
 

 

저 시-비 리- 경 지 2.0 한민  

는 아래  조건  르는 경 에 한하여 게 

l  저 물  복제, 포, 전송, 전시, 공연  송할 수 습니다.  

다 과 같  조건  라야 합니다: 

l 하는,  저 물  나 포  경 ,  저 물에 적 된 허락조건
 명확하게 나타내어야 합니다.  

l 저 터  허가를 면 러한 조건들  적 되지 않습니다.  

저 에 른  리는  내 에 하여 향  지 않습니다. 

것  허락규약(Legal Code)  해하  쉽게 약한 것 니다.  

Disclaimer  

  

  

저 시. 하는 원저 를 시하여야 합니다. 

비 리. 하는  저 물  리 목적  할 수 없습니다. 

경 지. 하는  저 물  개 , 형 또는 가공할 수 없습니다. 

http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/


 

 

치의과학 석사학위논문 
 

 

 

 

 

Twist and Snail expression in 

tumor and stromal cells of 

epithelial odontogenic tumors 
 

 

상피성 치성종양의 종양 및 

기질세포에서의 Twist 및 Snail 발현 
 

 

 

2016 년 8 월 
 

 

 

 

 

 

 

 

 

 

서울대학교 대학원 
치의과학과 구강병리학 전공 

오 규 영 
  



 

 

ABSTRACT 

 

Twist and Snail expression in tumor and 

stromal cells of epithelial odontogenic tumors 

 

Kyu-Young Oh 

Department of Oral Pathology, Graduate School, 

Seoul National University 

(Directed by Professor Seong-Doo Hong, D.D.S., M.S.D., Ph.D.) 

 

Objectives: Twist and Snail are two key transcriptional regulators of the 

epithelial-mesenchymal transition (EMT), whose expression has been 

studied in various carcinomas. The aims of this study were to evaluate 

expression of Twist and Snail in tumor and stromal cells of epithelial 

odontogenic tumors and to analyze relationships between Twist and Snail 

expression and between tumor and stromal expression. 

 

Methods: Immunohistochemistry was performed using antibodies against 

Twist and Snail in 60 ameloblastomas (AMs; 20 solid/multicystic, 20 

unicystic, and 20 recurrent), six ameloblastic carcinomas (ACs), 10 

adenomatoid odontogenic tumors (AOTs), and six calcifying epithelial 

odontogenic tumors (CEOTs). 



 

 

 

Results: A higher rate of tumor cells strongly positive for Twist was 

observed in AC compared to the other tumors (P = 0.019). The rate of 

tumor cells strongly positive for Snail tended to be higher in AC than in AM 

(P = 0.060). AM and AC showed a higher rate of Twist-positive stromal 

cells than AOT and CEOT (P < 0.001). Tumor cells of recurrent AM 

showed stronger expression of Twist (P < 0.001) and Snail (P = 0.001) 

compared to AM without recurrence. A moderate positive correlation was 

observed between tumor expression of Twist and Snail (r = 0.376, P = 

0.001) and between tumor and stromal expression of Snail (r = 0.334, P = 

0.002). 

 

Conclusion: Twist and Snail may affect the epithelial-mesenchymal 

transition in AC and be involved in recurrence of AM. Stromal Twist 

expression may be associated with aggressive clinical behavior of epithelial 

odontogenic tumors. A Twist-Snail pathway may participate in the 

development and progression of odontogenic tumors, and tumor-stroma 

interaction in odontogenic tumors may be mediated by Snail. 
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Ⅰ. Introduction 

 

The epithelial-mesenchymal transition (EMT) is a biological process by 

which epithelial cells lose intercellular adhesion and gain mesenchymal 

phenotypes including increased migratory capacity and invasiveness.1,2 This 

process is involved in embryogenesis, organ development, and tissue 

regeneration and also in cancer progression and metastasis.1 

Downregulation of E-cadherin is a key step in EMT and is mediated by 

transcriptional repressors of E-cadherin, such as Twist, Snail and Sip1. 

These transcriptional repressors correlate with carcinogenesis and 

progression of several head and neck cancers including oral squamous cell 

carcinoma,3 nasopharyngeal carcinoma,4,5 and spindle cell carcinoma of the 

head and neck.6 

In recent years, expression of transcriptional repressors of E-cadherin 

has been investigated in the field of odontogenic tumors. Ameloblastoma 

(AM), the most common epithelial odontogenic tumor, is characterized by 

local invasiveness and the role of EMT in its aggressive clinical behavior 

has been studied.7-9 Two independent studies have suggested Twist 

involvement in the pathogenesis and local invasiveness of AM,7,8 whereas 

another study has concluded that Snail, rather than Twist, Slug, and SIP1, 

is the main transcriptional repressor in AM.9 These studies have also 

disagreed about whether expression of the transcriptional repressors is 
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significantly different between AM subtypes.7-9 In addition, the role of 

EMT has not been investigated in odontogenic tumors other than AM. 

High expression of transcriptional repressors of E-cadherin in stromal 

cells as well as tumor cells has been reported in various cancers including 

breast cancer,10 pharyngeal squamous cell carcinoma,11 and colorectal 

adenocarcinoma.12 Associations between stromal expression of Twist or 

Snail and tumor size, distant metastasis, or patient survival have been found 

in these cancers.10-12 In AM, Feng et al.7 have suggested a possible role of 

stromal cells in tumor development, and Siar et al.9 have generally observed 

more positively stained cells in the stroma proximal to immunoreactive 

tumor sites. However, no study has statistically analyzed the difference in 

stromal expression of the transcriptional factors between AM subtypes or 

odontogenic tumors. 

The aims of this study were to evaluate the expression of Twist and 

Snail in tumor and stromal cells of AM and other epithelial odontogenic 

tumors using immunohistochemistry and to analyze the role of EMT in the 

development and progression of these tumors. In addition, relationships 

between Twist and Snail expression and between tumor and stromal 

expression were statistically analyzed. 
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Ⅱ. Materials and methods 

 

Tissue specimens 

A total of 82 epithelial odontogenic tumor specimens were collected from 

the Department of Oral Pathology, Seoul National University Dental 

Hospital: 60 AMs, six ameloblastic carcinomas (ACs), 10 adenomatoid 

odontogenic tumors (AOTs), and six calcifying epithelial odontogenic 

tumors (CEOTs). The 60 AM specimens consisted of 20 solid/multicystic 

AMs (SAs), 20 unicystic AMs (UAs), and 20 recurrent AMs (RAs). SA 

and UA specimens were from patients without postoperative recurrence. 

RA specimens were obtained from patients surgically treated twice or more 

for AM arising in the same location. Clinicoradiologically, 20 RA specimens 

consisted of 16 SAs and 4 UAs all of which were recurrent, not primary, 

lesions. To confirm diagnoses, all hematoxylin and eosin-stained slides 

were reviewed based on the World Health Organization Classification of 

Tumours,13 and specimens with accompanying severe inflammation were 

excluded. This study was granted Institutional Review Board (IRB) 

exemption by the IRB of Seoul National University Dental Hospital (IRB 

number: ERI16001). 

 

Immunohistochemical staining 

Formalin-fixed, paraffin-embedded specimens of 82 odontogenic tumors 

were sectioned at 4-μm thickness. Sections were deparaffinized in xylene 

for 25 minutes, and rehydrated through graded alcohol solutions for 25 



 

- 4 - 

 

minutes. Heat-induced antigen retrieval was done in a microwave oven for 

10 minutes in Tris/EDTA buffer (pH 9.0) for Twist and citrate buffer (pH 

6.0) for Snail. Endogenous peroxidase activity was inactivated by 

Peroxidase Blocking Reagent (Dako, Glostrup, Denmark) for 5 minutes. For 

Snail staining, non-specific staining was blocked by Protein Block Serum-

Free (Dako) for 10 minutes. Sections were incubated with mouse 

monoclonal antibody against Twist (ab50887; 1:50, clone Twist2C1a, 

Abcam, Cambridge, MA, USA) and rabbit polyclonal antibody against Snail 

(ab180714; 1:400, Abcam) overnight at 4°C. Immunoreaction was 

performed using REALTM EnVisionTM/HRP, Rabbit/Mouse (ENV) (Dako), 

and reactions were visualized using REALTM DAB+ Chromogen with 

REALTM Substrate Buffer (Dako). All sections were counterstained with 

Mayer’s hematoxylin, dehydrated and mounted. Breast cancer tissue was 

used as a positive control, and primary antibodies were omitted for negative 

controls. 

 

Immunohistochemical evaluation 

Immunohistochemically stained sections were evaluated semi-

quantitatively by two independent pathologists. In cases of disagreement 

between observers, sections were reassessed to reach a consensus. Ten 

representative microscopic fields were assessed per slide at x400 

magnification. Tumor or stromal cells showing nuclear staining were 

considered as positive, and evaluation of each stained section was 

performed for both staining intensity and percentage of positive cells. 
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Staining intensity was scored as follows: 0 for no staining, 1 for weak 

staining (light brown), and 2 for strong staining (dark brown). Percentage 

of positive cells was scored on following scales: 0 for 0%, 1 for 1-4%, 2 

for 5-24%, 3 for 25-49%, and 4 for 50-100%. The final 

immunohistochemical score was established by multiplying the intensity 

score and the percentage score, ranging from 0 to 8. For statistical analysis, 

the final score 0 was defined as negative expression, 1 to 3 as weak positive, 

and 4 to 8 as strong positive. 

 

Statistical analysis 

Fisher’s exact test was performed to analyze differences in expression of 

Twist or Snail between four types of odontogenic tumor or three subsets 

of AM and was applied to tumor and stromal cells, respectively. In addition, 

relationships between Twist and Snail expression and between tumor and 

stromal expression were analyzed by Spearman rank correlation test using 

final immunohistochemical scores. P values less than 0.05 were considered 

statistically significant. All statistical analyses were performed using IBM 

SPSS Statistics Version 21 (IBM, Armonk, NY, USA). 
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Ⅲ. Results 

 

Twist expression in epithelial odontogenic tumors 

Immunohistochemical results for Twist expression are summarized in Table 

1. In Twist-positive cases, Twist protein was localized in the nuclei and 

not found in the cytoplasm. 

Tumor cells were positive for Twist in 46.7% of AMs (28/60), 83.3% 

of ACs (5/6), 30.0% of AOTs (3/10), and 16.7% of CEOTs (1/6). Stromal 

cells were positive for Twist in 96.7% of AMs (58/60), 100% of ACs (6/6), 

10.0% of AOTs (1/10), and 33.3% of CEOTs (2/6). The rate of tumor cells 

strongly positive for Twist was significantly higher in AC than in the other 

odontogenic tumors (P = 0.019), with no significant differences between 

AM, AOT, and CEOT. AM and AC showed a significantly higher rate of 

Twist-positive stromal cells than AOT and CEOT (P < 0.001) (Figure 1). 

Among the three subsets of AM, RA (16/20, 80.0%) showed the highest 

rate of Twist-positive tumor cells (P = 0.001), with no significant 

difference between SA (6/20, 30.0%) and UA (6/20, 30.0%). No significant 

differences were observed in stromal expression of Twist between the 

subsets of AMs (P = 0.250). In addition, no differences were observed in 

tumor and stromal expression between the two main microscopic patterns 

of SA, follicular and plexiform. Among the three subtypes of UA, however, 

the intraluminal subtype (3/3, 100%) showed a significantly higher rate of 

Twist-positive tumor cells than the other two subtypes, luminal (3/14, 

21.4%) and mural (0/3, 0%). (P = 0.035) (Figure 2).  
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Snail expression in epithelial odontogenic tumors 

Immunohistochemical results for Snail expression are summarized in Table 

2. Snail protein was mainly localized in both nuclei and cytoplasm, but some 

cases showed only cytoplasmic localization and, consequently, were defined 

as negative expression. 

Snail was more highly expressed in tumor cells than Twist: 66.7% of 

AMs (40/60), 100% of ACs (6/6), 80.0% of AOTs (8/10), and 100% of 

CEOTs (6/6). Stromal cells were positive for Snail in 90.0% of AMs 

(54/60), 83.3% of ACs (5/6), 90.0% of AOTs (9/10), and 100% of CEOTs 

(6/6). Unlike Twist expression, no significant differences in Snail 

expression were observed between tumor cells (P = 0.077) and stromal 

cells (P = 0.109) of epithelial odontogenic tumors. The rate of tumor cells 

strongly positive for Snail tended to be higher in AC than in AM (P = 0.060) 

(Figure 3). 

Among the three subsets of AM, RA showed significantly higher rates 

of tumor (P < 0.001) and stromal (P = 0.001) cells strongly positive for 

Snail compared to SA and UA. No significant differences in tumor or stromal 

expression were observed between the two microscopic patterns of SA or 

the three subtypes of UA (Figure 4). 
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Correlation between Twist and Snail expression and between tumor and 

stromal expression 

 

A moderate positive correlation was observed between Twist and Snail 

expression in tumor cells of epithelial odontogenic tumors (r = 0.376, P = 

0.001), but no significant correlation was found in stromal cells (r = 0.138, 

P = 0.215). Whereas a moderate positive correlation was observed between 

tumor and stromal expression of Snail in odontogenic tumors (r = 0.334, P 

= 0.002), a non-significant trend toward correlation was found between 

tumor and stromal expression of Twist (r = 0.195, P = 0.079). 
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Ⅳ. Discussion 

 

Twist and Snail are key transcriptional repressors of E-cadherin whose 

expression has been investigated in various carcinomas.3-6,10-12,14,15 In this 

study, Twist, a member of the basic helix-loop-helix family, showed 

nuclear localization, consistent with previous studies.10,11 In contrast, Snail, 

a member of the zinc finger family, was expressed in both nuclei and 

cytoplasm. To function as a transcription factor, Snail protein must 

translocate to the nucleus.16 Snail is a highly unstable protein that 

undergoes rapid turnover, especially in the cytosol. Post-translational 

phosphorylation, ubiquitination, and lysine oxidation regulate the 

degradation of Snail and its subcellular localization.4,16 Francí et al.12 have 

also emphasized that diffuse immunostaining of Snail in the cytosol should 

not be considered as positive, since Snail is not active in that location. Thus, 

when Snail is immunohistochemically evaluated, the focus should be on 

nuclear localization, even though both nuclear and cytoplasmic staining are 

observed. 

To the best of our knowledge, this is the first study to observe Twist 

and Snail expression in epithelial odontogenic tumors other than AM. A 

higher rate of tumor cells strongly positive for Twist in AC suggests that 

Twist may affect EMT in AC, an odontogenic carcinoma. Twist expression 

level has been reported to be a possible predictor for malignant 

transformation of oral epithelium3 or a potential prognostic marker in 

nasopharyngeal carcinoma5 and renal cell carcinoma.14 In addition, a 
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tendency toward higher Snail expression detected in tumor cells of AC, 

compared to those of AM, indicates that Snail might be involved in EMT of 

AC. Recent studies have also proposed nuclear Snail expression as a 

predictor of worse outcomes and potential therapeutic target in 

nasopharyngeal carcinoma4 and cervical squamous cell carcinoma.15 Further 

studies on Twist and Snail expression in other types of odontogenic 

carcinoma such as clear cell odontogenic carcinoma or primary intraosseous 

squamous cell carcinoma will clarify the role of these repressors in the 

pathogenesis and prognosis of malignant odontogenic tumors. 

Stromal expression of Twist and Snail in epithelial odontogenic tumors 

was statistically analyzed in this study. AM and AC showed significantly 

higher stromal expression of Twist compared to AOT and CEOT. This 

result indicates that stromal Twist expression may be associated with 

aggressive clinical behavior in epithelial odontogenic tumors. Grzegrzolka 

et al.10 have suggested that stromal Twist expression could be a potential 

negative prognostic marker in breast carcinoma. Jouppila-Matto et al.11 

have also presented the association between stromal Twist expression and 

tumor progression in pharyngeal squamous cell carcinoma, suggesting that 

non-neoplastic fibroblastic cells in the stroma may express the 

transcription factor via interaction with epithelial tumor cells. Francí et al.12 

have indicated that Snail-positive cells in the stroma may be a prognostic 

indicator of colon tumors. However, we found no significant difference in 

stromal Snail expression between epithelial odontogenic tumors. 
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Consequently, Twist, rather than Snail, in stromal cells might be involved 

in the development and progression of epithelial odontogenic tumors. 

As mentioned in the introduction, conflicting results have been reported 

on the expression of transcriptional repressors of E-cadherin in AM.7-9 

First, Feng et al.7 presented a significant difference in Twist expression 

between SA and UA, whereas Andisheh-Tadbir et al.8 and Siar et al.9 

demonstrated no significant difference in expression of the transcriptional 

repressors between two AM subsets. Our results were in accordance with 

the latter, suggesting that Twist and Snail do not act differently in SA and 

UA. However, RA showed significantly higher expression levels of Twist 

and Snail in tumor cells than SA and UA. This result, contrary to the 

previous study,9 indicates that Twist and Snail may be involved in 

recurrence of AM. Similar correlations between Twist or Snail expression 

and tumor recurrence have been observed in oral squamous cell carcinoma17 

and prostate cancer.18 In addition, no differences were observed in Twist 

and Snail expression between the follicular and plexiform pattern of SA, but 

significantly higher expression of Twist was observed in the intraluminal 

subtype of UA, unlike Siar et al.’s finding.9 Although Twist generally plays 

a role in tumor invasion into the surrounding tissue, higher Twist expression 

in the intraluminal subtype of UA compared to the mural subtype suggests 

that Twist in UA may affect intraluminal growth rather than tumor 

infiltration, the main feature of the mural subtype. Further investigation is 

needed to solve the disagreements over differences in Twist and Snail 

expression between the subsets of AM. 
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In this study, Snail was more highly expressed in tumor cells of AOTs 

(8/10, 80.0%) and CEOTs (6/6, 100%) than AMs (40/60, 66.7%). We 

assume that this Snail expression is associated with the pathogenesis of 

epithelial odontogenic tumors, especially AOT and CEOT. Several 

immunohistochemical studies have been performed using antibodies against 

cytokeratins and mesenchymal markers in AOT or CEOT.19-22 In addition 

to cytokeratins, vimentin has been positively expressed in a majority of 

AOT19-21 and CEOT19,22 cases, and smooth muscle actin has also been 

focally expressed in a single case of AOT.21 The mesenchymal 

characteristics observed in AOT and CEOT may correlate with the origin of 

tumors which also possesses mesenchymal traits in part. A probable origin 

is the enamel organ which has been reported to be positive for vimentin as 

well as cytokeratins.23,24 Based on the facts that Snail plays a role in EMT 

during embryogenesis and organ development2,25 and that AOT and CEOT 

show the mesenchymal phenotype similarly observed in the enamel organ, 

we propose the following hypothesis to explain high expression of Snail in 

AOT and CEOT: Snail is involved in odontogenesis and induces acquisition 

of mesenchymal characteristics in the part of the developing enamel organ, 

from which AOT and CEOT may originate. To confirm the hypothesis, 

further studies are needed on Snail expression in the process of 

odontogenesis. 

The relationship between Twist and Snail has been investigated in cell 

lines. Smit et al.26 have demonstrated that Snail protein levels are 

downregulated upon knockdown of Twist, suggesting that Twist acts 
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upstream of Snail. Li et al.27 have discovered that Akt is activated in Twist-

overexpressing cells and suppresses GSK-3β by phosphorylation, resulting 

in significant stabilization of Snail protein. In this study, a moderate positive 

correlation between Twist and Snail expression was observed in tumor cells 

of epithelial odontogenic tumors. Considering this correlation and the 

previously proposed Twist-Snail axis together,26,27 we suggest that a 

pathway including both Twist and Snail may participate in the development 

and progression of epithelial odontogenic tumors. 

Franz et al.28 have suggested that stromal Snail expression results from 

mutual paracrine interaction between myofibroblasts and carcinoma cells, 

leading to the generation of a special type of carcinoma-associated 

fibroblasts. Herrera et al.29 have demonstrated that Snail expression in 

fibroblasts controls proliferation and migration of co-cultured colon cancer 

cells in a paracrine manner. In the same vein, we found a moderate positive 

correlation between tumor and stromal expression of Snail. From this 

correlation, we infer that tumor-stroma interaction may be mediated by 

Snail in epithelial odontogenic tumors. 
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Ⅴ. Conclusion 

 

Twist and Snail may affect EMT in AC and be involved in recurrence of 

AM. In addition to tumor expression, stromal Twist expression may be 

associated with aggressive clinical behavior of epithelial odontogenic 

tumors. Finally, a Twist-Snail pathway may participate in the development 

and progression of epithelial odontogenic tumors, and tumor-stroma 

interaction in epithelial odontogenic tumors may be mediated by Snail. 
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Table 1. Twist expression in tumor and stromal cells of epithelial 

odontogenic tumors 

 

 
Tumor cells  Stromal cells 

N WP SP P value  N WP SP P value 

AM (n=60) 32 26 2 0.019  2 13 45 <0.001 

AC (n=6) 1 2 3   0 2 4  

AOT (n=10) 7 3 0   9 1 0  

CEOT (n=6) 5 1 0   4 2 0  

Subsets of AM          

 Solid/Multicystic 

(n=20) 
14 5 1 0.001  2 6 12 0.250 

 Unicystic (n=20) 14 5 1   0 3 17  

 Recurrent (n=20) 4 16 0   0 4 16  

 

N, negative; WP, weak positive; SP, strong positive; AM, ameloblastoma; 

AC, ameloblastic carcinoma; AOT, adenomatoid odontogenic tumor; CEOT, 

calcifying epithelial odontogenic tumor 

  



 

 

Table 2. Snail expression in tumor and stromal cells of epithelial 

odontogenic tumors 

 

 
Tumor cells  Stromal cells 

N WP SP P value  N WP SP P value 

AM (n=60) 20 19 21 0.077  6 25 29 0.109 

AC (n=6) 0 1 5   1 4 1  

AOT (n=10) 2 1 7   1 1 8  

CEOT (n=6) 0 2 4   0 1 5  

Subsets of AM          

 Solid/Multicystic 

(n=20) 
11 5 4 <0.001  4 12 4 0.001 

 Unicystic (n=20) 4 13 3   0 10 10  

 Recurrent (n=20) 5 1 14   2 3 15  

 

N, negative; WP, weak positive; SP, strong positive; AM, ameloblastoma; 

AC, ameloblastic carcinoma; AOT, adenomatoid odontogenic tumor; CEOT, 

calcifying epithelial odontogenic tumor 

  



 

 

Figure 1. Twist expression in four types of epithelial odontogenic tumors. 

(A) Some tumor cells show weak nuclear staining in a follicular 

ameloblastoma. Positive stromal cells are also observed (arrows, original 

magnification x400). (B) Some tumor cells show strong nuclear staining in 

an ameloblastic carcinoma with no cytoplasmic staining (original 

magnification x400). Negative Twist expression is found in both tumor and 

stromal cells of an adenomatoid odontogenic tumor (C) and a calcifying 

epithelial odontogenic tumor (D) (original magnification x200). 

 

 

  



 

 

Figure 2. Twist expression in the subsets of ameloblastoma (original 

magnification x400). (A) Some tumor cells show weak nuclear staining in 

a solid/multicystic ameloblastoma with plexiform microscopic pattern. Note 

a few positive cells in adjacent stroma (arrows). Negative expression is 

observed in a luminal unicystic ameloblastoma (B), whereas positive tumor 

cells are found in an intraluminal subtype (C). (D) Positive tumor cells are 

detected at a higher frequency in a recurrent ameloblastoma. 

 

  



 

 

Figure 3. Snail expression in four types of epithelial odontogenic tumors. 

(A) Both tumor and stromal cells show strong expression in a follicular 

ameloblastoma. Note tumor nests with strong cytoplasmic staining (arrows) 

and a nest with strong nuclear staining (star, original magnification x200). 

(B) Strong nuclear staining is found in a majority of tumor cells in an 

ameloblastic carcinoma (original magnification x400). Snail shows strong 

positivity in the nuclei and diffuse weak staining in the cytoplasm of an 

adenomatoid odontogenic tumor (C) and a calcifying epithelial odontogenic 

tumor (D) (original magnification x400). 

 

 

  



 

 

Figure 4. Snail expression in the subsets of ameloblastoma (original 

magnification x400). Weak nuclear staining is found in most tumor and 

stromal cells of a follicular ameloblastoma (A), whereas not nuclear but 

cytoplasmic staining is found in a plexiform ameloblastoma (B) and an 

unicystic ameloblastoma (arrows, C). (D) Strong nuclear and stromal 

expression is observed in a recurrent ameloblastoma. 

 

 

  



 

 

국문초록 

 

상피성 치성종양의 종양 및 기질세포에서의 

Twist 및 Snail 발현 

 

오 규 영 

서울대학교 대학원 치의과학과 구강병리학 전공 

(지도교수 : 홍 성 두) 

 

Twist와 Snail은 상피-간엽 전환 과정에 참여하는 주요한 전사 

조절인자로, E-cadherin의 전사를 억제하는 역할을 한다. 현재까지 

여러 암종에서 Twist와 Snail의 발현에 관한 연구가 진행되고 있으며, 

최근 악골에 발생하는 법랑모세포종(AM)에서도 그 발현이 확인되었다. 

본 연구에서는 네 종류의 상피성 치성종양의 종양 및 기질세포에서의 

Twist와 Snail의 발현을 관찰하고, 이들의 치성종양에서의 역할에 대해 

알아보고자 하였다. 또한, Twist와 Snail의 발현 간의 상관관계 및 

종양과 기질에서의 발현 간의 상관관계를 분석하고자 하였다. 

60개의 AM(각 20개의 보통형, 단낭성, 재발성), 6개의 

법랑모세포암종(AC), 10개의 선양 치성종양(AOT) 및 6개의 석회화 

상피성 치성종양(CEOT) 조직샘플에 Twist 및 Snail 항체를 이용한 

면역조직화학적 염색을 시행하여, Twist와 Snail 단백질의 발현을 

관찰하였다. 각 종양 군 간의 종양 및 기질 발현 차이를 비교하기 



 

 

위하여 Fisher’s exact test를 이용하였고, Spearman rank correlation 

test를 통해 Twist와 Snail 발현 및 종양과 기질 발현 간의 상관관계를 

분석하였다. 

실험 결과, 다른 세 종류의 상피성 치성종양과 비교 시, AC에서 

Twist의 높은 발현이 관찰되었다(P = 0.019). AM과 비교 시, AC에서 

Snail에 강한 양성을 보이는 종양세포의 비율이 높은 경향이 

관찰되었다(P = 0.060). AOT 및 CEOT와 비교 시, AM 및 AC에서 

Twist에 양성을 보이는 기질세포의 높은 비율이 관찰되었다(P < 

0.001). 재발을 보이지 않는 AM과 비교 시, 재발성 AM에서 Twist(P 

< 0.001) 및 Snail(P = 0.001)의 높은 발현이 관찰되었다. 

종양세포에서의 Twist와 Snail의 발현 간(r = 0.376, P = 0.001) 및 

Snail의 종양세포와 기질세포에서의 발현 간(r = 0.334, P = 0.002)에 

중등도의 상관관계가 관찰되었다. 

결론적으로, Twist와 Snail이 AC의 상피-간엽 전환 과정 및 AM의 

재발에 관여할 가능성이 제시되었다. 또한, Twist의 기질 발현은 

상피성 치성종양의 공격적인 성향과 연관되어 있을 것으로 생각된다. 

끝으로, 치성종양의 진행에 Twist-Snail pathway가 관여할 가능성 및 

Snail이 치성종양의 종양 기질 간 상호작용을 중재할 가능성이 

암시되었다. 
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