








Corneal epithelial wound healing

junctival epithelial cells onto the cornea.6 However, when the
epithelial defect involves the limbus, this barrier is lifted and
conjunctival migration onto the cornea occurs. This is
associated with the appearance ofgoblet cells and, often, new
blood vessels.6 Conjunctival epithelium covering the cornea
undergoes a slow transformation to assume characteristics
resembling corneal epithelium, a process referred to as
conjunctival transdifferentiation. Shapiro et al6 studied this
process in rabbits and divided it into five stages depending on
the presence and density of goblet cells and the degree of
stratification of the conjunctival epithelium. This process has
been extensively studied in experimental animals with the
following conclusions: goblet cells do not migrate onto the
cornea but develop de novo from non-goblet epithelial cells.
Loss of goblet cells during transdifferentiation occurs by
desquamation and in situ cell death.62 Vascularisation of
regenerated epithelium is associated with poor transdifferen-
tiation and persistence of goblet cells.63 Conversely, trans-
differentiation in vascularised corneas can be initiated by
photothrombotic occlusion of the new vessels.' Vitamin A is
considered to be one of the humoral factors influencing
transdifferentiation. Topical vitamin A instillation inhibits
the process even in non-vascularised corneas65 and conversely
transdifferentiation can be induced in vascularised corneas by
systemic vitamin A deficiency.6 It is hypothesised that
normal avascular cornea has a relative vitamin A deficiency
which induces squamous metaplasia in conjunctival epithe-
lium with loss ofgoblet cells. This is reversed by vascularisa-
tion which brings with it an excess of vitamin A to induce
mucous metaplasia."6
The consensus from most animal studies is that, although

complete morphological transdifferentiation is possible, bio-
chemically and functionally it is far from satisfactory.67'69
Conjunctival transdifferentiation in animal models can there-
fore, at best, be described as squamous metaplasia with loss of
goblet cells. Moreover, it has also been suggested that, in
many of the above studies, conjunctival transdifferentiation
could have occurred owing to incomplete removal of limbal
basal epithelium,70 with the result that regenerated epithe-
lium demonstrated both corneal and conjunctival features
without one are actually changing to the othe'r.
Dua and Forrester9" studied the healing of large ocular

surface epithelial wounds that involved the cornea, limbus,
and conjunctiva in humans. In some patients, as illustrated in
Figure ID-F, they noted a centripetally migrating sheet of
conjunctival epithelium that reached and migrated across the
limbus, preventing the circumferentially migrating limbal
sheets from meeting each other. As a result varying areas of
the cornea were covered by conjunctival epithelium. The
epithelium in these areas was invariably thinner than adjoin-
ing normal corneal epithelium, showed a stippled stain with
fluorescein, attracted new vessels, and was prone to recurrent
erosions. Since publication of that report, we have studied a
similar healing response in patients with corneal grafts and
following large abrasions. In all these patients, even several
months on, the corneal surface covered by conjunctival cells
remained relatively thin and irregular without clinically
evident transdifferentiation. The difference in thickness
sharply demarcates the area of 'conjunctivalisation' from the
adjacent healthy corneal epithelium and is rendered more
obvious by the pooling of fluorescein dye (Fig 3A and B).
What is more interesting is that tiny buds of corneal
epithelium can be seen protruding into the conjunctival
epithelium all along the contact line between the two
epithelial phenotypes (Fig 3A and B) (see also Fig 2 in Dua
and Forrester99). These buds are always seen arising from the
corneal epithelium and give the impression that normal
corneal epithelium is attempting to replace the conjunctival
epithelium, gradually nudging it outward, towards the
limbus. 'Replacement' of conjunctival epithelium by normal
corneal epithelium may therefore be yet another factor
contributing to conjunctival transdifferentiation. On the
basis of these observations we recommend that, in corneal
epithelial defects with partial limbal involvement, con-
junctival epithelium should be prevented from crossing the
limbus until the circumferentially migrating sheets of limbal
epithelium have met each other and the limbal barrier is re-
established.7' This can be achieved by mechanically scraping
the advancing conjunctival epithelial sheet, and may have to
be repeated two or three times because the conjunctival
epithelium migrates rapidly compared with the limbal sheets.
Such an approach would ensure corneal epithelial cover for
the cornea and conjunctival epithelial cover for the con-
junctiva. We have in fact successfully performed this pro-

Figure 3 (A and B) Superficial chemical burns ofthe ocular surface with 'conjunctivalisation' ofcornea persistingfor 2 and 5 years after injury. The corneal
epithelium shows tiny 'buds' (arrows) along the line ofcontact with conjunctival epithelium. The area covered with conjunctival epithelium is thin anid irregular
and shows pooling offluorescein dye where it meets thicker corneal epithelium.
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Figure 4 (A) Conjunctivalisation ofinferotemporal aspect ofleft cornea with pooling offluorescein dye and stippled staining. (B) After conjunctival
epithelium was removed with a cotton tip applicator. (C) The same cornea as seen 24 hours later, and (D) I week later. The defect is completely covered with
corneal epithelium.

cedure in two patients. On the other hand, if the patient
presents with 'conjunctivalisation' of the cornea, it is easy to
mechanically remove the conjunctival epithelium under
topical anaesthesia at the slit-lamp. Figure 4 illustrates one
such case where conjunctival epithelium covering the cornea
was mechanically removed and was followed by rapid re-
epithelialisation of the cornea with corneal epithelium.
Interestingly, it is the corneal epithelial sheet that advances
rapidly to cover the defect rather than conjunctival
epithelium from the limbus. This observation, coupled with
the presence of corneal epithelial buds described above,
would suggest the presence of a constant and persistent drive
in the corneal epithelial sheet to replace conjunctival
epithelium.
When one considers all the biochemical, physiological,

anatomical, and structural events that occur during corneal
epithelial wound healing, it is not surprising that the process
can be influenced adversely, or in some instances favourably,
by a whole host of factors. These factors can be broadly

categorised into those that affect cell migration, cell division,
and cell adhesion. In Table 1 we have enumerated some
clinical and pharmacological factors that can affect corneal
epithelial wound healing.
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Corneal epithelial wound healing

Table I Clinical and pharmacological factors affecting corneal epithelial
wound healing

Factor Migration Proliferation Adhesion

Vitamin A"2 + +
Tetracycline73 +
Epidermal growth factor""-16 +
Fibronectin* + +
Ascorbate" +
Bandage CL" +
Tears" +
Medroxyprogesterone" - +
Acetylcysteine" - +
Radiation*
Denervation*
Catecholamines*
1 Blockers'9
Immunosuppressors*
Topical anaesthetics*
Topicalsteroids*"?
Antivirals"-
Antibiotics"2'3 (bacitracin, neomycin,

gentamicin, tobramycin,
chloramphenicol, sulphacetamide)

Antifungals" (amphotericin B,
ketaconazole, natamycin)

Hydrogen peroxide"'
Diabetes'

+ = Favourable effect; - =unfavourable effect; ?=controversial.
* See Townsend9.
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