IVS16 c.2826-9G>A p.D942EfsX71 Splice site SAM AD Nuclear, cortical, total 
and microphthalmia

China, Mexico, 
Australia, UK

2009/2013/
2018/2021

[22,33,37,39]

21 Ex17 c.2842G>T p.G948W Missense SAM AD Posterior subcapsular USA 2008 [9]

22 Ex17 c.2870G>C P.R957P Missense SAM AD Posterior subcapsular China 2024 This study

23 Ex17 c.2875G>A p.A959T Missense SAM AD Posterior subcapsular Australia 2013 [33]

24 Ex17 c.2915_2916delTG p.V972GfsX39 Frameshift SAM AD Posterior polar China 2009 [37]

25 Ex17 c.2925dupC p.I976HfsX37 Frameshift PDZ AD Cataract and glaucoma USA 2014 [40]

AD: Autosomal dominant; AR: Autosomal recessive; Ex: Exon; IVS: Intervening sequence; CRD: A cystine-rich domain; FN III: Fibronectin III 

domains; JMS: Juxtamembrane region; TK: Tyrosine kinase; SAM: Sterile-a-motif domain; PDZ: PSD95/DLG/ZO1.
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