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Abstract
We examined Notch signaling in oral tumors; most of our reported findings are based on immunohistochemical
studies of Notch expression in odontogenic tumors. In our investigation, we suggested that Notch signaling is
involved in cell differentiation and epithelial-mesenchymal interaction in odontogenic tumors. In addition, Jagged is
strongly expressed as a ligand of Notch in odontogenic tumors, and Jagged-Notch signaling may play an important
role in odontogenic tumorigenesis. Wnt is expressed during tooth development and may be involved in odontogenic
tumor cell differentiation and epithelial-mesenchymal interaction. Interestingly, Wnt and Notch expression sites are
similar in odontogenic tumors, suggesting that Notch and Wnt signals cooperatively affect tumor formation.
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Introduction
We have reviewed our studies on Notch signaling of oral neoplasms
in the International Journal of Molecular Science [1]. We examined
Notch signaling via immunohistochemistry in cases of ameloblastoma,
ameloblastic carcinoma, calcifying epithelial odontogenic tumors,
squamous odontogenic tumors, ameloblastic fibroma, odontogenic
myxoma, and calcifying odontogenic cysts. In epithelial tumors,
Notch-positive staining products were frequently detected in epithelial
tumor nests, especially in differentiating cells. In mixed epithelial and
mesenchymal tumors, Notch-positive products were present in both
the epithelial and ectomesenchymal components. In mesenchymal
tumors, Notch-positive products were not detected. In cases of
odontogenic carcinoma, products strongly positive for Notch were
detected in most neoplastic cells. Positive reactions tended to be strong
in areas with high proliferating activity.
In our investigation, we suggest that Notch signaling plays a role in
cytological differentiation, epithelial-mesenchymal interaction,
formation of tumor stroma, and acquisition of tissue specific
characteristics in neoplastic cells of tooth enamel organ-derived
neoplasms, including benign and malignant neoplasms. Our previous
studies demonstrated that Jagged is a major Notch ligand expressed on
odontogenic tumors [2,3]. Therefore, Notch signaling in odontogenic
tumorigenesis is thought to be triggered by Jagged-Notch signaling.
Jagged-Notch signaling is involved in hard tissue formation in tooth
development [4]. This signaling is also inherited in tumorigenesis and
may be related to acquisition of the characteristics of odontogenic
tumors.
In tooth development, the Bmp, Fgf, Shh, Wnt and Notch pathways
act as major signaling pathways and are involved in imparting organspecific features [5-7]. Wnt signaling modulates diverse cellular
processes during embryogenesis and histogenesis. In addition,
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deregulation of Wnt signaling has been implicated in tumorigenesis
and progression. It is known that Wnt signaling plays fundamental
roles in odontogenesis through epithelial-mesenchymal interactions;
this interaction is thought to directly reflect the development of
odontogenic neoplasms [6]. Our review also conveys that Wnt
signaling may be involved in tumor cell differentiation of odontogenic
tumors. Therefore, we additionally examined Wnt signaling molecules
in odontogenic tumors.

Materials and Methods
10 cases of ameloblastic fibroma (as mixed epithelial and
mesenchymal tumors), 12 cases of ameloblastoma (as epithelial
tumors) and 10 cases of odontogenic myxoma (as mesenchymal
tumors) from the archives of the Department of Oral Pathology and
Medicine, Graduate School of Medicine, Dentistry and Pharmaceutical
Sciences, Okayama University, were reassessed histopathologically
based on the WHO classification. After histopathological examination,
we examined the distribution of Wnt1 and β-catenin through double
immunofluorescence staining. This study was approved by the Ethics
Committee of Okayama University Graduate School of Medicine,
Dentistry and Pharmaceutical Sciences (Approval number: 1604-015).

Results
Histopathologically, ameloblastic fibroma was composed of cell-rich
dental papilla-like mesenchymal tissue and enamel organ-like
epithelial nests and strands. The peripheral layered cells of these cell
nests were columnar or cuboidal and lined up in a palisade fashion.
Ameloblastoma was composed of mature loose connective tissue
stroma and enamel organ-like tumor nests. The central cells were
loosely arranged, showing stellate reticulum. Odontogenic myxoma
was composed of randomly oriented stellate, spindle-shaped, and/or
round cells. Immunohistochemical analysis of ameloblastic fibroma
revealed Wnt1 in almost epithelial and mesenchymal components. The
peripheral columnar cells of epithelial tumor nests were strongly
positive for Wnt1. Although β-catenin was clearly localized to the cell
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membrane of tumor cells, nuclear translocation was observed in
stellate reticulum cells and several papilla-like mesenchymal cells
(Figure 1).

Figure 3: Odontogenic myxoma; Scale bar=50 µm, A: Wnt1; B:
Marge image of Wnt1, β-catenin and DAPI.

Discussion

Figure 1: Ameloblastic fibroma; Scale bar=50 µm, A: Wnt1; B: βcatenin; C: Marge image of Wnt1 and β-catenin; D: Marge image of
Wnt1, β-catenin and DAPI.
In the case of ameloblastoma, Wnt1 and β-catenin were present
mainly in the tumor nests (Figure 2).

Results of this examination suggest that Wnt signaling plays a role
in the tumorigenesis of ameloblastic fibroma through odontogenic
epithelium-ectomesenchymal tissue interaction. Interestingly, the
immunohistochemical localization of Notch reported in our study is
similar to the expression pattern of Wnt localization in odontogenic
tumors. Recent studies have suggested a crosstalk between Notch
signals and Wnt signals [8,9].

Conclusion
In general, Wnt signaling is responsible for the regulation of cell
fate, morphogenesis, and/or development. Results of our additional
examination suggest that Wnt signaling may be involved in cross-talk
with Notch signaling, which affects the tumorigenesis of odontogenic
tumors through odontogenic cell differentiation and epitheliumectomesenchymal tissue interaction. Signalings that regulate tooth
development may be related to the acquisition of the characteristics of
odontogenic tumors, and examination of these signaling factors may
help in the diagnosis of odontogenic tumors.
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