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Abstract 

Background Congenital hereditary endothelial dystrophy (CHED) is a genetic disorder of corneal 

endothelial cells resulting in corneal clouding and visual impairment. Autosomal dominant 

(CHED1) and autosomal recessive (CHED2) forms have been reported and map to distinct loci on 

chromosome 20. CHED2 is caused by mutations in the SLC4A11 gene which encodes a 

membrane transporter protein. 

Materials and Methods Members of a large CHED2 family were recruited for clinical and genetic 

study. Genomic DNA was sequenced for the exons and intron-exon boundaries of the SLC4A11 

gene.  

Results Twelve family members were recruited, of which 8 were diagnosed with CHED. A 

homozygous SLC4A11 mutation (Leu843Pro) was detected in the eight patients; a single copy of 

the mutation was present in 3 unaffected carriers.  

Conclusions A missense SLC4A11 mutation (Leu843Pro) is responsible for CHED2 in this family; 

this is the first report of this mutation in a homozygous state.  
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Introduction 

Congenital hereditary endothelial dystrophy (CHED) is a rare inherited disorder of the cornea 

which results in bilateral opacification and impaired vision in early life. Both autosomal dominant 

(CHED1; MIM 121700) and autosomal recessive (CHED2; MIM 217700) forms exist. CHED2 

manifests at birth or in the neonatal period and is generally more severe than CHED1 which 

presents within the first two years 1. CHED1 has been mapped to a locus on chromosome 20 but 

no causative gene has yet been described 2. We previously mapped the CHED2 locus to a distinct 

region on chromosome 20p13 3 and subsequently CHED2 –causing mutations have been 

described in the SLC4A11 gene (MIM 610206) 4. Mutations in this gene have also been shown to 

cause two other corneal disorders - autosomal recessive Harboyan Syndrome or corneal dystrophy 

and perceptive deafness (CDPD; MIM 217400) and autosomal dominant late onset Fuchs 

endothelial dystrophy (FECD4; MIM 613268) 5-7.  

 

Corneal dystrophies can be established on clinical grounds 1 but advances in recent years have led 

to molecular based classification of disease according to underlying genetic pathogenesis 8. 

Corneal swelling in CHED2 is due to stromal oedema and enlargement of collagen fibrils which 

result in altered light scattering and the clouding of the cornea. Corneal transplantation to restore 

vision is the primary treatment option 1. 

 

The aim of this project was to screen the SLC4A11 gene for mutations in the large Irish 

consanguineous pedigree used to map the CHED2 locus.  
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Materials and Methods 

The study was approved by Ethics and Medical Research Committee of the Royal Victoria Eye 

and Ear Hospital, Dublin. Members of a large Irish consanguineous CHED2 family attending 

clinics in the Royal Victoria Eye and Ear Hospital were recruited for this study (Table 1). The 

diagnosis of CHED2 was based on the presence of bilateral corneal stromal clouding involving the 

whole corneal stroma with onset during infancy. Participating family members gave written 

informed consent and venous blood samples were obtained.  

 

Genomic DNA was extracted from blood samples using the QIAamp Blood Kit (Qiagen). 

Mutation screening of the 19 coding exons and flanking splice sites of the SLC4A11 gene was 

performed by direct sequencing using previously described primers 9. 
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Results 

In total 12 individuals participated; 8 are affected by CHED2, 3 are probable carriers based on the 

affected status of their children and one individual is unaffected and does not have any children. 

Of these participants, seven were part of the original mapping study 3 from which haplotype data is 

available (Figure 1).  

 

Table 1 describes the demographic and clinical characteristics of the affected individuals. All of 

the patients had childhood onset nystagmus and amblyopia. All had undergone corneal 

transplantation in one or both eyes, with poor graft survival in most patients. Four of the patients 

had developed glaucoma following corneal transplantation and one had congenital glaucoma. One 

of the patients, (Table 1, patient 6; Figure 1, V:22) , had sensorineural hearing loss.  

 

Mutation screening of the SLC4A11 gene identified a homozygous DNA sequence variant c.2528 

T>C (p.Leu843Pro) in exon 18 in all 8 affected individuals (Figure 1, IV:4, IV:21, IV:25, V:9, 

V:15, V:16, V:21, V:22). The probable carriers (Figure 1, IV:16, IV:17, IV:26) are heterozygous 

and the unaffected individual (Figure 1, V:24) is homozygous wildtype. This pathogenic change 

has previously been described in compound heterozygotes with Harboyan syndrome/ CDPD in 

two distinct families 5. 

 

Discussion 

We detected a homozygous missense SLC4A11 mutation in eight CHED-affected individuals in a 

large consanguineous family. Three heterozygous carriers have been confirmed and one 

unaffected individual is homozygous wildtype. Mutated SLC4A11 has been described in patients 

with CHED2, CDPD and late onset FECD. CDPD patients present with endothelial dystrophy at 

birth and develop sensorineural hearing loss generally in the second decade. This raises the 
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question as to whether CHED2 is unrecognised CDPD and several studies recommend monitoring 

CHED2 patients for progressive hearing loss 5, 10, 11. The Leu843Pro mutation was previously 

reported as one of two distinct mutations detected in two non-consanguineous CDPD families of 

South American Indian and Dutch background 5. The finding of this mutation in an Irish pedigree 

means that this is the most ethnically diverse mutation reported to date; the majority of reports  

have been from Indian and middle eastern populations. Additionally, studies have demonstrated 

the high conservation of the L843 residue which is located within the thirteenth transmembrane 

region 5. This is the first report of this mutation in a homozygous state.  The families in which 

L843P was identified previously were both very small with only one or two affected individuals in 

which hearing loss was diagnosed at 4 and 19 years, fitting the picture of deafness by the second 

decade as generally reported in CDPD 5.  

Within the family presented here, one individual (Figure 1, V:22) suffers from sensorineural 

hearing loss, although formal audiological evaluation was not performed in her or any of the other 

participants in this study. None of the other family members have reported hearing difficulties (age 

range 18-62 years). This suggests that a diagnosis of CHED2 rather than CDPD is appropriate. As 

corneal clouding is diagnosed at an early age with hearing loss presenting often in the teenage 

years; the concern of progression from CHED to CDPD may apply only to a small portion of 

families who have a final CDPD diagnosis.  

A number of reported SLC4A11 mutations cause both CHED2 and CDPD; an 8 bp deletion 

causing a frameshift at Arg158 has been reported to cause CDPD with hearing loss diagnosed at 5 

years 5 and CHED2 12-14 with no reports of hearing loss, though cases ranged from 9 – 13 years, so 

hearing deficits may develop subsequently. The Ser213P missense mutation causes CDPD in a 

Shepardi Jewish patient, with deafness noted at 17 years, while a Ser213Leu mutation was 

reported in a CHED patient with no comment on hearing loss at 10 years of age. Val824Met 
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causes at least CHED2 in a homozygous Indian patient who was too young for deafness to be 

assessed (2 years).  

Therefore, to date all cases of CDPD have early diagnosis of CHED2 with hearing loss detected 

by the second decade.  

 

SLC4A11 mutations have also been described in patients with late onset FECD 6, 7 though this 

gene accounts for only approximately 5% of such cases 15. While several FECD loci have been 

identified, 6, 16-21, to date no linkage analysis has mapped FECD to the CHED2 locus 22. If FECD is 

caused by heterozygous mutations of SLC4A11, a high incidence of this disease would be 

expected in populations where CHED2 is common. However, FECD is a very uncommon 

indication for corneal transplantation in countries where CHED2 is most common 1, 22. FECD is a 

common disease of corneal aging, present in about 4% of individuals over 40 years 21. Therefore, 

when considering FECD in carriers of CHED2 SLC4A11 mutations it is important to consider if 

these cases are subclinical and how many actually present with visual disturbances. FECD has 

been reported in a heterozygous parent of a CHED2 patient with homozygous SLC4A11 nonsense 

mutation at residue Cys386 23. However, the other carrier parent and a heterozygous sibling did 

not show signs of FECD. This raises the question of whether the single mutation was causative in 

this case. A homozygous Cys386Arg mutation has been reported in several CHED2 cases in 

Indian families 24 13, 25. Another site of both FECD and CHED2 mutations is residue 240. 

Trp240X homozygous mutation causes CHED2 while a heterozygous Trp240Ser mutation 

was reported in a late onset FECD case in South Asia. Furthermore, apart from these exceptions 

the mutations causing CHED2 and FECD appear to be distinct 26. While the carriers within this 

family have not been assessed formally for early clinical signs of FECD, none have reported visual 

disturbances to date.  
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Interestingly, one study has reported a significant association between hearing loss and 

sporadic FECD 27. 

 

Genetic heterogeneity may exist for CHED2 as some families have no SLC4A11 mutation 

detected 12, 13, 22, 25, 28 , however, only one CHED2 locus has been mapped 3, 4, 29. Recently in a 

study of a non-consanguineous CHED2 Thai family all affected individuals were found to be 

compound heterozygotes for a novel missense mutation (K260E) and a 68kb deletion which 

encompasses the SLC4A11 gene 30; this type of mutation may be the cause of disease in families in 

which an SLC4A11 gene mutation has not been identified to date. Sultana et al showed no 

phenotype- genotype correlation between clinical and histological parameters and the type or 

location of SLC4A11 mutation 12.  

 

The SLC4A11 gene encodes a plasma membrane borate transporter and mutations cause a loss of 

function either by preventing membrane targeting or by nonsense-mediated decay 4, 8. Of the more 

than 80 SLC4A11mutations reported to date, the majority are located in the transmembrane region. 

SLC4A11 exists as a dimer and studies demonstrate that heteromeric interactions occur between 

wildtype (WT) and mutants. Furthermore,  cell surface processing of CHED2 mutations was 

increased when co-expressed with WT, while FECD mutants were unaltered by WT protein 31. 

These findings provide an explanation for the dominant nature of FECD and recessive pattern seen 

in CHED2. It also presents the basis of a therapeutic strategy to target compounds that might 

release the intracellularly retained mutant proteins similar to the approach being used for cystic 

fibrosis. Cells transfected with various disease causing SLC4A11 gene mutations have established 

that homozygous CHED2 mutations have less than 5% of wild type activity, CHED2 

heterozygotes have 50% activity and FECD mutant displayed approximately 27% WT activity 32. 

These values define the relative levels of function required to delay or prevent visual symptoms. 
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Studies have demonstrated that endoplasmic reticulum-retained CHED2 mutant SLC4A11 

protein, including Leu843Pro, could be rescued to the plasma membrane where at least partial 

restoration of function was observed 32.  

While originally identified as a bicarbonate/ borate transporter 4, recent studies have confirmed the 

role of SLC4A11 in forming a basolateral trans-endothelial cell water pathway without a coupled 

solute transport 33, 34. Defects in this protein give rise to the fluid accumulation observed in the 

corneal stroma in CHED patients 34.  

At present the main treatment option for CHED is corneal transplantation which carries a risk for 

infection and graft rejection. Therefore alternative therapies targeted at the underlying defective 

water movement should be further investigated to minimise or restore lost capacity, thereby 

reducing fluid accumulation and the resulting visual impairment.  
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Patient 

(Position 

Figure 1) 

Age  

(y) 

Clinical history 

1  

(IV:4) 

52 Bilateral PKP, right corneal graft failure, glaucoma, nystagmus, bilateral 

cataract surgery, VA 20/200 OU 

2 

(IV:25) 

50 Bilateral PKP, left corneal graft failure, glaucoma, nystagmus, retinal 

detachment repair, bilateral cataract surgery, VA 20/200 OD, CF OS 

3 

(V:16) 

18 Left PKP, corneal graft failure, congenital glaucoma, nystagmus, VA 

20/100 OD, CF OS 

4 

(V:21) 

25 Bilateral PKP, left penetrating eye injury, nystagmus, VA 20/400 OD, 

NPL OS 

5 

(V:9) 

24 Bilateral PKP, nystagmus, VA 20/200 OU 

6 

(V:22) 

21 Bilateral PKP, left corneal graft failure, glaucoma, nystagmus, bilateral 

sensorineural hearing loss, VA CF OD, 20/200 OS 

7 

(IV:21) 

62 Bilateral PKP, glaucoma, nystagmus, VA 20/200 OD, CF OS 

8 

(V:15) 

25 Bilateral PKP, left corneal graft failure, right cataract surgery, nystagmus, 

VA 20/200 OD, HM OS 

Table 1 Demographics and clinical characteristics of CHED2 patients. The position of these 

individuals in Figure 1 is indicated.  

Abbreviations: PKP penetrating keratoplasty, OU both eyes; OD right eye; OS left eye; NPL no 

perception of light; CF counting fingers; HM hand movements; VA visual acuity 
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Figure Legend 

 

Figure 1 Pedigree structure of CHED2 family indicating disease haplotype and mutation 

screening results.  

Circles and squares represent females and males respectively; filled symbols denote affected 

individuals and clear symbols with the letter N denote unaffected individuals, carriers are indicated 

by a dot within the symbol; a diagonal line indicate that the person is deceased.  

CHED2 refers to the presence of the disease haplotype as determined in the original mapping 

study 3: +/+ indicates an individual homozygous for the disease haplotype, +/- is a heterozygous 

carrier and -/- is homozygous wild type. Similarly, the presence of the SLC4A11 L843P mutation 

is indicated in the individuals who participated in this mutation screening study.  

Several additional family members were removed for clarity.  

There are 8 affected individuals homologous for the mutation (IV:4, IV:21, IV:25, V:9, V:15, 

V:16, V:21, V:22), 4 of which were part of the original mapping study and have haplotype data 

available.  

The three heterozygous carriers (IV:16, IV:17, IV:26) had a single copy of the disease haplotype; 

the homozygous wildtype individual (V:24) does not have haplotype data available.  

 

Declaration of interest 

Declaration of interest: The authors report no conflicts of interest. The authors alone are 

responsible for the content and writing of the paper. 

 

  



  12 

References 

1.      Klintworth GK. Corneal dystrophies. Orphanet J Rare Dis 2009;4:7. 
2.      Toma NM, Ebenezer ND, Inglehearn CF, et al. Linkage of congenital hereditary endothelial 

dystrophy to chromosome 20. Hum Mol Genet 1995;4:2395-2398. 
3.      Hand CK, Callaghan M, Harmon DL, et al. Localization of the gene for autosomal recessive 

congenital hereditary endothelial dystrophy (CHED2) to chromosome 20 by 
homozygosity mapping. Genomics 1999;61:1-4. 

4.      Vithana EN, Morgan P, Sundaresan P, et al. Mutations in sodium-borate cotransporter 
SLC4A11 cause recessive congenital hereditary endothelial dystrophy (CHED2). Nat 
Genet 2006;38:755-757. 

5.      Desir J, Moya G, Reish O, et al. Borate transporter SLC4A11 mutations cause both Harboyan 
syndrome and non-syndromic corneal endothelial dystrophy. J Med Genet 2007;44:322-
326. 

6.      Vithana EN, Morgan PE, Ramprasad V, et al. SLC4A11 mutations in Fuchs endothelial 
corneal dystrophy. Human Molecular Genetics 2008;17:656-666. 

7.      Riazuddin SA, Vithana EN, Seet LF, et al. Missense mutations in the sodium borate 
cotransporter SLC4A11 cause late-onset Fuchs corneal dystrophy. Hum Mutat 
2010;31:1261-1268. 

8.      Weiss JS, Moller HU, Lisch W, et al. The IC3D classification of the corneal dystrophies. 
Cornea 2008;27 Suppl 2:S1-83. 

9.      Aldave AJ, Yellore VS, Bourla N, et al. Autosomal recessive CHED associated with novel 
compound heterozygous mutations in SLC4A11. Cornea 2007;26:896-900. 

10.      Desir J, Abramowicz M. Congenital hereditary endothelial dystrophy with progressive 
sensorineural deafness (Harboyan syndrome). Orphanet J Rare Dis 2008;3:28. 

11.      Siddiqui S, Zenteno JC, Rice A, et al. Congenital hereditary endothelial dystrophy caused 
by SLC4A11 mutations progresses to Harboyan syndrome. Cornea 2014;33:247-251. 

12.      Sultana A, Garg P, Ramamurthy B, et al. Mutational spectrum of the SLC4A11 gene in 
autosomal recessive congenital hereditary endothelial dystrophy. Mol Vis 2007;13:1327-
1332. 

13.      Hemadevi B, Veitia RA, Srinivasan M, et al. Identification of Mutations in the SLC4A11 
Gene in Patients With Recessive Congenital Hereditary Endothelial Dystrophy. Arch 
Ophthalmol 2008;126:700-708. 

14.      Aldahmesh MA, Khan AO, Meyer BF, et al. Mutational Spectrum of SLC4A11 in 
Autosomal Recessive CHED in Saudi Arabia. Investigative Ophthalmology & Visual 
Science 2009;50:4142-4145. 

15.      Han SB, Ang HP, Poh R, et al. Mice with a targeted disruption of Slc4a11 model the 
progressive corneal changes of congenital hereditary endothelial dystrophy. Invest 
Ophthalmol Vis Sci 2013;54:6179-6189. 

16.      Biswas S, Munier FL, Yardley J, et al. Missense mutations in COL8A2, the gene encoding 
the alpha2 chain of type VIII collagen, cause two forms of corneal endothelial dystrophy. 
Hum Mol Genet 2001;10:2415-2423. 

17.      Riazuddin SA, Eghrari AO, Al-Saif A, et al. Linkage of a Mild Late-Onset Phenotype of 
Fuchs Corneal Dystrophy to a Novel Locus at 5q33.1-q35.2. Investigative Ophthalmology 
& Visual Science 2009;50:5667-5671. 

18.      Riazuddin SA, Vasanth S, Katsanis N, et al. Mutations in AGBL1 Cause Dominant Late-
Onset Fuchs Corneal Dystrophy and Alter Protein-Protein Interaction with TCF4. The 
American Journal of Human Genetics 2013;93:758-764. 



  13 

19.      Riazuddin SA, Zaghloul NA, Al-Saif A, et al. Missense Mutations in TCF8 Cause Late-
Onset Fuchs Corneal Dystrophy and Interact with FCD4 on Chromosome 9p. The 
American Journal of Human Genetics 2010;86:45-53. 

20.      Sundin OH, Broman KW, Chang HH, et al. A Common Locus for Late-Onset Fuchs 
Corneal Dystrophy Maps to 18q21.2-q21.32. Investigative Ophthalmology & Visual 
Science 2006;47:3919-3926. 

21.      Sundin OH, Jun AS, Broman KW, et al. Linkage of Late-Onset Fuchs Corneal Dystrophy to 
a Novel Locus at 13pTel-13q12.13. Investigative Ophthalmology & Visual Science 
2006;47:140-145. 

22.      Aldave AJ, Han J, Frausto RF. Genetics of the corneal endothelial dystrophies: an evidence-
based review. Clin Genet 2013;84:109-119. 

23.      Kim JH, Ko JM, Tchah H. Fuchs Endothelial Corneal Dystrophy in a Heterozygous Carrier 
of Congenital Hereditary Endothelial Dystrophy Type 2 with a Novel Mutation in 
SLC4A11. Ophthalmic Genet 2014. 

24.      Ramprasad VL, Ebenezer ND, Aung T, et al. Novel SLC4A11 mutations in patients with 
recessive congenital hereditary endothelial dystrophy (CHED2). Human Mutation 
2007;28:522-523. 

25.      Paliwal P, Sharma A, Tandon R, et al. Congenital hereditary endothelial dystrophy - 
mutation analysis of SLC4A11 and genotype-phenotype correlation in a North Indian 
patient cohort. Mol Vis 2010;16:2955-2963. 

26.      Vilas GL, Morgan PE, Loganathan SK, et al. A Biochemical Framework for SLC4A11, the 
Plasma Membrane Protein Defective in Corneal Dystrophies. Biochemistry 2011;50:2157-
2169. 

27.      Stehouwer M, Bijlsma WR, Van der Lelij A. Hearing disability in patients with Fuchs' 
endothelial corneal dystrophy: unrecognized co-pathology? Clin Ophthalmol 
2011;5:1297-1301. 

28.      Jiao X, Sultana A, Garg P, et al. Autosomal recessive corneal endothelial dystrophy 
(CHED2) is associated with mutations in SLC4A11. J Med Genet 2007;44:64-68. 

29.      Mohamed MD, McKibbin M, Jafri H, et al. A new pedigree with recessive mapping to 
CHED2 locus on 20p13. Br J Ophthalmol 2001;85:758-759. 

30.      Puangsricharern V, Yeetong P, Charumalai C, et al. Two novel mutations including a large 
deletion of the SLC4A11 gene causing autosomal recessive hereditary endothelial 
dystrophy. British Journal of Ophthalmology 2014;98:1460-1462. 

31.      Vilas GL, Loganathan SK, Quon A, et al. Oligomerization of SLC4A11 protein and the 
severity of FECD and CHED2 corneal dystrophies caused by SLC4A11 mutations. 
Human Mutation 2012;33:419-428. 

32.      Loganathan SK, Casey JR. Corneal Dystrophy-Causing SLC4A11 Mutants: Suitability for 
Folding-Correction Therapy. Human Mutation 2014;n/a-n/a. 

33.      Jalimarada SS, Ogando DG, Vithana EN, et al. Ion transport function of SLC4A11 in 
corneal endothelium. Invest Ophthalmol Vis Sci 2013;54:4330-4340. 

34.      Vilas GL, Loganathan SK, Liu J, et al. Transmembrane water-flux through SLC4A11: a 
route defective in genetic corneal diseases. Hum Mol Genet 2013;22:4579-4590. 

 



  14 

Figure 1 

 

 


