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Abstract
Background: Epithelial basement membrane dystrophy (EBMD) is by far the most common
corneal dystrophy. In this study, we used a newly developed method of immunofluorescence
staining and imaging to study the entire corneal nerve architecture of a donor with unilateral
EBMD.

Method: Two fresh eyes from a 56-year-old male donor were obtained; the right eye of the donor
was diagnosed with EBMD and the left was normal. After slit lamp examination, the corneas were
immunostained with anti-β-tubulin III antibody. Images were recorded by a fluorescent
microscope equipped with a Photometrics digital camera using MetaVue imaginig software.

Results: The left cornea appeared normal as observed by slit lamp and stereomicroscope, but the
right eye had numerous irregular geographic patches in the basement membrane.
Immunofluorescence showed no difference in the stromal nerve distribution between the two eyes,
but there were areas without innervations in the EBMD cornea. Subbasal nerve fibers also showed
tortuous courses and fewer divisions. There was a significant decrease in the density of subbasal
nerve fibers and the number of terminals in the right eye.

Conclusion: We show for the first time detailed nerve architecture in an EBMD cornea. Our
results suggest that EBMD-induced abnormalities of basement membrane altered epithelial nerve
architecture and decreased nerve density, contributing to the pathology of the disease.
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Introduction
Epithelial basement membrane dystrophy (EBMD), also known as Cogan’s microcystic
epithelial dystrophy or map-dot-fingerprint dystrophy, is the most common corneal
dystrophy. It was first described by Vogt in 1930, and later Cogan (1964), Guerry (1965)
and Rodrigues (1974) provided a thorough evaluation of the pathology [1-4]. It has been
estimated that EBMD affects nearly 42% of persons of all ages, and as many as 76% of
persons worldwide who are over the age of 50[5]. Patients with EBMD often experience
painful chronic recurrent corneal erosion, photophobia and decreased vision, although some
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EBMD patients may be asymptomatic [6-7]. Histologically, EBMD is characterized by the
secretion of an anomalous basement membrane part of which extends into the epithelial
layer, and by intraepithelial microcysts containing cellular debris associated with
abnormalities of epithelial cell morphology [8-15].

In many cases, the poor adhesion of basal epithelium to abnormal lamellar material can
produce the recurrent erosion observed in EBMD [16-19]. Corneal nerves are important for
maintaining tear secretion and a healthy epithelium, and a decrease in nerve density could
account for the development of corneal erosions [20-21].

Morphologic abnormalities in epithelial cells and basement membrane associated with
EBMD have been well studied by light, electron and more recently by in vivo confocal
microscopes (IVCM) [8-12, 19, 22-24], but little is known about corneal nerve architecture
in the disease. Using IVCM, changes in corneal nerves had been reported in different
corneal dystrophies [23-28]. It has been reported in patients with EBMD pathological
changes in the subbasal nerves with decrease, and even absence of subbasal plexus in one
patient [23], but these studies limit the examination to a small portion of the cornea. Here we
used a modified method of immunofluorescence and imaging [29-30] to study the entire
corneal nerve architecture in a donor with unilateral EBMD.

Case Report
This study was conducted according to the tenets of the Declaration of Helsinki. Two eyes
from a 56 years old male donor who died of heart attack were obtained from the National
Disease Research Interchange (NDRI). The eyes were kept in a wet chamber and shipped to
our laboratory on ice. The donor had a diagnosed EBMD in the right eye but had no history
of other eye disease, contact lens wear, ocular surgery, or other systemic diseases that might
have affected the cornea.. Examination of the normal cornea with a portable digital slit lamp
(Optotek Medical, Slovenia, EU) and a stereomicroscope (Nikon SMZ-1500) showed no
abnormalities. In the EBMD eye, dark-field illumination (Figure 1A) showed numerous
irregular geographically-shaped, faint gray-white patches that appeared as finger-print dots
and ridge-like lesions. These structures were extensively present in the central area of the
inferior quadrants of the cornea. Figure 1B shows the frame area from Figure 1A using
oblique illumination. The irregular pathological foci are located in the basement membrane
with sharp borders insinuating into the corneal epithelium. These finger-print irregularities
can be seen using the higher magnification shown in Figure 1D; this was taken from the
dashed frame area of Figure 1A. Figure 1C is the dark-field image of Figure 1D.

The time between death and fixation was 28 hs. Corneas were processed as previously
described and stained with anti-βIII-tubulin antibody (Tuj1, MMS-435P, 1:3000, Convance
Antibody Services Inc, Berkeley, CA) in 1% goat normal serum plus 0.15% Triton X-100 in
0.1M PBS for 72 hours at 4°C [29, 30]. Consecutive images were acquired by a fluorescence
microscope (Nikon Eclipse TE200) equipped with a Photometrics digital camera
(CoolSNAP™ HQ) using MetaVue imaging software. The images, which were recorded on
the same plane at adjoining points, were merged using Photoshop imaging software (Adobe,
Mountain View, CA) and then pasted onto a Microsoft Office PowerPoint template to build
the whole view of the corneal epithelial nerve architecture. To acquire the whole image of
the stromal nerve structure, consecutive images were recorded by a stereoscopic zoom
microscope (Nikon SMZ 1500) as previously reported [29, 30]. Images were merged to
build a complete view of corneal stromal nerves as described above.

No obvious difference was found in the number and distribution of stromal nerves between
the two eyes (data not shown). Figure 2A shows the whole mount view of the epithelial
nerve architecture of the normal cornea. Long epithelial nerve bundles run from the
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periphery to the center, converging into an area within the inferior nasal quadrant (vortex
area). Highlighted images (Figure 2B-D) show the details of the epithelial nerve architecture
in the periphery, center and vortex areas. An intense array of nerve bundles coursed from the
periphery towards the center. These long bundles divided into numerous smaller branches,
which connected to each other to constitute the epithelial nerve network. Free nerve endings
budding from the network innervated the epithelial cells (Figure 2E).

Figure 2F shows the whole mount view of the epithelial nerve distribution within the
pathological area in the EBMD cornea. In comparison with the normal eye, the subasal
epithelial nerve density was obviously reduced with many areas without innervations. There
were significant fewer divisions and connections between the nerve bundles, and the course
of the nerves changed along the shapes of pathologic loci. Highlighted images show the
epithelial nerve distribution in pathological loci at the central (Figure 2G) and vortex (Figure
2H) areas; arrows show the pathological lesions. Topographic images in Figure 2I showed
the detailed epithelial nerve architecture at different depths from superficial (I) to the
subbasal layer of the epithelia (IV) in a finger-shaped lesion located in the central area.
Epithelial nerve divisions and bundles run surrounding the lesion with some twisted nerves
inside the lesion area. Fewer free nerve endings than found in the normal cornea are seen in
I and II.

To compare the subbasal nerve densities within the central zone of the inferior quadrants of
both eyes, a total of 36 images (about 42mm2), acquired with a 10X lens from each eye,
were calculated. As shown in Figure 3A and B, a big difference in subbasal nerve density
was found between the EMBD and the normal eye.

Nerve terminals in superficial epithelia were calculated by directly counting the number of
free endings in each image and expressing them as the number of terminals/mm2; a total of
20 images (about 6 mm2), acquired with a 20X lens from each eye, were calculated. There
was an obvious decrease in nerve terminals in the EMBD eye (Figure 3C, D).

Discussion
Corneal dystrophies are disorders not associated with inflammation. Clinically they are
classified according to the corneal layer involved [31]. Some dystrophies affect primary
corneal epithelium and its basement membrane. EBMD, the most common dystrophy, is
usually bilateral, but it can be unilateral or very asymmetric in presentation [31]. In the
current study, we used a recently developed and modified method of immunofluorescence
and imaging to examine the nerve architecture in a unilateral EBMD cornea and to compare
it with the normal eye from the same donor. The results demonstrate that EBMD remarkably
changes the corneal epithelial nerve architecture, and significantly decreases epithelial nerve
density and nerve terminals without altering the stromal nerves. In agreement with our
results, a previous IVCM study has shown damaged subbasal nerves in EBMD patients, but
this study limited examination to a small area of the cornea [23]. Although the exact
mechanisms underlying this phenomenon remain unclear, we attribute this reduction to the
abnormalities of the basement membrane. As reported before, central epithelial innervation
is supplied by branches of the stromal nerves [20, 29]. These stromal nerves penetrate the
basement membrane into the epithelium at the peripheral cornea forming long bundles. The
long bundles run in the intra- or sub-epithelium from the periphery to the center dividing
into numerous smaller branches, which connect to each other and constitute a delicate nerve
network within the epithelium. Fine nerve terminals or free endings budding from the
network innervate the epithelial cells [29]. Early studies by light and electron microscope
have demonstrated that the basic histological finding in EBMD is a faulty basement
membrane, which is thickened, multilaminar, and misdirected into the epithelium [13, 19,
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22]. This aberrant basement membrane may prevent the passage of nerve fibers and change
the course of nerve bundles, thus leading to a decrease of epithelial innervation in the
pathologic areas as we observe in the present study.

EBMD is one of the most common corneal disorders and a major cause of recurrent
erosions. Patients with EBMD are predisposed to epithelial sloughing/defects during the
microkeratome pass in laser in situ keratomileusis (LASIK), subsequent wound-healing
problems, and multiple complications in the postoperative period [32]. The basis for
recurrent erosions is thought to be anomalies at the junction between basal epithelial cells
and Bowman’s layer involving the epithelial basement membrane and hemidesmosomes of
basal cells [4,16], but the exact relationship between recurrent erosion and EBMD is not
fully understood. In the current study, there are no available data about the donor’s history
of corneal symptoms, but our findings show that there is a significant decrease in the
epithelial nerve density and nerve terminals in the EBMD eye.

Treatments for symptomatic EBMD include topical lubricants and hypertonic medications,
contact lenses, or surgical procedure such as stromal puncture with a needle [33-35]. When
the epithelial erosions are frequent, topical corticoids and inhibitors of metalloproteinase-9
have been effective in some cases [36]. In more severe cases, mechanical debridement of
epithelium is recommended. Excimer laser phototherapeutic (PTK) is another technique to
remove abnormal epithelial basement membrane [37-39]. These treatments cause pain and
discomfort until the epithelium regrowth, but a retrospective analysis of patients with
recurrent erosions show that surgical treatments were associated with recurrences [7].

Corneal nerves serve a protective function and regulate corneal epithelial integrity,
proliferation, and wound healing. To our knowledge, there is no study reporting changes in
corneal sensitivity in EBDM patients. Therefore, we can only speculate that the significant
reduction in epithelial nerves as shown in this study will decrease sensitivity and will induce
dry eye, which might explain the recurrent erosions and the slower closure of epithelial
defects after surgery in patients with EBMD. In that respect, our recent experimental studies
in rabbits have show restoration of nerve density and nerve functionality after lamellar
keratectomy when the animals were treated with pigment epithelial derived factor (PEDF) in
conjunction with the omega-3 fatty acid docosahexaenoic acid (DHA) [40-42]. New
treatment regimes that promote corneal nerve regeneration may be useful in improving the
symptoms of EBMD patients.
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Figure 1.
Stereomicroscope images of the right cornea with diagnosed EBMD. A) Dark-field
illumination at a low magnification showed that numerous irregular geographic shaped, faint
gray-white patches were present in the central area of the inferior quadrants of the cornea.
B) Highly oblique illumination of the large framed area in A showed that the pathologic
lesions were present as finger-prints (arrows), dots (arrows with circles at the end) and
ridge-like patterns (dashed arrows). C) Dark-field of the central area (dashed frame in A) in
higher magnification and D) oblique illumination showed the details of four finger-print
lesions.
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Figure 2.
A) Whole mount view of epithelial nerve distribution in the normal left cornea. Images were
acquired in a time-lapse mode with a Nikon Eclipse TE200 and with a 5X lens in
compliance with the natural shape of the cornea. The epithelial nerve bundles ran in a radial
pattern from the periphery to merge in an area within the inferior-nasal quadrant beyond the
corneal apex. Highlighted images showed the detailed architecture of the epithelial nerve
distribution in the peripheral (B), central (C), and vortex areas (D). E) High magnification
image recorded from the central area as marked in Figure 2C shows the nerve terminals at
the superficial epithelia. F) Whole mount view of corneal epithelial nerve distribution in the
central area of the inferior quadrant of the right cornea. The total area is about 45 mm2,
consisting of 38 images recorded in a time-lapse mode with a 10X lens. Arrows indicate the
pathological loci. G) and H) are highlighted images showing the detailed architecture of the
epithelial nerve distribution in the central and vortex area as marked in F). I) Topographic
images, recorded at the plane of superficial epithelia (i), wing cells (ii), basal cells (iii) and
the basement membrane (iv), show detailed epithelial innervation in a finger-print lesion
(arrow) at the central cornea.
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Figure 3.
Effect of EBMD on corneal subbasal nerve density and nerve terminals. (A) Subbasal nerve
density in the central area of the inferior quadrant was calculated as percentage of total area
in each image. A total of 36 images were taken at a magnification of 10 × lens from each
eye. These images were changed to grayscale mode and placed against a white background
to get better contrast using Photoshop imaging software. The nerve fibers of each image
were carefully drawn with four-pixel lines following the course of each fiber. Percentage of
nerve area was quantified for each image using the image analysis program. Data are
expressed as average ± SD. (B) Representative images of EBMD and normal subbasal
nerves. (C) Number of nerve terminals. 20 images for each eye from the central corneas
were used. Nerve terminals in superficial epithelia in each image were counted. Because
each image took up an area of 0.335 mm2, the terminal numbers per mm2 were calculated.
Data are expressed as average ± SD. (D) Representative images of nerve terminals in both
eyes.
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