Ng et al. Egypt J Med Hum Genet (2021) 22:73
https://doi.org/10.1186/543042-021-00193-6

Egyptian Journal of Medical
Human Genetics

RESEARCH Open Access

Screening of single nucleotide

=

Check for
updates

polymorphisms among fuchs’ endothelial
corneal dystrophy subjects in Malaysia

Ker Hsin Ng'", Visvaraja Subrayan?, Vasudevan Ramachandran®*" and Fazliana Ismail*”

Abstract

significant associations with FECD.

Background: The pathophysiology underlying Fuchs'Endothelial Corneal Dystrophy (FECD), especially in older
individuals, remains unclear, with a genetic predisposition being reported as the single best predictor of the disease.
Genetic studies have shown that several genes in various loci such as COL8A2, SLC4AT11, TCF8/ZEBT and TCF4 are
associated with FECD in different populations and ethnicities. A case—control study was conducted to determine the
association between genetic variants and FECD in a tertiary care setting in Malaysia. A total number of 12 patients
with clinically diagnosed FECD and 12 age, gender and race matched control subjects were recruited. Extracted
genomic DNA were genotyped using Infinium Global Screening Array (GSA)-24 version 1.0 BeadChip with iScan high-
throughput system. lllumina GenomeStudio 2.0 Data Analysis and PLINK version 1.9 software were used to perform
association tests and determine the distribution of obtained variants among the cases and controls.

Results: A significant novel genetic variant, rs11626651, a variant of the LOC105370676 gene or known as the
LINC02320 gene, located at chromosome 14, has been identified as a suggestive association with FECD (p< 5 x 1079),
Further analysis in this study suggested that candidate genes such as COL8A2, ZEB1/TCF8, TCF4 and SLC4AT1 had no

Conclusions: The discovery of a novel variant may influence the underlying pathogenic basis of FECD in Malaysia.
The current study is the first genetic study on FECD to use Infinium GSA. It is the first comprehensive report in Malay-
sia to provide genetic information of potential relevance to FECD, which may pave the way for new therapeutic strate-
gies in the future. A detailed analysis with a larger sample size is recommended for further evaluation.
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Background

Fuchs’ Endothelial Corneal Dystrophy (FECD) is a bilat-
eral, asymmetric, slowly progressive disorder affect-
ing the corneal endothelium. It is characterized by the
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formation of guttata, resulting in thickening of Descem-
et’s membrane and loss of corneal endothelial cells. This
dysfunction leads to corneal decompensation with subse-
quent visual impairment [1]. FECD affects approximately
4% of Americans [2], 4.5 to 9% of Europeans [3], and 3.8
to 8% of Asians [4].

Surgery is a widely known treatment option in FECD.
By understanding the pathogenesis of this multifacto-
rial disorder, new therapies and preventive interven-
tions may be discovered. Environmental factors such
as oxidative stress and accumulation of advanced glyca-
tion end-products play key roles in FECD pathogenesis
[5-8]. Smoking has been reported to increase the risk
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of advanced disease, possibly due to oxidative stress [9].
Chronic exposure to ultraviolet (UV) radiation like

UV-A activates antioxidant defense, inducing apop-
tosis in corneal endothelial cells [6, 10]. The patho-
physiology of FECD remains unclear, especially in
older individuals, with a genetic predisposition being
reported as the single best predictor of the disease. The
susceptibility of genes to mutations can vary in different
ethnicities. The discovery of single nucleotide polymor-
phisms (SNPs) and genetic variants in FECD is help-
ful as it may influence future therapies of this disease.
Genetic studies have replicated numerous quantitative
trait loci throughout the genome and provide consid-
erable evidences that genes play essential roles in the
genetic architecture of ocular diseases [11]. Although
the genetics remain unclear, several studies have sup-
ported the existence of genetic variants that increase
the risk of FECD [12-14]. The involvement of collagen,
type VIIL, alpha 2 (COL8A2) gene in early-onset FECD
has been found [15]. In the late-onset form of FECD,
candidate gene studies and genome-wide linkage analy-
ses showed that multiple genetic loci had been mapped
on chromosomes 13, 18, 5 and 9, respectively [16—19].
Genetic variants found in zinc finger E-box binding
homeobox 1 (ZEBI) or transcription factor 8 (TCFS8),
the solute carrier family 4 member 11 (SLC4A11), and
transcription factor 4 (TCF4) genes have been estab-
lished to play important roles in late-onset forms of
FECD [12, 19, 20].

In the past two decades, many efforts have been made
to discover previously unknown biological insights in
various ocular diseases other than FECD, such as age-
related macular degeneration, glaucoma, keratoconus,
diabetic retinopathy and retinitis pigmentosa [21]. The
advent of next-generation sequencing (NGS) can identify
genetic variations in ocular diseases and lay the ground-
work for the era of personalized medicine [11, 22, 23].
The genetics of FECD can be determined well by using
bioinformatics tools to identify the candidate genes and
merge multiple genetic data sets from individuals with
this disease.

To date, there is a lack of information available on
the genetic susceptibility of FECD among Malaysians.
Hence, we conducted this study to analyze the associa-
tion between genetic variants with FECD in a tertiary
care setting. Infinium Global Screening Array (GSA)-24
version 1.0 BeadChip with iScan system [24, 25] was used
for detection of the variants in FECD. The Infinium GSA
is an advanced genotyping array that enables high con-
tent flexibility, high-throughput capacity, and genotyping
accuracy [26].

This genotypic approach will provide a better under-
standing in identifying the underlying genetic defects.
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The possibility of new medical interventions or gene
therapies may be enhanced in the future.

Methods

Participants and data collection

The subjects were recruited from the Ophthalmology
clinic of a tertiary care hospital in Malaysia from April
2016 until March 2017. A total of 12 patients with FECD
and 12 age, gender and race matched individuals without
FECD were recruited based on the inclusion and exclu-
sion criteria.

Inclusion criteria

Patients with FECD who were above 40 years old from
the three main Malaysian ethnicities (Malay, Chinese
and Indian) were included. The diagnosis of FECD was
principally based on clinical signs and symptoms. The
presence of guttae was identified using slit-lamp biomi-
croscope via specular reflection. Specular microscopy
was used to aid in demonstrating polymegathism and
pleomorphism of the corneal endothelial cells, as well as
measuring endothelial cell density.

Exclusion criteria

Patients who were diagnosed with pseudophakic bullous
keratopathy with no evidence of FECD in the other eye,
previous ocular trauma, history of intraocular inflam-
mation and other causes of corneal decompensation like
corneal inflammation, posterior polymorphous dystro-
phy, interstitial keratitis, iridocorneal endothelial syn-
drome, and herpetic keratitis were excluded.

Individuals who were free of any ocular disorders
except cataracts at the time of ascertainment were
recruited as control subjects. All patients who fulfilled
the selection criteria were explained the nature of the
study and written consents were obtained. They under-
went a complete ophthalmic evaluation including a
detailed medical, ocular and family history.

Sampling methods

5 ml (mL) of venous blood was drawn from the periph-
eral veins of all the subjects. Genomic DNA was
extracted from the whole blood using a Qiagen kit (Qia-
gen Operation, Hilden, Germany). DNA quantification
and qualification were done. Genomic DNA samples
were genotyped using Infinium GSA on a bead array,
following the manufacturer’s instructions. The array has
a SNP panel that includes 642,824 markers and uses a
24-sample Infinjum high-throughput screening (HTS)
format. All the samples were screened using the GSA Kit,
which includes convenient packaging of BeadChips and
various reagents. The standard protocol was followed,
using a streamlined Infinium workflow for a minimum of
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3 days. The protocol includes amplification, fragmenta-
tion, precipitation, resuspension, hybridization, staining,
extension, and labelling to detect the genetic variants.
The Illumina iScan® system was used to scan the Bead-
Chip and record high-resolution images for analysis.

Data and association analysis of genetic variants

The genotyping data were extracted with the GenomeS-
tudio Genotyping Module and displayed in the Illumina
Genome Viewer. Illumina Chromosome Browser was
used to visualize the data of all samples. The data were
normalized and recorded in different file formats.

A range of standard case—control association analyses
were performed with PLINK software version 1.9. The
frequencies of the alleles were calculated and Chi-square
test was used to compare their distributions between
cases and controls. The results were used to generate
Multidimensional Scaling (MDS) Plot, Quantile—quantile
(Q-Q) Plot and Manhattan Plot.

The PLINK files obtained from Genome Studio were
first subjected to quality control. A quality measure,
known as a “GenCall score’, was determined for each gen-
otype. Samples with low genotyping efficiency or call rate
were eliminated from further analysis. A recommended
threshold is 98-99% efficiency, after first removing mark-
ers with a low genotype call rate across samples. Separate
quality filtering was performed for variants in autosomal
and sex chromosomes. Parameters that were used to fil-
ter variants in autosomal chromosomes were: including
genetic variants with a threshold of 95% genotyping rate
(geno) >0.95, minor allele frequency (MAF)>0.01, and
excluding genetic variants that failed Hardy—Weinberg
equilibrium (HWE) with corresponding p <0.000001.

Markers in the X chromosome required different qual-
ity filtering steps. The steps performed were: removing
heterozygous genotypes (likely due to genotyping errors),
performing sex check (X chromosome homozygosity
estimate), selecting only female control samples that
passed sex check to identify variants that had HWE with
p<0.000001, and lastly, excluding all individuals that did
not pass sex check, genetic variants with MAF<0.01 and
high missing call rates.

The biological interpretation and function of the pro-
teins were analyzed through the Clusters of Ortholo-
gous Groups (COG) database. Eukaryotic Orthologous
Groups (KOG), a eukaryote-specific version of the COG
tool, was used to identify the ortholog and paralog
proteins.

Statistical analysis

IBM Statistical Package for Social Sciences (SPSS) Ver-
sion 24.0 (SPSS Inc., Chicago, IL, USA) software was
used to analyze the socio-demographic data. Continuous
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variables were expressed as mean =+ standard deviation
and categorical variables. Chi-square test was used to
compare genders, races, smoking status and systemic
illnesses (such as hypertension and diabetes mellitus)
between the cases and controls. The student’s t-test was
used to calculate the mean ages between and within the
case—control groups. A p-value of<0.05 was considered
to be statistically significant.

Results

Demographic data

A total of 24 participants (12 cases and 12 controls)
were recruited in this study (Table 1). They were all aged
between 53 and 86 years with a mean of 68.25 years. The
mean ages of the cases (68.67 +7.67) were similar to the
controls (67.83+8.57), with no statistical difference.
Among the cases, there were 7 (58.3%) females and 5
(41.7%) males who were matched with the controls. Gen-
ders and ethnicities were equally distributed among the
cases and controls. There were no significant differences
between the cases and controls who had diabetes, hyper-
tension, and history of smoking (p>0.05). Family histo-
ries of FECD were denied in both groups.

Variant analysis

Out of 616,835 genetic variants in autosomal chromo-
somes, 16,232 variants were filtered out due to high
missing call rates. 231,362 variants were filtered out with
MATF less than 1% from the data screened for the genetic
variants of all subjects. However, none of these variants
failed HWE. The remaining 369,241 variants passed qual-
ity control steps. A total of 16,919 variants were found

Table 1 Demographic characteristics of the study subjects

Parameters Case(n=12) Control(n=12) p-value?
Age (years) 68.67 +£7.67 67.83+857 0.804°
Race

Malay 5(41.7) 5(41.7) 1.000
Chinese 4(33.3) 4(33.3)

Indians 3(25.0) 3(25.0)

Gender

Male 5(41.7) 5(41.7) 1.000
Female 7(58.3) 7(58.3)

Smoking 4(333) 3(25.0) 0.653
Diabetes 4(33.3) 3(25.0) 0.653
Hypertension 9(75.0) 8 (66.7) 0.653
Family history of FECD 0 0 -

The age was expressed in Means + SD. Data was presented as percentages in
parentheses

2 Chi-square test; ®Student’s t-test; p>0.05
FECD: Fuchs’ Endothelial Corneal Dystrophy



Ng et al. Egypt J Med Hum Genet (2021) 22:73

in the X chromosome. Among these variants, 7645 vari-
ants were marked as heterozygous haploid genotypes in
males (likely due to genotyping errors) and subsequently
removed. A total of 4199 variants did not pass the MAF
threshold. 1022 variants were removed due to high
missing call rates. However, none of the variants were
removed by the HWE test, leaving a total of 4053 variants
in the X chromosome for the association test.

Filtering culled the total number of variants from
633,754 to 373,294. Out of these 373,294 variants,
373,192 SNPs were found, and the remaining 102 variants
were insertions/deletions (INDELS). A total of 17,401
markers were found in the exonic regions. The remaining
355,893 markers that were found in the intronic regions
had no information on the genetic structures. The major-
ity of the variant effects were silent (163,400), followed
by missense (7273), synonymous (3088) and lastly, non-
sense (75) markers. Among all the chromosome loca-
tions, the most significant number of markers were found
in chromosome 2 (29,962), with the least in chromosome
21 (5108) and X chromosome (4053).

Association analysis

The results depicted in the MDS plot (Fig. 1) represent
that most of the cases and controls shared similarities in
genetic patterns by forming a cluster of variant alleles at
the center of the MDS plot. The matrix distances between
most of these sample coordinates in the plot were very
close, indicating that the cases and controls had more
similarities in their genetic patterns.
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Fig. 1 MDS plot. The plot shows the genomic kinship between the
analyzed subjects
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The Q-Q plot (Fig. 2) compares observed —log,
p values of the tested SNPs on the vertical y-axis to
expected —log;, p values under the null hypothesis on
the horizontal x-axis. The null hypothesis is indicated
by the red, standard line plotted on the Q—Q plot. If the
observed values correspond to the expected values, all
points will be on or near the standard line between the
x-axis and y-axis. The black symbols indicate the tested
variants. The results depicted on the plot reveal that the
overall data distribution is linear. The deviation occurs
towards the extreme tail end, where the black symbols
do not fall on the standard line. This indicates that there
were suggestive true associations of the genetic variants
in FECD found in this study.

Manhattan plot (Fig. 3) confirms the findings on the
Q-Q plot. It represents the P values of the entire GWAS
on a genomic scale. The genomic coordinates are dis-
played along the x-axis, with the negative logarithm
of the association P-value for each variant displayed
on the y-axis. Each colored dot corresponds to a SNP
located in different chromosomes. This plot illustrates
the level of statistical significance of association by the
y-axis, as measured by—log;, p values for each vari-
ant. The x-axis represents the various genomic locations
by chromosomes. The strongest associations have the
smallest p-values which correspond to the large values
of their negative logarithms (—log;, p). The solid, red
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Fig.2 Q-Q plot. The plot shows the observed —log;, of p-values
of the tested SNPs (black symbols) plotted against the theoretical
expected — log,, p-values under the null hypothesis (red line)
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Fig. 3 Manhattan plot. This plot measures the level of statistical significance of association for each single nucleotide polymorphism. The horizontal
red line shows the threshold at p=5 x 107° (~ log;, p = 5.3). Chr: chromosome

Table 2 The most significant variant retrieved from Manhattan

Plot

Single nucleotide polymorphism

rs11626651 (exm2272196)

Gene symbol LOC105370676
Chromosome 14

Position (base pair) 101,717,022
Minor allele A

Number of cases with minor allele (n=12) 11 (91.67%)
Number of controls with minor allele 3 (25%)
(n=12)

Frequency of allele (cases) 0.8333
Frequency of allele (controls) 0.1667
Chi-square 21.33

p value 3.86x107°
—log;q p value 541

Odds ratio (confidence interval) 25(5478-114.1)

p-value<5x 107°

horizontal line represents an indicative threshold of sug-
gestive evidence of association with the disease, which
is p=5x107° (—log,, p=5.3). This analysis identi-
fied a variant (rs11626651) that was strongly associated
as it reached the suggestive threshold of p<5x107°
(>—logy, p=5.3). However, it did not reach the Bonfer-
onni-corrected genome-wide significance threshold of
—<5%x1078 (> —log,, p="7.3).

A genetic variant, rs11626651 (exm2272196),
located in the LOCI105370676 gene within chromo-
some 14 (Table 2), was identified from this analysis with
p=23.86x10"° which was significant. The minor allele

(A) distributions of rs11626651 were higher among
FECD cases (11) in comparison to the controls (3). The
frequencies of this minor allele were 0.8333 (cases) and
0.1667 (controls) respectively. This finding corresponds
to the results of Chi-square, which was 21.33 and Odd
ratio (OR) of 25, with a confidence interval of 5.478 to
114.1. Hence, this variant has been deemed as a potential
risk factor for FECD.

The candidate genes such as COL8A2, ZEBI/TCFS,
TCF4 and SLC4A11 were also analyzed to find any asso-
ciations with FECD in this study. A total of 11 SNPs were
found for these genes but they were all not significantly
associated with FECD (p>5 x 107°) (Table 3).

KOG functional classification analysis

Gene names for markers that passed quality control were
obtained from the Infinium Global Screening Array v1.0
Gene Annotation File. There were 17,982 unique genes
obtained. Among these genes, 6474 genes were unable
to be mapped to the UniProtKB database (https://www.
uniprot.org/uploadlists). These unmapped genes include
non-coding RNAs, pseudogenes, RNA antisense genes
and other small RNAs. In this study, we utilized only the
reviewed UniProtKB ID. These UniProtKB IDs were sub-
sequently used to retrieve proteins sequences from Batch
Entrez (https://www.ncbi.nlm.nih.gov/sites/batchentrez).
A custom script was used to compare the sequences to
the KOG database to classify the sequences into KOG
categories and predict the functions of the proteins.
KOG annotation provides four functional groups, each
of which is divided into KOG classifications identified by
letters of the alphabet (25 in total). A total of 11,508 genes
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Table 3 Association of candidate genes with FECD

Chromosome  Gene SNPs Position (base pair)  Minorallele  Majorallele Chisquare p-value* Odds ratio (OR)
number

1 COL8A2 rs96067 36106319 G A 0.7513 0.3861 0.6044
1 COL8A2 rs142956038 36110260 G A 0.3556 0.551 04783
1 COL8A2 15274776 36121728 A G 0.1355 0.7128 1.25
10 ZEBI/TCF8 15431073 31388277 C A 1917 0.1662 0

10 ZEBI/TCF8 1574905658 31399430 A G 0.3556 0.551 04783
10 ZEBI/TCF8 15187774661 31405487 C A 1.021 03122 0

10 ZEBI/TCF8 15112139244 31415097 A G 3501 006133 0

18 TCF4 rs77452859 55320989 A G 0.3556 0.551 2.091
18 TCF4 159966430 55458133 @ A 1422 0.233 2.055
18 TCF4 159636107 55532886 A G 0.5053 04772 0.6

20 SLC4ATT rs797045107 3234173 C A 0.08466 07711 0.8442

p-value>5 x 1078 (< — log;o p=5.3); SNP: single nucleotide polymorphism

that were retrieved from UniProtKB were annotated and  include the “Metabolism” pathway (16.9%), “Informa-
classified. Figures 4 and 5 depict the KOG analysis for the  tion storage and processing” (12.5%) and the rest were
protein functions of the genes and markers. poorly characterized (16.7%). In the largest group of

Among the four major pathways, “Cellular process “Cellular processes and signaling”, the most frequently
and signaling” ranked the highest category (53.9% observed classes were “Signal transduction” (2275
of total KOG classifications). Subsequent categories genes, 20%; 40,532 markers, 30%), “Post-translational

Total Genes

POORLY CHARACTERIZED, INFORMATION STORAGE

16.7 J
6.7% S A
7% 2% 3% AND PROCESSING, 12.5%

METABOLISM, 16.9% 3%
p Y
; B 1%
Ho 3% v
1% 1%
F
1% [g
3%
CELLULAR PROCESSES

AND SIGNALING, 53.9%

Fig. 4 KOG functional classification analysis of total genes
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Fig. 5 KOG Functional Classification Analysis of total markers among the subjects. Information Storage and processing: J-Translation, ribosomal
structure and biogenesis, A-RNA processing and modification, K-Transcription, L-Replication, recombination and repair, B-Chromatin structure

and dynamics. Cellular processing and signaling: D-Cell cycle control, cell division, and chromosome partitioning, Y-Nuclear structure, V-Defense
mechanisms, T-Signal transduction mechanisms, M-Cell wall/membrane/envelope biogenesis, N-Cell motility, Z-Cytoskeleton, W-Extracellular
structures, U-Intracellular trafficking, secretion, and vesicular transport, O-Posttranslational modification, protein turnover, chaperones. Metabolism:
C-Energy production and conversion, G-Carbohydrate transport and metabolism, E-Amino acid transport and metabolism, F-Nucleotide

transport and metabolism, H-Coenzyme transport and metabolism, I-Lipid transport and metabolism, P-Inorganic ion transport and metabolism,
Q-Secondary metabolites biosynthesis, transport and catabolism. Poorly characterized: R-General function prediction only, S-Function unknown

modification, protein turnover, chaperones” (849
genes, 7%; 8142 markers, 6%) and “Cytoskeleton” (568
genes, 5%; 7784 markers, 6%). The second major path-
way was the “Metabolism pathway” of which the most
prominent class was “Inorganic ion transport and
metabolism” (369 genes, 3%; 6889 markers, 5%), fol-
lowed by “Lipid transport and metabolism” (359 genes,
3%; 3410 markers, 3%) and “Amino acid transport and
metabolism” (327 genes, 3%; 3317 markers, 2%). The
smallest group predicted by KOG was “Information
storage and processing” of which “Transcription” was
categorized as the highest (1217 genes, 11%; 10,449
markers, 8%). Of the “Poorly characterized” category,
“General functional prediction” represented the high-
est of the transcripts (1374 genes, 12%; 15,980 mark-
ers, 12%).

Discussion
In this study, the Infinium GSA-24 version 1.0 Bead-
Chip was used to determine the genetic variants associ-
ated with FECD subjects. This genotyping microarray
allows rapid variant screening and high-throughput sam-
ple processing, using HTS format [27]. It also provides
an economical tool for population-scale genomics and
screening. The Illumina iScan is a laser-based, high-res-
olution optical imaging system that integrates the high-
throughput capability of genotyping. It rapidly scans to
collect large volumes of data from the BeadChips [28].
The genetic basis of FECD is complex and heteroge-
neous, demonstrating variable expressivity and incom-
plete penetrance. Early-onset FECD is rare. It is generally
regarded as an autosomal dominant disorder with a Men-
delian inheritance pattern. Late-onset FECD is more
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common, but the genetic cause of this form remains
unclear, with some studies describing it as autosomal
dominant with variable penetrance [16, 18]. These condi-
tions are seen in the candidate genes like COL8A2 [15]
and SLC4A11 [12].

TCF8 mutations that have been seen in posterior
polymorphous dystrophy can cause late-onset FECD
[19]. Five loss-of-function mutations in the TCF8 gene
were detected. This rare variation in the gene encodes
the ZEB1 on chromosome 10p11.2. A recent genome-
wide association study (GWAS) revealed an association
between FECD and alleles of TCF4 [20]. It concluded that
a SNP (rs613872) on chromosome 18q21 had a signifi-
cant association with late-onset FECD.

We discovered a novel genetic variant (rs11626651),
a variant of the LOCI105370676 gene, that was associ-
ated with FECD. This variant is a C/T single nucleotide
variation in human chromosome 14, which is located in
the intron region of XR_001750895.1 (locus position).
LOCI105370676 is a gene with uncertain functions. When
using the gene ID in GeneCards Human Gene Database
(https://www.genecards.org), LOC105370676 is matched
with Long Intergenic Non-Protein Coding RNA 2320
(LINC02320). 1t is an RNA Gene that is affiliated with
the non-coding RNA class. LINC02320 is a Long Inter-
genic Non-Protein Coding RNA (lincRNA) with unrec-
ognized biological interplay and no protein-coding
capacity. The LincRNAs are one of the subgroups of a
long non-coding RNA (IncRNAs) which are transcripts
longer than 200 nucleotides that are not translated into
protein. Mechanisms and functions of IncRNAs are very
poorly understood. The LincRNAs are a heterogeneous
class of endogenous RNA molecules that are transcribed
from intergenic regions of the genome. They are found in
between coding genes that do not overlap with protein-
coding genes [29].

Although the functions of most lincRNAs are
unknown, a few lincRNAs have been discovered to regu-
late gene expression at the level of chromatin modifica-
tion, transcription and post-transcriptional processing
[30, 31]. Some lincRNAs are involved in regulating the
expression of coding genes. An alteration in the expres-
sion is associated with dysregulation of the specific pro-
teins leading to various human diseases such as cancer,
ageing and ocular disorders [32—34]. Studies have shown
that this non-coding RNA can be misexpressed in solid
tumors and leukemias [35]. Although the lincRNAs may
have impacts on several human diseases, only less than
1% has been characterized out of over 3000 human
lincRNAs [36] due to an unclear basis of molecular
mechanisms.

In relation to the human eye, the presence of the lin-
cRNAs may contribute to mediating vision which is a
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process dependent on strict transcriptional control of
genes specific to terminally differentiated photoreceptor
neurons [37]. A few other lincRNAs play important roles
in the development of ocular conditions such as choroi-
dal neovascularization [38], diabetic retinopathy [39],
glaucoma [40] and corneal neovascularization [41]. How-
ever, the mechanisms of how they affect these diseases
remain questionable. There is no established relationship
between the LINC02320 gene and FECD. Thus, further
evaluation using microarray analysis or high throughput
RNA sequencing may provide a better understanding of
lincRNA regulation and the disease etiology especially in
uncommon polygenic diseases like FECD [33].

Globally, several studies have been conducted using
different platforms of genotyping and study designs
to detect the genetic variations in FECD [13, 42-44].
These studies have shown that candidate genes such as
COL8A2, SLC4A11, TCF4, and TCF8/ZEBI are signifi-
cantly associated with FECD subjects in various popu-
lations. However, Table 4 represents the association of
candidate genes in several populations of different eth-
nicities with conflicting results. Some population stud-
ies involving Indians [13, 45], Chinese [43], Singaporeans
[44], and Japanese [46] have failed to show genetic varia-
tions of these genes. The susceptibility of genes to muta-
tions which can vary in different ethnicities and racial
backgrounds may have caused the failure. In this study,
these candidate genes were not significantly associated
with our FECD subjects. This is also possibly due to the
variation of gene susceptibility in various ethnicities of
Malaysians (Malay, Chinese and Indian).

This study has to be interpreted within the context
of various limitations. One of the most important limi-
tations of this study is the small sample size (12 cases
and 12 controls). Larger sample size is needed to con-
firm minimal effects or subtle differences with statisti-
cal confidence. Type I (false positives) or II errors (false
negatives) may occur in small sample- sized studies. A
significant genetic variant that was found in this study
could be caused by a false positive error. The under-
powered statistically significant study can result in false-
negative errors. This could hinder a reliable assessment
of significant associations between FECD and candidate
genes like COL8A2, SLC4A11, TCF8/ZEBI and TCF4 in
this study. The differences in ethnicities in this study may
cause the possible variation in genetic risks, which could
falsely identify the subgroup of ethnically associated
genes as being FECD related.

Conclusions

To our knowledge, this is the first report from Malay-
sia that involves screening of the genetic variants
among FECD subjects in a tertiary care setting using
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Table 4 Associations of candidate genes in various populations

First Author (year) Country Ethnicity Study design Genotyping Case/Control SNP Gene Association
method

Baratz et al,2010 USA Caucasian  GWAS Tagman assay 130/260 15613872 TCF4 *

[20]

Thalamuthu Singapore  Asian Case-control  MassArray 57/121 15613872 TCF4 **

etal, 2011 [44]

Wieben etal, 2014  USA Caucasian Case-control  Sequencing 68/16 1s613872 TCF4 *

[471]

Nandaetal, 2014  India Asian Case—control ~ Sequencing 44/108 rs613872 TCF4 *x

[45]

Hemadevi et al,, India Asian Case—control ~ Sequencing 80/100 Several SNPs COL8A2, SLC4ATT  **

2010[13]

Kobayashi et al,, Japan Asian Case—control ~ Sequencing 15/36 R155Q and T502M  COL8A2 **

2004 [46]

Mehta et al,, 2008 Chinese Asian Case—control ~ Sequencing 74/93 Asn696Ser TCF8 x*

(43]

Current study Malaysia ~ Malaysian GWAS Global screening 12/12 rs11626651 LINC02320 *

array

" p<0.05,** p>0.05

Infinium GSA. A single novel variant (rs11626651) of
the LOC105370676 gene, also known as the LINC02320
gene, located at chromosome 14 was found to be asso-
ciated with FECD. Although this particular gene has no
functional role and protein-coding capacity, a few other
types of lincRNAs have been found to contribute to the
development of some ocular conditions. This variant
could play a plausible role in the development of FECD,
at least in Malaysia. Further studies with a larger sample
size, RNA sequencing, and lincRNA regulation are much
recommended. This would be beneficial to confirm the
association found and discover other genetic variations.
The results of this study could be the primary research
platform for the researchers to conduct future studies
related to FECD. The identification of additional genetic
risk factors adds to our understanding of FECD, which
may pave the way for therapeutic strategies in the future.
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