Combined lesion Adenomatoid odontogenic tumor/dentigerous cyst: Its histogenesis and histopathology
A B Schütz
The theories about histogenesis of adenomatoid odontogenic tumor (AOT) were studied discussing the possible mechanisms related. For explicating the histogenesis of AOT/DC combined lesion, was suggest the possibility of the lesions originate themselves from the same stimulus acting at cells that are in different phases of the dental development. Dentigerous cyst (DC) might develop itself from the reduced epithelium of the enamel organ of an embedded or supernumerary tooth, while AOT might develop itself from stimulus acting at a fail dental organ of a supernumerary tooth or in the rest of Malassez of a primary tooth. In addition, was discussed the controversial aspects of its histopathology such as the mechanisms involved in the process of calcification. At least two different mechanisms were identified: one might be connected with the presence of the eosinophilic material, being similar to normal calcification of the enamel organ, presenting a structure similar to abnormal matrix of the pre-enamel, while the other might be considered metaplastic reaction of the stromal tissue.
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INTRODUCTION
Many theories have been proposed to explicate histological origin of the adenomatoid odontogenic tumor (AOT). All aspects of the dental epithelium from dental lamina from the start of the spectrum until the reduced enamel epithelium, at the end, might explicate the origin of this tumor (1). The similarity of the tumoral cells with pre-ameloblasts, or immature ameloblasts and with the stellate reticule cells of the enamel organ, showed by electronics microscopic studies, suggest origin from cells of the bell stage of the odontogenesis (2,3,4).The calcified material identified in this tumor, in spite of being a product abnormal, its calcification pattern like not to be different from that identified in the normal enamel organ, although the mechanism of calcification may be different of the normal enamel organ (5). 

Theories of histogenesis
Minimum inductive effect and/or absence of mesenquimal tissue:

The origin of the cells identified in the AOT may be the dental lamina or the reminiscences of the enamel organ that did not differentiate themselves sufficiently to originate dental structures because of the minimum effect of the epithelial tissue on the connective tissue, which does not induce the differentiation of the undifferentiated cells into odontoblasts, nor the consequent formation of pre-dentin, as well as the posterior differentiation of pre-ameloblast into ameloblast (6). Is also possible that the cause of the absence of differentiation to be the lack of mesenchymal tissue capable of differentiating itself into odontoblast to form structured dentine, resulting in the continuous production of an eosinophilic material similar to basal membrane or to enamel matrix (1,5).

Molecular alteration: 

It has as basis a disturb in the synthesis of some molecules of the basement membrane, or presents in the extra-cellular matrix, necessaries to induction of the undifferentiated mesenchymal cells by epithelial cells, necessaries to interaction of the undifferentiated mesenchymal cells with the extra-cellular matrix, blockading their differentiation into odontoblast (1). This theory has been confirmed by a histochemical study that showed the absence of the expression of vimentin in the stromal tissue (7). Besides, has support in the fact that the flattened cells and duct like structures (columnar or cubical cells, with polarized nuclei away of the lumen) show themselves negatives to tenascin (molecule of extra-cellular matrix resultant of epithelial and mesenchymal interaction), indicating absence of differentiation (8), which would explicate, at least in part, the biologic behavior little aggressive of AOT, since the rise of the expression of this protein has been connected – in premalign and malign neoplasm - with the decrease of the cellular cohesion and increase of motility; modulation of the potential growth; invasion and potential to metastasize (9).

Origin in the cystic odontogenic epithelium: 

The frequent association between AOT and dental cyst or calcifying epithelial odontogenic tumor (CEOT) suggests origin at the cystic odontogenic epithelium (10,5), or at pluripotent odontogenic epithelial rests localized in the walls of these cysts. This same theory there yet was been defended in 1964, (11) when as postulated that AOT is a dental cyst with epithelial proliferation inside of a cystic cavity. The high percentages of these lesions associated with not erupted permanent teeth and the fact of them have not been described associated to an abnormal tooth indicates that the disturbance occurs after the odontogenesis to have been completed (12). Besides, is possible that the cystic areas observed in this tumor represent secondary alterations caused by its growth (13). In combined lesions AOT/DC the cyst-lining is composed of thin squamous epithelium that showed increased reaction to Keratin (14)

Rests of Malassez at the apex of deciduous tooth:

This theory was proposed in1973, and has as basis the fact that this lesion seldom occurs combined with deciduous tooth, or in areas that were not preceded by deciduous tooth (1). In consonance with this theory only one of 499 cases involved the embedded primary tooth (4).

Undifferentiated odontogenic epithelium or stratum intermedium cells
Is based in the very slight reaction of A cells (solid, ductal, tubular or whorled structures) to all antibodies to keratins and slight-to-moderate expression of keratin and vimentin, and showed coexpression in B (cells small and compact cells at the periphery of the A cell-containing focus). (14)
Reduced epithelium of the enamel

Recent study indicates that AOT presents reaction to cytokeratin 14 (CK14) suggesting a possible origin from the reduced epithelium of the enamel (15).
HISTOLOGICAL ASPECTS

Macroscopy
Usually, the tumor presents ovoid or spherical forms, with smooth extern surface due to presence of a fibrous capsule; elastic consistence; yellow-grayish color and variable size. It may present itself solid or shows one large, or several small cystic spaces containing yellowish semisolid and/or fluid materials (4). Inside of the tumoral mass may be observed the presence of hard tissue suggestive of calcification, as well as the presence of a include tooth presenting a partially formed root (fig. 1).
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Fig. 1: Macroscopy
Histopathology

Epithelial pattern (figs. 2, 3)
Solid nodules (fig1).These structures are constituted by fusiform or cuboidal cells, presenting large oval vesicular nuclei arranged at nodules with minimal stromal connective tissue, which frequently forms small nests or rosette-like structures presenting an eosinophilic amorphous material among these cells and at the center of the rosette-like configuration (1). These cells present slight or no reaction to keratin and vimentin. Only at cells, at the periphery of the nodular structures, express weak co-expression of these proteins (16,14).
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Fig. 1: Solid nodes and ductlike structure

Trabecular or cribiform pattern (fig 2) Interlacing strands of epithelium with thickness of one or two cells presenting condensed uniform eosinophilic cytoplasm, with small round or oval-shaped hyperchromatic nuclei. These cells present expression of keratin and vimentin (16,14). The stromal connective tissue among these structures presents a minimal number of cellular elements (1).
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Fig. 3: solid and trabecular or cribiform pattern

Duct like spaces (fig. 4)
Circumferential patterns formed by cubical or low columnar epithelial cells marked to keratin and vimentin (16,14), showing foamy cytoplasm and oval vesicular nuclei arranged side to side forming a cavity, containing at their inside, degenerative cells and variable amounts of a fibrillar eosinophilic material (EM) of controversy nature.
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Fig. 4: Duct like structures
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Fig. 5: Eosinophilic material and calcifications
Eosinophilic Material (EM) (fig. 5)

Due to the proteic structure of EM to be similar to the enamel was interpreted as an abortive form of the enamel matrix (17). However, is little provable to be the matrix of enamel, since the mineralization of this material is gradual, while the enamel matrix, mineralize itself almost that of immediate (18). 

The proximity of EM and epithelial cells, as well as the positive reaction to the periodic acid-Schiff reaction (PAS) suggest that the eosinophilic material may be a product of secretion of these cells similar to basement membrane, which, with the development of the tumor, might degenerate and to form dystrophic calcifications. Therefore, this material must not be understood as an attempt of formation of enamel matrix (19).

Besides, other erroneous interpretation for the presence of EM was considers it as a product of the connective tissue, considering that it occurs in close association with nest of epithelial cells, and in areas where connective tissue is sparse or absent. 

The same might be said with the hypothesis of the existence of pre-enamel, a concept that in the absence of dentin violates the current principles of odontogenesis (1). However, in some rare lesions may be identified the presence of osteodentin and abnormal enamel (32).

The positive reaction of the eosinophilic material at the Congo red, T tiophlavin, and nitrite of dimetilaminobenzaldeide (p-DMBA) is strongly suggestive of amiloid-like protein, possibly resultant of the enzymatic conversion of polypeptides produced for the tumoral cells (20). 

The presence of proteins of the enamel matrix, such sheathlin has also been identified in the eosinophilic material (21,22). Other data suggest that EM is the pre-enamel matrix, considering the positive reaction to citokeratin as well as the recent results of ultra-structure studies that indicated the possibility of it to be an abnormal protein of the enamel matrix synthesized and secreted for the tumoral cells (5).

Stromal connective tissue (fig. 6)

The presence of connective tissue can be observed in minimal amount among the nodules, trabeculae and crib, as has been showed for the immune-histochemical (presence of vimentin only in the epithelial-mesenchymal interface), and special coloring.
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Fig. 6: Stromal connective tissue (green)

Distributed by the lesion may be identified the presence of a variable amount of hard tissue. There is the possibility of this material to be of 4 types: material similar to dentin (23,24), material similar to cementum (26; 25), material similar to enamel (27), and material similar to dystrophic calcification (26).
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Fig. 7: Pattern of calcification
Calcified material (figs. 5,7) 
Electronic microscopic studies suggest that the calcification pattern of these structures is similar to the pattern of the enamel organ. However, they show themselves as an abnormal product resultant of the mechanism of calcification, different from the calcification of the enamel organ (5). One of the mechanisms responsible for this abnormal structure may be connected with the increase of the expression, at the stroma and epithelium-mesenchymal interface, of the tenascin protein, considering that its presence has been connected with the regulation of the micro ambient necessary to the calcification (8). Recently, was showed that this material is similar to the osteodentin, or an abortive form of the enamel (27). Such deposits may be considered metaplastic reaction of the stromal tissue (4).

Lesions combined to AOT
Eventually, AOT may be associated with other odontogenic lesions. Of these, the most commons associations are with DC and CEOT. The occurrence of one or more nodules composed of polyhedral, eosinophilic, epithelial cells of squamous appearance exhibiting well-defined cellular boundaries and prominent intercellular bridges suggest the existence of the so-called combined AOT/CEOT (calcifying epithelial odontogenic tumor) lesion, which also interpreted as the reflex of a continuous spectrum of the AOT rather than distinct or separate lesion because look there be not any indication that the presence of CEOT influences the ultimate biologic behavior and growth potential of AOT (4). One example of association DC/AOT was recently reported (35).
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Fig. 8: Association AOT/DC 

DISCUSSION
For explicating the histogenesis of adenomatoid odontogenic tumor (AOT) and dentigerous (follicular) cyst combined lesion has been postulated the origin at odontogenic epithelial rests of the normal odontogenesis (dental lamina) able for differentiating themselves in various dental tissues. The proliferation of embryonal epithelial rests of development of the oral cavity, or present inside of the wall of the dentigerous cyst has also been proposed (28).

The frequent association between AOT and odontogenic neoplasm (ghost cells odontogenic tumor, calcifying epithelial tumor) and odontogenic cyst (dentigerous, calcifying odontogenic cyst) suggest that the AOT might have origin in the odontogenic epithelium of cystic lining presents in these lesions (10,29;30;5). However, is also possible to be cystic area resultant of secondary alterations caused by the growth of tumor (13). One example of this type of lesion is presented for Ajgabe et al. (31). In support to this hypothesis, was reported that the cystic area can simply to reflect one continuous spectrum in the histological pattern of the AOT rather than combined lesions (4). However, in some cases, the increased size of the cystic cavity combined to mass tumoral is not suggestive that it represents the spectrum histological of AOT, or the degeneration process of the tumoral cells, because admitting such spectrum, the degenerative process in the tumor must have been very much greater than the proliferative, and would have resulted in its involution; therefore, not being compatible with the velocity of growth of this tumor, lent and progressive; completely different of the process degenerative tumoral associated to tumors (ameloblastomas) or cysts (keratocyst) that present increased proliferative activity epithelial with degeneration of the central cells. The size of these cavities in combined AOT/DC suggests cystic growth and not a degenerative tumoral process. 

Other hypothesis that has been proposed to origin of AOT is from reduced epithelium of the enamel (15). However, is difficult accept it because the cyst-lining of dentigerous (follicular) cyst is composed of a thin squamous epithelium that has origin at rest of the enamel organ (reduced epithelium of the enamel) after to have completed the formation of the enamel and, therefore, totally differentiated incapable of presenting secretor activity of enamel matrix. Look also little probable that the cells of the cystic epithelium or of the reduced epithelium of enamel suffer dedifferentiation, transforming themselves in cells less differentiated characteristic of the late phase at bell of the odontogenesis, able to secret abnormal matrix of pre-enamel identified in AOT, or that these cells suffer dedifferentiation only in rests epithelial inside cystic capsule. Due to the similarity of the cells of the reduced enamel epithelium with its precursor cells, which in rats is named of the inner enamel epithelium (EFA cells) with preameloblasts and ameloblast, they are easily confusable. However, the secretor activity of these latter is only present in a sort period, before of their complete differentiation into cells of the reduced enamel epithelium (32), which do not have secretor activity of the matrix of enamel. Besides, the cytokeratin 14 (CK14) may be also expressed in the inner enamel epithelium in the initial phase of the stage of bell (36) that would confirm the possible origin of AOT from preameloblast or immature ameloblasts (4). 

Other reason by that I do not believe in the origin of AOT from reduced enamel epithelium is the fact of this tumor to be frequently connected to a not erupted tooth, suggesting the disappearance or cystic degeneration of the reduced enamel epithelium before of the development of the tumor. 

The fact of the teeth to present themselves normal also suggest that the dentigerous cyst originated self after to have completed its formation, while AOT from epithelial rest inside cystic wall, pre-ameloblasts or immature ameloblasts from of an enamel organ or epithelial rest from a primary tooth. 

The theory more accept is that AOT origin itself from pre-ameloblast or immature ameloblast (4).

The pattern of calcification identified by optic microscopy and special coloring (trichromic) varied according to observed region. The proximity of the eosinophilic material with the tumoral cells and its calcification afterward, suggests that it was produced for these cells. Its absence in areas where the connective tissue was present also suggested epithelial origin. In addition, this calcification pattern has been identified inside of the nodular structures (figs.3, 4). A dystrophic type of calcification has been observed in the connective tissue and at capsular areas without any relationship with eosinophilic material or tumoral cells, as well as around of blood vessels  (1) (fig.7A). In regions indicatives of the anterior presence of connective tissue, has also been identified the presence of calcification in amount pronounced, and in a globular pattern similar to cementum, immature bone or dysplasic dentin (fig. 7B). 

Therefore, these observations suggest in the tumor studied the presence of at least two different mechanism of calcification. One might be connected with the presence of the eosinophilic material (fig. 5), being similar to normal calcification of the enamel organ, presenting a structure like to abnormal matrix of the pre-enamel (5,33,34;22), while the other might be considered metaplastic reaction of the stromal tissue. For explicating the histogenesis of AOT/DC combined lesion, was suggest the possibility of the lesions originate themselves from the same stimulus acting at cells that are in different phases of the dental development. Dentigerous cyst might develop itself from the reduced epithelium of the enamel organ of an embedded or supernumerary tooth, while the AOT might developed itself from a stimulus acting at a fail dental organ of the latter or in the rest of Malassez of a primary tooth.

Acknowledgments
I am very grateful to Faculty of Dentistry at the Federal University of Rio de Janeiro (UFRJ), in the persons of the Professors Ítalo Gandemann (biopsy material), and, in special, to the Professor José Carlos Borges Teles, former Chairman of the Oral Pathology and Diagnosis Department, who authorized me to reproduce from his personal files the figures presented in this article.

REFERNCES

1.Courtney RM, Kerr DA (1975) The odontogenic  tumor. A compreensive study of twenty new cases. Oral Surg. 1975; 39: 424-35

2.Hatakayama S, Suzuki A Ultrastructural study of adenomatoid odontogenic tumor. J.oral Path. 1978; 7: 295-310

3.Smith RL et al Adenomatoid odontogenic tumor: ultrastructural of two cell types and amiloid. Cancer 1979; 43: 505-16.

4. Philipsen HP et al. Adenomatoid odontogenic tumor: biologic profile based on 499 cases. J Oral Pathol Med 1991; 20:149-158. 

5. Miyake M, Nagahata S, Nishihara J, Ohbayashi Y Combined adenomatoid odontogenic tumor and calcifying epithelial odontogenic tumor: report of case and ultrastructural study. J Oral Maxillofac Surg.  1996; 54:788-793.

6.Gorlin RJ, Chaudry AP  Adenoameloblastoma. Oral Surg Oral Med Oral Pathol 1958; 11: 762-68.

7.Yamamoto K et al. An immunohistochemical study of odontogenic mixed tumours. Eur J Cancer B Oral Oncol. 1995; 31:122-28

8. Mori M et al. Immunohistochemical expression of amelogenins in odontogenic epithelial tumours and cysts.Virchows Arch A Pathol Anat Histopathol. 1991; 418:319-25.

9. Sherestha P et al. Enhanced of tenascin immunoreactivity in leukoplakia and squamous cell carcinoma of the oral cavity. Oral Onco Eur J Cancer 1994; 30B: 132-37.

10. Oehles FA The so-called adenoameloblastoma. Oral Surg. 1961; 14: 712-13.

11. Bhaskar SN Adenoameloblastoma: its histognesis and report of 15 new cases J oral Surg, 1964; 22: 218-226.

12. Giansanti JS, Someren A, Waldron CA Odontogenic adenomatoid tumor (adenoameloblastoma). Survey of 3 cases. Oral Surg Oral Med Oral Pathol. 1970; 30: 69-88.

13.Khin U, Sanders B, Kasper E, Adilman H.  Adenomatoid odontogenic tumor. J Oral Surg.1973; 31: 607-12. 

14. Tatemoto Y, Tanaka T, Okada Y, Mori M. Adenomatoid odontogenic tumour: co-expression of keratin and vimentin.Virchows Arch A Pathol Anat Histopathol. 1988; 413:341-348

15. Crivelini MM, de Araújo VC, de Sousa SO, de Araújo NS. Cytokeratins in epithelia of odontogenic neoplasms. Oral Dis. 2003; 9:1-6
16. Philipsen HP (1992) Variants of the adenomatoid odontogenic tumor with a note on tumor origin. J Oral Pathol Med.21:348-352. 

17. Lucas RB A tumor of enamel organ epitheliun. Oral Surg., 1973; 10: 652-658.

18.Ten Cate AR Histologia Bucal: desenvolvimento, estrutura e função. 2a ed. Rio de Janeiro, Guanabara Koogan, 1985, cap.4.
19. Martinelli C et al.Tumor odontogenic adenomatoid (TOA). Rev. Gaúcha Odont.1981; 29: 88-92.

20. Moro et al. (1982) The eosinophilic and amyloid-like materials in adenomatoid odontogenic tumor. J Oral Pathol. 1982; 11:138-50.

21.Takata T et al. Immunohistochemical detection and distribution of enamelysin (MMP-20) in human odontogenic tumors. J Dent Res. 2000; 79:1608-1613

22. Takata T et al. Immunohistochemical demonstration of an enamel sheath protein, sheathlin, in odontogenic tumors. Virchows Arch.2000; 436:324-329.

23. Takeda Y Pigmented adenomatoid odontogenic tumour. Report of an undescribed case and review of the literature of pigmented intraosseous odontogenic lesions. Virchows Arch A Pathol Anat Histopathol.1989; 415:571-75. 

24.Takeda Y, Shimono M. Adenomatoid odontogenic tumor with extensive formation of tubular dentin. Bull Tokyo Dent Coll. 1996; 37:189-193.

25. Ebling H. Cistos e tumores odontogênicos. 3a ed., Porto Alegre, Mcgrawhill, 1977

26. Bernier JL, Tiecke RW Adenoameloblastoma; report of nine cases. Oral Surg Oral Med Oral Pathol. 1956; 9:1304-17
27. Takeda Y Induction of osteodentin and abortive enamel in adenomatoid odontogenic tumor. Ann Dent. 1995;54: 61-3.
28. Hornová J Adenoameloblastoma in the wall of a dentigerous cyst. Oral Surg. 1965 19: 508-514.

29. Oehlers FA Unusual pleomorphic adenoma-like tumor in the wall of a dentigerous cyst. Report of a case. Oral Surg  1956; 9: 411-417.

30. Bhaskar SN Adenoameloblastoma: its histognesis and report of 15 new cases J oral Surg, 1964; 22: 218-226.

31.Ajagbe HA et al. Adenomatoid odontogenic tumor in a black African population. Report of thirteen cases. J Oral Maxillofact Surg 1985; 43: 683-87.

32. Yamamoto H, Ishizeki K, Sasaki J, Nawa T. Ultrastructural and histochemical changes and apoptosis of inner enamel epithelium in rat enamel-free area. J Craniofac Genet Dev Biol. 1998 18::44-50

33. Philipsen HP, Reichart PA Adenomatoid odontogenic tumour: facts and figures. Oral Oncol.1999; 35:125-131.

34. Murata M Enamel proteins and extracellular matrix molecules are co-localized in the pseudocystic stromal space of adenomatoid odontogenic tumor. J Oral Pathol Med. 2000; 29: 483-490.

35. Nonaka CF, de Souza LB, Quinderé LB. Adenomatoid odontogenic tumor associated with dentigerous cyst--unusual case report. Rev Bras Otorrinolaringol (Engl Ed). 2007;73:129-31

36. Domingues MG, Jaeger MM, Araújo VC, Araújo NS. Expression of cytokeratins in human enamel organ. Eur J Oral Sci. 2000;108:43-7.
