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ABSTRACT
Background: This study was undertaken to establish the characterization of cultured oral mucosal epithelium
and introducing them as an alternative source for reconstruction of ocular surface disease. Methods: Human
oral epithelial cells were cultured on simple media (DMEM/HF12) as control and co-cultured on mitomycin
C-treated 3T3 feeder layer, on the amniotic membrane (AM) without nitrocellulose and the mitotically
inactivated 3T3 fibroblast, and on the sandwich layer of AM fastened on the nitrocellulose as insert and 3T3
fibroblast. After 3 weeks, the characteristics of the cells were assessed morphologically and also
ultrastructurally using scanning electron microscopy and transmission electron microscopy and immunocytochemically. Results: The epithelial cells were cultured on AM spread on nitrocellulose insert and 3T3
feeder layer showed better growth than other groups and all groups of study were shown similar
characteristics. The cultured oral epithelial shared the characteristics with corneal epithelium. Conclusion:
Thus the oral epithelial could be an alternative source for transplantation. Iran. Biomed. J. 13 (2): 109-115, 2009
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INTRODUCTION

A

mong different mucosal epithelia including
oral, nasal, esophageal, tracheal and vaginal,
the oral epithelium has been attracted as an
available source for autologous cell transplantation
[1-6]. The oral epithelial has also some advantages
as candidate for usage in ocular surface disease such
as the lower stage of differentiation and its short cell
turnover time. It requires shorter culture period and
can be maintained in culture for prolonged periods
without keratinization [5]. Moreover, the oral
mucosa is an available location for biopsy and its
epithelial cells and cornea have shown the similar
morphological and cytochemical characteristics [4].
However, there are some difficulties in developing a
culture system for oral epithelial cells and a variety
of factors may influence on the quality of the
epithelial sheet, including source of cells,

preparation of the cells, types of substrates used, the
use of feeder cells, and culture conditions.
Some investigations have been done on human and
non human oral epithelial culture using denuded
amniotic membrane (AM) as the substrate, 3T3
fibroblast layer to assist epithelial stratification and
air lifting to facilitate the correct formation of
epithelial sheet [1-8].
Fresh human AM secrets anti-inflammatory factor
has anti-fibroblastic activity and anti-angiogenic
property and it is the first carrier for corneal
epithelial sheets [9, 10]. Nakamura et al. [3, 4] have
developed a method for oral epithelial cell
cultivation using human AM as carrier, and
succeeded in transplantation of cultivated oral
epithelial sheets.
Another supporting layer for proliferation and
differentiation of epithelial cells is human fibroblasts
or 3T3 mouse embryonic fibroblast. They were used
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for the first time in differentiation of mouse
embryonic stem cells into skin epithelial cells [11].
Nishida et al. [7] grafted oral mucosal epithelial
cell sheets cultured on temperature responsive cellculture surfaces with 3T3 feeder cells. Inatomi et al.
[1, 2] cultured the oral mucosal epithelium onto
denuded AM spread on the bottom of culture inserts,
and co-cultured with mitomycin-C inactivated 3T3
fibroblasts.
As it has been mentioned the transplantation of
human oral epithelial sheets grown on various
substrates can be useful for corneal reconstruction
[1-8] but little is known about their histological and
ultrastructural characteristics in the same culture
system. However more studies need to improve the
oral epithelial culture system.
This study was undertaken to compare and
evaluate a cell culture system for the expansion of
oral epithelial cells on AM carrier with or without
nitrocellulose as insert and 3T3 fibroblast. In the
present study, the growth, morphology and
ultrastructural characteristics of cultured cells in
different conditions were compared with light,
scanning, and transmission electron microscopy
(TEM) and immuno-cytochemistry for epitheliumspecific keratin and stem cell marker “β1-integrin”
[8, 12].
MATERIALS AND METHODS
Experimental design. The preparation of human
samples (AM and oral epithelium biopsies) and the
experimental studies were approved by the
Institutional Review Board of Tehran University of
Medical Sciences (Iran). To evaluate and compare
the characteristics of human oral mucosal epithelium
in different culture conditions, the following culture
systems were considered (Fig. 1). Group A: The
epithelial cells were co-cultured on the mitotically
inactivated 3T3 fibroblast feeder layer. Group B:
The epithelial cells were co-cultured on the AM
without nitrocellulose and the mitotically inactivated
3T3 fibroblast. Group C: The epithelial cells were
co-cultured on the sandwich layer of AM fastened
on the nitrocellulose as insert and 3T3 fibroblast.
Group D: The epithelial cells were cultured without
any supporting feeder layer as control.
Amniotic membrane preparation. AM were
prepared according to Bouchard and John method
[10]. Briefly, AM was obtained in a sterile manner
during cesarean section after written consent had
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Fig. 1. The diagram of experimental design in all groups of
, epithelial cells;
, 3T3 fibroblast feeder layer;
study.
, amniotic membrane;
, nitrocellulose insert.

been obtained from donors. We confirmed that
maternal serum was negative for human immunodeficiency virus, hepatitis B and C viruses and
cytomegalovirus. The AM was first washed free of
blood clots with normal saline containing antibiotics
(1% penicillin-streptomycin-amphotericin B) under
sterile condition. The inner layer of AM was
separated from the rest of the chorion by blunt
dissection. Then, it was rinsed in sterile saline and
later by 4%, 8% and 10% DMSO in PBS containing
antibiotics for 5 min in each step, respectively. Some
of the membrane was then fastened on nitrocellulose
paper, with the epithelium/basement membrane
surface up position and the remainder without the
nitrocellulose inserts. The AM was then cut into 3 ×
3 cm pieces. Each piece was placed in a sterile
dishes containing 10% DMSO medium and frozen at
-70°C. The membrane was defrosted immediately
before use by warming the container at room
temperature for 10 min, and rinsed three times in
PBS.
Oral tissue sampling and isolation. Small biopsy
specimens (approximately 2 mm3) of clinically
normal oral tissues (buccal part) were obtained from
18-20-year-old men (n = 3) under local anesthesia.
The biopsy specimens were washed three times with
PBS containing antibiotics. The submucosal
connective tissue was first carefully removed with
scissors. The oral epithelium was then incubated at
37ºC for 2 hours with 1.2 IU dispase II (Gibco,
Paisley, UK) and treated with 0.25% trypsin-2.65
mM EDTA solution at room temperature for 20
minutes to scatter the epithelial cells. The single
harvested cells were cultured in all groups of study
as “Experimental Design”.
The feeder layer preparation. 3T3 fibroblast cell
line was prepared from Cell Bank of Pasture
Institute of Iran (Tehran) and cultured on DMEM
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(Gibco, Paisley, UK). Confluent 3T3 cells were
incubated with 4 µg/ml of mitomycin C under 5%
CO2 at 37°C for 2 hours, then rinsed with PBS,
trypsinized and placed in 96-well plastic dishes at a
density of 2 × 105 cells/cm2.
Oral mucosal epithelial cell culture and media.
After preparation of oral epithelial cells suspension,
AM and mitomycin C-treated 3T3 fibroblasts, the
epithelial cells were cultured with density of 1 ×
105/ml in 96-well dishes in all groups of study as
described in “Experimental Design”. The culture
medium in all groups was the same according to the
Nakamura et al. method [4] with some
modifications. It was consisted of DMEM (Gibco,
Paisley, UK) and Ham’s F12 (Sigma-Aldrich,
Hamburg, Germany) in 1:1 ratio and supplemented
with 10% fetal bovine serum, 10 ng/ml epidermal
growth factor (Sigma-Aldrich, Hamburg, Germany),
1% penicillin-streptomycin-amphotericin B (SigmaAldrich, Hamburg, Germany) and 5 µg/ml human
recombinant insulin (Sigma-Aldrich, Hamburg,
Germany). The medium was changed every day and
culture was maintained with 5% carbon dioxide and
95% air at 37°C for 3 weeks. The morphology of
cultured cells was assessed during culture period
under inverted microscope.
Immuno-cytochemistry for Keratin and β1integrin. Three weeks after culturing, the cytospine
slides of different groups of study were prepared for
indirect immuno-cytochemical study. The samples
were fixed with 4% paraformaldehyde in PBS and
blocked with 10% normal goat serum (Sigma,
Hamburg, Germany) in PBS. Cells were
permeabilized with 0.3% triton X-100 (ICN, USA)
and incubated with primary antibody against mouse
anti-cytokeratin 3/12 (Santa Cruz Biotechnology
Inc., USA) or mouse anti-β1-integrin (Santa Cruz
Biotechnology Inc., USA) then were incubated with
FITC-conjugated secondary antibody in dark room
for 2 hours. After mounting with medium containing
glycerol buffer, the slides were examined by
fluorescent microscopy.
Transmission electron microscopy. The cultured
oral epitheliums in different groups of study were
examined by TEM. The specimens were fixed in
2.5% glutaraldehyde in phosphate-buffered saline
(PBS, pH 7.4) and post-fixed with 1% osmium
tetroxide in the same buffer for 2 hours. After
dehydration in an ascending series of ethanol,
specimens were placed in propylene oxide and
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embedded in Epon 812 (TAAB, Berkshire, UK).
Semithin sections (0.5 µm) were stained with
toluidine blue for light microscopy. Ultrathin
sections (60-80 nm) were stained with uranyl acetate
and lead citrate and then examined by TEM (Zeiss,
Gottingen, Germany).
Scanning electron microscopy (SEM). For SEM
analysis, after fixing and dehydrating samples in the
same manner as described before for TEM study,
they were dried, mounted and coated with gold
particles (Bal-Tec, Switzerland) and examined using
a scanning electron microscope (Philips XL30,
Netherland).

RESULTS
In vitro growth and the morphology of cultured
cells. Oral mucosal tissues were safely expanded
without any fungal and bacterial contamination. By
three-week culturing, mature oral mucosal epithelial
sheets were generated in all groups of study and the
superficial layer showed a typical epithelial
morphology with polygonal appearance (Fig. 2). The
growth of epithelial cells was different in
experimental groups. It was higher in group C than
other groups since they reached to the confluency
near 18 days after culturing. Group D showed lower
rate of growth than other groups and in this group,
the cells reached to the confluency at the end of 3
weeks of culturing.
TEM ultrastructural observation. In group A, the
cells formed a thin epithelial layer and the height of
the cells was lower than the other groups (Fig. 3a).
However, well-defined desmosomes were formed
among the adjacent cells (Fig. 3b). Low
magnification electron micrographs of the groups B
and C confirmed that the sheets were comprised of
well-differentiated stratified epithelium (Fig. 3c).
They were consisted of cuboidal basal cells, several
polygonal cells in intermediate layer, and flat apical
cell surface layer. There were a lot of lateral
interdigitations among cells in different layers (Fig.
3d). Several desmosomes were formed at lateral
surface of the cells. The cytoplasm was filled with a
lot of fibrous keratin protein which extended to the
desmosomes (Fig. 3 d). The intercellular spaces
between the cells were narrow. The ultrastructure
of group D was similar to that of group A and the
cells formed a thin epithelial layer.
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Fig. 2. The morphology of the cultured oral epithelial cells under inverted microscope. (a) The epithelial cells were cultured on the
mitotically inactivated 3T3 fibroblast feeder layer (group A); (b) The epithelial cells were co-cultured on the amniotic membrane
without nitrocellulose and the mitotically inactivated 3T3 fibroblast (group B); (c) The epithelial cells were co-cultured on the
sandwich layer of AM fastened on the nitrocellulose as insert and 3T3 fibroblast (group C); (d) The epithelial cells were cultured
without any supporting feeder layer as control (group D).

Scanning electron microscopy ultrastructural
observation. SEM observations showed that the
appearance of surface epithelial cells in groups A
was flat squamous cells (Fig. 4 a-c) similar to the
TEM. Their nuclei were projected to the surface.
The surface of epithelial layer in groups B and C
was similar and the apical surface of the cells
showed a continuous layer of polygonal cells with
prominent small microvillus (Fig. 4 d-f). The apical
surface of cultured cells in group D was similar to
that of group A.

Immuno-cytochemical observation. The immuno
-cytochemistry of the cytospine cell suspension
showed the keratin 3/12 was expressed in all groups
and the positive stained cells with FITC-conjugated
secondary anti-cytokeratin antibody were detected in
all groups of study (Fig. 5 a-c). Also the positive
stained cells with FITC-conjugated secondary antiβ1-integrin antibody were seen in all groups of study
(Fig. 5 d-f).

Fig. 3. TEM micrograph of oral epithelium grown on 3T3 fibroblast feeder layer. (a) A well-formed desmosomes between these
cells; (b) The micrograph of stratified epithelial cells which is formed on the sandwich layer of AM fastened on the nitrocellulose as
insert and 3T3 fibroblast and the epithelium was five to six layers thick (c) and exhibited many lateral interdigitations with well
defined desmosomes (d). N, nucleus.
http://IBJ.pasteur.ac.ir
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Fig. 4. Scanning electron micrographs of the cultured oral epithelium. The epithelial cells were cultured on the mitotically
inactivated 3T3 fibroblast feeder layer showing the squamous flatted cells in different magnification. The nucleus projected from the
surface of epithelial (a-c). The epithelial cells were cultured on the sandwich layer of AM fastened on the nitrocellulose as insert and
3T3 fibroblast. A lot of microvillus extended from the lateral and surface borders of the cells (d-f).

DISCUSSION
The main purpose of this study was to introduce
the best culture condition for oral mucosal epithelial
cells. We established a method for the culture of
stratified oral epithelial on human AM with or
without nitrocellulose as insert which was cocultured with 3T3 fibroblast feeder layer. We
modified this by using the nitrocellulose and
deletion of the air lifting step. As our data show, the
culture conditions in groups B and C were well
supported the stratification of epithelia without any
keratinization in the superficial layer. In this regards
previous research emphasized that the air lifting is
essential for stratification of epithelium [3]. In
groups B and C, in the presence of both 3T3 feeder
layer and AM, the growth and morphology of the
cells were better than other groups so that they
reached to confluency before 3 weeks of culturing.
These results may be due to some factors which are
produced by supporting layer of lethally irradiated
3T3 cells and AM. Also, in the presence of
nitrocellulose inserts, nutrients can be passed via the

basal side of the cells through the insert membrane
pores. This condition could be mimicked the in vivo
state to support stratification of epithelial by a
connective tissue sublayer.
A great advantage of our experimental system was
the use of simple technique to obtain stratified oral
epithelial sheet for transplantation in short cultured
period. The SEM and TEM electron micrographs
demonstrated that both cultured conditions in groups
B and C produced a healthy and well-formed
stratified cell layer (formation at least 5-6 layers).
The similar features were showed in vitro culture
corneal epithelial cells and in vivo normal corneal
epithelium by other investigators [14, 15]. The
human primary oral mucosal epithelial cells which
were cultured on temperature-responsive culture
inserts in the absence of 3T3 cell feeder layers
showed the similar characteristics [16].
The results of the present study showed the
primary cultured epithelial cells were positively
immuno-stained by the antibody against cytokeratin
3/12 and similar observation was indicated by
normal epithelial cells of oral mucosa in vivo [17].
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Fig. 5. The immuno-cytochemical staining for cytokeratin 3/12 in cytospine slides of cultured cells. The cells in groups A, B and C
were showed the expression of K3/K12, respectively (a-c). The β1-integrin immuno-stained cells were cultured on the mitotically
inactivated 3T3 fibroblast feeder layer (d), co-cultured on the AM without nitrocellulose and the mitotically inactivated 3T3 fibroblast
(e) the sandwich layer of AM fastened on the nitrocellulose as insert and 3T3 fibroblast (f).

Therefore, it indicated that this characteristic is
shared between oral and corneal epithelia, also it
was considered as one of the in vivo corneal and
conjunctival epithelia by some investigators [17-19].
However, it was showed that he keratin expression
profiles in the tissue-engineered cell sheets before
and after transplantation in comparison with those
from native corneal and oral mucosal epithelia had
some similarities [7]. These data support the
occurrence of phenotypic modulation of oral
mucosal epithelial cells during culturing and after
transplantation [7].
The presence of the cells which were expressed
the β1-integrin suggested that they possessed the
structural and regenerative characteristics of oral
epithelium [20, 21]. Hayashida and associates [8]
demonstrated p63 and β1-integrin positively within
the oral mucosa of rabbits, to imply the presence of
stem cells in oral mucosal epithelium. The putative

oral epithelial stem cells may be converted into
corneal epithelial-like cells under influence of the
cornel micro-environment after transplantation with
some similar characteristics [20]. Our results
suggested the epithelial cells were cultured on AM
spread on nitrocellulose insert and 3T3 feeder layer
showed better growth. Also, the cultured oral
epithelia were showed similar characteristics with
corneal epithelium.
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