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Current status of corneal transplantation and perspective on regenerative medicine
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Summary

Although corneal transplantation using donor cornea is a well estab-
lished therapeutic method for severe ocular surface diseases, it also suf-
fers from the problems such as donor shortage and rejection. In order
to solve these problems, we have developed a unique tissue-engineered
epithelial cell sheet transplantation using a temperature-responsive cul-
ture dish and patients' own stem cells. This therapeutic method provid-

ed good results for the treatment of severe ocular surface diseases.

Hayashi, Ryuhei/ Nishida, Kohji

Department of Ophthalmology and Visual Science, Tohoku University Graduate School of
Medicine

E-mail : rhayashi@oph.med tohoku.ac.jp
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ABSTRACT

Background/aims To cultivate human oral mucosal
epithelial cell sheets with post-mitotic human dermal
fibroblast feeder cells and modified keratinocyte culture
medium for ocular surface reconstruction.

Methods Human oral mucosal epithelial cells obtained
from three healthy volunteers were cultured with x-ray-
treated dermal fibroblasts (fibroblast group) and NIH/3T3
feeder layers (3T3 group) on temperature-responsive
culture dishes. Media were supplemented using clinically
approved products. Colony-forming efficiency was
determined in both groups. Histological and
immunchistochemical analyses were performed for cell
sheets. Cell viability and purity of cell sheets were
evaluated by flow cytometry.

Results Colony-forming efficiency in the fibroblast group
was similar to that in the 3T3 group. All cell sheets were
well stratified and harvested successfully. The
expression patterns of keratin 1, 3/76, 4, 10, 12, 13, 15,
Z0-1 and MUC16 were equivalent in both groups. The
percentage of p63-positive cells in the fibroblast group
(46.1+4.2%) was significantly higher than that in the
3T3 group (30.7%7.6%) (p=0.038, t test). The cell
viability and purity were similar between the two groups.
Conclusion This novel culture method using dermal
fibroblasts and pharmaceutical agents provides a safe
cell processing system without xenogenic feeder cells for
ocular surface reconstruction.

Tissue-engineered cell sheets composed of autolo-
gous oral mucosal epithelium have been success-
fully used to reconstruct eyes affected with severe
ocular surface disorders.! ? However, it is possible
that murine fibroblast feeder layers used for human
transplantation can transmit murine diseases. In
addition, it has been reported that human embry-
onic stem cells cultured on mouse feeder layers
generate immunogenic non-human sialic acid.?
Therefore, a new processing method that does not
use animal-derived material should be developed to
avoid this problem.

The use of human adipose tissue-derived and
bone marrow-derived mesenchymal stem cells is
reported to generate transplantable epithelial cell
sheets.* ° The risks associated with xenogenic
feeder layers can be avoided with these methods.
However, the harvesting of adipose tissue or bone
marrow is invasive; therefore, an alternative cell
source for feeder layers is required for autologous
cell therapy.

Oie Y, Hayashi R, Takagi R, et al. Br J Ophthalmol (2010). doi:10.1136/bjo.2009.175042

Dermal fibroblasts have been used as a feeder layer
to culture skin keratinocytes,® 7 and dermal fibro-
blast can be easily cultured ® It is thus thought that
dermal fibroblasts can be utilised as an alternative
candidate for mesenchymal stem cells or NIH/3T3
cells in culturing oral mucosal epithelial cells.

The supplements in conventional keratinocyte
culture medium (KCM) are reagents used for labo-
ratory research. The laboratory-grade supplements
in KCM should be replaced with pharmaceutical
products approved by the Ministry of Health,
Labour and Welfare for clinical application. Modi-
fied KCM, which adopted the use of clinical agents
as culture supplements, was equally as efficient as
conventional KCM in the fabrication of canine,
transplantable, stratified epithelial cell sheets.’®

In particular, we investigated a novel culture
method of human oral mucosal epithelial cell sheets
using post-mitotic human dermal fibroblast feeder
cells and modified KCM with clinically approved
supplements.

MATERIALS AND METHODS
Preparation of feeder layers
Human dermal tissues were obtained from three
healthy volunteers who provided written informed
consent. Human tissue was handled according to
the Declaration of Helsinki.

Dermal fibroblasts were cultured using the
explant procedure ® To prepare feeder layers, human
dermal fibroblasts were lethally irradiated with
40 Cly and then trypsinised and seeded onto tissue
culture dishes (60 mm diameter; BD Biosciences,
San Diego, California, USA) at a density of 5x10°
cells/cm*® (fibroblast group). As a positive control,
lethally irradiated NIH/3T3 cells were prepared at
a density of 2x10* cells/cm?® (3T3 group).

Reverse transcription PCR

Total RNA was obtained from human dermal
fibroblasts and NIH/3T3 cells using the GenElute
mammalian total RNA kit (Sigma, St Louis,
Missouri, USA). Reverse transcription was
performed with the SuperScript First-Strand
Synthesis System for reverse transcription PCR
(Invitrogen, Carlsbad, California, USA), according
to the manufacturer’s suggested protocol, and
cDNA was used as the template for PCR. The
reverse transcription PCR thermocycle programme
consisted of an initial step at 94°C for 5 min and 30
cycles at 94°C for 30 s and 58°C for 30 s and 72°C
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for 30 s (PCR Thermal Cycler MP; Takara, Shiga, Japan). The
primer pairs are shown in table 1.

Preparation of modified KCIM
Modified KCM was supplemented with clinically approved
products. The medium consisted of Dulbecco’s modified eagle

Umedium and Ham’s F12 medium (Gibco-Invitrogen) at a 3:1

ratio, supplemented with 10% autologous human serum, 5 pg/
ml insulin (humulin; Eli Lilly, Indianapolis, Indiana, USA), 2 nM
triiodothyronine (thyronamin; Takeda, Osaka, Japan), 0.4 pg/ml
hydrocortisone (saxizon; Kowa, Tokyo, Japan), 100nM
L-isoproterenol (proternol; Kowa), 2 mM L-glutamine (Gibco),
10 ng/ml epidermal growth factor (Higeta Shoyu, Chiba, Japan),
and 40 ug/ml gentamicin (gentacin; Schering-Plough, Kenil-
worth, New Jersey, USA).

Oral mucosal epithelial cell culture

Human oral mucosal epithelial tissues were obtained from the
same three healthy volunteers, respectively. Therefore, we
performed the comparison of the two feeder layers three times
in the current study. After the oral cavity of each volunteer was
sterilised with topical povidone-iodine, a 3X3 mm specimen of

Table 1 Primer sequences

Gene Primer sequence (5 —3') Product size (bp)

hPTN Forward: AGAGGACGTTTCCAACTCAA 551
Reverse: TATGTTCCACAGGTGACATC

hEPR Forward: AGGAGGATGGAGATGCTCTG 498
Reverse: TCAGACTTGCGGCAACTCTG

hCC Forward: TCCTCTCTATCTAGCTCCAG 500
Reverse: TCCTGACAGGTGGATTTCGA

hHGF Forward: GCCTGAAAGATATCCCGACA 523
Reverse: TTCCATGTTCTTGTCCCACA

hKGF Forward: AGGCTCAAGTTGCACCAGGCA 495
Reverse: TGTGTGTCGCTCAGGGCTGGA

hShh Forward: CGGAGCGAGGAAGGGAAAG 262
Reverse: TTGGGGATAAACTGCTTGTAGGC

hiGF1a Forward: ATGCACACCATGTCCTC 390
Reverse: CATCCTGTAGTTCTTGTTTC

hN-cad Forward: ATGCTGACGATCCCAATG 317
Reverse: GATGTCTACCCTGTTCTCA

hGAPDH Forward: ACCACAGTCCATGCCATCAC 452
Reverse: TCCACCACCCTGTTGCTGTA

mPTN Forward: GGACCTCTGCAAGCCAAAAAA 317
Reverse: GCACTCAGCTCCAAACTGCTTC

mEPR Forward: AGCTGCACCGAGAAAGAAGGA 318
Reverse: AGAAGTGCTCACATCGCAGACC

mCC Forward: AGCTCGTGGCTGGAGTGAACTA 343
Reverse: CCTGCAGCAGCTCCTTTACTGT

mHGF Forward: GGTGAAAGCTACAGAGGTCCCA 314
Reverse: ATGGTATTGCTGGTTCCCCTG

mKGF Forward: CGAGGCAGACAGCAGACACGG 504
Reverse: GTGTCGCTCGGGGCTGGAAC

mShh Forward: CCCAAAAAGCTGACCCCTTTAG 335
Reverse: TCCACTGCTCGACCCTCATAGT

miIGF1a Forward: TATGGCTCCAGCATTCGGA 319
Reverse: GCGGTGATGTGGCATTTTCT

mN-cad Forward: AGAGGGATCAAAGCCTGGGACGTAT 360
Reverse: TCCACCCTGTTCTCAGGGACTTCTC

mGADPH Forward: ATCACTGCCACCCAGAAGACTG 325

Reverse: TGCTGTTGAAGTCGCAGGAGA

CC, cystatin C; EPR, epiregulin; GAPDH, glyceraldehydes-3-phosphate dehydrogenase; h,
human; HGF, hepatocyte growth factor; IGF1a, insulin-like growth factor 1a; KGF,
keratinocyte growth factor; m, mouse; N-cad, N-cadherin; PTN, pleiotrophin; Shh, sonic
hedgehog.

20f7

oral mucosal tissue was surgically excised from the interior
buccal mucosal epithelium under local anaesthesia with propi-
tocaine. Oral mucosal epithelial cells were collected by removing
all epithelial layers after treatment with dispase Il (2.4 U/ml;
Invitrogen), at 4°C for 4 h. Separated epithelial layers were
treated with trypsin-EDTA (Invitrogen), and resuspended cells
were plated on temperature-responsive culture inserts (CellSeed,
Tokyo, Japan) at an initial cell density of 2.0X10° cells/23 mm
insert, with feeder cells separated by cell culture inserts." The
cells were cultured for 14—17 days.

For colony-forming assays, 3000 or 5000 primary oral mucosal
epithelial cells were seeded onto culture dishes (60 mm diameter;
BD Biosciences) with irradiated feeder layers. After cultivation
for 10—12 days, dishes were fixed and stained with rhodamine B.
Colony-forming efficiency was defined as the ratio of the
number of colonies to the number of cells inoculated. Colony
size was also calculated using scanned photos of stained dishes
with Axio Vision LE (Carl Zeiss, Jena, Germany).

Cell merphology
Cultured epithelial cells were observed under a phase contrast
microscope, and microphotographs were taken at 100-fold

magnification (Axiovert40; Carl Zeiss) to examine cell 2

morphological aberrations and deficits.

Sheet recovery test

After examination with phase contrast microscopy, cultured
epithelial cells were subjected to incubation at 20°C for 30 min.
Then, a donut-shaped support membrane (18 mm outer diam-
eter, 10 mm inner diameter, polyvinylidene difluoride; Millipore,
Bedford, Massachusetts, USA) was placed on the epithelial cells.
Finally, cells were challenged with harvesting in the presence of
support membranes. Harvested epithelial cell sheets were
divided into two parts. Half of the cell sheets were subjected to
flow cytometry and the other half were subjected to histological
analyses.

Cell viability and epithelial cell purity
Cell viability was evaluated with a dye exclusion test. An aliquot
of cell suspension was incubated in Dulbecco’s modified eagle
medium with 7-aminoactinomycin D (BD Biosciences) staining
at room temperature for 10 min, and subjected to flow cytom-
etry (FACS Calibur; BD Biosciences).

After trypsin-EDTA treatment, an aliquot of the cell suspen-
sion was centrifuged, fixed and permeabilised with the Cytofix/
Cytoperm kit (BD Biosciences) according to the manufacturer’s
protocol. Then, the cell suspension was split into two tubes, and
incubated with either a FITC-conjugated anti-pancytokeratin
IgG2a antibody (clone Pan1-8; Progen, Heidelberg, Germany) or
a FITC-conjugated mouse control IgG2a antibody (Santa Cruz
Biotechnology, Santa Cruz, California, USA) at room tempera-
ture for 60 min. After being washed twice with PBS, nuclei were
stained with 7-aminoactinomycin D and the cells were exam-
ined by flow cytometry.

H&E staining and immunofluorescence analyses
The portion of cell sheets to be used in histological analyses was
divided into two quadrants. One quadrant was fixed with
formalin and embedded in paraffin. H&E staining was
performed to observe the morphology and degree of stratifica-
tion of the cultured epithelial cells. Microphotographs were
taken with a light microscope (BZ-9000, Keyence, Osaka, Japan).
The other quadrant of cell sheets was embedded in Tissue-Tek
OCT compound (Sakura Seiki, Tokyo, Japan) and processed into

Qie Y, Hayashi R, Takagi R, et al. Br J Ophthalmol (2010). doi:10.1136/bjo.2009.175042
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Figure 1 Feeder layers. Human
dermal fibroblasts (a) and NIH/3T3 cells
(b) were examined using phase-
contrast microscopy. Gene expression
was analysed by reverse transcription
PCR. Both human dermal fibroblasts
and NIH/3T3 cells expressed many
factors for the maintenance of stem/
progenitor cells and the growth of
epithelial cells (c). Scale bars: 100 pm
(a, b). CC, cystatin C; EPR, epiregulin;
GAPDH, glyceraldehyde-3-phosphate
dehydrogenase; HGF, hepatocyte
growth factor; IGF1a, insulin-like
growth factor 1a; KGF, keratinocyte
growth factor; N-cad, N-cadherin; PTN,
pleiotrophin; Shh, sonic hedgehog.

3-pum thick frozen sections. Cryosections from the cell sheets
were immunostained with monoclonal antibodies against
keratin 1 (K1, LHK1; Abcam, Cambridge, UK), keratin 3/76 (K3/
76, AE5; Progen), keratin 4 (K4, 6B10; Abcam), keratin 10 (K10,
DE-K10; DakoCytomation, Glostrup, Denmark), keratin 13
(K13, 1C7; American Research Products, Belmont, Massachu-
setts, USA), keratin 15 (K15, LHK15; Millipore), p63 (4A4; Santa
Cruz Biotechnology), ZO-1 (1A12; Zymed, South San Francisco,
California, USA), MUC16 (Ov185; Abcam), a polyclonal anti-
body against keratin 12 (K12, L-15; Santa Cruz Biotechnology),
followed by incubation with Alexa488-labelled secondary anti-
bodies (Molecular Probes, Eugene, Oregon, USA). Nuclei were
co-stained with Hoechst 33342 (Sigma), and the cell sheets were
mounted with PermaFluor (Beckman Coulter, Miami, Florida,
USA). Slides were observed using confocal laser scanning
microscopy (LSM-710; Carl Zeiss). The same concentration of
corresponding normal, non-specific IgG was used as negative
control. The percentage of p63 and K15-positive cells in each
cultured cell sheet was calculated.

Statistical analysis
Data were analysed using t tests; p<0.05 was considered
statistically significant.

RESULTS

Human dermal fibroblasts had morphological characteristics
similar to those of NIH/3T3 cells (figure lab). The gene
expression pattern of dermal fibroblasts was similar to that of

Oie Y, Hayashi R, Takagi R, et al. Br J Ophthalmol (2010). doi:10.1136/bjo.2009.175042

Dermal NIH/3T3
fibroblasts cells

PTN
EPR
cC
HGF
KGF
Shh
IGFla
N-cad
GAPDH
RT -

NIH/3T3 cells (figure 1c). Although dermal fibroblasts did not
express epiregulin (EPR), other genes including pleiotrophin
(PTN), cystatin C (CC), hepatocyte growth factor (HGE),
keratinocyte growth factor (KGF), insulin-like growth factor la
(IGF1a) and N-cadherin (N-cad) were expressed by both dermal
fibroblasts and NIH/3T3 cells.

Colony-forming assays revealed that human dermal fibro-
blasts as well as NIH/3T3 cells are able to support the ex-vivo
expansion of oral mucosal epithelial cells (figure 2a—d). The
mean colony-forming efficiency of the primary cultures was
1.5+0.8% in the fibroblast group and 2.3%0.8% in the 3T3 group
(mean*=SD, n=3) (figure 2e), and the difference was not statis-
tically significant (p=0.266, t test). The colony size in the
fibroblast group (15.0+11.5 mm?) was larger than that in the
3T3 group(6.4+2.1 mm?). However, the difference was not
statistically significant (p=0.271, t test).

Oral mucosal epithelial cell sheets were successfully cultured
with human dermal fibroblasts and NIH/3T3 cells (figure 3a,b),
and all of the cell sheets were successfully harvested by reducing
the temperature to 20°C for 30 min. Therefore, all of the cell
sheets passed the recovery test. The harvested cell sheets in both
groups, flattened at their basal and apical surfaces, were
composed of four to five layers of small basal cells, flattened
middle cells and polygonal flattened superficial cells (figure 3c,d).

Immunofluorescence analyses revealed that cell sheets in both
groups have a similar marker expression pattern (figure 4).
K3/76, a marker for corneal and oral mucosal differ-
entiated epithelial cells,'® was positive in both groups. K12,
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Figure 2 Colony-forming assay.
Human dermal fibroblasts (a) as well as
NIH/3T3 cells (b) supported the ex-vivo
expansion of human oral mucosal
epithelial cells. Cells were cultured for
approximately 10 days, followed by
fixation and staining with rhodamine B
(c, dermal fibroblasts; d, NIH/3T3 cells).
Colony-forming efficiency (CFE) was
calculated, and no statistically
significant differences were found
between the human dermal fibroblasts
and NIH/3T3 cells (e). Scale bars

100 pum (a, b).

a corneal-epithelium-specific marker,'® was not expressed in
either group. Although K4 and K13 are markers for mucosal
stratified squamous epithelia,'' ' only K4 was detected in the
superficial cells in both groups. K1 and K10, markers for supra-
basal cells in the epidermis,'® were negative in both groups. ZO-
1, a marker of tight junctions,’® and MUC 16, a membrane
associated-mucin specific to ocular surfaces, were expressed in
both groups.

p63, which has been ?roposed to be a corneal epithelial stem/
progenitor cell marker,'” was expressed in the basal cells of both
groups (figure 5a,b). The percentage of p63-positive cells in the
fibroblast group (46.1+4.2%) was significantly higher than that
in the 3T3 group (30.7%7.6%) (p=0.038, t test) (figure Se). K15,
a specific basal cell component of the epidermis and other
stratified squamous epithelia,'® was positive in basal cells in
both groups (figure 5c,d). There were no significant differences
between the percentages of K15-positive cells in the fibroblast
group (24.0+3.7%) and the 3T3 group (20.6=2.5%) (p=0.257, t
test) (figure Sf).

The cell viability of the cultured cell sheets in the fibroblast
group and the 3T3 group was 88.7+4.1% and 85.9+3.5%,
respectively. The purity of the epithelial cells in the cultured
sheets was 98.2+1.9% and 96.3+3.6%, respectively. There were
no statistical differences in cell viability (p=0.408, t test) or
purity (p=0.466, t test) between the groups.

Figure 3 Human oral mucosal
epithelial cell sheets. Examination of cell
morphology was performed using
phase-contrast microscopy (a, dermal
fibroblasts; b, NIH/3T3 cells) and H&E
staining (c, dermal fibroblasts; d, NIH/
373 cells). Scale bars 100 um (a, b),
50 pm (c, d).

fibroblast group 3T3 group

DISCUSSION

Dermal fibroblasts were shown to express many genes required
for the maintenance of epithelial stem/progenitor cells and the
proliferation of epithelial cells. Sugiyama er al* reported the
expression of PTN, EPR, CC, HGE, KGF and IGFla by human
mesenchymal stem cells. In the current study, human dermal
fibroblasts were confirmed to express N-cadherin in addition to
these factors. The colony-forming efficiency with human dermal
fibroblasts was similar to that with NIH/3T3 cells, and a colony-
forming assay revealed that human dermal fibroblasts can
expand oral mucosal epithelial cells well. In addition, immuno-
fluorescence analyses revealed that cell sheets cultured with
human dermal fibroblasts, as well as with NIH/3T3 cells,
expressed markers such as K3/76, ZO-1, MUC16, p63, and K15.
Moreover, cell sheets cultured with human dermal fibroblasts
contained more p63-positive cells than those cultured with
NIH/3T3 cells. Therefore, it was suggested that human dermal
fibroblasts can maintain stem/progenitor cells in expansion
more efficiently than NIH/3T3 cells.

The cultivation of epithelial cells with 3T3 feeder layers has
been already established.’® Also, a number of investigators has
reported positive results for clinical treatments with cultured

epithelial cells using 3T3 feeder layers." '® ' However, 3T3 cells

have the potential risk of transmitting murine infectious
diseases. The use of xeno-free feeder cells, especially autologous
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Figure 4 Immunohistochemical
analyses of human oral mucosal
epithelial cell sheets. Staining of human
oral mucosal epithelial cell sheets
cultured with dermal fibroblasts and

NIH/3T3 cells with antikeratin 376 (K3/ > 10
76), anti-keratin 12 (K12), anti-keratin 4
(K4), anti-keratin 13 (K13), anti-keratin 1
(K1), anti-Z0-1 and anti-MUC16
antibodies. Nuclei were co-stained with
Hoechst 33342. Z0-1 expression is N
marked with arrows. Scale bars 50 pm. K12
K4
K13
K1
K10
Z0-1
MUCI16

feeder layers, can prevent this problem. Although human
adipose tissue-derived or bone marrow-derived mesenchymal
stem cells can be used to generate transplantable epithelial cell
sheets, dermal fibroblasts can be obtained with much less
invasion to patients. Therefore, dermal fibroblasts are more
desirable as an autologous feeder cell source than mesenchymal
stem cells. Whereas the colony-forming efficiency of human
limbal epithelial cells was 1.9+1.8% with bone marrow-derived
mesenchymal stem cells,” that of human oral mucosal epithelial
cells was 1.5£0.8% with human dermal fibroblasts in the
current study. The colony-forming efficiency in these two
reports cannot be compared directly, because of differences in

Oie Y, Hayashi R, Takagi R, et al. Br J Ophthalmol (2010). doi:10.1136/bj0.2009.17504

fibroblast group

3T3 group

the cultured epithelial cell type, media and sera. However, both
feeder layers are thought to be able to generate transplantable
epithelial cell sheets

A xeno-free culture method of keratinocytes derived from
skin using human dermal fibroblast has already been reported f
Therefore, it is well known that human dermal fibroblasts have

a feeder effect on keratinocytes. Here, we cultured oral mucosal

epithelial cells using human dermal fibroblast feeder layers. We
are planning to use the cultured cell sheets for ocular recon-
struction in future experiments. Zakaria et a/*! recently reported
a new culture and transplantation method of limbal epithelial

cells without xenogenic materials. If oral mucosal epithelial cells
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Figure 5 Analyses of human oral fibroblast group 3T3 group

mucosal epithelial cell sheets for stem/
progenitor markers. Anti-p63 staining (a,

b) and anti-keratin 15 (K15) staining (c,

d) of human oral mucosal epithelial cell p63
sheets cultured with dermal fibroblasts

and NIH/3T3 cells. Nuclei were co-

stained with Hoechst 33342. Scale bar

50 um. The percentage of p63-positive

cells in the cell sheets cultured with

dermal fibroblasts was significantly

higher than that in cell sheets cultured K15
with NIH/3T3 cells (e). The percentage

of K15-positive cells was not

significantly different between the

groups (f). *p<0.05, t test.
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can be cultured successfully, this method can also be an alter-
native to the method using 3T3 cells.

We recently developed a validation system for tissue-engi-
neered epithelial cell sheets to be used in corneal regenerative
medicine.”? There has been no other established evaluation
method for epithelial cell sheets before transplantation to date.
However, the quality of cell sheets for clinical use can be
standardised even in different facilities. We evaluated cell sheets
using our validation method and obtained positive results. We
thus believe that the oral mucosal epithelial cell sheets cultured
with this method can be successfully used for ocular recon-
struction.

It was previously reported that fibroblasts can affect the
phenotypic characterisation of keratinocytes in co-culture.? %
However, epithelial cell sheets cultivated in the current study
did not express K1 or K10, markers for suprabasal cells in the
epidermis. Therefore, we propose that the phenotypic charac-
terisation of keratinocytes cultured in the current study did not
reflect that of the epidermis.

We also demonstrated that modified KCM worked well to
generate oral mucosal epithelial cell sheets. Many methods using
cholera toxin have been reported for the cultivation of human
corneal or oral mucosal epithelial cells and human epidermal
keratinocytes.'” '® 2* Agents known to increase the level of
cellular cyclic AMP, including cholera toxin and isoproterenol,
have been reported to increase the growth of colonies of cultured
human epidermal cells and keratinocytes derived from other
stratified squamous epithelia®® We also demonstrated the
effectiveness of modified KCM with isoproterenol in the current
study:.

In conclusion, our novel culture system with post-mitotic
human dermal fibroblast feeder cells with clinically approved
products is effective and safe. Therefore, this system can be used
as an alternative cultivation method for human oral mucosal
epithelial cell sheets.
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