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Optimizing the Mucosa Graft:
Developing Gingival Keratinocyte—
Fibroblast Construct

From the clinical application it is known that there is
considerable wound shrinkage, which may be due to
lack of differentiation in the graft. The environment
of epithelial cells may influence their differentia-
tion as, for example, restoration of differentiation
was described for keratinocytes in vitro, e.g., when
using an air-liquid culture technique [2] or when
combining keratinocytes with a submucosal layer of
fibroblasts [55]. Further, perfusion culture systems
help to maintain or promote a high level of cell dif-
ferentiation in epithelial cells in vitro [1, 17 31].
However, whether such an effect on cell differentia-
tion is also observed on human oral keratinocytes
has only been poorly studied. Therefore, two ap-
proaches were made:

1) Gingival keratinocytes were cultured in a perfu-
sion culture system.

2) Gingival keratinocytes were grown in as co-cul-
tures together with gingival fibroblasts.

For perfusion cultures, primary gingival keratinocytes
cultures were trypsinized and seeded in a concentra-
tion of 200,000 cells on polycarbonate membranes
(Corning-Costar, Bodenheim, Germany; diameter
1.3cm, 3 um pore size), mounted in sterile carrier
rings (Minucells and Minutissue, Bad Abbach, Ger-
many). These secondary cultures were kept in Kerati-
nocyte-SFM (Gibco, Eggenstein, Germany) and DF-
Medium (see above) in a ratio of 1:1 and additives
2.5% (v/v) inactivated fetal calf serum, 1% (v/v) pen-
icillin/streptomycin, and 7% (v/v) HEPES buffer as:
1) Standard  cultures, cell-seeded membranes
mounted on tissue carriers in six-well plates, were
left in the cell incubator for 16 days (Heraeus In-
struments, Osterode, Germany) at 37°C, 95% air
and 5% CO, humidity atmosphere, medium being
changed every third day.
2) Perfusion cultures, cell-seeded membranes
mounted on tissue carriers, were transferred into
a perfusion culture container (Minucells and
Minutissue, Bad Abbach, Germany) after 48 h of
cell adherence. Cells were perfused for another
14 days continuously with KD-Medium at a rate
of 0.7ml/h (IPC-N8 peristaltic pump, Ismatec,
Zirich, Switzerland).

Cultures were processed for light microscopy by
embedding the specimens in methyl methacrylate
(Technovit 8100, Kulzer, Wehr, Germany) at 4°C af-
ter fixation in 3% buffered paraformaldehyde and de-
hydration. Semithin sections were cut and prepared
for histology or immunohistochemistry. Antibodies
against cytokeratins 1, 2, 10, 11; 5, 6; etc. were ap-
plied by indirect immunoincubation using the avi-
din-biotin technique. Slides were examined using a
BX-61 apparatus (Olympus, Japan) and photographs
were taken by using a digital camera in combina-
tion with analysis software (Soft Imaging Systems,
Miinster, Germany).

Morphology after perfusion culture showed con-
tinuous dense cell growth with a mean of 3.4 cell
layers (Fig. 27.5) and a standard deviation of 0.4 cell
layers only. After standard culture the continuous cell
layers were interrupted by areas with little growth,






Chapter 27 Mucosa Tissue Engineering

379

References

10.

11.

12.

13.

14.

Aigner J, Kloth S, Jennings ML, Minuth WW (1995)
Transitional differentiation patterns of principal and in-
tercalated cells during renal collecting duct development.
Epithelial Cell Biol 4:121-130

Asselineau D, Bernard BA, Bailly C, Darmon M (1985)
Epidermal morphogenesis and induction of the 67kD
keratin polypeptide by culture of human keratinocytes at
the liquid-air interface. Exp Cell Res 159:536-539
Bjoém H (1963) Free transplantation of gingiva propria.
Odontol Revy 14:323-331

Chinnathambi S, Tomanek-Chalkley A, Ludwig N,
King E, DeWaard R, Johnson G, Wertz PW, Bicken-
bach JR (2003) Recapitulation of oral mucosal tissues
in long-term organotypic culture. Anatl Rec Part A
270A:162-174

Dellon AL, Tarpley TM, Chretien PB (1976) Histologic
evaluation of intraoral skin grafts and pedicle flaps in hu-
man. J Oral Maxillofac Surg 34:789-795

DeLuca M, Albanese E, Megna M, Cancedda R, Man-
giante PE, Cadon, A, Franzi AT (1990) Evidence that
human oral epithelium reconstituted in vitro and trans-
planted onto patients with defects in the oral mucosa
retains properties of the original donor site. Transplanta-
tion 50:454-459

El Ghalbzouri A, Lamme E, Ponec M (2002) Crucial role
of fibroblasts in regulating epidermal morphogenesis.
Cell Tissue Res 310:189-199 .

FichtnerJ, Fisch M, Filipas D, Thuroff JW, Hohenfellner R
(1998) Refinements in buccal mucosal grafts urethro-
plasty for hypospadias repair. World J Urol 16:192-194
Gallico GG, O’Connor NE, Compton CC, Kehinde O,
Green H (1984) Permanent coverage of large burn wounds
with autologous cultured human epithelium. N Engl J
Med 311:448-451

Gutwald R, Lauer G, Otten JE, Schilli W (1994) Epithel-
zellen und Fibroblasten der Gingiva auf resorbierbaren
Membranen—Gewebetransfer zur Wundheilung? Dtsch
Zahnirztl Z 49:1015-1018

Henics T, Wheatley DN (1999) Cytoplasmic vacuolation,
adaptation and cell death: a view on new perspectives
and features. Biol Cell Sep 91:485-98

Hibino Y, Hata K, Horie K, Torii S, Ueda M (1996)
Structural changes and cell viability of cultured epi-
thelium after freezing storage. J Craniomaxillofac Surg
24:346-351

Igarashi M, Irwin CR, Locke M, Mackenzie IC (2003)
Construction of large area organotypical cultures of oral
mucosa and skin. J Oral Pathol Med 32:422—430

Izumi K, Feinberg SE, lida A, Yoshizawa M (2003)
Intraoral grafting of an ex vivo produced oral mucosa

15.

16.

17.

18.

19.

20.

21.

23.

24,

25.

26.

27.

28.

29.

30.

31.

equivalent: a preliminary report. Int J Oral Maxillofac
Surg 32:188-197

Izumi K, Tobita T, Feinberg SE (2007) Isolation of hu-
man oral keratinocyte progenitor/stem cells. J Dent Res
86:341-346 ‘
Karring T, Lang NP, Loe H (1975) The role of gingival
connective tissue in determining epithelial differentia-
tion. J Periodont Res 10:1-11

Kloth S, Eckert E, Klein SJ, Monzer J, Wanke C, Minuth
WW (1998) Letter to the Editor—Gastric epithelium un-
der organotypic perfusion culture. In Vitro Cell Dev Biol
Anim 34:515-7

Kropfl D, Tucak A, Prlic D, Verweyen A (1998) Using
buccal mucosa for urethral reconstruction in primary and
re-operative surgery. Eur Urol 34:216-220

Kubo K, Kuroyanagi Y (2005) The possibility of long-
term cryopreservation of cultured dermal substitute. Ar-
tif Organs 29:800-805

Langdon JD, Leigh IM, Navsaria HA, Williams DM
(1990) Autologous oral keratinocyte grafts in the mouth.
Lancet 335:1472-1473

Lauer G (1994) Autografting of feeder-cell free cultured
gingival epithelium—method and clinical application.
J Craniomaxillofac Surg 22:18-22

Lauer G (1997) Autogenous serum for culturing kerati-
nocyte autografts. In: Phillips GO, von Versen R, Strong
DM, Nather A (eds) Advances in tissue banking, vol 1.
World Scientific, Singapore, pp 183—-187

Lauer G (2002) Tissue Engineering autologer Mund-
schleimhaut—Perspektive fiir das periimplantire Weich-
gewebemanagement. Implantologie 10:159-174

Lauer G, Schimming R (2001) Tissue engineered mu-
cosa graft for reconstruction of the intraoral lining after
freeing of the tongue. A clinical and immunohistological
study. J Oral Maxillofac Surg 59:169-175

Lauer G, Otten JE, von Specht BU, Schilli W (1991)
Cultured gingival epithelium. A possible suitable mate-
rial for pre-prosthetic surgery. J Craniomaxillofac Surg
19:21-26

Lauer G, Schimming R, Frankenschmidt A (2001a) In-
traoral wound closure with tissue engineered mucosa—
new perspectives for urethra reconstruction. Plast Recon-
str Surg 107:25-33

Lauer G, Schimming R, Gellrich NC, Schmelzeisen R
(2001b) Prelaminating the fascial radial forearm fiap by
tissue engineered mucosa—improvement of donor and
recipient site. Plast Reconstr Surg 108:1564—1572
Lauer G, Siegmund C, Hiibner U (2003) Influence of
donor age and culture conditions on tissue engineering
of mucosa autografts. Int J Oral Maxillofac Surg 32:
305-312

Medawar PB (1948) The cultivation of adult mam-
malian skin epithelium in vitro. Quart J Microsc Sci
89:187-190

Millesi W, Millesi-Schobel G, Glaser C (1998) Recon-
struction of the floor of the mouth with facial radial fore-
arm flap prelaminated with autologous mucosa. Int J Oral
Maxillofac Surg 27:106—110

Minuth WW, Kloth S, Aigner J, Sittinger M, Réckl W
(1996) Approach to an organo-typical environment for
cultured cells and tissues. BioTechniques 20: 498-501



380

G. Lauer

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Mitchell DL, Synnott SA, van Dercreek JA (1990) Tissue
reaction involving an intraoral skin graft and cp titanium
abutments: a clinical report. Int J Oral Maxillofac Im-
plants 5:79-84

Moll R, Franke WW, Schiller DL, Geiger B, Krepler R
(1982) The catalog of human cytokeratins: patterns of
expression in normal epithelia, tumors and cultured cells.
Cell 31:11-24

Mukherjee N, Chen Z, Sambanis A, Song Y (2005) Ef-
fects of cryopreservation on cell viability and insulin
secretion in a model tissue-engineered pancreatic substi-
tute (TEPS). Cell Transplant 14:449-456

Naude JH (1999) Buccal mucosal grafts in the treatment
of ureteric lesions. BJU Int 83:751-754

Navarro FA, Mizuno S, Huertas JC, Glowacki J, Orgill
DP (2001) Perfusion of medium improves growth of hu-
man oral neomucosal tissue constructs. Wound Repair
Regen 9:507-512

Numata S, Fujisato T, Niwaya K, Ishibashi-Ueda H,
Nakatani T, Kitamura S (2004) Immunological and his-
tological evaluation of decellularized allograft in a pig
model: comparison with cryopreserved allograft. J Heart
Valve Dis 13:984-990

O’Connor NE, Mulliken JB, Banks-Schlegel S,
Kehinde O, Green H (1981) Grafting of burns with cul-
tured epithelium prepared from autologous epidermal
cells. Lancet 10:75-79

Okazaki M, Yoshimura K, Suzuki Y, Harii K (2003) Ef-
fects of subepithelial fibroblasts on epithelial differen-
tiation in human skin and oral mucosa: heterotypically
recombined organotypic culture model. Plast Reconstr
Surg 112:784-792

Ophof R, van Rheden REM, Von den Hoff JW, Schalk-
wijk J, Kuijpers-Jagtman AM (2002) Oral keratinocytes
cultured on dermal matrices form a mucosa-like tissue.
Biomaterials 23:3741-3748

Ouhayoun JP, Gosselin F, Forest N, Winter S, Franke
WW (1985) Cytokeratin patterns of human oral epithe-
lia: differences in cytokeratin synthesis in gingival epi-
thelium and adjacent alveolar mucosa. Differentiation
30:123-129

Ouhayoun JP, Sawaf MH, Goffaux JC, Etienne D,
Forest N (1988) Reepithelization of a palatal connective
tissue graft transplanted in a non-keratinized alveolar
mucosa: a histological and biochemical study in humans.
J Periodont Res 23:127-133

Pasch J, Schiefer A, Heschel I, Rau G (1999) Cryopreser-
vation of keratinocytes in a monolayer. Cryobiology
39:158-168

Pasch J, Schiefer A, Heschel I, Dimoudis N; Rau G (2000)
Variation of the HES concentration for the cryopreserva-
tion of keratinocytes in suspensions and in monolayers.
Cryobiology 41:89-96

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Peehl DM, Ham RG (1980) Clonal growth of human
keratinocytes with small amounts of dialyzed serum. In
Vitro 16:526-540

Pellegrini GA, Ranno R, Stracuzzi G, Bondanza S, Guerra
L, Zambruno G, Micali G, De Luca M (1999) The control
of epidermal stem cells (Holoclones) in the treatment of
massive full-thickness burns with autologous keratino-
cytes cultured on fibrin. Transplantation 68:868—-879
Pradel W, Blank A, Lauer G (2002) Klinischer Einsatz
von im Tissue Engineering hergestellten Gingivakera-
tinozyten-Gingivafibroblasten-Konstrukten als Weich-
gewebsersatz. Dtsch Zahnirztl Z 57:709-712

Reuther JF, Steinau HU (1980) Mikrochirurgische Diinn-
darmtransplantation zur Rekonstruktion grofler Defekte
in der Mundhéhle. Dtsch Z Mund Kiefer Gesichtschir
4:131-136

Rheinwald JG, Green H (1975) Serial cultivation of
strains of human epidermal keratinocytes: the forma-
tion of Keratinizing colonies from single cells. Cell
6:331-344

Soutar DS, Scheker LR, Tanner NSB, McGregor IA
(1983) The radial forearm flap: a versatile method for
intraoral reconstruction. Br J Plast Surg 36:1-8

Spitzer WJ, Steinhduser EW (1989) Versorgung des
zahnlosen Unterkiefers mit enossalen Implantaten in
Kombination mit konventionellen priprothetischen Op-
erationen. Z Zahnirztl Implantol 5:3—6

Stark HJ, Baur M, Breitkreutz D, Mirancea N, Fusenig
NE (1999) Organotypic keratinocyte cocultures in de-
fined medium with regular epidermal morphogenesis and
differentiation. J Invest Dermatol 112: 681-91

Sullivan HC, Atkins JH (1968) Free autogenous gingival
grafts. III Utilization of grafts in the treatment of gingi-
val recessions. Periodontics 6:152—-158

Tolstunov L, Pogrel MA, McAninch JW (1997) Intraoral
morbidity following free buccal mucosa graft harvesting
for urethroplasty. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 84:480-482

Tomakidi P, Breitkreuz D, Fusenig NE, Zéller J, Kohl
A, Komposch G (1998) Establishment of oral mucosa
phenotype in vitro in correlation to epithelial anchorage.
Cell Tissue Res 292:355-66

Umeda T (1969) Experimental autotransplantation of full
thickness skin into the mouth. Oral Surg 23:709-715
Wolff KD, Ervens J, Hoffmeister B (1995) Improve-
ment of the radial forearm donor site by prefabrication
of fascial-split-thickness skin grafts. Plast Reconstr Surg
98:358-362

Yang G, Chen B, Gao Y (1981) Forearm free skin flap
transplantation. Natl Med J China 61:139

Yokose S, Fukunaga S, Tayama E, Kato S, Aoyagi S
(2002) Histological and immunohistological study of
cryopreserved aortic valve grafts: the possibility of a
clinical application for cryopreserved aortic valve xeno-
graft. Artif Organs 26:407415



	1
	2
	3
	4

