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DISCUSSION
We report here the successful cultivation of oral mucosal
epithelial cells by using deepithelialized amniotic membrane
without the use of feeder cells and the explant culture
technique. The cultures were healthy, became confluent in
three to four weeks, and underwent stratification. The cells
formed junctions with each other. Phenotypic studies indicate
that the cultures are a heterogeneous population of cells
expressing markers of differentiated epithelial cells as well as
stem cells. These oral epithelial cultures can now be used for
ocular surface reconstruction in patients with bilateral LSCD.
The advantage of the technique used here is that it precludes
the use of feeder cells, which are of animal origin. Although
feeder cell-free cultures of oral epithelial cells have been
established using a temperature-responsive culture surface
[21], such a technique has not been reported so far using the
amniotic membrane. Our technique has overcome the need of
feeder cells while retaining the advantages of the amniotic
membrane. As these cells can also be cultured in the presence

Figure 3. Expression of markers of epithelial stem cells and
differentiation. RT-PCR analysis of expression of markers for
epithelial differentiation (A) and stem cells (B) is shown. GAPDH
was used as the normalizing control. The RT-PCR results of
cytokeratin K5 and connexin 43 show a composite picture of PCR
of cDNA from all three cells and the negative control that were
performed in the same experiment. All experiments were performed
twice with RNA isolated from a separate set of cultures.

of an autologous serum (data not shown) as has been reported
earlier [31], this technique reduces the risk of introducing
xenobiotic agents into the patient.

We also compared the morphological and phenotypic
characteristics of cultivated limbal, conjunctival, and oral
epithelial cells. Our studies indicate that the three cultures
express markers of stratified epithelia such as cytokeratin K3,
K4, K13, K15, and connexin 43. The cultured oral cells do not
express cytokeratin K12 or the eye-specific transcription
factor, Pax-6. The cultured oral epithelial cells thus maintain
their original phenotype as has been reported by other groups
[16,20]. The absence of cytokeratin K12 may not interfere
with ocular surface regeneration. Although cytokeratin K12
is required for the integrity of the corneal epithelium as
suggested by knockout studies [32], it is not necessary for the
integrity of the oral epithelium.

The oral cells expressed stem cell-associated markers
such as all α, β, and γ isoforms of ΔN p63 as seen by RT-PCR
analysis and by immunohistochemistry. Where cultures
underwent stratification, the expression of p63 was observed
in the basal layer. Expression of p75 was also seen by RT-
PCR analysis. However, by immunohistochemistry, few cells
expressing p75 were observed. It is possible that p75 is a more
appropriate marker for the stem cells of the oral epithelium.
As the number of stem cells in the culture may not be very
high, a few cells expressing p75 were observed. p75 was also
expressed in limbal and conjunctival cultures as has been
reported earlier [30,33].

Interestingly, the conjunctival cells cultured under these
conditions displayed several characteristics similar to cultured
limbal cells. The cells were free of goblet cells as shown by
PAS staining as well as electron microscopy, although the
native tissue had them. They also showed the presence of
cytokeratin K3 and K12 as seen by both RT–PCR and
immunohistochemistry. These cytokeratins are the hallmark
of corneal differentiation and are rarely reported in
conjunctival cells. The presence of clusters of corneal
progenitor cells in conjunctiva has been reported, and it is

Figure 2. Ultrastructural studies of limbal, oral, and conjunctival cultures. A: The limbal epithelial cell is shown with the desmosomes (D)
and tight junction (TJ) revealed in the inset. B: Oral epithelial cell is also shown with the desmosomes (D) and gap junction (GJ) revealed in
the inset. C: Conjunctival epithelial cell is shown with just the desmosomes (D) demonstrated in the inset.
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possible that the expression of K3 and K12 observed in this
study could be due to the proliferation of corneal stem cells in
conjunctiva [34]. It is also possible that these differences are
due to the different niches that the culture conditions used here
provide and thereby lead to changes in the expression profile.
Since limbal deficiency leads to conjunctivalization of the
ocular surface, whether cultured conjunctival cells can be used
for ocular surface construction in cases of bilateral limbal
deficiency remains to be seen. The efforts to reepithelialize
the ocular surface using direct conjunctival transplants have
shown that this surface undergoes vascularization [5]. A study
performed in rats, using cultivated conjunctival epithelium,
indicates that the corneal surface can be reconstructed using
cultured conjunctival cells and the outcome of these grafts was
better than an amniotic graft alone, but the study did not
compare the results of ocular surface reconstruction using
limbal grafts with that of conjunctival grafts [14]. Perhaps the
option of using cultured conjunctival cells for ocular surface
reconstruction can be explored further for cases where it is not
feasible to use limbal or oral mucosal epithelial cells such as
in cases of bilateral LSCD along with oral inflammation/
infection.

Both conjunctival and oral epithelial cultures could lead
to vascularization of the cornea that could in turn result in loss
of vision. A long term follow-up of cultivated oral mucosal
epithelial cell transplantation has indicated that while it leads
to the formation of a stable ocular surface and improved visual
acuity, it also leads to peripheral vascularization in the cornea
[18]. A recent study indicates that the expression of FGF2 by
oral epithelial cells could be responsible for the
vascularization of the cornea after ocular surface

reconstruction using oral epithelial cells [35]. This potential
problem might perhaps be overcome by using anti-FGF2
antibodies.

To summarize, we have established cultures of oral
mucosal epithelial cells on the human amniotic membrane
without the use of feeder cells. The cultured cells are
morphologically and phenotypically similar to cultured limbal
cells. Using this technique, we have now initiated a clinical
trial for ocular surface reconstruction in patients having
bilateral limbal stem cell deficiency.
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