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Delayed onset of congenital hereditary endothelial dystrophy due to 
compound heterozygous SLC4A11 mutations
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Background: Congenital hereditary endothelial dystrophy (CHED) is an autosomal recessive disorder 
characterized by bilateral, symmetrical, noninflammatory corneal clouding (edema) present at birth or 
shortly thereafter. This study reports on an unusual delayed presentation of CHED with compound 
heterozygous SLC4A11 mutations. Materials and Methods: A 45‑year‑old female, presenting with bilateral 
decreased vision since childhood that deteriorated in the last 5 years, was evaluated to rule out trauma, viral 
illness, chemical injury, glaucoma, and corneal endothelial dystrophies. Tear sample was sent for herpes 
simplex viral (HSV) antigen testing. Genomic DNA from peripheral blood was screened for mutations in 
all exons of SLC4A11 by direct sequencing. Full‑thickness penetrating keratoplasty was done and corneal 
button was sent for histopathological examination. Results: Slit‑lamp findings revealed bilateral diffuse 
corneal edema and left eye spheroidal degeneration with scarring. Increased corneal thickness (762 µm 
and 854 µm in the right and left eyes, respectively), normal intraocular pressure (12 mmHg and 16 mmHg 
in the right and left eyes, respectively), inconclusive confocal scan, and specular microscopy, near normal 
tear film parameters, were the other clinical features. HSV‑polymerase chain reaction was negative. 
Histopathological examination revealed markedly thickened Descemet’s membrane with subepithelial 
spheroidal degeneration. SLC4A11 screening showed a novel variant p.Ser415Asn, reported mutation 
p.Cys386Arg and two polymorphisms, all in the heterozygous state and not identified in 100 controls. 
Conclusions: The study shows, for the first time, compound heterozygous SLC4A11 mutations impair 
protein function leading to delayed onset of the disease.
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Congenital hereditary endothelial dystrophy (CHED) is a rare 
congenital corneal condition which primarily affects corneal 
endothelium and usually manifests at birth or within a few 
years of life in the form of diffuse corneal haze, diminution 
of vision, with or without the presence of nystagmus and 
epiphora. Previously, CHED used to be classified as autosomal 
recessive (CHED2) and autosomal dominant (CHED1); 
however, recent ICD3 classification has done away with this 
distinction due to insufficient evidence for the existence of the 
autosomal dominant form.[1]

CHED gene (OMIM 217700) was identified as the 
bicarbonate transporter‑related (BTR) SLC4A11 (solute carrier 
family 4, member 11; also known as BTR1, or sodium borate 
cotransporter 1)[2] and involvement of SLC4A11 was later 
confirmed in several studies.[3‑10]

The disease is diagnosed on the basis of its characteristic 
clinical features of corneal appearance, age at onset, bilateral 

involvement, absence of vascularization, and inheritance 
pattern. The diagnosis is further supported by histopathological 
and genetic findings.[11‑13]

We report here, CHED in a middle‑aged female with 
unusually delayed presentation of the dystrophy and 
heterozygous SLC4A11 mutations diagnosed on the basis of 
extensive clinical, histopathological, and genetic evaluations.

Materials and Methods
Clinical profile
Informed written consent was taken for clinical examination, 
histopathological study of corneal button and genetic analysis. 
A detailed clinical history was taken to establish the natural 
history of the disease process. The patient was evaluated using 
slit‑lamp biomicroscopy, applanation tonometry (Tono‑Pen), 
ultrasound pachymetry; tear film breakup time and Schirmer 
test, specular and confocal microscopy. Ultrasound biometry 
was done to evaluate posterior segment as the fundus was 
not visible in either eye. The patient underwent full‑thickness 
penetrating keratoplasty in the left eye and the corneal button 
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obtained was fixed in 10% buffered formalin and cut into 4‑µM 
thick sections using paraffin blocks. The sections were stained 
with hematoxylin and eosin, periodic acid–Schiff, and Congo 
red dyes and analyzed under a light microscope.

Genetic profile
About 5‑ml peripheral blood was drawn from the patient 
and 100 controls in ethylenediaminetetraacetic acid vials 
and processed for genomic DNA isolation. The DNA 
samples were used for polymerase chain reaction (PCR) 
amplification, using primers as described previously.[6] The 
reaction mixture was prepared using 80–120 ng DNA, specific 
primers (0.5 µM each), MgCl2 (1.5 mM), deoxyribonucleotide 
triphosphates (dNTPs; 0.2 mM), 1 × PCR buffer (Promega, 
USA), and Taq polymerase (0.5 U) (Go‑Taq, Promega, USA) 
in a thermocycler (ABI 9700, Applied Biosystems Inc., Foster 
City, CA, USA). The PCR products were processed for gel 
purification using QIAamp gel extraction kits (Qiagen, GmBH, 
Hilden). The amplified products were sequenced directly 
with BigDye Terminator Mix Version 3.1 (Applied Biosystems 
Inc., Foster City, CA, USA) according to the manufacturer’s 
instructions and were then analyzed on an ABI‑3100 Genetic 
Analyzer (Applied Biosystems Inc., Foster City, CA, USA). 
Nucleotide sequences for the coding regions were compared 
with the nucleotide sequence of the published SLC4A11 human 
complementary DNA (NM_032034). In silico analyses was 
done using sorting intolerant from tolerant (SIFT), PolyPhen‑2, 
MutationTaster, PANTHER, and I‑Mutant v2.0 tools to analyze 
the pathogenicity of the missense mutations identified in the 
patient. Human Splicing Finder (HSF), Version 3.0, was used 
to predict the splicing effect of the missense mutation.

Results
The patient aged 45 years presented with a complaint of 
diminution of vision in both eyes for the past 5 years. She had 
decreased vision in both eyes since childhood that deteriorated 
in the last 5 years. No documentation was available as the 
patient had presented for the first time to an ophthalmologist. 
There was no history of watering, recurrent pain, redness, and 
involuntary movements such as nystagmus. The patient was 
evaluated for evidence and history of ocular trauma, recurrent 
viral illness, chemical exposure, thermal burn, and glaucoma 
which were ruled out. The patient had no history of the past 
episodes of symptomatic viral keratitis. Tear sample PCR was 
done for herpes simplex viral antigen which was found to be 
negative. Family history was negative for similar ocular illness.

Slit‑lamp evaluation revealed bilateral diffuse corneal haze 
extending from limbus to limbus. Yellow golden spherules 
located in the subepithelial region, consistent with the 
diagnosis of spheroidal degeneration,[14] were visible in central 
cornea of the left eye [Fig 1]. The distribution of spheroidal 
degeneration was mostly limited to the interpalpebral area. 
Descemet’s layer appeared thickened in both eyes on slit‑lamp 
examination. Pachymetry showed bilateral increased central 
corneal thickness (762 µm and 854 µm in the right and left eyes, 
respectively). Intraocular pressure and tear film parameters 
were found to be within normal limits. Histopathological 
examination of the left eye and the corneal button under a 
light microscope revealed subepithelial and anterior stromal 
spheroidal degeneration lesions, stromal edema with lamellar 
separation, and markedly thickened Descemet’s membrane 

with rare degenerative endothelial cells [Fig. 2a and b]. 
Screening of the SLC4A11 gene revealed the presence of a 
novel change in exon 10 at position c. 1244G>A (p.Ser415Asn) 
replacing serine with asparagine and a second reported change 
in exon 9 at position c. 1156T>C (p.Cys386Arg) replacing 
cysteine with arginine.[15] Apart from this, two single nucleotide 
polymorphisms (SNPs) rs2281575 and rs3803953 were also 
seen. All these changes were in the heterozygous state and 
were absent in 100 normal controls.

The SIFT, PolyPhen‑2, MutationTaster, PANTHER, and 
I‑Mutant v2.0 analysis showed the mutations to be damaging 
which affected the SLC4A11 protein function or structure and not 
tolerated across the species. The HSF, Version 3.0, revealed that 
p.Cys386Arg mutation to be affecting the splicing site [Table 1].

Discussion
CHED patients present with severe corneal clouding at birth 
and the condition is relatively stationary. Usually, these 
patients have associated nystagmus with minimal or no 
photophobia and watering. Besides these clinical features, 
CHED patients on histopathological examination present 
with diffuse stromal edema, lamellar separations within the 
stromal layers, thickened Descemet’s membrane, and sparse 
degenerative endothelial cells irrespective of the type of CHED. 
Genetic studies in patients with CHED in recent years have 
revealed chromosome 20p13 as an important locus,[15] and 
SLC4A11 gene in this region has been linked to its causation.[2‑8]

CHED which normally presents within a few years of birth 
is very unusual to be presented at an age of 45 years. To the 
best of our knowledge, this is the first case to be reported at 
this age. The probable explanation for this late presentation 
is comparatively slow progression or relatively stationary 
nature of the disease that might be the reason behind the 
good ambulatory vision of the patient till the age of 40 years. 
Female gender along with poor socioeconomic conditions in 
a developing country appears to be the additional reasons for 
not seeking medical attention for the extended duration.

The common differential diagnoses were bilateral hazy 
cornea which included bilateral physical trauma, chemical injury, 
glaucoma, recurrent viral keratitis, etc., before reaching the 

Figure 1:  Bilateral diffuse corneal haze with left eye showing spheroidal 
degeneration and corneal scarring
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diagnosis of CHED. History of bilateral physical trauma could 
be easily ruled out by clinical history. There was no evidence of 
conjunctival cicatrization, and corneal vascularization, tear film 
parameters were normal; history for chemical injury was negative 
which ruled out bilateral chemical burns in the past. Optic disc 
was not visible in both eyes making it difficult to comment on 
evidence of long‑term glaucoma, but with the negative clinical 
history of the recurrent painful red eye and stationary ambulatory 
vision for such a long time ruled out glaucoma. Similarly, it is 
highly unlikely for the patient to develop bilateral diffuse corneal 
haze without symptomatic recurrences of viral keratitis. Tear film 
PCR for herpes simplex was negative which rules out evidence 
of viral keratitis. Fuchs’ endothelial corneal dystrophy (FECD) is 
another differential diagnosis but is unlikely again due to poor 
vision since childhood and relatively stationary nature of the 
disease while FECD is a progressive disease of the fourth to fifth 
decade.[16] Further, no evidence of guttae changes was visible on 
slit‑lamp examination to support this diagnosis.

Histopathological features suggested severe endothelial 
damage evident by very sparse degenerative endothelial cells 

with markedly thickened Descemet’s membrane along with 
secondary changes in corneal stroma denoting long‑term 
endothelial insult. These histopathological features were 
compatible with the diagnosis of CHED.[2] Further spheroidal 
degeneration in subepithelial as well as anterior stroma has 
also been described as an association with CHED.[1,17] Evidence 
from genetic analysis of SLC4A11 also supported CHED 
diagnosis.

SLC4A11 proteins facilitate the water flux across 
membranes.[18] Mutations in SLC4A11 are reported to result in 
proteins which are misfolded and retained in the endoplasmic 
reticulum.[18] A study has shown that heterozygous SLC4A11 
mutations partially rescue cell surface trafficking of the wild 
type (WT) SLC4A11 proteins as it was functionally able to 
carry out the role of transport at the cell surface.[19] The study 
measured functional activity of SLC4A11 protein which 
differed in CHED affected and CHED carriers (heterozygous) 
and suggested that about 25% of the water flux activity helps 
in restoration of WT function and delays the disease onset, and 
about 60% of the WT activity prevents the disease symptoms.[20]

This study reports, for the first time, a case of CHED 
presented at the age of 45 years in a female patient. One novel 
and one reported heterozygous SLC4A11 change have been 
identified along with two SNPs. The changes as predicted by 
bioinformatics tools are seen to be damaging and deleterious. 
HSF‑V3.0 revealed that the p.Cys386Arg mutation occurs in 
the exonic position and thereby may affect the exonic splicing 
enhancer (ESE) site. This ESE site is necessary for recognition 
of splice sites by other cellular molecules. Therefore, mutation 
on this site might alter the splicing and thus affect the protein 
structure. CHED is a recessive disorder, but in our case, all 
variants identified were in the heterozygous state and it is 
speculated that the disease might occur due to compound 
heterozygous changes.[3,7] A study on transfected human 
embryonic kidney cells, analyzed the effect of heterozygous 
mutations on SLC4A11 protein level, were analyzed in a study 
which revealed that two of the three heterozygous mutations r 
significantly lowered the expression levels of SLC4A11 protein 
as compared to the WT.[21] Therefore, it is envisaged that the 
heterozygous mutations of the present study may have a mild 
effect on the protein function and levels and thereby may have 
resulted in the late onset of the disease.

Figure 2: (a) Histopathological specimen showing subepithelial 
spheroidal degeneration (×10) in the form of multiple eosinophilic 
globules with stromal lamellar separation (Descemet’s membrane 
separated from stroma during processing of the specimen). (b) Grossly 
thickened Descemet’s membrane with degenerated endothelial 
cells (×20)

a b

Table 1: Pathogenicity prediction of the mutations using various bioinformatics tools

Gene 
SLC4A11

Mutations Bioinformatics Prediction tools

Exon Nucleotide 
Change

Position Mutation taster 
(p*)

Human 
Splicing Finder 
Version 2.4.1

PolyPhen2(score¥) Panther
(output€)

I-Mutant2.0
(RI≠)

SIFT
(score**)

Exon 9 c.1244G>A p.S415N Disease causing 
(0.9999)

Does not affect 
splicing

Possibly damaging 
(0.837)

Deleterious 
(0.582)

Stability 
increase (3.0)

Damaging 
(0.02)

Exon 10 c.1156T>C p.C386R Disease causing 
(0.9999)

Affects splicing 
at donor splice 
sites

Probably damaging 
( 0.997)

Deleterious 
(0.711)

Stability 
decrease (4.0)

Damaging 
(0)

p*: prediction probability, value close to 1 indicates high security of prediction. ¥PolyPhen2 score: value close to ≤ 0.05 show benign mutation, >0.05 predicts 
‘possibly damaging’ (supposed to affect protein structure or function), and ‘probably damaging’ (high confidence of affecting protein function or structure. 
€Panther output value: If >0.5 mutation is predicted as Diseased. ≠RI: Reliability Index scoring between 0 (unreliable) to 10 (reliable). **SIFT score: ‘0’ to <0.05 
indicates  damaging mutation
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Conclusions
The diagnosis of CHED at this unusual age might be missed 
easily, but it becomes mandatory to suspect CHED, especially if 
the patient presents with a history of poor bilateral vision that 
is relatively stationary since childhood and when the obviously 
common causes are excluded.
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