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Abstract 

Epithelial mesenchymal transition (EMT), the transition of epithelial cells into motile 

mesenchymal cells, plays an important role in embryogenesis, cancer invasion, and 

metastasis. Ameloblastomas are common epithelial odontogenic tumors, occurring 

exclusively in the mandible with locally invasive growth. 

Thirty-seven ameloblastoma cases were evaluated for the involvement of EMT by 

immunohistochemical staining and western blotting using antibodies against Slug, Snail, 

Twist, TGF-β, and E-cadherin. Double immunostaining was also performed. 

Slug and TGF-β were expressed in the nuclei of peripheral and stellate reticulum cells 

of ameloblastoma nests. Twenty cases of Snail, 36 of Slug, 8 of Twist, and 19 of TGF-β 

showed strong expression in tumor cells in follicular and plexiform patterns. Expression 

of Slug and TGF-β increased in regions where the expression of E-cadherin was reduced. 

EMT was found to be associated with the local invasive growth of ameloblastoma. These 

data suggest that reduced expression of E-cadherin and over-expression of Slug, Snail, 

and TGF-β  induce EMT. Given that ameloblastomas are characterized by local 

invasiveness, EMT might be related to their development. Thus, strong expression of Slug 

and TGF-β and reduced expression of E-cadherin might be related to the local 

invasiveness of ameloblastoma. 

 

 

Introduction 

Epithelial mesenchymal transition (EMT) was first reported in 1982 by Greenburg et al. 

[1]. EMT, the transition of epithelial cells into motile mesenchymal cells, plays an 

important role in embryogenesis, cancer invasion, and metastasis [2-4]. In addition, EMT 

is involved in the formation and maintenance of normal tissue architecture, odontogenesis, 

salivary gland development, palatogenesis, and oral cancer [5]. 

Slug and Snail, EMT-related proteins, bind to the promoter of E-cadherin, thereby 

inhibiting the function of cell adhesion. The epithelial cells gain migratory ability and 
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invade the stromal tissue [6]. Twist is a transcription factor, existing as a heterodimer, and 

is indirectly suppressed by the expression of E-cadherin. Twist plays an essential role in 

cancer metastasis and aggressive growth of ameloblastoma [7]. TGF-β promotes the 

growth of cancer at advanced stages. Snail and Slug, activated by TGF-β, cause an 

induction of EMT [8, 9]. 

E-cadherin is a calcium-dependent cell adhesion molecule expressed on the epithelia l 

cell membrane [10]. The correlation between reduction in E-cadherin expression and 

invasiveness of a malignant tumor via Wnt pathway dysregulation was observed in oral 

carcinogenesis [11]. The association between EMT and invasiveness of tumors has been 

reported in various tumors, including meningeal tumors, gastric cancers, oral squamous 

cell carcinoma, and odontogenic tumors [12-17]. 

Ameloblastoma is the most common odontogenic benign tumor, exhibiting a biologica l 

characteristic of invasiveness in the mandibular bone, along with a high rate of recurrence 

[18]. The expression of transcription factors Slug, Snail, and Twist is associated with local 

invasiveness and recurrence [19, 20]. A high risk of recurrence was observed upon 

increased TGF-β expression in ameloblastoma [21]. In addition, the TGF-β signaling 

pathway is activated in ameloblastoma, which is believed to be associated with more 

aggressive biological behavior [22]. 

The association between EMT-related protein expression and invasiveness has been 

reported in malignant tumors [4]. Ameloblastoma is a benign tumor, but it shows high 

invasiveness and recurrence rate. 

We examined the relationship between the development of ameloblastomas and 

involvement of EMT using immunohistochemical staining and western blotting. Some 

cases were tested by double immunostaining of EMT-related proteins and E-cadherin. 

 

 

Materials and methods 

Specimens obtained from 37 cases of ameloblastoma (20 and 17 cases of the follicular 

and plexiform types, respectively) were classified based on the WHO Classification of 

Head and Neck Tumors, 2005; detailed information was collected from the archives of 

the Osaka Dental University Hospital. The specimens were obtained from 20 male and 

17 female patients with ameloblastoma (median age, 39.2 years; range, 9–76 years old; 

Table 1). The research was approved by the Ethics Committee of Osaka Dental Univers ity 

(Approval Number 110810). 

 

We studied the involvement of EMT by immunohistochemical staining and western 

blotting using antibodies against Slug, Snail, Twist, TGF-β, and E-cadherin. Double 

immunostaining was also performed with E-cadherin and other factors. 

 

Immunohistochemical staining 

Formalin-fixed paraffin-embedded tissues obtained from biopsies or resection 



3 

 

specimens were cut into 2-μm-thick sections and mounted on silan-coated glass (MAS-

GP; Matsunami, Kishiwada, Japan). Sections were deparaffinized in d-limonene (Hemo-

De, Falma, Tokyo, Japan), followed by dehydration in a graded alcohol. E-cadherin and 

TGF-β were retrieved by autoclaving at 121°C for 15 min in the retrieval buffer 

(Mitsubishi Yatoron, Tokyo, Japan). Slug, Snail, and Twist were recovered after heating 

at 98°C for 40 min in a water bath. The extracted specimens were cooled at room 

temperature (25°C). Non-specific reactions were blocked by treatment with 2.5% normal 

horse serum (VECTOR, Burlingame, CA, USA) at room temperature (25°C) for 30 min. 

The sections were incubated with the following diluted primary antibodies: rabbit anti-

human Slug polyclonal antibody (ab27568) (1:200, Abcam, Cambridge, UK), rabbit anti-

human Snail polyclonal antibody (ab180714) (1:200, Abcam, Cambridge, UK), rabbit 

anti-human Twist polyclonal antibody (ab49254) (1:200, Abcam, Cambridge, UK), rabbit 

anti-human TGF-β monoclonal antibody (ab124894) (1:200, Abcam, Cambridge, UK), 

and mouse anti-human E-cadherin monoclonal antibody (#610181) (1:200, BD 

Transduction Laboratories, San Diego, USA) for 60 min at 37°C. Following antibody 

incubation, Slug, Snail, Twist, and TGF-β were incubated with alkaline phosphatase-

conjugated anti-rabbit antibodies (Nichirei, Tokyo, Japan) for 30 min at room temperature 

(25°C). The signals were then visualized using the PermaRed (Diagnostic Bio Systems, 

Pleasanton, CA, USA). Successively, double immunostaining was carried out with E-

cadherin. The unreacted primary antibody activity was inactivated in the citrate buffer by 

autoclaving for 20 min. The sections were incubated with E-cadherin for 60 min at 37°C, 

followed by incubation with alkaline phosphatase-conjugated antibody for 30 min at 

room temperature (25°C). The signals were then visualized using the PermaBlue 

(Diagnostic Bio Systems, Pleasanton, CA, USA) [23]. 

 

Evaluation of immunohistochemical staining 

Out of 500 tumor cells, positive staining of 50% cells indicated strong expression, less 

than 50% cells indicated weak expression, and less than 10% cells indicated no expression. 

Staining for Snail, Slug, and Twist was positive in both the cytoplasm and the nucleus of 

the tumor cell, whereas TGF-β staining was positive only in the cytoplasm of the striate 

cell. 

 

Statistical analysis 

Correlations between EMT-related protein expression rates and presence of 

ameloblastomas were analyzed using the Mann Whitney U-test. P-values of <0.05 were 

considered statistically significant. 

 

Western blotting 

Proteins were extracted from the biopsies and resected tissues, and subjected to SDS-

PAGE, followed by western blotting analysis using the Total Protein Extraction Kit (101 

Bio. Com. Palo Alto, CA, USA). The extracted proteins were electrophoresed through a 
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12% polyacrylamide gel (Bio-Rad Laboratories, CA, USA) for 30 min at 200 V and 

0.01A. Subsequently, the proteins were transferred onto a PVDF membrane (Bio-Rad 

Lab., Hercules, CA, USA) for 30 min at 200 V and 0.01A. Non-specific reactions were 

blocked by treatment with a blocking solution (Block One, Nacalai Tesque, Kyoto, Japan) 

at room temperature (25°C) for 30 min. The membranes were incubated with primary 

antibodies, followed by incubation with an alkaline phosphatase-conjugated antibody 

(HISTOFINE AP rabbit, Nichirei, Tokyo, Japan). The membranes were then visualized 

using the BCIP-NBT solution kit (Nacalai Tesque, Kyoto, Japan). 

 

 

Results 

In immunohistochemical staining, Snail, Slug, Twist, and TGF-β were observed in the 

cytoplasm as well as in the nuclei of peripheral and stellate reticulum cells in the nests of 

follicular type (Fig. 1) and plexiform type (Fig. 2) ameloblastomas in all the cases. Results 

of the double immunostaining test showed that expression of Slug, Snail, Twist, and TGF-

β were increased in the regions where expression of E-cadherin was decreased in the cell 

membrane. In particular, these initial findings were remarkable (Fig. 3). 

 

Cases of Slug, Snail, Twist, and TGF-β expression in ameloblastoma 

In case of Slug, strong expression was observed in 36 cases, whereas weak expression 

was observed in a single case. In case of Snail, strong expression was observed in 20 

cases, along with weak expression in 12 cases, and no expression in 5 cases. In case of 

Twist, strong expression was observed in 8 cases, along with weak expression in 12 cases, 

and no expression in 17 cases. In case of TGF-β, strong expression was observed in 19 

cases, along with weak expression in 9 cases, and no expression in 9 cases (Table 2). 

In follicular type ameloblastomas, strong expression of Snail was observed in 14 cases, 

along with weak expression in 3 cases, and no expression in 3 cases. A strong expression 

of Slug was observed in all 20 cases. In case of Twist, strong expression was observed in 

4 cases, along with weak expression in 7 cases, and no expression in 9 cases. A strong 

expression of TGF-β was observed in 12 cases, along with weak expression in 5 cases, 

and no expression in 3 cases. In plexiform type ameloblastomas, strong expression of 

Snail was observed in 6 cases, along with weak expression in 9 cases, and no expression 

in 2 cases. A strong expression of Slug was observed in 16 cases, along with weak 

expression in a single case. In case of Twist, strong expression was observed in 4 cases, 

along with weak expression in 5 cases, and no expression in 8 cases. A strong expression 

of TGF-β was observed in 4 cases, along with weak expression in 7 cases, and no 

expression in 6 cases (Table 3). 

 

Western blotting analysis 

The expressions of Snail, Slug, Twist, and TGF-β were indicated by bands of 29, 30, 22, 

and 44 kDa, respectively (Fig. 4). 
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Statistical analysis 

Statistical analysis showed that the expression rate of Snail was significantly higher than 

that of Twist (P < 0.05). The expression rate of Slug was significantly higher than that of 

Snail, Twist, and TGF-β (P < 0.01). There was no significant difference in the expression 

rate between Snail and TGF-β, and Twist and TGF-β (P > 0.05). There was no significant 

difference in the expression level of Snail, Slug, and Twist between follicular and 

plexiform patterns (P > 0.05). However, the expression of TGF-β in the follicular pattern 

was significantly higher than that in the plexiform pattern (P < 0.05). 

 

 

Discussion 

Strong expression of Slug and TGF-β and the reduced expression of E-cadherin seem to 

be related to the local invasiveness of ameloblastoma, as detected by single or double 

immunostaining. The proliferative ability of tumor cells is high in the budding area. The 

EMT-related proteins were expressed at this site, which showed reduced expression of E-

cadherin in the double immunostaining. Snail and Slug were strongly expressed in a 

recurrence case. 

 

EMT is a phenomenon identified early in ontogenesis, and is known to be associated 

with wound healing, cancer invasion, and morphogenesis. Slug and Snail are suffic ient 

for the induction of single-cell invasion in an in vitro invasion assay [27]. Bolós V et al. 

reported that reduction of E-cadherin expression induces the detachment of the cells, 

caused by EMT-related proteins that induce the process of EMT. The region of reduced 

of E-cadherin expression has been found to be related to cancer invasion [2]. The 

reduction in expression of E-cadherin and overexpression of Snail increase with 

malignancy in ovarian epithelial neoplasms [6]. Slug is not a novel invasion-promoting 

factor, but its role in promoting invasion in lung adenocarcinoma is a novel finding [24]. 

EMT regulators Snail and SIP1 are strong repressors of the E-cadherin expression gene 

in gastric cancers [13]. Snail and Slug act as regulators of TGF-β1-trigged EMT in oral 

squamous carcinoma cells [8]. Costa et al. reported that expression of E-cadherin was 

notably associated with tumor location and mortality at the invasive front in oral 

squamous cell carcinoma [15]. The down-regulation of E-cadherin and Twist 

overexpression is an independent marker for prediction in oral squamous cell carcinoma 

(OSCC) [16]. Trends in the expression of EMT markers ―E-cadherin, β-catenin, APC, 

and vimentin― suggest their involvement in oral carcinogenesis via Wnt pathway 

dysregulation [11]. No differences have been found in the expression of E-cadherin or β-

catenin between tooth germs and solid and unicystic ameloblastoma [26]. 

Ameloblastoma is the most common odontogenic benign tumor, exhibiting a biologica l 

characteristic of invasiveness in the mandibular bone, along with a high rate of recurrence. 

The recurrence of the follicular type of ameloblastoma was found to be 39.7% and that 
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of the plexiform pattern was found to be 12.9%, as observed in a conservative treatment 

pattern by Hong et al. [18]. In this study, the rate of recurrence of ameloblastoma was 

10.8% (4 cases) due to curettage with bone margin, and all these cases showed strong 

expressions of Slug and Snail. 

Chong et al. reported that overexpression of Snail is most likely the prototype 

transcription factor involved during induction of EMT in ameloblastomas. They also 

reported that EMT-transcription factors were differentially expressed in ameloblastoma. 

The percentage differential expression values for Snail, Slug, SIP1, and Twist were 94, 

33, 27, and 41%, respectively. These factors also play different roles in mediating local 

invasiveness in ameloblastoma [19]. However, the present study is markedly different 

from that of Chong et al. Specifically, Chong et al. examined the unicystic and 

desmoplastic sub-types of ameloblastoma in 20 subjects, and included only 2 follicular 

cases. In contrast, the present study included 37 subjects and reports the relationship 

between follicular and plexiform types. 

Furthermore, the reaction time and temperature used in the immunohistochemica l 

analyses in both studies are also different. 

 

The high expression rate of Twist, which might play a role in the pathogenesis of 

ameloblastoma and odontogenic keratocysts (OKCs), might be one the reasons for the 

aggressive behavior of ameloblastoma and high recurrence of OKCs, except for 

dentigerous cysts. The expression of Twist has been found to be higher in ameloblas toma 

and OKCs than in dentigerous cysts [7]. Twist expression might be associated with 

invasion in ameloblastoma variants, and stromal cells might play a regulatory role during 

tumor development [7]. 

EMT might be involved in the locally aggressive behavior of keratocystic odontogenic 

tumors [24]. Porto et al. reported that in keratocystic odontogenic tumors, the 

transcription factors Snail and Slug participate in cadherin switching [25]. Both Snail and 

Slug act as regulators of TGF-β-1-trigged EMT in OSCC cells as reported by Qiao [8]. 

 

TGF-β/Smad signaling pathway is activated in ameloblastomas, adenomatoid 

odontogenic tumors, and calcifying cystic odontogenic tumors. Reduced TGF-β/Smad 

activity could be associated with aggressive biological behavior, especially in 

ameloblastoma, including increased cell proliferation and reduced apoptosis and 

differentiation [22]. Lezzi et al. reported that higher expression of TGF-β in stromal cells 

in ameloblastomas showed a higher risk of tumor recurrence [21]. However, TGF-β exerts 

inhibitory functions in the early stage of cancer and promoting functions in the advanced 

stages [22]. In addition, the association between TGF-β expression and growth stage of 

the tumor needs further investigation. 

 

 

Conclusion 
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In this study, cases showing strong expression of Slug and TGF-β and reduced E-

cadherin expression were observed. Slug- and TGF-β-positive cells were detected in the 

same region using double immunostaining method. The strong expression of these EMT-

transcription factors seems to be related to the local invasiveness of ameloblastomas. 
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Table legends 

 

Table 1. Age, gender, and recurrence in patients with ameloblastoma 

 

Table 2. Staining intensity for Snail, Slug, Twist, and TGF-β in ameloblastoma patterns 

The intensity of staining was scored as Negative (-), Weak (+), or Strong (+++). Negative 

(-) expression was indicated by less than 10% of positive reaction, Weak (+) expression 

was indicated by less than 50% of positive reaction, and Strong (+++) expression was 

indicated by more than 50% of positive reaction. 

 

Table 3. Staining intensity of Snail, Slug, Twist, and TGF-β in follicular and plexifo rm 

patterns 

The intensity of staining was scored as Negative (-), Weak (+), or Strong (+++). Negative 

(-) expression was indicated by less than 10% of positive reaction, Weak (+) expression 

was indicated by less than 50% of positive reaction, and Strong (+++) expression was 

indicated by more than 50% of positive reaction. 

 

 

Figure legends 

 

Fig. 1 Immunostaining of Snail (a), Slug (b), Twist (c), and TGF-β (d) in follicular pattern 

Snail, Slug, Twist, and TGF-β were observed in cytoplasm and nuclei of peripheral and 

stellate reticulum cells in the nests of ameloblastoma (×100) 

 

Fig. 2 Immunostaining of Snail (a), Slug (b), Twist (c), and TGF-β (d) in plexiform pattern 

Snail, Slug, Twist, and TGF-β were observed in the cytoplasm and nuclei of peripheral 

cells of ameloblastoma (×100) 

 

Fig. 3 Double immunostaining of Snail and E-cadherin (a), Slug and E-cadherin (b), Twist 

and E-cadherin (c), and TGF-β and E-cadherin (d) in ameloblastoma 

Snail, Slug, Twist, and TGF-β were stained Red, and E-cadherin was stained Blue 

The expression of Snail, Slug, Twist, and TGF-β was increased in the regions where the 

expression of E-cadherin was reduced (×100) 

 

Fig. 4 Western blot analysis of Snail (a), Slug (b), Twist (c), and TGF-β (d) expression in 

ameloblastoma 

The expressions of Snail, Slug, Twist, and TGF-β were indicated by bands of 29, 30, 22, 

and 44 kDa, respectively (×100) 
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Table 1.  

Factor (n = 37)   

Gender Male 20 
 Female 17 
   

Age (years) Mean 39.2 
 Range 9–76 
   

Histopathologic 

pattern 
Follicular 20 

 Plexiform 17 
   

Recurrence Recurrence 4 
 No Recurrence 33 

 

 

 

 
Table 2.  
  Ameloblastomas (n = 37) 
 - 5 (14%) 
Snail + 12 (32) 
 +++ 20 (54) 
   
 - 0 
Slug + 1(3) 
 +++ 36(97) 
   
 - 17 (46) 

Twist + 12 (32) 
 +++ 8 (22) 
   

 - 9 (24) 

TGF-β + 9 (24) 
 +++ 19 (51) 
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Table 3. 

  Follicular 
(n=20) 

Plexiform 
(n=17) 

Statistics 

 - 3 (15%) 2 (12)  

Snail + 3 (15) 9 (53) P > 0.05 
 +++ 14 (70) 6 (35)  
     
 - 0 0  

Slug + 0 1 (6) P > 0.05 
 +++ 20(100) 16 (94)  
     
 - 9 (45) 8 (47)  

Twist + 7 (35) 5 (29) P > 0.05 
 +++ 4 (20) 4 (24)  
     
 - 3 (15) 6 (35)  

TGF-β + 5 (25) 7 (41) P < 0.05 
 +++ 12 (60) 4 (24)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



13 

 

Fig.1 
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Fig3. 
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