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ABSTRACT
Background: Genetically determined cataract is both clinically and molecularly highly heterogeneous. 
Here, we have identified a heterozygous variant in the lens integral membrane protein LIM2, the second 
most abundant protein in the lens, responsible for congenital sutural/lamellar cataract in a three- 
generation Japanese family.
Methods: Whole exome sequencing (WES) was undertaken in one affected and one unaffected individual 
from a family with autosomal dominant congenital cataract to establish the underlying genetic basis.
Results: A recurrent missense variant LIM2: c.388C>T; p.R130C was identified and found to co-segregate 
with disease. In addition, one variant COL11A1:c.3788C>T of unknown significance (VUS) was also 
identified.
Conclusions: We report a variant in LIM2 causing an isolated autosomal-dominant congenital sutural/ 
lamellar cataract in a Japanese family. This is the first report of a LIM2 variant in the Japanese population. 
Hence, we expand the mutation spectrum of LIM2 variants in different ethnic groups.
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Introduction

Pediatric cataract is a genotypically and phenotypically hetero-
geneous condition causing visual impairment either from birth 
or in early infancy. The full spectrum of congenital cataract- 
causing genes can be found here https://cat-map.wustl.edu/ 
(1,2). In this study, we have identified two heterozygous var-
iants, LIM2 p.R130C and COL11A1 p.P1263 L, in a Japanese 
family with non-syndromic congenital cataract. As previously 
reported, LIM2 c.388C>T; p.R130C is predicted to be patho-
genic and damaging at both a bioinformatic and a structural 
level (3), while COL11A1 p.P1263 L is of unknown significance 
(VUS). It is a rare variant in many ethnicities, but in the 
Japanese population, COL11A1 p.P1263 L has an allele fre-
quency of 0.006. LIM2 variants have been associated with 
autosomal dominant, autosomal recessive, and age-related cat-
aracts. Collagen’s importance in ocular health is well- 
established, with disease-causing variants in collagen encoding 
genes being associated with high myopia, glaucoma, congenital 
cataracts, and syndromes such as Stickler syndrome and 
Marshall syndrome. Pathogenic variants in COL11A1 are 
known to cause both the Marshall and Stickler type 2 syn-
dromes, rare autosomal dominant disorders (4) along with 
other ocular, orofacial, auditory, and skeletal manifestations 
(5). Common variants in COL11A1 are associated with angle- 
closure glaucoma in Asian populations (6). Here, for the first 

time, we report a heterozygous variant in LIM2 gene causing 
a non-syndromic autosomal-dominant congenital sutural/ 
lamellar cataract in the Japanese population.

Material and methods

Phenotyping

The Japanese family studied was identified through the pro-
band attending the Department of Ophthalmology, Gifu 
University, and gDNA sample extraction was performed in 
the National Institute of Sensory Organs, National Hospital 
Organization, Tokyo Medical Centre, Tokyo, Japan. Local 
ethics committee approval [R18-029] was obtained and all 
individuals taking part gave written informed consent and 
underwent a full ophthalmic examination. All affected indivi-
duals were diagnosed as having isolated bilateral congenital 
cataract with either lamellar or sutural/lamellar phenotype 
(Figure 1).

Whole exome sequencing (WES) and bioinformatics analysis
Genomic DNA was extracted from EDTA sequestered blood 
samples using the Nucleon II DNA Extraction Kit (Scotlab 
Bioscience, Strathclyde, Scotland, UK). The DNA samples 
were sequenced at Macrogen Europe. Exon capture and target 
enrichment was performed using the SureSelectXT Human All 
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Exon V6 post (Agilent, Santa Rosa, CA, USA). Paired-end 
sequencing was performed on an Illumina HiSeq 2500 high- 
throughput sequencer, generating mean exome coverage of 
50×. Raw data in fastq format were analyzed using the 
Phenopolis bioinformatics platform (7), and data were aligned 
to the GRCh37/hg19 human reference sequence using 
Burrows–Wheeler Aligner (BWA-MEM) and then marked 
duplicates with GATK*’s Mark Duplicates. Variants and indels 
were called according to GATK (version 3.5.0) best practices 
(joint variant calling followed by variant quality score recali-
bration). The moderately or highly damaging variants were 
then annotated using the Variant Effect Predictor (VEP) (8). 
Variants with a sequencing depth of less than 20X were filtered 
out. Variants were then filtered to only contain novel variants 
which were absent in public control databases Kaviar (https:// 
db.systemsbiology.net/kaviar/) (9) and Genome Aggregation 
Database (gnmAD, (https://gnomad.broadinstitute.org/) or 
rare variants (GnomAD allele frequency <0.0001). Recurrent 
mutations were identified from 357 known cataract genes 
(https://cat-map.wustl.edu/) and predicted to be moderately 
or highly damaging (CADD >15). The filtered variants were 
then ordered on CADD score with the highest at the top. 
Further bioinformatic validations were done on the varsome 
platform (varsome.com).

Sanger sequencing

Direct Sanger sequencing was performed to validate the variant 
identified by whole exome sequencing. Genomic DNA was 
amplified by PCR using GoTaq 2X master mix (AB gene; 
Thermo Scientific, Epsom, UK) and COL11A1 specific primers 
Forward primer: cagcatcaagcctgcatatt; Reverse primer: aagg-
cagcaggacttctttg and LIM2 - Forward primer: tcaacccctatcct-
cactcct; Reverse primer: gtgggacaccctgtcatctt were designed 
with http://bioinfo.ut.ee/primer3-10.4.0/. PCR conditions 
were as follows: 94– for 5°Cmin of initial denaturation fol-
lowed by 30 cycles of amplification of 30 s at 94  denaturing, 30 
s at 60°C annealing, and 45 s at 72°C for extending. After 

cleaning, the PCR products were reacted with BigDye 
Terminator v3.1, they were run on ABI 3730 Genetic 
Analyzer (both from Applied Biosystems, Foster City, CA, 
USA) and analyzed using SeqMan Pro (version 8.0.2 from 
DNASTAR) sequence analysis. After validating the variant, 
segregation was performed on all the available family members.

Results

A three-generation Japanese pedigree with 6 affected, 1 unaf-
fected, and 2 spouses presented with bilateral lamellar/sutural 
congenital cataract (Figure 1). Individual III-2, a 3-year-old 
female had bilateral lamellar cataract. Individual III-3, 
a 2-month old male was diagnosed with sutural cataract in 
the left eye and lamellar opacities in the right eye. Their mother 
II-3, grandmother I-2 and grandfather I-1, aged 30, 55, and 56  
years, respectively, all had bilateral cataract.

One unaffected individual (III-1) and one affected (III-2) 
were sequenced by WES and analyzed using the Phenopolis 
genetic variant analysis pipeline. All of the variants were fil-
tered by allele frequency databases included in Phenopolis: 
Gnomad genomes, Kaviar, the Japanese IRD database, the 
HGD, and the Tommo database. In III-1, from a total of 
2349 rare coding variants, 27 variants from known genes 
remained, with the top scoring variant for CADD (score of 
32) a VUS heterozygous variant NM_001854.4 c.3788C>T; p. 
P1263 L in exon of 50/67 of COL11A1. In III-2, 27/2420 var-
iants remained, with the top scoring variant for CADD (score 
of 35.1) a rare heterozygous variant NM_001161748.2 
c.388C>T; p.R130C in exon 4 of LIM2 and also the second 
variant found was COL11A1:c.3788C>T; p.P1263 L.

The LIM2 variant was predicted to be damaging (Table 1). 
Direct Sanger sequencing confirmed these variants (Figure 2), 
with the LIM2 substitution co-segregating in I-2, II-3, III-2, 
and III-3. The disease-causing LIM2 (c.388C>T) variant is 
passed down by I-2 in the family, though I-1 is also affected 
(for unknown reasons) despite having the normal LIM2 allele. 
The COL11A1 variant:c.3788C>T; p.P1263 L was found to be 

Figure 1. (a) Abridged pedigree with lamellar/sutural congenital cataract. Squares and circles symbolize males and females, respectively. Open and filled symbols 
indicate unaffected and affected individuals, respectively. The arrows indicate the family members who participated in the WES analysis and were sequenced to show 
segregation; (b) (I) III:2 depicts bilateral lamellar cataract and in (II) III-3 with sutural cataract in left eye and lamellar cataract in the right eye.
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in II-2, III-1, III-2, and III-3. This is a rare variant in all 
populations with a highest allele frequency of 0.0000276 
(https://gnomad.broadinstitute.org/), except in the Japanese 
population with a highest frequency of 0.006 (https://togovar. 
biosciencedbc.jp/doc/datasets/gem_j_wgahttps://togovar.bios 
ciencedbc.jp/doc/datasets/gem_j_wga).

Discussion

Here, we report heterozygous variants in LIM2 and COL11A1 
causing non-syndromic autosomal dominant congenital 
sutural/lamellar cataract in a three-generation Japanese pedi-
gree. Pathogenicity scores of variants in LIM2 and COL11A1 
are shown in Table 1.

Both LIM2 and COL11A1 are expressed in ocular tissues. 
LIM2 is a 173-amino-acid membrane protein, also known as 
MP19, with four transmembrane domains, two extracellular 
loops, a cytoplasmic loop, and cytoplasmic amino and carboxyl 
termini (17). LIM2 is the second most abundant integral 

membrane protein present in the ocular lens fiber cells of 
vertebrates (18). It has both an adhesive role (19,20) and sup-
ports the formation and organization of the lens fiber junctions 
(21). To date (including the present study), 12 variants have 
been identified to cause autosomal-dominant, recessive, and 
age-related cataracts. Half of the variants have been at p. 
R130C, across various ethnic groups, thereby representing 
a hotspot in the protein (Table 2). The R130C substitution is 
located in the second extracellular loop of the LIM2 protein 
and is likely to perturb membrane trafficking and fiber cell–cell 
communication (3). The first extracellular loop contains 
a tetraspanin topology motif that contains cysteine 
(WGLWCC), and disulphide bridges are important to the 
function of this loop and therefore the proximity of another 
cysteine in the extracellular loop 2 (R130C) could interfere 
with folding of the tetraspanin homology domain.

Furthermore, Collagen type XI, alpha 1 (COL11A1) another 
disease-causing variant is found in this family. Collagens are 
fibrous structural proteins involved in the construction of skin, 

Table 1. Pathogenicity scores of variants in COL11A1 and LIM2 genes causing sutural/lamellar cataract.

Genes Genomic pos./Exon HGVSp MutationTaster/verdict PROVEAN REVEL GERP CADD SIFT DANN

LIM2 Chr19q13.4/Ex-4/5 p.R130C Disease-causing/0.81-Pathogenic Damaging /0.74 Pathogenic/0.96 4.73 35.1 Damaging 0.999
COL11A1 Chr1p21.1/Ex-50/67 p.P1263L Uncertain Significance/0.81 Damaging /0.9 Pathogenic/0.89 5.4 32.0 Damaging 0.997

Protein Variation Effect Analyzer (PROVEAN) is to predict the functional consequences of amino acid substitutions and indels; Rare Exome Variant Ensemble Learner 
(REVEL) tool is to predict the pathogenicity of missense variants based on a combination of scores from 13 individual tools; Genomic Evolutionary Rate Profiling (GERP) 
NR corresponds to the neutral rate conservation score of the site; Combined Annotation Dependent Depletion (CADD) is a score for the deleteriousness of a variant. 
A CADD score >15 is considered damaging; Sorting Intolerant From Tolerant (SIFT) score (0.0–0.05) to check the deleteriousness of the amino acid substitution on the 
protein function; * indicates the truncated protein.

Figure 2. Sequence analysis—(a) LIM2–missense variant c.388c>t in affected member, (b) LIM2 wild type, (c) COL11A1-missense variant at c.3788c>t in affected and 
unaffected family members, and (d) wild-type COL11A1.
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cartilage, bone, eye, and other tissues. Collagen type XI, alpha 1, 
minor fibrillar collagen, is a member of this large diverse group 
consisting of 20 genes to date (22,23). Recently, COL11A1 has 
been recruited as novel biomarker and a key player in cancer 
(24). COL11A1 is expressed in the mouse lens including the 
fiber cells (25) and in the zebrafish model, COL11A1, its knock-
down affected lens and optic cup diameter during early devel-
opment (26) indicative of a functional role in the lens.

Pathogenic variants in COL11A1 have been linked to spe-
cific genetic disorders of the connective tissue, namely 
Marshall syndrome (27) and Stickler syndrome type 2 (28,29) 
and contribute to bilateral ophthalmological abnormalities, as 
well as systemic effects, such as a distinctive facial appearance, 
hearing loss, and joint problems (30) Typical ophthalmological 
findings include congenital high myopia, abnormal vitreous, 
glaucoma, retinal detachment, and cataracts. Recently, 
a pathogenic variant in COL11A1 in a large family has been 
linked to non-syndromic hearing loss (31).

Here, we report variants in COL11A1 and LIM2 in conge-
nital cataract. Although no direct evidence for LIM2 and 
COL11A1 interaction has been documented in the literature, 
both genes are expressed during the early development of the 
eye indicative of the congenital cataract phenotypes identified 
in the family here. A specific interaction between COL11A1 
and LIM2 has yet to be reported. Collagens are located extra-
cellularly between differentiating fiber cells during lens devel-
opment, so it is reasonable to expect a congenital cataract 
phenotype including for COL11A1 (32–36). Intriguingly with 
collagen mutations, it can be observed that unilateral lens 
cataract develops (33) in the affected individual and can even 
be absent between generations (36) demonstrating that pheno-
typic variability is a known complication for congenital catar-
act (37). Why the highly damaging COL11A1 mutation in the 
Japanese resulted in an unaffected phenotype remains 
unknown; however, further study is needed to explore the 
pathogenic consequences of both of these variants in the lens 
to understand the underlying molecular and functional 
mechanisms, but this also applies to other collagen mutations 
associated with congenital cataract.
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