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Five cases of odontogenic mixed tumour comprising of an ameloblastic fibroma, an adenomatoid 

odontogenic tumour, an odonto-ameloblastoma and two ameloblastic fibro-odontomas were 
immunohistochemically investigated. Odontogenic epithelial cells were fully positive for cytokeratin 
detected by antibody KL-1, although there were some differences in its intensity. In contrast, for 

tenascin, only immature dental papilla-like mesenchymal tissue, especially around the dental 
lamina-like odontogenic epithelium, was positive, while the myxomatous area and connective tissue 

were negative. Positive vimentin staining was observed in some areas of immature dental papilla-like 
cells as well as the basement membrane of odontogenic epithelium in the ameloblastic fibroma, 

suggesting that this tumour had developed at the early stage of tooth formation. Proliferating nuclear 
cell antigen-positive cells were generally rarely seen, but were frequently observed in epithelial cells of 

the ameloblastic fibroma and odonto-ameloblastoma. These observations suggest that tumour cells in 
each odontogenic mixed tumour possess characteristic proteins associated with proliferation 

potential and that ameloblastic fibroma and odonto-ameloblastoma have higher proliferation 
potential among the tumours examined. 
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INTRODUCTION 
IN ODONTOGENIC turnours, which develop at various stages of 
tooth formation, both ectodermal and mesenchymal odonto- 
genie components show an elaborate proliferation and mutual 
stimulation [l]. Therefore, odontogenic tumours show a 
variety of characteristic features dependent on the tumour cell 

origin and the stage of tumour cell differentiation. Odontoge- 
nit tumours range from mixed tumours with the potential for 
proliferation, such as ameloblastic fibroma, to the completely 
differentiated complex and compound odontomas [2,3]. 
Therefore, exploration of the tumour cell proliferation and 

differentiation in odontogenic tumours may provide useful 
information on the understanding of these tumours. 

In odontogenic tumours and developing tooth germs, 
proteins such as keratins [4-71, tenascin [8, 91, vimentin 

[ 10, 1 I], S-100 protein [ 121, and also proliferating cell nuclear 
antigen (PCNA) [13], have been investigated immunohisto- 
chemically. The local existence of each protein has been 
clarified and proteins characteristic to the proliferation poten- 
tial of tumour cells and cells in the tooth germ have been 
specialised [4,5,8-l 11. In addition, it has been proved that the 
appearance and disappearance of these proteins are correlated 
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with the differentiation of cells in the tooth germ [4,5,8-l 11. 
However, identification of local existence of these proteins in 
odontogenic mixed tumours, especially in relatively rare ones, 

is not sufficient for the understanding of these tumours. 
Recently, we encountered five relatively rare odontogenic 

mixed tumours comprising an ameloblastic fibroma, adeno- 

matoid odontogenic tumour, and odonto-ameloblastoma, and 
two ameloblastic fibro-odontomas. We investigated the clini- 
cal, histological and immunohistochemical patterns of these 
tumours in order to evaluate their proliferation potential. 

MATERIALS AND METHODS 
Tumours 

The five odontogenic mixed tumours were subjected to the 
immunohistochemical investigations described below. The 
clinical presentation in each patient and the X-ray images of 
the tumours are presented in Table 1 and Fig. lA-E, respect- 
ively. Histological findings and diagnosis are shown in Fig. 
2A-E. 

Histological and immunohistochemical examinations 

Surgically extirpated tumours were processed for histologi- 
cal and immunhistochemical examinations. The tissues were 
fixed in lo”,, neutral formalin, and decalcified when necessary. 
Paraffin-embedded tissues were serially sectioned at a thick- 
ness of 5 pm and stained with haematoxylin-eosin and 
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Table 1. Clinical findings of odontogenic mixed turnours 

Case 
Age 

(years) Gender Location Symptom 
Clinical 

diagnosis Surgery 
Histological 

diagnosis 

1 20 M 
2 4 F 

rarsr;m- ::I;:; Ameloblastoma Mandibulectomy Ameloblastic fibroma 

-7 

Odontoma Extirpation Ameloblastic fibro-odontoma 
3 8 F Diasthema Odontoma Extirpation Ameloblastic fibro-odontoma 
4 18 F None existed Follicular cyst Extirpation Adenomatoid odontogenic 

tumour 
5 7 F b - ramus None existed Odontoma Extirpation Odonto-ameloblastoma 

Table 2. Immunohistochemical evaluation of odontogenic mixed turnours 

Case 
Histological 

diagnosis Component KL-1 

Immunohistochemical staining 

Tenascin Vimentin s-100 PCNA 

1 Ameloblastic fibroma OE +-++ ---+ + --+ f-+ 
SR + _ --+ _ 

DP _ + + _ + 

2 Ameloblastic fibro-odontoma OE f-++ _ _ _ _ 

SR + _ _ _ _ 

DP + + _ _ 

3 Ameloblastic fibro-odontoma OE + _ _ _ _ 

SR * _ _ _ _ 

DP + + _ 

4 Adenomatoid odontogenic tumour OEI + _ _ _ _ 

OEII + _ _ _ _ 

DP NE NE NE NE NE 

5 Odonto-ameloblastoma OE +-++ _ _ ---+ f-+ 
SR + _ _ _ 

DP _ + + _ _ 

OE = odontogenic epithelium similar to ameloblasts or dental lamina; SR = stellate reticulum; DP = dental papilla-like mesenchymal tissue; 
OE I = columnar odontogenic epithelium; OE II = spindle-shaped odontogenic epithelium; NE = not exist. 

immunohistochemically. The monoclonal antibodies (Ab) 
used in this study were those for cytokeratin (KL- 1, Immuno- 
tech, S.A., France), tenascin (Chemicon International Inc., 
U.S.A.), vimentin (Dako, U.S.A.), S-100 protein CL (Japan 
Immunoresearch Laboratories Co. Ltd., Japan) and PCNA 

(PC-lo, Dako, Denmark). Deparaffinised sections were 
immersed in methanol containing 0.3”jc1 hydrogen peroxide for 
30 min, and stained by the standardised strepto-avidin-biotin 

method with the aid of Histofine SAB-PO(M) kit (Nichirei, 
Corp., Japan). The reaction was visualised by 0.05”,, 3.3’- 
diaminobenzidine hydrochloride in phosphate-buffered saline 

containing O.O5O, hydrogen peroxide. The sections were 

counterstained with methyl green. 

RESULTS 
KL-1 

The epithelial cells were generally positive for KL- 1. The 
staining intensity was strong in the dental lamina-like prema- 
ture odontogenic epithelial islands in ameloblastic fibroma 
(case 1; Fig. 3A) and odonto-ameloblastoma (case 5), and 
moderate in the columnar ameloblastic cells in case 5 
(Fig. 3B). In the adenomatoid odontogenic tumour (case 4), 

no difference of the staining intensities in columnar and 
spindle shaped cells was found. Negative staining for KL-1 
was observed in the mesenchymal tissue including the dental 
papilla-like cells and fibrous connective tissue. 

Tenascin 

The immature dental papilla-like mesenchymal tissue 

around the odontogenic epithelium was positive for tenascin in 
ameloblastic fibroma (Fig. 3C), and ameloblastic fibro-odon- 
toma (cases 2, 3; Fig. 3D) and odonto-ameloblastoma. The 
mesenchymal tissue showing myxomatous change and con- 

nective tissue similar to the dental sac in ameloblastic fibro- 
odontomas (cases 2, 3) and odonto-ameloblastoma were 
negative for tenascin. The basement membrane around the 
dental lamina-like epithelial cells in ameloblastic fibroma 
(case 1) was also positive for this protein (Fig. 3C). 

Vimentin 

The mesenchymal tissue resembling dental papilla in 
ameloblastic fibroma and ameloblastic fibro-odontomas was 
strongly stained in some areas (Fig. 3E). The basement 
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Fig. 1. X-ray pictures of mixed odontogenic turnouts. (A 

radiolucent lesion is found between the roots of 4 
and the 1st molar is dislocated. (C) Case 3, 

q is slightly resorbed. (D) Case 4, localized cystic 
germ of 4 is not visible and the root of 

root of 4 is not yet formed. (E) Case 
5, cystic lesion including irregularly calcified substance is observed at the left mandible. The tooth germ of b is dislocated and 

those of b are not visible. 

membrane around the dental lamina-like epithelial cells in odontogenic epithelial islands with the appearance of dental 
ameloblastic fibroma was partially positive for vimentin. lamina in ameloblastic fibroma and odonto-ameloblastoma 

were weakly positive for S-100 protein. 

S-l 00 protein PCNA 

The mesenchymal tissue and most odontogenic epithelial PCNA-positive cells were generally very few in all tumours. 
islands were negative for S-100 protein. However, a few However, PCNA-positive cells were somewhat more fre- 



Histochemistry of Odontogenic Mixed Tumour 

Fig. 2. Histological findings of odontogenic mixed tumours (H&E). (A) Case 1, ameloblastic fibroma, x 40. The odontogenic 
epithelium proliferated accompanying mesenchymal tissue similar to dental papilla. Most epithelial cells were cuboidal and 
formed islands similar to dental lamina. Ameloblast-like columnar cells formed nests in which stellate reticulum-like tissue 
was observed. (B) Case 2, ameloblastic fibro-odontoma, x 100. Nests of odontogenic epithelium were observed in mesenchymal 
tissue resembling immature dental papilla. In some epithelial islands, high columnar ameloblastic cells had differentiated and 
showed proliferation accompanying stellate reticulum and stratum intermedium. A hard tissue matrix and calcified dentin and 
premature enamel were observed. These findings indicated that this tumour was an ameloblastic fibro-odontoma. (C) Case 3, 
ameloblastic fibro-odontoma, x 100. Immature dental papilla-like mesenchymal tissue was observed with nests of cuboidal and 
columnar odontogenic epithelial cells. A few calcified materials suspected to be dentin were found around the epithelial cells. 
(D) Case 4, adenomatoid odontogenic turnout-, x 100. The tumour consisted of columnar and spindle-shaped epithelial cells. The 
columnar cells having polarised nuclei formed a duct-like structure, around which spindle-shaped cells had proliferated. A few 
small calcified bodies were observed within the epithelial component. (E) Case 5, odonto-ameloblastoma, x 100. The tumour 
was almost exclusively composed of calcifying odontogenic tissue accompanied by a small amount of soft tissue. 
Microscopically, formation of dentin with or without dentinal tubules and premature enamel was observed. Around the hard 

tissue components, proliferated odontogenic epithelium exhibiting an ameloblastic pattern was observed. 
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Fig. 3. Immunohistochemical staining of odontogenic mixed tumours. (A) KL-1, case 1, x 200. (B) KL-1, case 5, x 200. (C) 
Tenascin, case 1, x 200. (D) Tenascin, case 3, x 200. (E) Vimentin, case 3, x 200. (F) PCNA, case 1, x 200. 

quently found in the dental lamina-like odontogenic epithe- 
lium in ameloblastic fibroma and odonto-ameloblastoma 
(Fig. 3F). In the former, PCNA-positive cells were also 
observed in the mesenchymal tissue resembling dental papilla. 

formation differ depending on the stage of differentiation and 
the proliferation of the tumour cells [l-3]. In this study, we 
comparatively investigated five odontogenic mixed tumours 
immunohistochemically as well as clinically and histologically 
in an attempt to elucidate the characteristic biological beha- 

viours of these turnours. DISCUSSION 
Odontogenic mixed tumours are relatively rare tumours Cytokeratin, one of the intermediate filaments of epithelial 

which consist of components derived from both ectodermal cells, is a polypeptide in the molecular weight range from 40 to 

and mesenchymal tissues [l-3]. The biological features of 68 kDa [ 141. Cytokeratins are divided into 19 types according 

tumours which have developed at the various stages of tooth to differences in the constituent peptides [ 141. The distribu- 
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tions of these polypeptides differ with the type of epithelium 
and the degree of differentiation [ 151 as well as the pathological 
condition [ 161. There have been several reports regarding the 
distribution of cytokeratin in the human tooth germ [4-61. For 
example, it has been reported that cytokeratins 18 and 19 are 
present in all cells constituting the dental lamina and enamel 
organ, and are also found in ameloblastic cells [4]. In contrast, 
cytokeratins 13 and 16 have been observed in the dental lamina 
but not in the enamel organ [4]. These findings suggest that the 
cytokeratin composition of differentiated odontogenic epithe- 
lial cells in the enamel organ differs from that in the dental 
lamina [ 171. The histochemical distribution of the cytokeratins 
reacting with the KL-1 antibody has not been reported in the 
human tooth germ. However, the positivity of Malassez’s 
epithelial rest and the spinosal and its above layers of 
epithelium separated from the intact oral mucosa has been 
reported [7, 181. In the present study, all odontogenic 
epithelial cells were found to be positive for KL-1, although 
there were some differences in intensity. Keratins are a group 
of epithelial cell-specific cellular matrix, and a variety of 
different molecular weight keratins are distributed in epithelial 
cells depending on the cell type and differentiation. Therefore, 
more detailed detection of the distribution of many cytokera- 
tins is needed for characterisation of the odontogenic tumour 
cells. 

Tenascin was first detected as an extracellular matrix 
protein associated with the formation of the muscle-tendon 
junction in chicken embryos [19, 201. The biological role of 
tenascin is not yet clear. However, multiple functions of 
tenascin in cell attachment, migration, proliferation and 
haemaggmtination, have been reported [21]. In the tooth 
germ, histochemical examinations have revealed that tenascin 
is localised in the mesenchymal tissue around the dental 
lamina, and also dental papilla especially in the portion near 
the basement membrane of odontogenic epithelia [8,9, Ill. In 
the present study, tenascin was observed in the immature 
dental papilla-like mesenchymal tissue, especially around the 
odontogenic epithelia. It is well known that tenascin is released 
from mesenchymal cells upon stimulation by epithelial cells, 
consistent with strong linking in the epithelia-mesenchymal 
interaction [22]. Therefore, our results appear to indicate that 
the proliferation and the differentiation of the odontogenic 
mesenchymal tissue are influenced by the epithelium even in 
tumours. 

Vimentin is considered to be a major protein which 
constitutes intermediate filaments in the cytoplasm of mesen- 
chymal cells, and it has been frequently examined as a means of 
identification of mesenchymal tumour components [23]. In the 
tumours presented, vimentin was observed in the immature 
dental papilla-like cells. However, the areas with myxomatous 
change and the connective tissue resembling a dental sac were 
negative for vimentin. In ameloblastic fibroma (case l), the 
basement membrane of the dental lamina-like odontogenic 
epithelium was positive for vimentin. Epithelial cells [24], and 
cells in the early stage of tooth formation [25] and in 
ameloblastic fibroma [26] are occasionally positive for vimen- 
tin. These findings appear to indicate that vimentin disappears 
along with differentiation of odontogenic epithelial cells and 
that ameloblastic fibroma develop at the early stage of tooth 
formation. 

PCNA is a nuclear protein which is associated with the 
S-phase of DNA synthesis in association with cell prolifer- 
ation [27]. Among odontogenic tumours, ameloblastomas have 

been examined for PCNA [13], and actually few PCNA- 
positive cells have been observed. However, the percentage of 
PCNA-positive cells in recurrent ameloblastomas is reported 
to be significantly higher than that in primary tumours [ 131. 
With the exception of some of the dental lamina-like odonto- 
genie epithelial cells in ameloblastic fibroma (case 1) and 
odonto-ameloblastoma (case 5), PCNA-positive cells were 
rarely encountered. These results may reflect the slowly 
growing nature of odontogenic tumours. 

When considering that the basement membrane of odonto- 
genie epithelium in ameloblastic fibroma expressed vimentin 
and tenascin in parallel with the results in PCNA staining, 
ameloblastic fibroma and odonto-ameloblastoma appear to 
have a higher proliferation protential than other odontogenic 
mixed tumours. Further studies using antibodies reacting with 
various types of tumour cell components are necessary to 
elucidate the biological nature of odontogenic tumours. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

Kramer IRH, Pindborg JJ, Shear M. Histological Typing of 
Odontogenic Tumor: WHO International Histological Classifcn- 
tion of Turnours, 2nd edition. Berlin, Springer, 1992. 
Slootweg PJ. An analysis of the interrelationship of the mixed 
odontogenic tumors-ameloblastic fibroma, ameloblastic 
fibro-odontoma, and the odontomas. Oral Surg 1981, 51, 
266-276. 
Gardner DG. The mixed odontogenic tumors. Oral Surg 1984, 
58, 166-168. 
Heikinheimo K, Hormia M, Stenman G, Virtanen I, Happonen 
R-P. Patterns of expression of intermediate filaments in amelo- 
blastoma and human fetal tooth germ. 3 Oral Pathol Med 1989, 
18, 264-273. 
Thesleff I, Ekblom I’. Distribution of keratin and laminin in 
ameloblastoma. Comparison with developing tooth and epider- 
moid carcinoma. 3 Oral Pathol 1984, 13, 85-96. 
De Wilde PCM, Slootweg I’J, Miiller H, et al. Immunocyto- 
chemical demonstration of intermediate filaments in a granular 
cell ameloblastoma. 3 Oral Pathol 1984, 13, 29-39. 
Gao 2, Mackenzie IC, Williams DM, Cruchley AT, Leigh I, 
Lane EB. Pattern of kerarin-expression in rests of Malassez and 
periapical lesions. 3 Oral Pathol 1988, 17, 178-185. 
Thesleff I, Mackie E, Vainio S, Ehrismann RC. Changes in the 
distribution of tenascin during tooth development. Development 
1987, 101, 289-296. 
Nagai N, Yamachika E, Nishijima K, er al. Immunohistochemical 
demonstration of tenascin and fibronectin in odontogenic 
rumours and human fetal tooth germ. Oral Oncol, Eur 3 Cancer 
1994,30B, 191-195. 
Lesot H, Meyer JM, Ruth JV, Weber K, Osborn M. Immuno- 
fluorescent localization of vimentin, prekeratin and actin during 
odontoblast and ameloblast differentiation. Di’ereerentiation 1982, 
21,133-137. 
Heikinheimo K, Morgan PR, Happonen RF, Stenmann G, 
Virtanen I. Distribution of extracellular matrix proteins in 
odontogenic tumours and developing teeth. Virchows Archiv B 
Cell Pathol 1991, 61, 101-109. 
Murase N, Tatemoto Y, Iwai Y, Okada Y, Mori M. Langerhans 
cells in odontogenic tumors and cysts as detected by S-100 protein 
immunohistochemistry. Bas Appl Histochem 1990, 34, 135-141. 
Kim J, Yook JI. Immunohistochemical study on proliferating cell 
nuclear antigen expression in ameloblastomas. Oral Oncol, Eur 3 
Cancer 1994,30B, 126131. 
Moll R, Franke WW, Schiller DL. The catalog of human 
cytokerains: patterns of expression in normal epithelia, tumors 
and cultured cell. Cell 1982, 31, 1 l-24. 
Clausen H, Vedtofte P, Moe D, Dabelsteen E, Sun T-T, Dale B. 
Differentiation-dependent expression of keratins in human oral 
epithelia. 3 Invesr Dermatol 1986, 86, 249-254. 
Vaidya MM, Borges AM, Pradhan SA, Rajpal RM, Bhisey AN. 
Altered keratin expression in buccal mucosal squamous cell 
carcinoma. 3 Oral Pathol Med 1989, 18, 282-286. 
Huszar M, Gigi-Leitner 0, Moll R, Franke WW, Geiger B. 



128 K. Yamamoto et al. 

Monoclonal antibodies to various acidic (type I) cytokeratins of 
stratified epithelia. Selective markers for stratification and squa- 
mous cell carcinomas. Differentiation 1986, 31, 141-153. 

18. Haftek M, Staquet M-J, Viac J, Schmitt D, Thivolet J. 
Immunogold labeling of keratin filaments in normal human 
epidermal cells with two anti-keratin monoclonal antibodies. J 
Histochem Cytochem 1986, 34, 613-618. 

19. Chiquet M, Fambrough DM. Chick myotendinous antigen. I. A 
monoclonal antibody as a marker for tendon and muscle 
morphogenesis. J Cell Biol 1984, 98, 1926-1936. 

20. Chiquet M, Fambrough DM. Chick myotendinous antigen. II. A 
novel extracellular glycoprotein complex consisting of large 
disulfide-linked subunits. J Cell Biol 1984, 98, 1937-1946. 

21. Chiquet-Ehrismann R, Mackie EJ, Pearson CA, Sakakura T. 
Tenascin: an extracellular matrix protein involved in tissue 
interaction during fetal development and oncogenesis. Cell 1986, 
47, 131-139. 

22. Ekblom I’, Aufderheide E. Stimulation of tenascin expression in 

mesenchyme by epithelial-mesenchymal interaction. Int j’ Dew 
Biol 1989, 33, 71-79. 

23. Franke WW, Schmid E, Osborn M, Weber K. Different 
intermediate-sized filaments distinguished by immunofluores- 
cence microscopy. Proc Nat1 Acad Sci USA 1978,75,5034-5038. 

24. Lane EB, Hogan BLM, Kurkinen M, Garrels JI. Coexpression of 
vimentin and cytokeratins in parietal endodermal cell of early 
mouse embryo. Nature 1983, 303, 701-704. 

25. Kasper M, Karsten U, Storick I’, Moll R. Demonstration of 
intermediate-filament protein in the human enamel organ: 
unusually complex pattern of coexpression of cytokeratin poly- 
peptide and vimentin. Di’wentiation 1989, 40, 207-214. 

26. Heikinheimo K, Sandberg M, Happonen RI’, Virtanen I, Bosch 
F. Cytoskeletal gene expression in normal and neoplastic human 
odontogenic epithelia. Lab Invest 1991, 65, 688-701. 

27. Bravo R, Frank R, Blundell PA, MacDonald-Bravo H. Cyclinj 
PCNA is the auxillary protein of DNA polymerase-delta. Narure 
1987, 326, 515-517. 


