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Macular corneal dystrophy (MCD) is subdivided into three immunophenotypes, MCD types
I, IA and II, based on the reactivity of serum and corneal tissue to an antibody that recognises
sulfated keratan sulfate (KS).1 In MCD type I (MCD-I), antigenic KS is undetectable in both
serum and cornea, while in MCD-II it is present at normal or subnormal levels in serum, and
is evident immunohistochemically in the corneal stroma. In MCD-IA, antigenic KS is absent
from serum and extracellular stromal matrix, but is detected in keratocytes. Mutations of the
carbohydrate sulfotransferase gene, CHST6, have been identified as causative for MCD.2 This
study investigated the distribution of differentially sulfated KS in cornea in the three main
MCD immunophenotypes.

Materials And Methods
Serum and postoperative corneal tissue from three unrelated individuals with MCD from three
Japanese families were studied. As control tissue, two paraffin blocks of eyes resected for
malignant melanoma and containing intact, undiseased cornea were used. Relevant ethical
committees approved the protocol.

Serum KS was quantified using the anti-KS monoclonal antibody 5D4 (Seikagaku Kogyo,
Japan) in an enzyme-linked immunosorbent assay (ELISA).1 This antibody was also used to
immunolocalise antigenic KS in cornea using published methods.3

PCR-direct sequence was performed according to a previous report.2 Deparaffinised serial
sections were stained with Alcian Blue for acidic substrates including sulfated KS. Tomato
lectin (LEL, Vector Laboratories, Burlingame, CA) was used to detect more than three repeat
Galβ1→4GlcNAc residues (ie, an unsulfated form of KS), and high-iron diamine (HID) to
detect low sulfated KS.4

Correspondence to: Professor K Nishida, Department of Ophthalmology, Tohoku University School of Medicine, 1-1 Seiryomachi, Aoba-
ku, Sendai, 980-8574, Japan; E-mail: knishida@oph.med.tohoku.ac.jp.
Competing interests: None.
Ethics approval: Relevant ethical committees approved the protocol.
Patient consent: To be provided.

NIH Public Access
Author Manuscript
Br J Ophthalmol. Author manuscript; available in PMC 2009 July 15.

Published in final edited form as:
Br J Ophthalmol. 2008 October ; 92(10): 1434–1436. doi:10.1136/bjo.2008.139527.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Results
Patients 1 and 2 had serum KS levels below the detection limit of the ELISA and were
categorised as MCD-I or IA. Patient 3 had normal KS levels and was designated as MCD-II
(table 1). Patient 1 showed no immunoreactivity for 5D4 in cornea and was further subclassified
as MCD-I; positive 5D4 label in epithelial cells and keratocytes in patient 2 indicated MCD-
IA (fig 1A). In MCD-I, the superficial epithelium, stroma and endothelium all stained with
LEL, pointing to a widespread distribution of poly-N-acetyllactosamine, or unsulfated KS. In
MCD-IA and -II, the superficial epithelium, endothelium and keratocytes were positive for
LEL, but, with the exception of focal, subepithelial deposits, stromal lamellae did not stain.
Thus, as in normal cornea, the stromal matrix in MCD-IA and MCD-II contains little or no
unsulfated KS, whereas the stroma of MCD-II does. In all immunophenotypes, HID staining
for low-sulfated KS was seen in the stromal matrix and endothelium, but not the epithelium.
In MCD-II, HID staining was most prevalent in keratocytes (fig 1A).

A previously reported missense mutation was found in MCD-I.2 In MCD-IA, a new
replacement mutation was discovered in the coding region of CHST6 in one allele. MCD-II
showed no mutation in the CHST6 coding region (table 1).

Comment
Sulfated KS in MCD cornea has been studied using the anti-KS antibody 5D4 at the light- and
electron-microscopic levels.1 5 Unsulfated KS has also been examined by electron microscopy
using the lectin Erythrina cristagalli agglutinin (ECA),6 and the anti-i antibody.5 Here, we
used probes to sulfated, low-sulfated and unsulfated KS to establish their tissue distribution in
the three main MCD immunophenotypes (fig 1A). This is summarised, along with genetic
information, in fig 1B. The mutation in MCD-IA does not cause a frame shift, but the number
of amino acid increases, which might lead to changes in the conformation of C-GlcNAc6ST,
the product and a decrease in enzymatic activity. We predict that in MCD-II, unfound mutations
in the promoter/enhancer region of CHST6 occur, and that the activity of C-GlcNAc6ST itself
remains, but with abnormalities in the distribution pattern of KS.
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Figure 1.
(A) Distribution of poly-N-acetyllactosamine (ie, unsulfated keratan sulfate (KS)), low-
sulfated KS and sulfated KS in normal, acular corneal dystrophy (MCD)-I, IA and II corneas.
Tissue sections were stained with Alcian Blue (AB) and with tomato lectin (LEL) for poly-N-
acetyllactosamine, HID for low-sulfated KS and 5D4 for sulfated KS. Bar, 100 μm. (B) Scheme
indicating the genetic and stromal KS differences in the three MCD immunophenotypes.
Sulfated KS refers to that identified by 5D4, and unsulfated KS to poly-N-acetyllactosamine
identified by LEL. The open box in gene abnormality indicates the carbohydrate
sulfotransferase gene (CHST6) coding region. “X” indicates an abnormality suspected based
on the findings of a previous paper.2
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