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Abstract

Purpose To identify the molecular genetic

cause of macular corneal dystrophy (MCD) in

four probands, and characterize phenotypic

similarities between MCD and keratoconus.

Methods We performed ophthalmological

examination, Scheimpflug imaging (Pentacam,

Oculus Inc.), histopathological examination of

excised corneal buttons, and direct sequencing

of the CHST6 coding region.

Results Pentacam measurements were taken

in six eyes of three probands. All showed

diffuse corneal thinning with paracentral

steepening of the anterior corneal surface

that was graded as keratoconus by the

integrated software, but without associated

ectasia of the posterior corneal surface or

regional thinning. Homozygous or compound

heterozygous CHST6 mutations were

identified in all cases, including two novel

mutations, c.13C4T; p.(Arg5Cys) and

c.289C4T; p.(Arg97Cys).

Discussion Localized elevation of the

anterior corneal curvature can occur in MCD

in the absence of other features of

keratoconus. The identification of a further

two Czech probands with the compound

allele c.[484C4G; 599T4G] supports the

enrichment of this allele in the study

population.
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Introduction

Macular corneal dystrophy (MCD, OMIM

#217800) is an autosomal recessive condition

characterized by gray–white stromal opacities

with indistinct borders, and haze of the

intervening stroma.1 Corneal thinning is an

important clinical feature of MCD.2 MCD is

caused by mutations within the CHST6 gene

and is a rare disorder.1 CHST6 encodes the

enzyme carbohydrate (N-acetylglucosamine 6-O)

sulfotransferase 6 that catalyzes the transfer

of a sulfate group to the GlcNAc residues

of keratan sulfate, and disease-causing

mutations result in abnormal deposition of

glycosaminoglycans in corneal stroma,

keratocytes, Descemet membrane, and the

corneal endothelium.1,3

Keratoconus is a complex disorder

characterized by bilateral thinning and ectasia

of the cornea. It has a strong genetic component

and the prevalence is estimated to be between

29 and 229 per 100 000 depending on the

population studied.4,5 Corneal ectasia and

thinning, hallmarks of keratoconus, have also

been reported in patients with other corneal

dystrophies, which has prompted a debate as to

whether there could be a common etiology in

some affected individuals.6,7

We therefore screened CHST6 for mutations

in patients diagnosed with MCD and used

Scheimpflug imaging to look for features of

keratoconus. Excised corneal buttons were

examined when available.

Materials and methods

The research was conducted in accordance with

the Declaration of Helsinki and institutional

ethical committee approval was obtained. We

examined four previously unreported probands

(three females and one male) diagnosed with

MCD as well as one previously genotyped

individual.8 Both parents of probands 1, 3, 4, 5

were of white Czech origin, while proband 2

was the child of Moroccan and white Czech

parents. Pentacam (Oculus Inc., Wetzlar,

Germany) analysis with the automated

keratoconus detection software was performed

in individuals 1, 2, and 5. Individual 4 had

bilateral grafts and individual 3 had such

advanced disease that image capture was

impossible. Only the anterior surface of the
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right cornea of individuals 1 and 5 could be reliably

evaluated. Measurements were compared with an

individual with keratoconus without any other corneal

disorder.

DNA of the cases and available first degree relatives

was extracted from venous blood samples using Gentra

Puregene Blood Kit (Qiagen, Hilden, Germany)

according to the manufacturer’s protocol. Coding exons

of CHST6 were amplified and sequenced as previously

described.8,9 NCBI NM_021615.4 was used as the

reference sequence. Mutation description followed

current recommendations of Human Genome Variation

Society (HGVS) (http://www.hgvs.org/mutnomen/).10

The 1000 Genomes dataset (http://browser.1000genomes.

org/index.html) and the Exome Variant Server (EVS,

http://evs.gs.washington.edu/EVS/) were examined to

determine the frequency of previously unreported

sequence variants identified. Potential pathogenicity of

missense variants was evaluated using PolyPhen2,11

MutPred,12 and SNPs&GO algorithms.13

Corneal buttons obtained after right penetrating

keratoplasties of probands 2, 3, and 4 were dissected,

snap frozen in liquid nitrogen, and embedded in Optimal

Cutting Temperature Compound. Tissue was

cryosectioned at a thickness of 7mm and stained with

haematoxylin–eosin and Alcian blue for morphological

assessment by light microscopy.

Results

Clinical characteristics and observed genotypes are

shown in Table 1. Segregation of the identified mutations

in available first degree relatives of probands 1, 2, and 4

confirmed that each mutation has been located on a

separate chromosome. Proband 3 was the only person

studied within the family. The topography data is

summarized in Table 2. The family history for MCD

was negative in all cases, which is consistent with an

autosomal recessive mode of inheritance. Slit-lamp

biomicroscopy showed typical changes of MCD,

gray–white stromal opacities with indistinct borders and

haze of the intervening stroma, without features of

keratoconus in all cases.

In all of the six eyes analyzed, a keratoconus pattern

could be distinguished on anterior sagittal curvature

maps. Examination of the posterior elevation maps using

best fit sphere, posterior sagittal curvature, pachymetry

maps, and corneal thickness spatial profiles showed

diffuse thinning without focal ectasia (Figures 1a and b),

which was supported by manual inspection of the

Table 1 Clinical data and genotypes of probands with macular corneal dystrophy

Case

no/gender Subjective age

of onset (y)

Age at

examination

(y)

BCVA

prior to

PK

Age at

PK

CHST6 genotypes Mutations at protein level

RE LE RE LE

1/F 15 18 0.33 0.66 19 NP c.[484C4G; 599T4G];[484C4G; 599T4G] p.[(Arg162Gly; Leu200Arg)];[(Arg162Gly; Leu200Arg)]

2/F 15 37 0.25 0.5 37 NP c.[1A4T];[484C4G; 599T4G] p.[Met1?];[(Arg162Gly; Leu200Arg)]

3/F 26 32 0.33 0.33 32 33 c.[289C4T(;)1046G4A] p.[(Arg97Cys(;)Cys349Tyr)]

4/M 26 30 0.33 0.5 30 33 c.[13C4T];[1046G4A] p.[(Arg5Cys)];[(Cys349Tyr)]

5/Fa 16 18 0.66 0.66 NP NP c.[484C4G; 599T4G];[?] p.[(Arg162Gly; Leu200Arg)];[?]

Abbreviations: BCVA, best corrected visual acuity; LE, left eye; NP, not performed; PK, penetrating keratoplasty; RE, right eye; y, year.
aMolecular genetic findings in case 5 have been previously reported.8

In case 3 segregation analysis of mutations in the family was not performed therefore a possibility remains that there is a deletion of the second allele as

delineated by the HGVS nomenclature with (;). In case 5, screened previously for CHST6 coding sequence variants, mutation in the second allele has not

been identified as delineated by the HGVS nomenclature with [?].

Table 2 Pentacam measurements of six corneas with macular corneal dystrophy

Case no/eye K1 (D) K2 (D) TKCa CCT (mm) Thinnest (mm) Apex (mm) Pattern and localization of steepening
on anterior sagittal maps

1/RE 50.8 55.4 2–3 420 371 422 Central and inferotemporal
1/LE 46.5 52.9 2 375 335 374 Inferior (asymmetric bow tie with skewed radial axes)
2/RE 42.1 46.2 1–2 438 428 436 Inferotemporal
2/LE 43.4 45.2 1 427 416 425 Inferotemporal
5/RE 42.3 43.8 2 409 396 399 Inferotemporal
5/LE 45.6 47.7 2-3 418 382 419 Inferotemporal

Abbreviations: CCT, central corneal thickness; D, diopter; K1, flat keratometry; K2, steep keratometry; LE, left eye; RE, right eye; TKC, topographic

keratoconus classification.
aAs evaluated by keratoconus software module.
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Figure 1 Scheimpflug imaging of macular corneal dystrophy and keratoconus corneas. Anterior sagittal curvature, pachymetry, and
posterior elevation maps of the right cornea of proband 1 (a) and the right cornea of proband 5 (b), note diffuse thinning on pachymetry
map and lack of posterior elevation in both a and b. Right cornea of a patient with keratoconus, note localized ectasia observed on all three
maps (c). Corneal thickness spatial profile of the right cornea of proband 5, note uniformly thin cornea shown by a red line (d). Single
Scheimpflug image of the right cornea of proband 1 further documenting diffuse thinning; imbedded image shows meridian of capture (e).
Corneal thickness spatial profile of keratoconic cornea, note progressive thinning towards the corneal center (f). Single Scheimpflug image of
the right cornea of a keratoconus patient documenting localized paracentral thinning, imbedded image shows meridian of capture (g).
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individual Scheimpflug images (Figure 1e). These

observations are in contrast to the focal thinning and

posterior corneal elevation seen in the patient with

keratoconus (Figures 1c, f and g). Histopathological

examination of all three corneas from probands 2–4

confirmed the presence of corneal thinning together with

characteristic glycosaminoglycan deposits that stained

positive with Alcian blue, in keratocytes, endothelial

cells, and extracellularly in the stroma and Descemet

membrane (data not shown).

Two novel CHST6 mutations, c.13C4T; p.(Arg5Cys)

and c.289C4T; p.(Arg97Cys), and four previously

reported disease-causing mutations were identified

(Table 1, Supplementary Material). The novel missense

mutations were not found in sequence variant databases.

MutPred indicated p.(Arg5Cys) to be possibly harmful

with an overall score of g¼ 0.556 and Polyphen2 as

damaging scoring 1.000, whereas SNPs&GO evaluated

the mutation as neutral with a reliability index of 8.

All three tools predicted p.(Arg97Cys) to be deleterious

(PolyPhen2 scored it 1.000, MutPred 0.789, and

SNPs&GO as disease related with a reliability index of 9).

Within the compound allele c.[484C4G; 599T4G], the

variant at position 484 is a common polymorphism in

linkage disequilibrium with the disease-causing

mutation at position 599.8

Discussion

It has been suggested that the concomitant occurrence of

keratoconus and various other corneal dystrophies may

be higher than would be expected by chance.6 Regular

corneal astigmatism and corneal thinning are

characteristic features of MCD.2 Corneal astigmatism

and corneal thinning are also features of keratoconus,

and in this respect the phenotype of the two conditions

is similar. MCD is an autosomal recessive corneal

dystrophy with an identified genetic cause; however,

the contribution of genetic factors to the development of

keratoconus is not known.14 Given our current lack

of knowledge of the cause of keratoconus, it is

important to determine whether there is any potential

involvement of the CHST6 gene or associated pathways.

Interestingly, concurrent keratoconus and MCD has

been previously described in five cases,15–18 and one of

the linked loci for keratoconus (16q22.3-q23.1) contains

the CHST6 gene.19

When we used the Pentacam Scheimpflug system

to evaluate anterior corneal surface parameters in

cases with MCD, there was a pattern suggestive of

keratoconus in all six eyes that were examined.

However, there was not an associated elevation of the

posterior corneal surface. Importantly, in contrast to

the changes that characterize keratoconus in which

there is localized stromal thinning, corneas with MCD

showed diffuse thinning that involved the whole

diameter of the cornea. Diffuse corneal thinning was

also present on histopathological examination of

corneas with MCD compared with control corneal

specimens. Therefore evaluation of the anterior corneal

surface in isolation can give indices that spuriously

suggest the presence of keratoconus, and correlation

with posterior corneal elevation maps and regional

pachymetry is required.20,21 The origin of the apparent

anterior corneal elevation is uncertain, but the stromal

deposits of MCD probably affect the quality of data

capture.

Pathogenic mutations within CHST6 were found in all

four probands with MCD, including two novel missense

mutations; c.13C4T; p.(Arg5Cys) and c.289C4T;

p.(Arg97Cys) were considered disease-causing based on

their absence in sequence variant databases and

bioinformatic analysis. Over the last 10 years we have

examined 17 affected individuals from 12 families with

MCD at the Department of Ophthalmology in Prague.

The complex allele with a polymorphic missense variant

in linkage disequilibrium with the causative mutation

c.[484C4G; 599T4G]; p.[Arg162Gly; Leu200Arg] was

found in 8 of the 12 families of this Czech MCD cohort,

with two homozygous probands and a further six

probands who were heterozygous.8

In conclusion, our results suggest that the change in

anterior corneal curvature and diffuse corneal thinning is

a phenocopy of the changes that occur in keratoconus.

The apparent ectasia in this cohort of patients with MCD

differs in several important aspects from the changes that

define keratoconus. Thinning and corneal distortion is to

be expected if there is dysregulation of keratan sulfate

proteoglycan synthesis or catabolism that influences

corneal structure.22

Summary

What was known before
K Corneal thinning is an important clinical feature of

macular corneal dystrophy.

K Corneal astigmatism and corneal thinning are also
features of keratoconus, and in this respect the phenotype
of the two conditions is similar.

What this study adds

K Localized elevation of the anterior corneal curvature can
occur in macular corneal dystrophy in the absence of
other features that would define a diagnosis of
keratoconus.

K The identification of a further two Czech probands with
the compound allele c.[484C4G; 599 T4G] supports the
enrichment of this allele in the study population.

K Two novel CHST6 mutations were also found.
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