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In vzYro-cultivation of human oral mucosa 
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Possibilities for application o f oral mucosa epithelial cells and tissue explants for development o f  novel 
therapeutic strategies in ocular limbal stem cell deficiency were examined. For this goal, because o f  the 
proved expression o f  limbal epithelial stem cell markers, epithelial stem cells and tissue explants from 
human oral mucosa were in vfiro-cultivated in appropriate laboratory conditions. Techniques for substrate 
adhesion o f  the isolated cells and tissue explants from human oral mucosa on glass or plastic lamella, 
previously treated with poly-L-Lysine, with gelatine and with Fetal Calf Serum (FCS), respectively, 
were tested. All cells were characterized on the basis o f  their morphological characteristics: shape, 
presence or appearance o f  mitotic figures, as well as confluence and adherence on the substrate used. 
Formation o f  both adherent and non-adherent cell sheets, consisting o f  cells with different morphology 
and maturation degree, was observed. Future experiments in this direction should be connected mainly 
with cultivation o f  oral mucosa tissue explants and epithelial cells, on a bio-membrane in its role o f  
appropriate biological substrates, as well as with proof o f  specific markers in them, about eventual 
possibilities for future applications in construction o f  implants for the needs o f  reparative ophthalmology.
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Introduction

The concept of limbal stem cells (LSCs) has been imposed from the combined presence 
in them of markers for cell differentiation (as Keratins КЗ, K12, Connexin Cx43, etc.), 
as well as of stem cell markers (Keratin K19, ABCG2, protein p63, Vimentin, Nestin, 
Integrins 1 and a9, Enolase) [6,16-18]. Those cells are localized in the so named l i m b u s  

{ L i m b u s  c o r n e a e ) .  In the normal ocular surface it has been characterized as covered of 
highly specialized cells [2-4, 7, 9, 15, 16]. Respectively, the improvement and develop­
ment of novel therapeutic strategies is necessary in the treatment of limbal stem cell 
deficiency (LSCD) [8, 13-17], which could be a result of S t e v e n s - J o h n s o n  syndrome 
(SJS), ocular cicatricial pemphigoid, as well as different types of mechanical, physical
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and/or chemical injury [11]. As a potentially hopeful method in this aspect, the applica­
tion of oral mucosa epithelium as a source of epithelial stem cells, has been discussed 
[2, 8,13-17].

Cultivated autologous oral mucosal epithelial transplantation has been character­
ized as successful tissue-engineering technique for generation of autologous epithelial 
cells and/or tissue explants for therapeutic practice, and, in particular, in reconstructing 
the ocular surface in different cases of LSCD [11, 14, 20]. Analogically to the normal 
ocular surface, the normal oral cavity has been found to contain several different types 
of stratified squamous epithelia, including as nonkeratinized, parakeratinized and or- 
thokeratinized [10, 20]. The longevity of epithelial cell cultures, derived from normal, 
nonpathologic oral mucosa, has been described as dependent of the length of time in 
culture or of the number of passages and population doublings [10].

In this direction, the main idea was connected with initial studies on development 
of novel methods for laboratory cultivation of tissue explants and cells from human oral 
mucosa, for eventual effective and safe treatment in different cases of LSCD.

Materials and Methods
Different combinations of the growth media Dulbecco’s Modified Minimal Essential 
Medium (DMEM) and Ham’s or of DMEM and F12 were used. Those media mixtures 
were supplemented with 10% Fetal Bovine Serum (FBS) and antibiotic mixture (100 
Ul/ml Penicillin, 0.25 mg/ml Streptomycin and 0.25 mg/ml Amphotericin-B). Subse­
quently, L-Glutamine, 10 ng/ml Epidermal Growth Factor (EGF - Sigma-Aldrich), 5 
pg/ml Insulin, 0.4 pg/ml Hydrocortisone, 24 pg/ml Adenine, as well as 2% ml/ml con­
ditioned cultural fluid of previously cultivated in it 3T3 feeder cells (fibroblasts from 
embryos of Balb/c experimental mice), were added. The isolated cells and tissue ex­
plants from human oral mucosa were seeded directly on plastic or glass lamella, previ­
ously treated with poly-L-Lysine, Gelatine and/or FCS, respectively, which were put in 
appropriate dishes for cultivation with liquid growth media, and incubated at 37°C, in 
incubator with 5% C02 and 95% air humidity. The so prepared cultures of cells and tis­
sue explants were observed as native preparations by inverted light microscope (Leica), 
supplied with mega-pixel CCD-camera.

Results and Discussion

Because of the proved expression of some markers, also indicated in limbal stem cells 
[3, 6, 10, 11, 14, 15, 19, 20], epithelial cells from oral mucosa were analogically i n  

vzfro-cultivated.
Cells with different morphology and in different stages of proliferation and matu­

ration were observed, which could be confirmed by the established changes in their 
shape -  round, oval or polygonal, respectively (Fig. 1). Probably, those signs depend 
on the stage of cell differentiation: round and/or oval cells (Fig. 1A, B), cell sheets, 
composed mainly of undifferentiated cells with round and/or oval shape (Fig. IB) and 
clusters, composed mainly of more differentiated polygonal cells and small amounts 
of early epithelial progenitors (Fig. ID, E). These features were observed in use of the 
three different types of substrates for seeding of the cells.

In seeding of tissue explants from human oral mucosa, gradual separation of 
smaller tissue fragments, composed mainly of undifferentiated cells with round and/or 
oval form, could be seen (Fig. 2). Here again these characteristics were present inde-
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Fig. 1. Human oral mucosa epithelial cells in different phases o f  proliferation 
and differentiation: in early phases o f  differentiation, characterizing with round 
and oval shape (A) and (B); cell sheets, composed o f  many actively proliferating 
early cell progenitors in different sub-stages, characterizing with round and oval 
shape, but only few amounts o f  more differentiated cells with polygonal shape 
could be seen (C); cell sheets, composed mainly o f  mature epithelial cells with 
polygonal form (D) and (E) (Native preparations)

C D

Fig. 2. Tissue explants from human oral mucosa epithelium on dif­
ferent hours from their direct seeding in liquid growth medium: 
Gradual separation o f  smaller tissue fragments, composed mainly 
o f  undifferentiated cell progenitors cells with round and oval form, 
could be seen (Native preparations)
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pendently of the used substrate. Those our results were in agreement with the literature 
findings about the proved different types of stratified epithelia in the oral mucosa zone 
(Fig. 2A) [10]. The noticed increase in the sub-populations from the separate cells in the 
tissue explants in the time was accepted as a proof for their strong proliferation capacity 
(Fig. 2B-D).

Conclusion

In i n  v/Yro-incubation of cells and tissue explants from human oral mucosa, cells with 
different shape and morphology, in different stages of proliferation and differentiation 
were noted. A proof for their strong proliferation capacity was the observed increase in 
the cell sub-populations.

Future studies, connected particularly with proof of limbal stem cell markers in 
the so cultivated tissue explants and epithelial cells from oral mucosa, but also of tech­
niques for their laboratory cultivation on appropriate substrates for the needs of repara­
tive ophthalmology, are necessary.

R e f e r e n c e s

1. B u c k, R. C. Measurement o f  centripetal migration o f  normal corneal epithelial cells in the mouse.
-In v est. Ophthalmol. Vis. Sci., 26, 1985, 1296-1299.

2. C h e n, Z., C. S. d е P a i v a, L. L u o, F. L. K r e t z e r, S. C. P f  u g f  е 1 d e r, D. Q. L i. Characteriza­
tion o f  putative stem cell phenotype in human limbal epithelia. -  Stem Cells, 22, 2004, 355-366.

3. Co 11 i n, C., J. P. O u h a y o u n, C. G r u n d, W. W. F r a n k e. Suprabasal marker proteins distin­
guishing keratinizing squamous epithelia: cytokeratin 2 polypeptides o f  oral masticatory epithe­
lium and epidermis are different. -  Differentiation, 51, 1992, 137-148.

4. C o 11 i s o n, J. M., L. M o r r i s, A. I. R e i d, T. R a m a e s h, M. A. K e i g h r e n, J. H. F 1 o c k h a r t,
R. E. FI i 11, S. S. Т а n, K. R a m a e s h, B. D h i 11 o n, J. D. W e s t. Clonal analysis o f  patterns 
o f  growth stem cell activity, and cell movement during the development and maintenance o f  the 
murine corneal epithelium. -  Dev. Dyn., 224, 2002, 432-440.

5. Cotsarelis, G., Cheng, S. Z., Dong, G., Sun, T. T., Lavker, R. M. Existence o f  slow-cycling limbal
epithelial basal cells that can be preferentially stimulated to proliferate: implications on epithelial 
stem cells. -  Cell., 57, 1989, 201-209.

6. D i I o r i o, Е., V. B a r b a r o, A. R u z z a, D. P o n z i n, G. P е 11 e g r i n i, M. d e L u c a .  Isoforms
o f DeltaNp63 and the migration o f  ocular limbal cells in human corneal regeneration. -  Proc. Natl. 
Acad. Sci. U. S. A., 102, 2005, 9523-9528.

7. D u a, H. S., V. A. S h a n m u g a n a t h a n, A. O. P o w е 11-R i c h a r d s ,  P. J. T i n g h e ,  A. J o ­
s e p h .  Limbal epithelial crypts: a novel anatomical structure and a putative limbal stem cell niche. 
-  Br. J. Ophthalmol., 89, 2005, 529-532.

8. Du a n, H., Y. W a n g, L. Y a  n g, M. Q u, Q. W a n g, W. S h i, Q. Z h o u. Pluripotin enchances the
expansion o f  rabbit limbal epithelial stem/progenitor cells in vitro. -  Exp. Eye Res., 100, 2012, 
52-58.

9. E s p a n а, Е. M., T. Ka w a k i t a, A. Ro m a n o, M. D i P a s c u a 1 e, R. S m i d d у, C. Y. L i u, S.
C. T s e n g .  Stromal niche controls the plasticity o f  limbal and corneal epithelial differentiation 
in the rabbit model o f  recombined tissue. -  Invest. Ophthalmol. Vis. Sci., 44, 2003, 5130-5135.

10. G r a f  s tr  o m , R. C. Human oral epithelium. -  Culture o f  Epithelial cells, Second Edition, Edited by
R. Ian Freshney and Mary G. Freshney, 2002.

11. H a n s s o n, А., В. K. В 1 o o r, Y. H a i g, P. R. M o r g a n, J. E k s t r a n d, R. C. G r a f  s t r 6 m. Ex­
pression o f  keratins in normal, immortalized and malignant oral epithelia in organotypic culture. 
-O ra l Oncol., 37, 2001, 19-30.

1 2. I n a t o m i , T . , T . N a k a m u r a , N. K o i z u m i , C .  S o t o z o n o , N. Y o k o i ,  S . K i n o s h i t a .  Mid­
term results on ocular surface reconstruction using cultivated autologous oral mucosal epithelial 
transplantation. -  Am. J. Ophthalmol., 141, 2006, 267-275.

5 Acta morphologica et anthropologica, 20 65



f

13. L e m p ,  M. A., W. D. M a t h e r s .  Corneal epithelial cell movement in humans. -  Eye, 3, 1898,
438-473.

14. N a k a m u r a ,  T., T. I n a t o m  i, C. S o t o z o n o ,  T. A m a m i y  a, N.  K a n a m u r  a, S. K i n o s h -
i t a. Transplantation o f  cultivated autologous oral mucosal epithelial cells in patients with severe 
ocular surface disorders. -  Br. J. Ophthalmol., 88, 2004, 1280-1284.

15. N a k a m u r a ,  T., T. I n a t o m  i, C. S o t o z o n o ,  L. P. K. A n g ,  N.  K o i z u m i ,  N. Y o k o i ,  S. K i -
n o s h i t a. Transplantation o f  autologous serum-derived cultivated corneal epithelial equivalents 
for the treatment o f  severe ocular surface disease. -  Ophthalmology, 113, 2006, 1765-1772.

16. N  g u у e n, P., S. C. Y i u. Ocular surface reconstruction: recent innovations, surgical candidate se­
lection and postoperative management. -  Exp. Rev. Ophthalmol., 3(5), 2008, 567-584.

17. P e l l e g r i n i ,  G., E. D e l l a m b r a ,  O. G o l i s a n o ,  E. M a r t i n e l l i ,  I. F a n t o z z i ,  S. B o n -
d a n z a ,  D. P o n z i n ,  F. M c K e o n ,  M. D e  L u c a .  p63 identifies keratinocyte stem cells. -  
Proc. Natl. Acad. Sci. U. S. A., 98, 2001, 3156-3161.

18. P е 11 e g r  i n i ,  G., O. G o 1 i s a n o ,  P. P a t e r n a ,  A. L a m b  i a s  e, S. B o n i n i ,  P. R a m  a, M. D e
L u c a .  Location and clonal analysis o f  stem cells and their differentiated progeny in the human 
ocular surface. -  J. Cell Biol., 145, 1999, 769-782.

19. S c h e r m e r, A., S. G a 1 v i n, T. T. S u n. Differentiation-related expression o f  a major 64K corneal
keratin in vivo and in culture suggests limbal location o f  corneal epithelial stem cells. -  J. Cell 
Biol., 103, 1986, 49-62.

20. Vo n d r a c е k, M., X. Z h e n g ,  P. L a r s s o n, V. B a k e r ,  C. M a c e, A. P f e i f e r ,  H. T j a 1 v e.
Grafstrom, R. C. Cytochrome P450 expression and related metabolism in human buccal mucosa. 
-  Carcinogenesis, 22, 2001, 481-488.

66


