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Abstract
Background

Mutations in the gene SLC4AM, which encode for an isoform of the solute carrier 4 (SLC4) family of
proteins, cause congenital hereditary endothelial dystrophy (CHED). Here, we provide a systematic
review of the mutations in SLC4A11 and also evaluate the association of its alleles with CHED.

Method

Two investigators conducted the literature search and data extraction independently from November
2020 to January 2021 using SLC4A11 and congenital hereditary endothelial dystrophy as keywords. Out
of twelve original articles included in the review, six were chosen for a meta-analysis. Six alleles of
SLC4A11 were analyzed to determine their association with CHED. In the selected studies, families with
diagnosed CHED cases were screened for the gene mutations. Random effect models were used to
calculate the odds ratio (OR) and confidence interval (Cl). Heterogeneity and publication bias were
studied using Forest and Funnel plots, respectively. The heterogeneity assumption was checked by *-
based Q test.

Results

Mutations in the different alleles of SLC4A11 were found to be associated with CHED. However,
mutations in alleles ¢.2264G>A, ¢.2528 T>(C, and c. 2263C>T could not conclusively be associated with
CHED because of heterogeneity and inconsistencies in the studies. Nonetheless, a positive association
was observed for mutations in three alleles, c.2605C>T, ¢.1156T>T, and ¢.22440 1 G>A and CHED, with all
three squares and two diamonds being on the left side of the "line of no effect" in the Forest plot.

Conclusion

CHED patients exhibit several point (missense and nonsense) and frameshift mutations of SLC4A11. A
meta-analysis of six alleles suggests a positive association of mutations in three alleles, c.2605C>T,
c.1156T>T, and ¢.22440 1 G>A alleles of SLC4A11 with CHED.
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Introduction

The cornea is the main refractive element of the
eye. Hence, its transparency is critical for acute
vision. It consists of five layers: viz. epithelium,
Bowman's membrane, stroma, Descemet's
membrane, and endothelium (1, 2). The anterior
epithelium, 50 pm in thickness, is stratified and
forms a barrier to the entry of solutes, harmful
substances, and water from the tear film into the
stroma. (3) The Bowman's membrane, 15 pum in
thickness, lies between the basal lamina of
epithelium and stroma. It is made up of I, lll, V, and
VII collagens (4). The stroma, which is ~ 450 um,
forms the bulk of the comea (5). It consists of
several lamellae (200 -250 lamellae) of collagen
fibrils (Collagen | and V) held together by
proteoglycans (chondroitin sulfate and keratin
sulfate), which are responsible for comeal
hydration. A precise arrangement is attributed to
corneal transparency (**). Thus, when stromal
deturgescence (i.e, state of dehydration of the
stroma) is adversely affected, the comeal
transparency is lost. The Descemet's membrane is
comprised of extracellular matrix proteins secreted
by the comeal endothelium (8). It provides
structural support to the endothelium (9). Finally,
the endothelium is a monolayer resting with a
characteristic hexagonal mosaic and is non-
regenerative in humans. The endothelial cell density
(ECD) and morphology change throughout life. In
particular, ECD declines gradually between 20-80
years of age at a constant rate of 0.52% per year (10,
11). Moreover, the comeal endothelial dystrophies
lead to a decrease in ECD, disruption of the
endothelial monolayer, and loss of endothelial
functions. Since the endothelium is vital for
maintaining stromal deturgescence, the endothelial
dystrophies result in stromal edema, leading to a
decline in visual acuity (13). This review focuses on
congenital hereditary endothelial dystrophy (CHED),
the main form of endothelial dystrophy.

CHED manifests in two forms: viz. slowly
progressive autosomal dominant CHED1 and non-
progressive autosomal recessive CHED2. CHED:1,
which appears within the first two years of age, is
characterized by defective vision (without
nystagmus), epiphora, and photophobia (16). CHED2

is noticed at birth or in the neonatal period, and it is
characterized by impaired vision, nystagmus, and a
hearing deficiency (14). CHED2 is generally more
severe than CHED1. Patients diagnosed with CHED2
do not complain of epiphora or photophobia. The
CHED corneas show a characteristic ground glass-
like corneal appearance concomitant with extensive
stromal edema. Given its role in the maintenance of
stromal deturgescence, the endothelum is
disrupted in CHED. Not ECD only is very low at birth,
but the endothelial «cells show a fibrotic
morphology. Descemet's membrane is also
relatively thick in CHED (19). With disturbance to
vision, CHED patients develop varying degrees of
amblyopia (18).

Mutations in the SLC4A11 gene are attributed to the
pathophysiology of CHED (20). In particular, CHED
patients may show any of the 80 mutations in 17 of
the 18 exons of SLC4A11 (27). SLC4A11 gene encodes
for a membrane protein that belongs to the solute
carrier 4 (SLC4) protein family. These are integral
membrane proteins associated with Cl-/HCO3-
exchange or Na+ coupled HCO3- cotransport across
the plasma membrane. In particular, SLC4A1
functions as an electrogenic Na+ coupled borate
cotransporter. It is expressed in the comeal
endothelium, cerebral cortex, epididymis, gall
bladder, small intestines, testis, kidneys, breast,
cerebellum, lungs, ovaries, pancreas, and stomach.
In humans, depending on the mRNA splicing,
SLC4A11 shows three variants: (@) SLC4A11 variant
1(A; 918 amino acids), (b) SLC4A11 variant 2(B; 891
amino acids), and (c) SLC4A11 variant 3(C; 875 amino
acids). (22).

Recent studies have also claimed a role for SLC4AM
in a Na+ independent H+ permeation pathway in
contradiction to Na+ coupled borate transport.
SLC4A11-B is suggested to be a water channel
instead of a transporter for borate or other ions.
SLC4A11 is also thought to function as an EIPA
inhibitable Na+ OH- cotransporter. In any case, the
role of these different mechanisms remains
unknown in the fluid pump activity of the comeal
endothelium, although mutations are implicated in a
loss of endothelial fluid pump function (24). Apart
from anomalies resulting from loss of transport
functions, mutations in SLC4A11 may induce cell
biological effects indirectly. For example, some
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missense mutations are believed to result in
defective trafficking of the protein to the cell
surface, leading to their ER retention (25)(26).
Alternatively, mutations in SLC4A11 are thought to
have an adverse impact during the growth and
terminal differentiation of neural crest cells into the
endothelial  monolayer.  Despite a  clear
understanding of the mechanisms of SLC4A11 on
endothelium, it has been demonstrated that
functional loss in SLC4A11 underlies endothelial cell
death, loss of barrier function, and stroma edema

(28).

The objective of this study is to review the role of
mutations of the SLC4A11 in CHED. We also assess
the association of the mutations of various alleles of
the SLC4A11 gene with CHED.

Materials and Methods

The present systemic review was carried out in
January 2021 at our institution (K S Hegde Medical
Academy, Nitte Deemed to be University) in
Mangaluru, Kamataka, India.

Joumal articles published on or before 2020 were
included if they were quantitative, written in
English, and discussed the role of the SLC4A11 gene
causing congenital hereditary endothelial dystrophy
(CHED). This is an updated search from the original
date specified in the registered protocol, the
eligibility criteria remained the same through all
search terms. The focus of this review was CHED.
Therefore, FECD, X-linked endothelial comeal
dystrophy diseases, and their conditions were
excluded.

Five online databases that were searched for
identification of articles, PUBMED, DOAJ, GOOGLE
SCHOLAR, Open Grey Greylit, and PROQUEST.
Search terms were generated initially for PUBMED
use and adapted for the other databases SLC4A11
gene-Mutations-CHED framework was used to
develop these search terms mutations of the
SLC4A11 gene SLC4A11 and CHED, Clinical condition
of CHED.

Two investigators conducted search and data
extraction independently from November 2020 to
January 2021, with keywords' SLC4A11 AND
congenital hereditary endothelial dystrophy. All the
duplicate articles were removed. Articles were then

screened for title, abstract, keywords, and
publication year to identify the studies useful for the
systematic review. The remaining systematic review
articles were screened by reading the full text. A list
of references was filtered (Figure 1).

In the selected articles, diagnosis of CHED was made
based on characteristic mosaic corneal haze with
corneal edema present since birth by history. It was
confirmed by the complete clinical ophthalmic
examination (slit lamp, intraocular pressure
measurements, c¢yclopaedic retinoscopy, and
indirect ophthalmoscope). A detailed history was
recorded for all subjects, including the recording of
any family history and duration of onset of
symptoms. Peripheral blood samples were collected
for DNA analysis. DNA amplification was done by
PCR using suitable primers. Whole-genome
sequencing was carried out for SLC4A11.

The statistical analysis was carried out using the
software Medcalc. The association between the
mutations of various alleles of SLC4A11 and CHED
was assessed.

The association of occurrence of CHED and ¢.2264
G>A, ¢.2528 T>(, ¢.2263 C>T, ¢.2605C>T, c. 1156 T>C
and ¢2024+1G> alleles of SLC4A1 were assessed by
pooled odds ratio (OR) with 95% Confidence Interval
(C1). Random effect models were used to calculate
OR and Cl. Heterogeneity assumption was checked
by x2-based Q test. A p-value more than o.10 for the
Q test indicated a lack of heterogeneity among the
studies, and the summary OR estimate of each
report was calculated by the random-effects model
(Der Simonian and Laird method) as well as by fixed-
effect model (MantelHaenszel method). In the
absence of individual heterogeneity, all the points
were expected to lie within.

The confidence bounds. Between-study
heterogeneity was assessed using the Q test and
inconsistency by 2. Publication bias was evaluated
using a funnel plot and the standard error of log
(OR). Statistical significance was defined as p<0.05.

Results and Discussion

The relevant articles related to the search words
obtained from each database were as follows:
MEDLINE (17), DIRECTORY OF OPEN ACCESS
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JOURNAL (4), and GOOGLE SCHOLAR (5),
PROQUEST (3).

There were no relevant articles found in HIGH WIRE,
INDIAN SCIENCE ABSTRACT, SCIENTIFIC
INFORMATION DATA, SCIRUS, and SCOPUS. No
other papers were identified following the citation
searching. A total of 57 full-text articles were
obtained that were screened for the title, abstract,
and keywords. The number of duplicate reports was
17, and they were excluded from the study. The
remaining 40 articles were screened for the title and
abstract. Out of 27 articles, eight articles reviewed
articles on the SLC4A11and CHED, and hence they
were excluded. Nineteen original articles were
screened. It was found that seven articles were on
primary studies on the molecular basis of SLC 4A11,
hence excluded. The remaining twelve articles were
the original studies, case-control and cohort studies
being three each, which met the inclusion/exclusion
criteria for the final inclusion in the review. Out of
12, a meta-analysis of four articles on ¢.2264G>A,
three articles on ¢.2528 G>an allele, four articles on
€.2263C>T, three articles on ¢.2605C>T, three articles
on c1156T>C, three articles on ¢.2240G>A were
carried out.

The summary of the selection of the articles is
depicted in figure 1. The papers with the same
research objectives, a mutant form of SLC4A11, type
of the study, results, and outcome of the study were
the characteristics that were considered to select
the articles as inclusion criteria for this review
article. The methodology employed in various
papers was, this factor was considered weak to be
included in our study.

Studies may have heterogeneity due to patients of
different ethnicity, outcome definition, and study
design. The random-effect model and the fixed
effect models were used to assess the association
between the mutations of different alleles of
SLC4A11and CHED alleles.

While interpreting the forest plot, each study is
represented by a square area directly proportional
to the weight of the study. The diamond represents
the overall weight of the study, the width of which
represents 95% Cl for the estimated OR.

Forest plot by random effect model [Fig 3] for the
association of ¢2264G>A of SLC4A11 and CHED

showed that three studies represented by squares
on the left side and both the diamonds for andom
and fixed effect models on the left of the line of no
effect, suggested that this mutation of SLC4A11 may
have an association with the occurrence of CHED. As
the size of individual squares was directly
proportional to the study's weight, all the three
studies of significance were given equal and highest
weight. However, Q test for heterogeneity was
significant (p=0.0046) (table 2), suggesting the
heterogeneity among the studies.|2 test was also
suggestive of inconsistency. Hence the association
of ¢.2264G>A of SLC4A11 with CHED is not
conclusive.

The forest plot for the association of the allele
¢.2528T>C with CHED showed three squares on the
left, one big square on the right, and both the
diamonds on the left side of the line of no effect (fig
4). However, significant heterogeneity and
inconsistencies were observed in the studies
selected (table 2). So our analysis could not confirm
the association of the mutations of the allele
¢.2528T>C and CHED.

An association of the allele ¢.2263 C>T and CHED
mutations was analyzed using a forest plot, which
showed three squares on the left, one big square on
the right, and both the diamonds on the left of the
line of no effect. Significant heterogeneity and
inconsistencies were observed (table 2), which do
no support the possible association between the
allele and the disease.

Contrary to the above results, clear associations
were established between the mutations of the
different alleles of SLC4A11, ¢.2605C>T, c.1156T>T,
and c.22440 1 G>A and CHED without any
heterogeneity and inconsistency. A clear positive
association was observed for all the three alleles
and CHED mutations with all three squares and both
the diamonds being on the left side of a line of no
effect.

The funnel plots for publication bias for all the
alleles were symmetrical, inverted funnel-shaped,
boundaries being straight lines for all the alleles [fig
2]. This suggests that studies were symmetrically
distributed in the plot, suggesting no publication
bias (table 2).
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Brejchova et al., carried out molecular genetics
investigations in six probands on CHED in six
European Czech and European British families.
Eleven mutations of SLC4A11 were identified, of
which ¢.1237G>A, ¢.2003T>C, c.1216p1G>A, and
€.2240p5G>A  were novel The mutation of
€.2240+5G>A variant resulted in aberrant pre-mRNA
splicing. c.2240+1G>A mutation was also likely to
cause aberrant pre-mRNA splicing because of their
location in canonical splice sites (29).

Hand et al,, carried out a study on members of a
large Irish consanguineous CHED2 family and
observed the mutations of the SLC4A11 gene. The
study reported homozygous DNA sequence variant
€.2528 T>C (p.Leu843Pro) in exon 18 in all eight
affected individuals. This pathogenic change has
previously been  described in compound
heterozygotes with Harboyan syndrome/CDPD in
two distinct families (30).

Aldamesh et al., investigated ten CHED patients,
reported seven mutations, out of which five were
novel mutations and resulted in reduction or loss of
bicarbonate transporter-related protein 1(BTR-1).
The homozygous missense mutation p.Gly394Arg
was caused by a ¢.1228G_C transversion in a single
proband; a missense mutation (c1253G A,
p.Gly418Asp) was identified and is predicted to
disrupt TMD 2.11 a splice-site mutation (c.2114_1G_A)
was also identified in all affected members of the
family (15).

Tannanuvat et al., studied eight patients from seven
unrelated families of the Karen population affected
by harbor a syndrome reported that patients with
SLC4A11 mutations had CHED and sensorineural
hearing loss SLC4A11 mutations were not related to
the onset and severity of hearing loss or outcome of
keratoplasty. The homozygous base substitution
€.2264 G>A (rs121909387) was observed. A single-
base substitution was predicted to cause amino acid
change p.Arg755GIn. The single-base deletion
c.2127delG was novel, which caused a frameshift
mutation p.Leu710Cysfs.The homozygous single-
base substitution c.2263 C>T (rs757553189) was
found only in a Thai patient, and the single-base
substitution was predicted to cause amino acid
change p.Arg755Trp. The ¢.2264G>A (p.Arg755GIn)
mutation in SCL4A11 was detected in unrelated
Karen tribe patients. (31).

In a study done by Romero et al, on 3 Chilean
families, five patients were reported homozygous
for the mutation in the SLC4A11 gene. The sequence
of the 19 exons of the SLC4A11 gene of all the
affected patients showed homozygous eight
nucleotide sequence duplication (c.2233_2240dup
TATGACAG, p. (Ile748Metfs*s5) at the end of exon

16(27).

Seven novel mutations in SLC4A11 were reported by
the study by Ram Prasad et al. These mutations
included two nonsense, (p.Trp240 X), (p.GIn800 X),
three missense (p Glu143 Lys, p.Cys386 Argo,
p.Arg755 Tarp), and two splice-site mutations
(c.2240 + IG>A; €.2437-IG>A). c1156T>C mutation
caused missense mutation by substituting cysteine
by arginine at codon 386.Transition mutation in
€.2605C>T led to the substitution of arginine by
cysteine at position 869, a mutation in ¢.2263C>T
that leads to a substitution of arginine by

tryptophan at position 755 (p.Arg755Trp).

And a mutation in ¢.2264G>A resulted in the
substitution of arginine by glutamine at the same
position of the protein (p.Arg755GIn) (32).

Desir et al, studied seven families of eastem
Europe, Dominican Republic, Morocco, south
American Indian, Netherlands, Sephardi Jewish, and
India reported mutations of SLC4A11 in CDPD
(Harboyan syndrome), showed mutations of the
SLC4A11.According to the study results, missense
mutations (p.Arg488Lys and p.Val824Met), a 4 bp
deletion/t bp insertion (c.1378 1381delTACGinsA)
and an 8 bop deletion (c.473_480delGCTTCGCC)
resulted in a truncated protein of 160 residues.
Mutations in the non-consanguineous families were
an eight bp duplication (c2233_2240dup
TATGACAC), resulting in an aberrantly truncated
protein of 751 residues; a 32 bp deletion
(c.2423_2454del) resulting in an aberrantly
truncated protein of 916 residues (26).

A study done by Puangsricharen observed 68kb
deletion flanked by repeat sequences which may
lead to aberrant recombination resulting in loss of
intervening sequence in CHED patients. These
microdeletions could be the disease-causing alleles
responsible for CHED2. The study also identified a
novel ¢778A>G mutation resulting in lysine to
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glutamic acid substitution (p.K260E) at codon 260
(34)-

Jiao et al,, suggested that loss of SLC4A11 results in
loss of sodium and bicarbonate transport resulting
in edema. It may also cause abnormality in cell
division by virtue of its function as a borate
transporter. These functions were constant with a
clinical phenotype of CHED2 Nonsense mutations
observed were p.Arg6o5X (g.8298CRT, families
73015 and 73026), and p.Glu632X (g.8379GRT, family
73035). Three frameshift mutations
(p-ArgR82ArgfsX33 (g.2943delTTinsA, family 73024),
p.His568HisfsX177 (g.8118delCT, family 73013) and
p.Leu807ArgfsX71 (g.9200delTinsGG, family 73004))
resulted in the loss of a large number of amino acids
from the carboxy terminus of the protein and would
also replace these sequences with long novel amino
acid sequences encoded by the shifted reading
frame (35).

Mehta et al., in his study reported a homozygous
sequence variation (c.2264G.A) in exon 17 caused
the amino acid substitution R755Q, sequence
variation ¢.1813C.T caused a premature stop at
codon 605 (p.R605X). 4-bp  deletion
(c.353_356delAGAA) resulted in an aberrant
truncated protein of 128 residues. A c.2605C.T
transition lead to the p.R869C amino acid
substitution was observed (36).

Four novel mutations of the SLC4A11 gene
(p.Thr262lle,  p.Gly417Arg,  p.Cys611Arg, and
p.His724Asp) were identified in a study by
Kodaganur et al.,, causing CHED. Most of these
mutations were caused by missense followed by
insertion and deletions (38).

Hemadevi et al.,, screened 20 families with CHED2
and revealed 10 mutations. Seven were missense,
one was nonsense and two were frameshifts.
CHED2  displayed allele  (perhaps locus)
heterogeneity, which was explored using extensive
linkage analysis. They identified, missense
mutations, (p.Leu873Pro) owing to the transition of
T_C at c.2618, p.Arg125His (c374G_A), p.Alat6oThr
(c.478G_A),  p.Cys386Arg  (c1156T C), and
p.Arg755Trp (c.2263C_T), p.Ala269Val (c.806C T)
was found in two families. It was observed that
€.2318C_Tin exon 17 (leading to p.Pro773Leu) was a
premature stop mutation (14).

An Indian study by Paliwal et al, studied the
mutation spectrum and genotype-phenotype
correlation in CHED2 patients. The study detected
one novel, and three already reported mutations. A
homozygous missense mutation, c.1156T>C, led to
the substitution of a cysteine residue at amino acid
position 386 with arginine, also identified a
homozygous splice site mutation c.2240+1G>A,
which showed a variable phenotype. (39).

According to Vilas et al., SLC4A11 mutation [R125H]
resulting in CHED causes protein retention in
endoplasmic reticulum due to misfolding, as a result
R125H is transported to cell surface as wild
type[WT].This shows that mutation is resulting in
the disease by compromising function rather than
impaired protein localization in cell surface. In fact,
SLC4A11 does not facilitate water influx which
specify that CHED occurs due to the incompetence
of SLC4A11 to facilitate water flux across the plasma
membrane (24).

Guha et al, in her study reported that mutant
SLC4A11 cells are prone to oxidative stress.SLC4A1
gene with oxidative stress is required for NRF2
activation under oxidative stress conditions in
human corneal endothelial cells. Inducing
antioxidant gene expression might help in
overcoming the oxidative stress in comeal
endothelial cells (33).

SLC4A11 gene mutations cause retention of protein
in the cytoplasm and generate increased reactive
oxygen species. Mutant SLC4A11 cells are more
vulnerable to oxidative and mitochondrial damage
and are less able to overcome oxidative stress by
expressing sufficient levels of antioxidant genes and
are prone to apoptotic death (37).

Patients with CHED2 had comeal haze since birth or
shortly after histology and electronic microscopy
study showed thickened descendant's membrane,
especially the non-banded zone, and the molecular
study showed novel homozygous in-frame deletion
mutation. High interfamilial and intrafamilial
phenotypic variability was seen in the cohort of

patients (39).

Histopathological findings of CHED i.e. degenerated
and dysfunctional comeal endothelium
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characterized by increased permeability and
abnormal and accelerated descement's membrane
secretion leading to swelling of comeal stroma (40).

Moazzeni et al., in his study suggested that SLC4A11
mutations are the cause for CHED among the study
done in 21 patients of CHED , along with this they
also found that MPDZ mutations in minority of
CHED(41).

Conclusion

The systematic review identified various point
mutations (missense as well as nonsense) as well as
frameshift mutations of SLC4A11in CHED patients. A
meta-analysis of six different alleles suggested a
positive association of three alleles' mutations,
€.2605C>T, ¢.1156T>T and c22440 1 G>A alleles of
SLC4A11and CHED.
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Fig1: Showing PRISMA

Fig 1: Adapted from the Preffered Reporting Items for Systematic Reviews and Meta-Analyses(PRISMA)
flow diagram summarizing screening method and study selection process.

Records identified through Additional records identified
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basis of SLC4A11
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Table 1: : Summary of the findings of mutations of SLC4A11in CHED

Authors Year | Allele Results Conclusions
Brejchova et | 2019 | c.2411G>A Identified 11 pathogenic SLC4A11 | This study highlights the
al® €.2263CT mutations, including 4 novel. potential of using CE-like cells to
c.1237G>A Investigate the pathogenic
C.625C>T SLC4A11 disease-associated
c.427G>A variants.
€.2003T>C
€.2528T>C
Hand etal® | 2016 | c.2528 T>C A homozygous SLC4A11 This is the
mutation (Leu843Pro)was First report of this SLC4A™M
detected in large Irish CHED2 mutation (Leu843Pro) in a
pedigree homozygous state.
Aldamesh et | 2009 | ¢.520delGCTTC | Seven mutations were identified | In this study no evidence was
al® GC which found of
€.1228G_177C Is due to reduction or loss of genetic heterogeneity in CHED
€.1253G_177A bicarbonate transporter-related | and that loss of BTR1 function
€.1044 25del1g | protein 1 (BTR1).
nt
2236C T
2236C_ T
c.2114_1G_A
Tananuvat 2020 | C.2264G>A study showed that patients The SLC4A1
etal” c.2127delG with SLC4A11 mutations were notfound to be
€.2263CT Mutations had CHED and related to the outcome of
sensorineural hearing loss... corneal transplantation and the
onset and severity of
SNHL.(sensorineural hearing
loss)
Romero et| 2019 | c.2233 2240du | The dysfunction of the transport | The five CDPD patients were
al” p TATGACAC, of fluid through the endothelium | homozygous for the same

in the eye will lead to
inadequate corneal dehydration
and the osmotic imbalance in
the ear fibrocytes

mutation in the SLC4A11gene.
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Ram Prasad
et al®

2007

+

c.[427G>A]
[427G>A]

c.[1156T>C]
[1156T>C]
c.[2263C>T]
[2263C>T]
c.[2264G>A]
[2264G>A] *
c.[720G>A]  +
[720G>A]

¢. [2240+1G>A]
+[?]
c.[2398C>T]  +
[2437-1G>A]
c.[2605C>T]  +

+

+

+

seven novel SLC4A11 mutations
were identified include two
nonsense, three missense and
two splice site mutations.

This study identified seven novel
mutations in SLC4A11

[2605C>T] *

Desiretal® | 2007 | c.1378 _1381delT | Mutations of SLC4A11in CDPD These findings extend
ACGinsA (Harboyan syndrome), shows the implication of the SLC4A11
€.473_480delG | allelism with CHED2, and borate transporter beyond
CTTCGCC Extends the implication of corneal dystrophy to perceptive
€.2233_2240du | mutations of this borate deafness.
p TATGACAC) | transporter

(c.2423_2454de
I

To perceptive deafness.

Puangsricha | 2014 | ¢.778A>G Mutations in the solute carrier The

rern et alP* family 4 micro deletions at this region
member 11 (SLC4A11) gene have | could be
been The disease-causing alleles
Identified in most patients with | responsible for CHED2.
CHED2.

Jiao etal® 2007 | g.8298CRT, Sequencing of SLC4A11showed | results confirm that mutations in

g.8379GRT homozygotic mutations in the

g.2943delTTins
A,

Affected members from 12 of 16
families.

SLC4A11gene cause autosomal
recessive CHED.

g.8118delCT
g.9200delTinsG
G’
Mehta et al®® | 2010 | c.2264G.A Individuals with the same Corneal endothelial cells are
c.1813C.T mutation had more vulnerable to
€.2605C.T Different degrees of hearing loss | defects in the functional activity

within their respective families.

of SLC4A11 than cells of the
striae
Vascularis of the inner ear.
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Kodaganur 2013 | ¢.1831T>C
et al® C.1249G>A DNA sequence analysis This study increases the
€.2170C>G identified four novel (viz., mutation spectrum of the
c.785C>T p.Thr262lle, p.Gly417Arg, SLC4A11gene.
€.2606G>A p.Cys611Arg, and p.His724Asp)
C.1249G>A mutations and one known
p.Arg869His homozygous
mutation in the SLC4A11 gene.
Hemadevi et | 2008 | c.481A C This study increases the number | Out of 10 mutations 6 novel
al" c.2318C T of mutations were noted .one of it

€.2618T_C+c.23
18C_T_
c.2506C_T
c.806C T
€.478G_A
c.1156T_C
€.374G A
c¢.806C T
€.2263C T

SLC4A11 gene mutations and
confirms the role of this Gene in
causing CHED2.

is caused by complete deletion
of exon 6 in SLC4A1

Table 2: Results of heterogeneity and publication bias testing for different alleles of SLC4A11

Allele C.2264G>A | C.2528T>C | C.2263CT | C.2605C>T | C1156T>C | C.2240+IG>A

Q test 13.008 20.018 14.9 0.0909 0.6925 1.56

Degree of | 8 2 3 2 2 2

freedom

P-value 0.0046 <0.0001 0.0019 0.95 0.707 0.457

I 76.94% 90.01% 79.87% 0% 0% 0%

95% Clfor | 37.08-91.55 | 73.31-96.26 | 46.66- 0.0-26.22 0-90.3 0.0-95.70

1* 92.41

Egger's

test

Intercept | 12.47 -41.9645 -7.0771 2.6568 2.55 2.586

95% Cl -72.37-97.32 | 399.2- -12.36- - 2.5257- 2.388-2.72 | 2.231-2.94
315.28 1.785 2.787

P Value 0.59 0.3758 0.0289 0.0025 0.0033 0.0069

Begg's

test

Kendall's | 0.333 -0.3 -0.333 1 1 1

tau

P value 0.4969 0.6015 0.4969 0.1172 0.1172 0.1172
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Fig 2: Sample Funnel Plot showing publication bias for the Allele c.2264G>A
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Fig 3: Forest Plot for c.2264G>A allele of SLC4A11
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Fig4: Forest Plot for c.2528 G>A allele of SLC4A11
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Fig 5: Forest Plot for c.2263C>T allele of SLC4A11
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Fig6:ForestPlotforc.2605C>Talleleof SLC4A11
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Fig 7: Forest Plot for c.1156T>C allele of SLC4A11:
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Fig8: Forest Plot for c.22440+1G>A allele of SLC4A11.
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