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Background/aims: To determine outcomes of transplants of cultivated autologous oral epithelial cells in
patients with severe ocular surface disorders.

Methods: The eyes (n=6) of four patients with Stevens-Johnson syndrome (three eyes) or chemical burns
(three eyes) were studied. Autologous oral epithelial cells, grown for 2-3 weeks on a denuded amniotic
membrane carrier in the presence of 373 fibroblasts, were air lifted. The resultant sheet was transplanted
onto the damaged eye, and acceptance of the sheet by the corneal surface was confirmed 48 hours after
surgery. The success of ocular surface reconstruction, graft survival, changes in visual acuity, and
postoperative complications were assessed and the quality of the cultivated oral epithelial sheet was
evaluated histologically.

Results: At 48 hours after transplant, the entire corneal surface of all six eyes was free of epithelial defects
indicating complete survival of the transplanted oral epithelium. Visual acuity was improved in dll eyes.
During follow up (mean 13.8 (SD 2.9) months), the corneal surface remained stable, although all eyes
manifested mild peripheral neovascularisation.

Conclusions: Autologous oral epithelial cells grown on denuded amniotic membrane can be transplanted
to treat severe ocular surface disorders.

surface is covered with highly transplanting autologous cultivated epithelial transplants of

Tspecialised corneal, limbal, and conjunctival epithelial
cells (EC) that, together with the tear film, maintain
surface integrity."” Severe ocular surface damage (OSD)
caused by thermal and chemical burns or Stevens-Johnson
syndrome (SJS) represents a serious clinical challenge. In
such cases, the corneal epithelial stem cells in the corneal
limbus are destroyed and coverage of the corneal surface by
invading neighbouring conjunctival EC results in neovascu-
larisation, chronic inflammation, ingrowth of fibrous tissue,
and stromal scarring.> Conventional management is gen-
erally unsatisfactory, and the long term consequences tend to
be devastating.

Attempts have been made to establish a surgical treatment
for severe OSD.“"* Although corneal epithelial transplanta-
tion (limbal transplantation or keratoepithelioplasty) and
cultivated corneal epithelial stem cell transplantation have
been developed to improve the outcome of ocular surface
reconstruction, significant problems remain. Transplan-
tation from allogeneic donors carries the risk of rejection
and the intensive, prolonged postoperative immuno-
suppressant therapy necessary to prevent inflammation
and rejection markedly reduces the patients’ quality of
life, especially in younger patients. In cases with uni-
lateral, but not bilateral damage, reconstruction of the
affected ocular surface can be attempted by transplanting
cultivated autologous corneal EC from the contralateral
eye.13715

We investigated the possibility of reconstructing the
human corneal surface using autologous mucosal epithelium
of non-ocular surface origin. In rabbits, we have already
established a surgical method for transplanting cultivated
autologous oral epithelial cells using amniotic membrane
(AM) as a carrier.'" We successfully applied this method in
six eyes of four patients with severe OSD and our study
represents a first step toward assessing the feasibility of
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non-ocular surface origin.

MATERIALS AND METHODS

Subjects

The study included six eyes from four patients who under-
went autologous cultivated oral epithelial transplantation at
our university hospital between May and December 2002. We
deliberately selected patients with severe bilateral ocular
surface diseases because their treatment necessitates auto-
logous rather than allogeneic transplantation. There were
three males and one female; their mean age was 24.5
(standard deviation 7.9) years. All had been diagnosed as
totally stem cell deficient on the basis of complete disap-
pearance of the palisade of Vogt. Three eyes each had
chemical injuries and SJS. Cases 1 and 3 had previously
undergone amniotic membrane transplantation and allo-
geneic cultivated corneal epithelial transplantation, respec-
tively. All six eyes manifested severe epithelial damage and
were resistant to conventional therapy. Preoperative tear
function significantly affects the surgical outcome."” ' Slit
lamp examination and fluorescein staining showed that in all
patients reported here, the preoperative tear production and
tear meniscus were within the normal range and relatively
stable. All patients were followed for more than 11 months
after transplantation (table 1).

The Human Studies Committee of Kyoto Prefectural
University of Medicine approved the transplantation of
autologous cultivated oral epithelial cells for these patients;
we obtained prior oral and written informed consent from all
patients.

Abbreviations: AM, amniotic membrane; EC, epithelial cells; EDTA,
erhzlene diamine tetra-acetic acid; MMC, mitomycin C; OSD, ocular
surface damage; SJS, Stevens-Johnson syndrome.
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Table 1 Clinical data for six eyes that underwent cultivated oral epithelium transplantation
Visual acuity
Previous  Graft
Case Age Sex Diagnosis  Eye surgery survival ED PNV Conjunctivalisation Preoperative  Postoperative  Follow up
1 88 M Chemical R AMT + = + = HM 4/200 17
burn (A)
AMT + - + - HM 20/30 17
2 27 Chemical L + = + = HM 4/200 15
burn (C)
3 24 SJS (C) R CCET + + + - HM 20/600 12
L CCET + + + - HM 4/200 1
4 14 F SJS (C) L + = + = HM 20/200 11
SJS, Stevens Johnson syndrome; AMT, amniotic membrane transplantation; CCET, cultivated corneal epithelial transplantation; ED, epithelial defect; PNV,
peripheral neovascularisation; HM, hand motion; M, male; F, female; A, acute phase; C, chronic phase.

Preparation of human amniotic membrane

With proper informed consent in accordance with the tenets
of the Declaration of Helsinki for research involving human
subjects, and with approval by the Institutional Review Board
of Kyoto Prefectural University of Medicine, human amniotic
membrane (AM) was obtained at the time of elective
caesarean section. Under sterile conditions, the membranes
were cryopreserved at —80°C using our previously reported
process.'* For the oral epithelial cultures, the AM were
deprived of their amniotic EC by incubation with 0.02%
ethylene diamine tetra-acetic acid (EDTA) at 37°C for 2 hours
to loosen cell adhesion; this was followed by gentle scraping
with a cell scraper.

Oral management

The presence of healthy oral mucosa was confirmed by a
dentist before biopsy. All patients were followed up regarding
their adherence to the requirements for tooth decay treat-
ment, no alcohol or tobacco use, and regular brushing and
iodine gargle.

Cultivation of oral mucosal epithelial cells

To culture the oral epithelial cells (EC) we used a modified
culture system for rabbit oral EC." Briefly, confluent 3T3
fibroblasts, incubated for 2 hours with 4 pg/ml mitomycin C
(MMC) to inactivate their proliferative activity, were rinsed
with phosphate buffered saline to remove MMC, trypsinised,
and plated onto plastic dishes at a density of 2x10* cells/cm?.
Denuded AM were spread, epithelial basement membrane
side up, on the bottom of culture plate inserts which were
placed in dishes containing treated 3T3 fibroblasts.

Oral mucosal biopsy specimens, each measuring approxi-
mately 2-3 mm?, were taken from each patient under local
anaesthesia 2-3 weeks before transplantation. Submucosal
connective tissues were removed with scissors to the extent
possible; the resulting samples were cut into small explants
that were immersed three times (10 minutes at room
temperature) in phosphate buffered saline solution contain-
ing antibiotics, (50 IU/ml penicillin-streptomycin and 5 png/
ml amphotericin B). The explants were then incubated at
37°C for 1 hour with 1.2 IU dispase as previously described"
and treated with 0.25% trypsin-EDTA solution for 10 minutes
at room temperature to separate the cells. Enzyme activity
was stopped by washing with Dulbecco’s modified Eagle’s
medium and Ham’s F12 medium (1:1) containing 10% fetal
bovine serum, insulin (5 pg/ml), cholera toxin (0.1 nmol/l),
human recombinant epidermal growth factor (10 ng/ml),
and penicillin-streptomycin (50 IU/ml). The oral EC (1x10°/
ml) were then seeded onto denuded AM spread on the
bottom of culture inserts, and co-cultured with MMC
inactivated 3T3 fibroblasts. The culture was submersed in
medium for 1-2 weeks and then exposed to air by lowering
the level of the medium (air lifting)* over the course of

1 week. Cultures were incubated at 37°C in a 5% CO, 95% air
incubator; the medium was changed every day.

Surgical procedures

After removing both conjunctivalised tissues on the corneal
surface and subconjunctival tissues using surgical scissors,
subconjunctival fibroblasts were treated for 5 minutes with
0.04% mitomycin C followed by vigorous repeated washing
with saline.”’ The cultivated oral epithelium on AM was
transplanted onto the corneal surface of the damaged eye and
secured with 10-0 nylon sutures at the limbus. We used
fluorescein staining of the cultivated oral epithelial sheet to
confirm its quality and then covered it with a therapeutic soft
contact lens.

Postoperative management

Postoperatively, 0.3% ofloxacin and 0.1% dexamethasone
were instilled four times a day; the doses were tapered to a
maintenance dose at 2-3 months, depending on the severity
of inflammation. Betamethasone (1 mg/day) and cyclopho-
sphamide (50 mg/day), administered to prevent postopera-
tive inflammation and conjunctival fibrosis, were stopped
1-2 months after surgery. Both renal and liver function were
monitored periodically.

RESULTS
There were no complications during or after excision of the
oral mucosa. After 2-3 weeks in culture, the cultivated oral
epithelium consisted of 5-6 layers and was very similar to
normal in vivo corneal epithelium (fig 1A and B). It retained
the transparency of normal cornea (fig 1C) and stained
positive for antibody specific for corneal epithelium keratin 3
(fig 1D) and specific for non-keratinised, stratified keratin
4/13 (data not shown).” ** These results were the same as in
our rabbit model.'®

Two days after transplantation, the corneal surface of all
treated eyes was clear and smooth; fluorescein staining
confirmed that the entire corneal surface was covered by the
cultivated autologous oral epithelium (fig 2). The trans-
planted epithelial sheet was surrounded at 360° by con-
junctival epithelial defects, indicating that there was no
contamination of the host conjunctival epithelium. Shortly
after the transplantation procedure, conjunctival inflamma-
tion rapidly subsided in all patients. Slit lamp examination
showed that conjunctival fibrosis was successfully sup-
pressed in all patients and there was no conjunctival inva-
sion into the corneal surface at the last follow up visit (figs 2
and 3). By slit lamp examination using fluorescein staining
we confirmed that the surviving oral epithelial area mani-
fested the characteristic staining pattern different from
both the cornea and the conjunctival epithelium. In case 3
(both eyes), a small epithelial defect with minimal cell
infiltration suggested a low toxic bacterial infection which
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Figure 1 Cultivation of oral epithelium on amniotic membrane. Light
micrographs of cross sections of (A) epithelial cells from oral biopsy
samples of patient 2 cultivated on amniotic membrane and (B) normal
corneal epithelial cells stained with haematoxylin and eosin. The arrow
in (A) points to the denuded amniotic membrane; the arrowhead
identifies the membrane of the culture insert (original magnification
x400). (C) The culture insert retained its transparency as indicated by
the translucence of the blue cap beneath the culture insert. (D) The
cultured oral epithelial cells are immunohistochemically stained for
keratin 3 (green). Their nuclei are positive for propidium iodide (red).

was controlled by the frequent use of ofloxacin and
cefmenoxime eye drops.

In all cases, we observed superficial peripheral neovascu-
larisation just under the AM stroma. Most of these vessels
involved the peripheral and not the central corneal region,
and did not cause any postoperative complications. No
clinical complications except small epithelial defects were
observed.

Visual acuity improved in all eyes and all were restored to
good vision (postoperative visual acuity improved by two or
more lines) at more than 11 months after transplantation.
The mean (standard deviation) postoperative period is now
13.8 (2.9) months, the ocular surface harbours surviving
transplanted epithelium, and all treated eyes are stable
without defects.

DISCUSSION

Severe ocular surface disorders such as SJS and chemical
burns present an unsolved challenge to the ophthalmologist.
The conventional approach is generally unsatisfactory, and
the long term clinical results are devastating. We previously
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Figure 3 Transplantation to a patient with SJS of autologous oral
epithelial cells cultivated on amniotic membrane (patient 4).
Representative slit lamp photographs taken before transplantation
without (A) and with HFL)Jorescein (B). The photographs in (C-D) were
taken at the last follow up visit without (C) and with fluorescein (D).
Before transplantation, the eye manifested inflammatory subconjunctival
fibrosis with neovascularisation, conjuntivalisation, and severe
symblepharon. At the last follow up visit, the corneal surface was stable
without defects.

performed corneal epithelial transplantation—that is, limbal
transplantation and cultivated corneal epithelial transplanta-
tion—and succeeded in human ocular surface reconstruc-
tion.”’ However, as most severe OSD are bilateral, we were
forced to use allografts, which subject the recipients to high
risk for allogeneic rejection and necessitate prolonged
immunosuppression. We propose autologous transplantation
as the ideal treatment for ocular surface reconstruction.
Allograft rejection was the main reason we decided to
investigate the possibility of ocular surface replacement with
autografts of stratified, non-keratinised mucosal epithelium
of non-ocular surface origin.

There are numerous candidates for mucosal epithelia of
non-ocular surface origin—for example, oral, nasal, oeso-
phageal, tracheal, and vaginal mucosa. We previously focused
on oral mucosa in our rabbit model' because EC isolated
from the oral mucosa are thought to be at a lower stage of
differentiation than epidermal keratinocytes. Their short
cell turnover time requires shorter cultures and they can
be maintained in culture for prolonged periods without
keratinisation.” Moreover, the oral cavity is an ideal

Figure 2 Transplantation to a patient
with chemical burns of autologous oral
epithelial cells cultivated on amniotic
membrane (patient 1). Representative
slit lamp photographs taken before
transplantation without (A) and with
fluorescein (B). The photographs in
(C~F) were taken 48 hours aﬁer
transplantation and are without (C) and
with fluorescein (D), (E-F) were
obtained at the last follow up visit
without (E) and with fluorescein (F).
Before transplantation, the eye
manifested persistent epithelial defects
surrounded by inflammatory
subconjunctival fibrosis. At 48 hours
post-transplantation, the ocular surface
was covered with transplanted cells. At
the last follow up visit, the corneal
surface was stable without defects.
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location for tissue biopsy as the resulting scar is inconspic-
uous. Lastly, keratin 3 is a reliable marker for corneal type
differentiation and is positive for EC of normal in vivo oral
mucosa.”*” These characteristics recommend oral EC as an
ideal substitute for corneal EC for use in ocular surface
reconstruction.

Ballen, who used oral mucosal membrane grafts that
included both epithelium and subepithelial tissues in both
human and rabbit eyes, found that they heavily vascularised
with early fibrosis.”® Gipson et al transplanted oral epithelia
freed by dispase II of underlying connective tissue onto the
rabbit ocular surface.” They reported that it was feasible to
transplant in vivo oral mucosal epithelium to corneal-limbal
regions, but that it was not maintained in central avascular
corneal regions. We previously documented that oral EC
cultivated on AM can function as ocular surface epithelium
in rabbits.'* Human AM has a thick basement membrane, is
devoid of a vascular component, and has an antiscarring
effect in ocular surface reconstruction.”® The EC character is
thought to depend on the substrate, and AM is a good
substrate for cultivating mucosal epithelium such as corneal,
conjunctival, and oral epithelium.”'® Based on these
considerations, we suggest that oral EC cultivated on AM
may be able to differentiate into cornea like EC under our
single cell culture conditions.

There are many difficulties in developing a culture system
for human oral EC. Because we found that it was difficult to
cultivate human oral EC using our previously reported
culture technique for rabbit oral EC'® we modified the culture
process using samples from volunteers. We used the
experience we gained from transplanting cultivated allo-
geneic corneal EC in rabbits® and humans® to develop our
autologous human oral epithelial culture system. Our
modified system is unique in that we use denuded AM as
the substrate, a 3T3 fibroblast layer to assist epithelial
stratification, and air lifting to facilitate the correct forma-
tion of epithelial tight junctions. In addition, we modified
the culture medium used by others”" to encourage EC
growth. We succeeded in producing sufficiently stratified,
well differentiated epithelium to cover the entire ocular
surface of the injured eye from an oral specimen measuring
only 2-3 mm?, thereby avoiding extensive scarring of the oral
cavity.

Our experience shows that the viability of human oral
epithelium depends on donor characteristics and age: cell
growth in oral epithelium obtained from aged donors was
slower than that of cells from younger donors. This is
consistent with the observation that tissue specific stem cells
gradually decrease with age.” It is also important whether
the oral epithelium has the characteristics of normal
mucosa. For example, as SJS is an acute inflammatory
disorder of the skin and mucosal epithelium, it is possible
that the oral mucosal epithelium in patients with SJS is
damaged. As we were able to cultivate the oral epithelium
from SJS patients under our culture conditions, we suggest
that, like skin lesions, oral mucosal lesions in SJS patients are
self limited.

Successful transplantation of cultivated oral epithelial
sheets requires strong attachment of the basal cells to the
underlying AM and the development of a normal barrier
function by the superficial cells. Using electron microscopy,
we observed that, like in vivo corneal EC, human oral EC
cultivated on AM exhibit junctional specialisation such as
desmosomal and hemidesmosomal junctions (data not
shown).”

In all cases reported here, neovascularisation developed
postoperatively just under the graft. We noted that post-
operative inflammation facilitated neovascularisation and
that most of these vessels were limited to the peripheral

1283

cornea region. However, 5-FU eye drops and anti-inflamma-
tory therapy controlled these activities. We posit that post-
operative neovascularisation occurs because in vivo oral
mucosa requires a vascular bed for maintenance. At present,
we do not know whether oral epithelium synthesises an
angiogenic factor and/or lacks an anti-angiogenic factor. We
are currently monitoring the expression of angiogenic and
anti-angiogenic factors such as vascular endothelial growth
factor, angiostatin, and endostatin in cultured oral epithe-
lium sheets. Although the main purpose of transplanting
cultivated oral epithelium is to maintain ocular surface
integrity, visual improvement is important. Even if the ocular
surface, with transplanted cultivated oral epithelium, were to
heal with peripheral neovascularisation, the ocular surface
would be intact in patients with severe damage and their
visual acuity would be improved, thereby improving their qua-
lity of life without requiring intensive immunosuppression.

Although epithelial and subepithelial opacity of the
cultivated oral epithelial sheet may develop during a longer
follow up period, we contend that it is possible to repeat the
transplantation process with new autologous cultivated oral
epithelial sheets because there is no risk of postoperative
rejection. We previously reported that, in cases where the
initially transplanted cultivated corneal epithelium became
opaque, the transplantation process could be repeated using
new cultivated epithelium; this was true even in patients who
had previously received allografts.*

For successful transplantation, it is very important to
include stem cells in the cultivated oral epithelial sheet
because they affect its longevity. However, it is difficult to
determine their number because there are currently no
reliable markers specific for oral epithelial stem cells. Based
on our observations longer than 11 months, we think that the
cultivated oral epithelial sheets contain a sufficient number
of stem cells to maintain the graft because slit lamp
examination and fluorescein staining identified the area of
the surviving oral epithelium. The area exhibited a char-
acteristic staining pattern that was different from both
corneal and conjunctival EC. Using impression cytology for
immunohistochemistry, we are currently monitoring culti-
vated autologous oral epithelial sheets in efforts to identify
oral mucosa specific markers.

We previously suggested that oral EC cultivated on AM
may be able to differentiate into cornea like EC under our
culture conditions.'* Here we documented that sufficient
epithelium to cover the entire ocular surface can be obtained
from oral biopsy specimens measuring 2-3 mm?. We suggest
that transplantation of cultivated autologous oral EC
represents an effective technique for ocular surface recon-
struction in patients with severe OSD, especially those with
damage to both eyes. We posit that cultivated epithelial
sheets can also be used for conjunctival reconstruction in the
fornix, and we are currently adapting our technique to
conjunctival reconstruction in patients with OSD with severe
symblepharon.

This study is the first demonstration of the survival on
severely injured human corneas of transplanted, cultivated
autologous EC derived from oral biopsies. Our procedure
offers hope to patients with unilateral or bilateral lesions and
represents a new therapeutic tool for the treatment of
patients with severe OSD. Although the long term survival
of these grafts awaits confirmation, we are confident that the
method introduced here represents an advance in the
treatment of patients with OSD.
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