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A novel mutation in KRT12 associated with Meesmann’s

epithelial corneal dystrophy
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F J D Smith, G C M Black, W H | McLean

Background: The molecular basis of Meesmann’s epithe-
lial corneal dystrophy (MECD) has recently been attributed
to mutations in the cornea specific keratin genes KRT3 and
KRT12. The mechanisms by which these mutations cause
the Meesmann’s phenotype are not clear. This study
presents new data, examines clinical, histological,
ultrastructural, and molecular aspects of MECD, and com-
pares the features seen in this condition with those
observed in other well studied keratin diseases such as
epidermolysis bullosa simplex.

Methods: A two generation family with typical features of
Meesmann’s epithelial corneal dystrophy (MECD) was
studied. All family members were examined under a slit
lamp. Biopsy material from elective keratoplasty was stud-
ied by histopathological and ultrastructural analysis using
standard techniques. Direct automated sequencing of
genomic DNA was used for mutation defection, mutations
were confirmed by restriction digest analysis.

Results: The abnormal corneal epithelium was acanthotic
and contained numerous dyskeratotic cells and intraepithe-
lial vesicles. By electron microscopy abnormally aggre-
gated and clumped keratin filament bundles were detected
in basal and suprabasal keratinocytes from the centre of
the cornea. Direct sequencing of the patients’ genomic
DNA revealed a novel missense mutation (423T>G) in
exon 1 of the cornea specific keratin 12 (KRT12) gene.
This mutation predicts the amino acid change N133K
within the helix initiation motif of the K12 polypeptide.
Comparative studies with well established keratin disor-
ders of other human epithelia underscore the pathogenic
relevance of K3 and K12 gene mutations in Meesmann's
epithelial corneal dystrophy. The morphological data pre-
sented here illustrate the disruptive effects of keratin gene
mutations on the integrity of corneal keratinocytes.
Conclusions: A clinical, histopathological, and ultrastruc-
tural study of a previously unreported family with MECD is
presented. In this family the disease is ascribed to a novel
mutation in KRT12. A molecular mechanism is proposed
for MECD based on the comparison with other well char-
acterised keratin diseases.

cesmann’s epithelial corneal dystrophy (OMIM
MIZZIOO; MECD)' is inherited as an autosomal domi-

nant trait and was initially described in a German
family.”> MECD is a bilaterally symmetrical disorder of the
corneal epithelium with a characteristic slit lamp appearance
of myriad fine round epithelial cysts of uniform size and
shape, which become visible by 12 months of age and increase
in number throughout life.”” Patients are usually asympto-
matic until adulthood when rupture of the corneal microcysts
may cause erosions, producing clinical symptoms such as
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photophobia, contact lens intolerance, intermittent diminu-
tion of visual acuity and, in some cases, permanent visual
impairment.

Keratins are expressed specifically in the cytoplasm of epi-
thelial cells where they form a dense meshwork of 10 nm
intermediate filaments.® Keratins are expressed as obligate
heterodimers of type I/type II pairs in a tissue and differentia-
tion specific fashion.”" In 1991, the skin blistering disorder,
epidermolysis bullosa simplex (EBS) was recognised as a
human keratin disease. In EBS, mutations in either K5 or K14
genes render basal epidermal keratinocytes less resilient to
mechanical stress, leading to increased skin fragility, which is
manifest as blisters."™ Following this initial breakthrough,
the total number of keratin genes associated with diseases (of
the skin, hair, oral mucosa, and cornea) has risen to 18." The
highly specialised corneal epithelium has evolved to combine
the key function of providing structural protection to the eye
while maintaining transparency. In keeping with this require-
ment, the keratin filament network of corneal keratinocytes
appears less tightly bundled than that of cornified stratified
epithelium such as the epidermis.” K5 and K14 are expressed
in limbal cells,” but K5 and K14 mRNAs are undetectable
beyond the limbus.” As corneal keratinocytes approach
terminal differentiation, K3 and K12, first expressed in the
three to four layered developing cornea at 12-13 weeks’
gestation,'® become the dominant keratin pair in all layers of
the mature corneal epithelium.® " "

The molecular basis of MECD was elucidated when the first
mutations in the cornea specific keratins K3 and K12 were
reported in three families, including Meesmann'’s original
family.” Subsequently, another group has confirmed these
findings with mutations in K12 in four families with MECD."
Here we report a clinical, histological, ultrastructural, and
molecular study of a previously unreported family with
MECD.

MATERIALS AND METHODS

A two generation family with three affected individuals was
studied. All individuals were examined under a slit lamp by an
experienced ophthalmologist (SJM/GCMB). Corneal tissue
was obtained from the proband following lamellar kerato-
plasty. Samples were processed for routine histology and
transmission electron microscopy. All subjects were treated in
accordance with the tenets of the Declaration of Helsinki, and
local institutional ethics committee approval was obtained.
Specimens obtained at keratoplasty were fixed in formalin,
placed in 10% formal saline and processed on a Shandon
Hypercentre. Paraffin wax embedded sections were cut at 3—4
pm and cut sections stained with haematoxylin and eosin,
periodic acid Schiff, and Masson’s trichrome. For electron
microscopy, specimens were fixed in 2% glutaraldehyde in
Sorensen’s buffer and then 2% osmium tetroxide using a
standard protocol. Semithin (1 pm) sections were cut on an
Ultracut E (Reichert-Jung) and stained with toluidine blue.
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Figure 1 (A) Characteristic pretreatment of multiple small cysts seen on slit lamp examination. (B). Light micrograph showing abnormal
corneal epithelium of the proband. Bowman’s membrane presents as a homogeneous eosinophilic subepithelial band. The epithelium appears
acanthotic and disordered. Many keratinocytes contain periodic acid Schiff (PAS) positive fibrillar material (PAS stain, x200). (C-F)
Transmission electron micrographs illustrating formation of intraepithelial vesicles in MECD. (C) Intraepithelial vesicle. Thinned and
discontinuous cell membranes incompletely separate the vesicle lumen from the corneal surface, bar = 2 pm. (D) Keratinocytes of the outer
epithelial layers vary remarkably in size, shape and electron density. A single dyskeratotic cell is seen. Note the lack of acantholysis indicative
of largely intact intercellular contacts. (E) and (F) Basement membrane ultrastructure. (E) The basement membrane has a thickened appearance,
bar = 1 pm. (F) A higher power view confirms basement membrane thickening and shows the striking feature appearance of breaches or gaps

within the basement membrane, bar = 500 nm. (G) Detail of dyskeratotic cell. Note marked perinuclear vacuolisation and cytoplasmic
condensation. The keratin intermediate filaments in MECD are shortened, thickened, and clumped and appear to be associating with
desmosomes, bar = 1 pm. Bow, Bowman’s membrane; t, tonofilament; d, desmosomes.

Tissue was embedded in Araldite resin (Araldite resin embed-
ding kit-E009 Taab). Electron microscopy was performed on a
Philips EM410.

Most of exon 1 of the KRTI2 gene was amplified from
affected and unaffected family members using primers
K12el.L (5" ATG GAT CTC TCC AAC AAC ACC ATG 3’) and
Kl12el.R (5" GTA ATC GCT CTG TGA AGC ATC TGC 3’), as
described previously." Polymerase chain reaction (PCR) prod-
ucts were purified using QIAquick columns (Qiagen, Chats-
worth CA, USA), sequenced with both primers using the ABI
PRISM Ready Reaction system (Perkin-Elmer, Foster City, CA,
USA) and analysed on an ABI 377 automated sequencer. The
423T>G mutation generates an Afl II restriction site. To
confirm the mutation within the family and exclude it from
100 normal unrelated chromosomes, PCR products generated
with primers K12sp1 (5" CTC TAG GTA TTC TCT CGG GCA ATG
3’) and K12sp2 (5’ TGC TGC AAG TAC AGC TAA ATT GGA 3')
were digested overnight with 1.5 U Afl IT and analysed on 3%
Seakem/TBE minigels.

RESULTS AND DISCUSSION

All affected individuals had the characteristic slit lamp
appearance of multiple fine round epithelial cysts (Fig 1A).
Individuals in the second generation had a relatively symptom
free presentation. The proband had a more problematic clini-
cal course with a history of soreness in both eyes from his late
teens, especially marked in the morning. The symptoms had
progressed with age, necessitating medical intervention. At
age 40 he noted gradual bilateral deterioration in visual acuity
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and bilateral epithelial debridement was performed at age 41
years. Unfortunately he experienced recurrence of symptoms
and clinical signs within 1 month. Excimer laser PTK was per-
formed to the left (amblyopic) eye, but again there was recur-
rence of symptoms within 1 month. Because of persisting
symptoms a non-matched lamellar keratoplasty to left eye was
performed with relief of symptoms for 3 months, but full
recurrence within 3 months. At age 45 years he underwent
donor limbal stem cell allograft to the left eye with fresh, non-
matched, whole eye as source. This was initially successful,
with only minor clinical recurrence despite clinical evidence of
rejection. Subsequently, he underwent donor limbal stem cell
allograft to the right eye from a tissue matched donor. This eye
pursued a similar course to the left. Eventually, his symptoms
recurred necessitating long term bandage therapeutic contact
lens wear, although his corneas still only showed a moderate
degree of clinical recurrence.

By light microscopy abnormal epithelium from the centre of
the cornea was thickened and comprised five to six cell layers
(Fig 1B). The overall architecture of the epithelium seemed
disordered with many keratinocytes varying in size and shape.
A number of cells showed marked vacuolisation and dense
intracytoplasmic inclusions. In addition, numerous intraepi-
thelial vesicles were noted in the outer layers of the
epithelium. Ultrastructural changes were noted in all layers of
the corneal epithelium and most prominent changes were
seen in the outer epithelial layers, with thin walled vesicles
clearly apparent (Fig 1C). The cytoplasm of many keratino-
cytes varied in size, shape, and electron density (Fig 1D). Overt
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Figure 2 Molecular genetic analysis. (A) and (B) KRT12 mutation
detection by direct automated sequencing of genomic PCR products.
(A) Normal KRT12 exon 1 sequence, showing codons 131-135. (B)
The equivalent sequence shown in (A) derived from the proband. A
heterozygous transversion mutation 423T>G is shown (arrow). This
mutation predicts the amino acid substitution N133K in helix 1A of
the K12 polypeptide. (C) Mutation N133K creates a new Afl I
restriction site. Therefore, the mutation was confirmed in the proband
and excluded from normal controls by Afl Il digestion of KRT12 exon
1 PCR products. Lane 1, molecular weight markers; lane 2, digest
derived from the proband showing both uncut and cut fragments
corresponding fo the normal and mutant alleles, respectively; lane
3-8, digests of KRT12 exon 1 PCR fragments derived from six
normal, unrelated individuals. By this means, the mutation was
excluded from a total of 50 normal people (data not shown).

acantholysis was not seen. The outer layers of the epithelium
contained numerous dyskeratotic cells with condensed nuclei,
perinuclear vacuoles, and rim-like profiles of condensed cyto-
plasm. Dyskeratotic cells in the outermost epithelial layers
seemed to precede the formation of intraepithelial vesicles.
The basement membrane was thickened (Fig 1E), confirming
the impression gained from light microscopy. And several
breaches were noted at higher power (Fig 1F). Numerous cells
showed intracytoplasmic vacuoles and abnormal, aggregated
keratin filaments. The keratin clumps tended to form oval and
round intracytoplasmic inclusions, some of these aggregates
appeared to be associated with desmosomes (Fig 1G).

A novel heterozygous T>G transversion mutation at nucle-
otide position 423 in exon 1 of the KRT12 gene (designated
423T>G) was demonstrated by direct sequencing (Fig 2A).
The mutation predicts the amino acid substitution N133K in
the K12-polypeptide. This change affects residue eight of helix
1A and would be classified as N8K in relation to this domain.
The 423T - G transversion generates an Af/ II restriction site,
allowing confirmation by restriction digest analysis (Fig 2B).
By this means, the mutation was excluded from a population
of 50 normal unrelated individuals. Thus, the mutation is
unlikely to represent a common polymorphism.

Meesmann'’s epithelial corneal dystrophy (OMIM No
122100; MECD)' was initially described by Pameijer in 1935 in
an 8 year old Dutch boy.” Later, Meesmann studied three large
German families and reported the clinical phenotype and
characteristic histopathological features.’ Following these ini-
tial reports MECD has been documented in many other popu-
lations. The inheritance pattern of MECD has consistently

been autosomal dominant.””'** Multiple epithelial micro-
cysts become visible in the first few months of life under slit
lamp magnification,” but MECD often remains asymptomatic
throughout life. However, in a number of individuals, it first
manifests itself during adolescence with recurrent punctate
erosions, excess lacrimation, photophobia, and blepharo-
spasm. Visual acuity may be temporarily diminished during
erosive episodes or permanently diminished if there is result-
ant corneal scarring. Slit lamp appearances of myriad fine
round cysts are seen most prominently in the interpalpebral
zone (Fig 1A), serpiginous grey lines and small subepithelial
opacities may be found in advanced stages." While the index
case in this report suffered from the most severe manifesta-
tions of MECD, it remains to be seen if his children, who are
currently in their teenage years will develop a condition of
similar severity. Intrafamilial variation between individuals is
well described in MECD and in other keratin diseases,'® which
suggests the influence of disease modifying genes and/or
environmental influences. Corneal debridement often leads to
clinical improvement; however, the corneal stem cells retain
the mutated genes and so the cysts and symptoms can recur.

While having some unique features, which presumably
reflect the highly specialised nature of the corneal epithelium,
MECD has many features in common with other well charac-
terised keratin diseases affecting other epithelia. The multiple
cysts seen clinically on slit lamp examination are analogous to
the intraepithelial cytolysis in other keratin disorders but are
seen more easily in the transparent corneal epithelium. The
histological appearance of thickened and disorganised epithe-
lium seen in MECD is characteristic of a keratin disorder." The
cytolysis and cell degeneration seen histologically in all kera-
tin disorders is manifest in the cutaneous context as
epidermolysis (in EBS, bullous congenital ichthyosiform
erythroderma and ichthyosis bullosa of Siemens). Here, in the
corneal context, cytolysis is manifest as cyst formation. We
believe the PAS positive clumps noted by previous authors and
demonstrated in this study represent aggregates of keratin
filament clumps and associated cellular debris. Although
keratins are not generally regarded as glycoproteins, it has
been shown that keratins K8 and K18 have short O linked
sugar side chains.” Glycosylation of K3 and K12 has not been
reported. In addition, intermediate filament aggregates have
been shown to contain chaperone proteins of the small heat
shock family,”* offering another explanation for the PAS
reactivity observed. Unfortunately, frozen biopsy material was
not available to confirm this association by immunohisto-
chemistry.

The ultrastructural observation of tonofilament clumping
in MECD is again reminiscent of findings in other keratin dis-
eases. In the most comprehensively studied human keratin
disease, the Dowling-Meara form of EBS (EBS-DM), ul-
trastructural tonofilament clumping was first suggested as
being indicative of keratin disease as early as 1982,* and these
clumps were formally identified as being composed of K5/K14
aggregates by immunohistochemistry in 1991.” The clumped
tonofilaments seen here are presumably K3/K12 aggregates
although we were unable to confirm this by immunoelectron
microscopy owing to the method of preparation of the archival
tissue. The multiple dyskeratotic cells are not seen in other
keratin disorders and presumably reflect the unique nature of
the corneal epithelium. The appearance of breaches in the
basement membrane is also atypical.

In conclusion, MECD shares many molecular, histological,
and ultrastructural features with other keratin disorders but
also has specific characteristics, probably because of the
unique morphology of the anterior corneal epithelium.
Further work to more clearly define the mechanisms
underlying the development of the “peculiar substance” is
planned. This will shed light on the role of cornea specific
keratins in the maintenance of epithelial integrity and in the
actiology of conditions associated with its breakdown.
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