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ABSTRACT 

 

Prognostic significance of Axin2 and Snail expression in 

mucosa resection margin of oral squamous cell carcinoma 

 

Mei Ling Pei 

 

Department of Dentistry 

The Graduate School, Yonsei University 

 

(Directed by Professor In-Ho Cha) 

 

 

The concept of safe surgical margins remains controversial in oral squamous cell 

carcinoma (OSCC) surgery. This study aimed to identify indicators for reliable risk 

assessment of resection margins in OSCC.  

    In this study, the width and dysplasia of surgical margins in an OSCC cohort of 235 

patients were evaluated. Axin2 and Snail expression at the surgical margin were detected 

by immunohistochemistry. The impact of the Axin2-Snail cascade on tumorigenesis of the 

immortalized human oral keratinocyte (IHOK) line was investigated in vivo. 

Width and dysplasia of surgical margins were not significantly associated with the 

prognosis of OSCC patients. In a multivariate analysis using variable clinicopathologic 
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factors, with Axin2 and Snail expression as cofactors, higher age (hazard ratio [HR]: 1.054; 

P=0.041), Axin2 (HR: 7.080; P=0.015), and Snail abundance (HR: 5.755; P=0.009) had 

independent impacts on worsened overall survival. Similarly, lesion site in retromolar 

trigone (HR: 3.845; P=0.013), upper- (HR: 3.799; P=0.013) and lower gingiva (HR: 3.187; 

P=0.023), presence of extranodal extension (HR: 9.774; P<0.001), perineural invasion (HR: 

3.182; P=0.046), and Snail abundance (HR: 3.477; P<0.001) had independent impacts on 

worsened recurrence-free survival. Furthermore, both Snail expression and tumorigenic 

activity were significantly decreased after Axin2 knockdown (P <0.001) in the IHOK line.  

Histopathological risk assessment alone for resection margin in OSCC is not reliable for 

predicting prognosis of OSCC. Local recurrence can also frequently occur even among 

patients with sufficient histologically normal resection margin, and this is known to be due 

to the margins harbor underlying genetic alterations. It appears to be important to establish 

not only histologic status, but also the genetic alteration of the surgical resection margin in 

assessment the characteristics. This study aimed to identify the prognostic risk factor of 

surgical resection margin in OSCC based on both histologic and biologic evaluation.   

In conclusion, histopathological examination of the surgical margins may not be 

reliable to predict OSCC patient outcome. Molecular analysis may provide more accurate 

risk assessment of resection margins in OSCC. In particular, Axin2 and Snail are potential 

predictive biomarkers for the risk assessment of surgical margins in OSCC. 

 

Keywords: Oral squamous cell carcinoma, Resection margin, Histopathologic assessment, 

Molecular makers, Axin2, Snail
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Clinicopathological significance of Axin2 and Snail 

expression in mucosa resection margin of oral squamous 

cell carcinoma 

 

Mei Ling Pei 

 

Department of Dentistry 

The Graduate School, Yonsei University 

 

(Directed by Professor In-Ho Cha) 

 

INTRODUCTION 

 

As the most common histologic type of oral cancer, oral squamous cell carcinoma 

(OSCC) accounts for approximately 90% of oral cavity malignancies(Johnson et al., 2011). 

More than 200000 new cases of OSCC are reported annually worldwide(Pannone et al., 

2011), and the five-year survival rate of patients is only ~50% (Liu et al., 2011). Despite 

good diagnostic and therapeutic strategies, local recurrence or distant metastasis occurs in 

40–60% of OSCC patients(Posner et al., 2007; Scully and Porter, 2000).  

Surgical resection is the most accepted choice for OSCC therapy, and the 

characteristics of surgical margins in OSCC are considered a powerful predictive factor for 

both recurrence and patient survival (Binahmed et al., 2007; Chen et al., 2012; Kurita et al., 
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2010; Nason et al., 2009; Ow and Myers, 2011). During OSCC surgery, surgeons should 

aim not only to secure sufficient resection margins, but also to maintain an acceptable 

physical appearance and the functions of adjacent organs of the oral cavity. Therefore, most 

OSCC patients have insufficient margins after surgical resection.  

In OSCC surgery, the concept of marginal status (adequate or inadequate) remains 

controversial. Traditionally, the adequacy of the margins was determined based on the 

width of the resection margin, defined as the distance from the histologically confirmed 

tumor edge to the inked margin of the specimen. The Royal College of Pathologists 

(PCRath)-issued guidelines are the most widely accepted criteria for histological OSCC 

resection margin status(Priya et al., 2012). In the PCRath scoring system, resection margins 

were divided into three categories based on the width of the resection margins: clear (width 

> 5 mm), close (width = 1–5 mm), and positive (width < 1 mm) margins. Generally, a clear 

margin is denoted as adequate and both close and positive margins are considered 

inadequate. However, various factors such as tissue shrinkage and mucosal elasticity can 

influence the width of the resection margins postoperatively(Gokavarapu et al., 2014; 

Sarode and Sarode, 2012). In particular, the degree of shrinkage varies according to many 

factors, including tissue component, lesion site, stage of tumors, status of keratinization, 

inflammation, and pathological processing(Sarode and Sarode, 2012). Thus, there is a 

considerable discrepancy in the width between the clinical and pathological resection 

margins. Therefore, it is difficult to represent the status of resection margins in patients 

with OSCC based only on the width of the pathological margins. 
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However, research on the molecular characteristics of surgical margins is ongoing. In 

1953, Slaughter et al. observed that histologically altered cells were present in tissues 

adjacent to cancers, and termed this phenomenon ‘field cancerization’(Slaughter et al., 

1953). Recently, researchers have found that ‘field cancerization’ is induced by various 

genetic alterations such as gene mutation, amplification, as well as aberrant methylations; 

some of the histologically normal cells adjacent to cancer tissues also show genetic 

alterations(Jelovac et al., 2016; Sorroche et al., 2021; van Houten et al., 2004). The aberrant 

expression of p53 and p16 in histologically normal surgical margins of OSCC has been 

highlighted by several investigators(Bilde et al., 2009; van Houten et al., 2004). However, 

predictive biomarkers currently fall short of estimating the status of surgical margins of 

OSCC.  

The crucial role of epithelial-to-mesenchymal transition (EMT), a well-known 

biological process, in both the invasion and metastasis of various cancers, including OSCC, 

has been well established(Jayanthi et al., 2020). Moreover, the possible implications of 

EMT genes, such as axis inhibition protein 2 (Axin2) and Snail, in early-stage 

carcinogenesis was also highlighted in previous studies(Puisieux et al., 2014). Significantly 

increased Snail expression has been observed in early-stage endometrial carcinoma before 

invasion. In addition, overexpression of both Axin2 and Snail can be found in some 

precancerous lesions, including colorectal adenoma and oral leukoplakia(Kroepil et al., 

2012; Lustig et al., 2002; Zhang et al., 2017). In our previous study, we also found that 

overexpression of Axin2 and Snail is a potential risk factor for the malignant transformation 
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of oral leukoplakia(Zhang et al., 2017). In this study, we determined the predictive value 

of Axin2 and Snail expression in the risk assessment of the surgical margin of OSCC and 

further evaluated the influence of the Axin2-Snail cascade on the tumorigenic activity of a 

spontaneously immortalized human oral keratinocyte (IHOK) line both in vitro and in vivo. 

Histopathological risk assessment was also performed in our OSCC cohort based on the 

evaluation of the width and presence of epithelial dysplasia in the surgical margins. 
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MATERIALS & METHODS 

Patients in the OSCC cohort 

A total of 278 OSCC patients had received operation at the Department of Oral and 

Maxillofacial Surgery, Dental Hospital, Yonsei University Health System between 2009 

and 2018 were retrospectively reviewed and 43 patients with positive resection margin 

were excluded from this study. The tissue samples of surgical resection margin were 

obtained from 235 OSCC patients from department of Oral Pathology and this study was 

approved by the Institutional Review Board for Bioethics of Yonsei University College of 

Dentistry. The clinicopathologic characteristics was show in Table 1.  

Table 1. Clinicopathologic characteristics of 235 OSCC patients 

Variables No. patients (%) 

Total cases 235 

Age  

Median age (range) 60 (23-91) 

<60 118 (50.2) 

≥60 117 (49.8) 

Gender  

Male 131(55.7) 

Female 104(44.3) 

Lesion site  

Tongue 78(33.2) 

Floor of mouth 13(5.5) 

Retromolar trigone 13(5.5) 

Lower gingiva 55(23.4) 

Upper gingiva 41(17.4) 

Buccal cheek 31(13.2) 

Lip 4(1.7) 
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T stage  

T1-T2 148(63.0) 

T3-T4 87(37.0) 

Lymph node status  

Negative 176(74.9) 

Positive 59(25.1) 

Histological grade  

WD 36(15.3) 

MD 162(68.9) 

PD 37(15.7) 

Peri-neural invasion  

Absent 212(90.2) 

Present 23(9.8) 

Vascular invasion  

Absent 210(89.4) 

Present 23(9.8) 

Bone invasion  

Absent 196(83.4) 

Present 39 (16.6) 

Extranodal extension  

Absent 213 (90.6) 

Present 22(9.4) 

Dysplasia in RM  

Absent 172(73.2) 

Present 63(26.8) 

Width of RM  

<1mm 37(15.7) 

≥1, <3mm 110(46.8) 

≥3, <5mm 73(31.1) 

≥5mm 15(6.4) 

WD: Well differentiated; MD: Moderately differentiated; PD: Poorly 

differentiated; RM: Resection margin 
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Immunohistochemical staining 

Immunohistochemistry was performed on 4-μm sections of paraffin-embedded tissue 

samples of surgical margins obtained from 235 patients with OSCC. Axin2 (Abcam, 

Cambridge, UK) and Snail antibodies were used as primary antibodies. The Snail antibody 

was prepared as previously described(Yook et al., 2006). Endogenous peroxidase activity 

was inhibited using a mixture of H2O2 and methanol (1:40), and antigen retrieval was 

performed by the pressure-cooking method using citrate buffer (pH 6.0, Sigma-Aldrich, 

Darmstadt, Germany) for the deparaffinized tissue sections. The Real Envision HRP 

Rabbit/Mouse detection system (Dako, Glostrup, Denmark) was used as a secondary 

antibody, and immunoreactivity of the tissue sections against Axin2 and Snail was 

visualized using 3,3′-diaminobenzidine.  

The IHOK line, a spontaneously immortalized human keratinocyte derived from the 

oral mucosa(Lee et al., 2005), was stably transfected with inducible lentiviral shRNA 

against Axin2 or Snail, as previously described(Ahn et al., 2017; Kim et al., 2017). The 

cell block was constructed using stably transfected cells with or without doxycycline 

treatment (treated for 48 h), and the sections were used as positive or negative controls for 

immunohistochemical staining in this study.  

Protein expression was interpreted according to the staining intensity and percentage 

of positive cells using the weighted histoscore method(Zhang et al., 2014). The staining 

intensity was scored as 0 (negative), 1 (light brown), 2 (brown), and 3(dark brown). The 

final histoscore was calculated as follows: final histoscore = (0xpercentage of negative cells) 
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+ (1xpercentage of light brown staining cells) + (2xpercentage of brown staining cells) + 

(3xpercentage of dark brown staining cells). Patients were subdivided into two groups 

according to the histoscore: low (histoscore 0–100) and high (histoscore 101–300) 

expression groups. 

Cell culture and establishment of Axin2 knock-down IHOK line 

IHOKs were cultured in a medium composed of Dulbecco’s modified Eagle’s 

medium (DMEM; Gibco BRL, USA) and Ham’s nutrient mixture F-12 (Ham’s F12; 

Gibco BRL, USA) at a ratio of 3:1. The medium was supplemented with 10% Tet-

approved FBS (HyClone Laboratories, Inc., Logan, UT, USA), 1% 

penicillin/streptomycin (Sigma-Aldrich), 0.01 µg/mL cholera toxin (Sigma-Aldrich), 0.04 

µg/mL hydrocortisone (Sigma-Aldrich), 0.5 µg/mL insulin, 0.5 µg/mL apo-

transferrin(Sigma-Aldrich), and 0.2 µg/mL 3′-5-triodo-1-thyroine (Sigma-Aldrich) in this 

study. The pLKO-Tet-shAxin2 vector was constructed using the pLKO-Tet-On vector 

(Addgene, Cambridge, MA, USA) and Axin2 oligo (5'-ACCACCACTACATCCACCA-

3'). The Axin2 knockdown IHOK line (IHOKΔAxin2) was constructed by transfection of 

the pLKO-Tet-shAxin2 vector as well as treatment with doxycycline (5 μg/mL, Sigma-

Aldrich).   

Western blot analysis 

Western blot analysis was performed in both the pLKO-Tet-ShAxin2-transfected 

stable IHOK line with or without doxycycline treatment and tumor nodules obtained from 

the animal study. Total protein extraction was performed with lysis buffer (RIPA buffer; 
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Cell Signaling Technology, Inc., MA, USA), and 10% sodium dodecyl sulfate-

polyacrylamide gel electrophoresis gel was used for protein resolution. After the proteins 

were transferred to polyvinylidene difluoride membranes (EMD Millipore, MA, USA), 

blocking was performed using 5% non-fat milk. Primary antibodies against Axin2 (Abcam), 

Snail, and glyceraldehyde-3-phosphate dehydrogenase (GAPDH; Cell Signaling 

Technology) were used for western blot analysis, and the related signal was developed 

using an enhanced chemiluminescence (ECL) detection system (Pierce Biotechnology, IL, 

USA). 

Cell proliferation assay 

To investigate the effect of Axin2 expression on cell proliferation, the number of 

viable IHOK cells was counted at different time points following with or without 

doxycycline treatment. Cells were seeded in a 6-well plate at a density of 1x105 and counted 

after trypan blue staining.  

Wound-healing and invasion assays 

The influence of Axin2 expression on cell migration and invasion was performed in 

pLKO-Tet-ShAxin2-transfected stable IHOK cells with or without doxycycline treatment. 

For the wound-healing assay, the cells were seeded in a 24-well plate at a density of 5×104. 

After reaching about 90% confluence, the cells were scratched by a sterile 0.2 ml pipette 

tip to create wounds, and relative wound closure was determined after 18 and 24 h of 

scratch wounding. The matrigel invasion assay was performed using transwell chambers 

with a pore size of 8μm (BD Biosciences, MA, USA) coated with 8μg/μl matrigel (BD 
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Biosciences, CA, USA). The cells were seeded in the upper chamber of transwell at a 

density of 5×104 with culture medium containing 3% BSA and culture medium containing 

10% FBS was added in the bottom chamber. After 34 h of culture, the lower side of each 

membrane was stained with 0.25% crystal violet, and the number of invading cells was 

counted under a microscope. 

Tumor growth in mice 

Ten female 6-week-old BALB/c-nu/nu mice (BALB/c Slc-nu/nu; Japan SLC, Inc., 

Hamamatsu, Japan) were randomized into two groups (n=5 per group). A total of 5 × 105 

pLKO-Tet-ShAxin2-transfected IHOK cells were subcutaneously injected into the two 

groups of mice. For the experimental group, cells were pretreated with 5 μg/mL 

doxycycline for 48 h before cell injection. After cell injection, the experimental group was 

administered doxycycline at 10 mg/kg body weight by intraperitoneal injection for five 

consecutive days per week for 21 days. The control group was administered phosphate-

buffered saline (pH 7.4) according to the same schedule as that of the experimental group. 

The tumor volume was determined every 3 days and calculated by measuring the length 

and width of the tumor nodules(Kunstfeld et al., 2003). At the end of the study period, all 

mice were sacrificed and the tumor nodules were removed. All procedures for the animal 

study were performed according to protocols approved by the Animal Care and Use 

Committee of the College of Medicine of Yonsei University. The animal research program 

used in the present study was accredited by the Association for Assessment and 

Accreditation of Laboratory Animal Care International.  
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Statistical analysis 

The difference in the volume of tumor nodules between groups was assessed using the 

Mann–Whitney U test. The Chi-square test, Kaplan–Meier analysis, and Cox regression 

analysis were performed to investigate the clinicopathological significance of surgical 

margin characteristics in the OSCC cohort. Results were considered statistically significant 

at P > 0.05. The SPSS 25 statistical package (SPSS, Inc., Chicago, IL, USA) was used for 

statistical analysis.  
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RESULTS 

Characteristics of the patients in the OSCC cohort 

A total of 235 patients (131 males and 104 females; median age of 61; age range of 

23-91 years) with OSCC (median follow-up period: 26.5 months) were included in this 

study. Among them, 50 patients with local recurrence (median follow-up:10.9 months) and 

185 patients did not occurred recurrence during follow-up. (median follow-up: 34.2 months) 

(Figure 1) 

 

 
Figure 1. Flow diagram for selection and outcome of patients with OSCC 
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Histopathologic assessment for resection margins in the OSCC cohort 

Histopathologic assessment was performed independently by two pathologists by 

evaluating the width and presence of epithelial dysplasia in the hematoxylin-eosin-stained 

surgical margin of OSCC patients. In this study, margins of 1 mm, 3 mm, and 5 mm were 

set as the commonly used margin cut-offs to specify adequate safety margins in previous 

literature(Chiou et al., 2010; Dik et al., 2014; Nason et al., 2009; Zanoni et al., 2017). In 

our cohort, 36 (15.3%), 108 (46.0%), 76 (32.3%), and 15 (6.4%) patients showed <1 mm, 

≥1 mm to <3 mm, ≥3 mm to <5 mm, and ≥5 mm resection margin widths, respectively. 

Dysplastic surgical margins were found in 63 (26.8%) patients, and among them, only 3 

(1.3%) patients showed severe dysplasia in our cohort. According to the Kaplan–Meier 

analysis, we found that neither the width of the surgical margin nor margins with dysplasia 

were not significantly associated with both recurrence-free and overall survival of the 

patients in our cohort (Figure 2). 
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Figure 2. The influence of the width of the surgical margin and margins with dysplasia on 

the outcome of OSCC patients. According to the Kaplan–Meier analysis, we found that 

neither the width of the surgical margin nor margins with dysplasia were not significantly 

associated with both recurrence-free and overall survival of the patients in our cohort. 

 

 

 

 

 



15 

 

Axin2 and Snail are potential novel biomarker(s) in the risk assessment of surgical 

margins in OSCC  

Cytoplasmic Axin2 expression was found in epithelial cells of resection margins in 

OSCC, and tissue immunoreactivity against Axin2 was high in 60 (Axin2-high, 25.5%) 

and low in 175 (Axin2-low, 74.5%) surgical margin tissue samples. In contrast, Snail 

expression was found in both the nucleus and cytoplasm of epithelial cells in surgical 

margins of OSCC, and the immunoreactivity against Snail was high in 54 (Snail-high, 

23.0%) and low in 181 (Snail-low, 77.0%) surgical margin tissue samples. Representative 

expression patterns for low or high immunoreactivity for both Axin2 and Snail in the 

surgical margins are shown in Figure 3.  

In our cohort, no significant association was found between the width or presence of 

dysplasia in resection margins and both Axin2 and Snail expression (Figure 4i-ii). 

Meanwhile, recurrence occurred more often in OSCC patients with Axin2-high (40.0%) or 

Snail-high (44.4%) resection margins than in those with Axin2-low (19.4%) or Snail-low 

(18.8%) resection margins (P=0.001 and P<0.001, respectively) (Figure 4 iii-iv). 

Interestingly, Snail-high expression was detected more often in resection margins with 

Axin2-high expression (30, 50.0%) than in resection margins with Axin2-low expression 

(24, 13.7%) (P<0.001) (Figure 4 v). Consistent with previous studies, Axin2 mediated Snail 

stabilization may also be present in the resection margins of OSCC(Yook et al., 2006). 

In a multivariate analysis using variable clinicopathologic factors, Axin2 and Snail as 

cofactors, age (Hazard ratio, HR: 1.054; 95% confidence interval, CI: 1.002–1.109; 
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P=0.041), Axin2 (HR: 7.080; 95% CI: 1.463–34.251; P=0.015), and Snail abundance (HR: 

5.755; 95% CI: 1.558–21.261; P=0.009) in surgical margin were significantly related with 

overall survival of the patients, and lesion site in retromolar trigone (HR: 3.845; 95% CI: 

1.330–11.112; P=0.013), upper– (HR: 3.799; 95% CI: 1.322–10.918; P=0.013) and lower 

gingiva (HR: 3.187; 95% CI: 1.170–8.685; P=0.023), extranodal extension (HR: 9.774; 95% 

CI: 2.926–32.651; P<0.001), perineural invasion (HR: 3.182; 95% CI: 1.020–9.930; 

P=0.046), as well as Snail abundance (HR: 3.477; 95% CI: 1.784–6.776; P<0.001) in 

resection margins were significantly related with recurrence-free survival of OSCC patients 

(Table 2 and Table 3). 

 

Figure 3. Representative expression patterns for Axin2 and Snail expression in resection 

margins of OSCC (Magnification, x100 and x200; Scale bar, 50 µm and 100µm).  
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Figure 4. Axin2 and Snail expression in mucosa resection margin of OSCC. There are no 

significant association between width of mucosa resection margin and both Axin2 and 

Snail expression (i-ii). Recurrence was occurred more often in patients with Axin2-high or 

Snail-high mucosa resection margins than patients with Axin2-low or Snail-low mucosa 

resection margins (iii-iv) (P<0.001 and P<0.001 respectively). Significant association was 

found between Axin2 and Snail expression in mucosa resection margin of OSCC in our 

cohort (v) (P<0.001). 
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Table 2. Multivariable Cox-regression analysis for risk factors of overall survival 

Variables 
Overall survival 

Hazard ratio (95% CI) P 

Age 1.054（1.002-1.109） 0.041 

Gender   

Male 1  

Femal 0.462（0.135-1.579） 0.218 

Lesion site   

Tongue 1  

RMT 5.857(0.759-45.174) 0.09 

Upper gingiva 9.240（0.967-88.314） 0.054 

Lower gingiva 2.063(0.181-23.472) 0.559 

FOM 4.727(0.314-71.133) 0.262 

Buccal cheek 3.978（0.575-27.522） 0.162 

Lip 0.000（0.000-0.000） 0.99 

T stage   

T1 1  

T2 0.425（0.080-2.255） 0.315 

T3 0.403（0.032-5.002） 0.479 

T4 1.225（0.196-7.646） 0.828 

LN status   

N0 1  

N1 1.978（0.294-13.284） 0.483 

N2 1.004（0.146-6.885） 0.997 

N3 3.422（0.270-43.337） 0.342 

Extranodal extension   

Absent 1  

Present 0.711（0.079-6.387） 0.761 

Histological grade   

WD 1  
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MD 1.656（0.286-9.600） 0.574 

PD 6.267（0.891-44.067） 0.065 

Peri-neural invasion   

Absent 1  

Present 4.092（0.562-29.811） 0.164 

Vascular invasion   

Absent 1  

Present 1.388（0.178-10.825） 0.755 

Bone invasion   

Absent 1  

Present 0.540（0.068-4.284）  

Dysplasia in RM   

Absent 1  

Present 0.945（0.245-3.647） 0.935 

Width of RM   

<1mm 1  

≥1, <3mm 293996.228（0.000-0.000） 0.91 

≥3, <5mm 170885.385（0.000-0.000） 0.914 

≥5mm 126326（0.000-0.000） 0.916 

Axin2   

Low 1  

High 7.080（1.463-34.251） 0.015 

Snail   

Low 1  

High 5.755（1.588-21.261） 0.009 
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Table 3. Multivariable Cox-regression analysis for risk factors of recurrence free survival 

Variables 
Recurrence free survival 

Hazard ratio (95% CI) P 

Age 1.015(0.991-1.039) 0.231 

Gender   

Male 1  

Femal 0.997(0.528-1.880) 0.992 

Lesion site   

Tongue 1  

RMT 3.845(1.330-11.112) 0.01 

Upper gingiva 3.799(1.322-10.918) 0.013 

Lower gingiva 3.187(1.170-8.685) 0.023 

FOM 0.647(0.077-5.406) 0.687 

Buccal cheek 1.390(0.455-4.248) 0.563 

Lip 5.092 (0.792-32.741) 0.086 

T stage   

T1 1  

T2 0.867(0.368-2.040) 0.743 

T3 0.866(0.263-2.850) 0.813 

T4 0.568(0.203-1.591) 0.282 

LN status   

N0 1  

N1 1.280(0.483-3.393) 0.619 

N2 0.377(0.117-1.212) 0.102 

N3 0.216(0.045-1.022) 0.053 

Extranodal extension   

Absent 1  

Present 9.774 (2.926-32.651) <0.001 

Histological grade   

WD 1  

MD 1.172(0.489-2.808) 0.722 
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PD 1.024(0.342-3.067) 0.966 

Peri-neural invasion   

Absent 1  

Present 3.182(1.020-9.930) 0.046 

Vascular invasion   

Absent 1  

Present 1.408(0.467-4.245) 0.544 

Bone invasion   

Absent 1  

Present 1.571 (0.717-3.442) 0.259 

Dysplasia in RM   

Absent 1  

Present 0.846(0.412-1.737) 0.649 

Width of RM   

<1mm 1  

<3mm 2.491(0.830-7.476) 0.104 

<5mm 2.376(0.753-7.491) 0.14 

≥5mm 4.021(0.757-21.357) 0.102 

Axin2   

Low 1  

High 1.734(0.881-3.412) 0.111 

Snail   

Low 1  

High 3.477(1.784-6.776) <0.001 
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Knockdown of Axin2 in IHOK cells attenuates proliferating ability of the cells in 

vitro 

Expression status of both Axin2 and Snail were detected in pLKO-Tet-ShAxin2-

transfected stable IHOK cells with or without doxycycline treatment. I found that both 

Axin2 and Snail expression was predominantly decreased in doxycycline positive group 

than doxycycline negative group (Figure 5 i). Moreover, proliferating ability was 

significantly decreased after doxycycline treatment in pLKO-Tet-ShAxin2-transfected 

stable IHOK cells (P<0.001) (Figure 5 ii).   

 
Figure 5. Knockdown of Axin2 in IHOK cells attenuates proliferating ability at different 

time point of the cells (*P<0.001).  
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Knockdown of Axin2 in IHOK cells attenuates motility and invasion ability of the 

cells in vitro 

The influence of Axin2 expression on motility and invasion ability of IHOK cells were 

detected by wound healing analysis and matrigel invasion assay. I found that both motility 

and invasion ability was significantly decreased after doxycycline treatment in pLKO-Tet-

ShAxin2-transfected stable IHOK cells (P<0.001 and P<0.001) (Figure 6 i-ii). 

 
Figure 6. Knockdown of Axin2 in IHOK cells attenuates motility and invasion ability of 

the cells (*P<0.001, Magnification, x100; Scale bar, 50 µm ).  
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Knockdown of Axin2 in IHOK cells attenuates tumorigenic potential in vivo 

According to western blot analysis, Axin2 expression was found in IHOK cells 

transfected with pLKO-Tet-ShAxin2 and knock-down of Axin2 expression was detected 

in the cells treated with doxycycline. The tumor volume was significantly increased in the 

group of mice without doxycycline treatment compared to those with doxycycline 

treatment (P<0.001). In the tumor nodules, I further determined Axin2 and Snail expression 

by western blot analysis, and knock-down of Axin2 expression as well as decreased Snail 

expression were found in the tumor nodules obtained from the group with doxycycline 

treatment (Figure 7). 

 
Figure 7. Knockdown of Axin2 in IHOK cells attenuates tumorigenic potential in vivo. (i) 

The tumor volume was significantly increased in the group of mice without doxycycline 

treatment compared to those with doxycycline treatment (P<0.001). (ii) Both Axin2 and 

Snail expression predominantly decreased in the tumor nodules obtained from the group 

with doxycycline treatment (*P<0.001). 
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DISCUSSION 

Risk assessment for surgical margins is necessary for the post-operative clinical 

management of patients with OSCC. In current clinical practice, width and dysplasia are 

routine histopathologic risk assessment points for surgical margins of OSCC.  

Archiving additional histologically normal tissues at least 5 mm beyond the tumor 

tissue is generally considered the ‘gold standard’ in OSCC surgery. However, owing to the 

anatomical restrictions of the oral cavity, surgeons cannot achieve a sufficient width of the 

surgical margin in most patients with OSCC during surgery(Dik et al., 2014; Smits et al., 

2016; Varvares et al., 2015). In addition, the width of the margins is shortened by various 

side effects after surgery, including shrinkage and mucosal elasticity; therefore, pathologic 

surgical margins larger than 5 mm were found in only a minority of patients with OSCC, 

according to previous retrospective cohort studies, and in agreement with the present 

findings(Smits et al., 2016; Tasche et al., 2017; Wong et al., 2012). Moreover, many studies 

have shown that 5-mm cut offs are not significant in patient outcome, and some 

investigators have explained that the width of certain safety margins may also be less than 

5 mm. Therefore, it may be inappropriate to use 5-mm resection margins in surgical 

specimens as the cut-off distance for demarcation between adequate and inadequate 

margins.  

Many previous studies have investigated the prognostic relevance of the width of 

surgical margins and have recommended varying margin cut-offs ranging from 1 to 5 mm. 

However, these margin cut-offs may not be universally applicable to all OSCC cohorts. 

Even some investigators found no significant difference between varying margin cut offs 
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from 1 to 5 mm in recurrence of OSCC(Ch'ng et al., 2013; Tasche et al., 2017). In our 

cohort, the width of the surgical margin did not show any significant association with the 

outcome of OSCC patients when the patients were subdivided into four groups based on 

1-, 3- and 5-mm cut-offs. The width of the surgical margin alone may lack evidence-based 

background to predict patient outcomes.  

Epithelial dysplasia is considered the gold standard for high-risk lesions in the oral 

cavity. However, opinions regarding the risk of surgical margins involving epithelial 

dysplasia in OSCC lack uniformity. Some investigators have observed that dysplastic 

surgical margins have a negative impact on patient outcomes, regardless of severity(Singh 

et al., 2020). However, other investigators have shown that the impact of mild or moderate 

dysplastic surgical margins is comparable to that of clear margins on patient outcome(Chen 

et al., 2019). Similar results were obtained in our cohort. We found that dysplastic resection 

margins were not significantly associated with OS and recurrence free survival in patients 

with OSCC. Our unit policy is to consider severe dysplasia as the tumor itself and re-reset 

it until clear margins were obtained as much as possible, so only a limited number of severe 

dysplastic margins were included in our cohort. According to the survey results for the 

American Head and Neck Society members, the resection margins involving dysplasia 

were regarded as a ‘positive margin’ in 17%, ‘negative margin’ in 76%, and ‘variation in 

situation’ in 7% of responders(Meier et al., 2005). The contrast in management practice 

between the organization and the subjectivity in diagnosis of dysplasia between observers 

would largely influence the predictive value of the dysplastic margin in the OSCC cohort.  
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Resection margins of cancer tissues can harbor genetically altered cells during 

crosstalk with tumor cells or continued exposure to carcinogens. Genetic alterations in 

resection margins may be an important trigger for recurrence and poor prognosis in OSCC 

patients. However, it is difficult to detect by routine histopathological examination when 

genetically altered cells without predominant morphological changes are minimal. 

Histopathological examination of surgical margins is not reliable for predicting high-risk 

OSCC, and molecular analysis is a suitable way to address this issue.  

Axin2, as a target gene of the Wnt signaling pathway, was previously categorized as 

a tumor suppressor gene in a small fraction of colorectal cancers harboring APC gene 

mutations(Liu et al., 2000). However, recently, the oncogenic activities of Axin2 have been 

proposed in various types of cancers, such as breast, colorectal, and pancreatic 

cancers(Jiang et al., 2013; Liu et al., 2013; Wu et al., 2012). Moreover, as a GSK-3 

scaffolding protein, Axin2 is also known as an important participant in the stabilization of 

nuclear Snail because it mediates the nucleocytoplasmic shuttle for GSK-3, which can bind 

to and phosphorylate Snail, resulting in the subsequent degradation of Snail(Yook et al., 

2006). Snail, a transcriptional repressor of E-cadherin, is overexpressed in a variety of 

cancers and promotes proliferation, invasion, and tumorigenesis of cancer cells(Smith et 

al., 2014; Yang et al., 2017). In our previous studies, we found that the Axin2–Snail axis is 

significantly related to malignant transformation of oral leukoplakia. Consistent with 

previous observations, we found that Axin2 knockdown induced decreased Snail 

expression as well as attenuated tumorigenic activity in IHOK cells. Moreover, Snail 
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expression revealed a positive correlation with Axin2 expression in resection margins of 

OSCC, while both Axin2 and Snail were independent risk factors for overall survival of 

patients in our cohort when multiple clinicopathological factors including age, sex, lesion 

site, histologic grade, T stage, N stage, extranodal extension, vascular invasion, perineural 

invasion, width, and dysplasia in resection margins were used as cofactors. 
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CONCLUSION 

This study support that factors obtained from histopathological risk assessment 

including width of resection margin and the presence of dysplasia is not reliable for predict 

recurrence of OSCC. Activation of epithelial-mesenchymal transition (EMT) genes may 

be involved in the carcinogenesis cascade of resection margins of OSCC. Particularly, both 

Axin2 and Snail are possible biomarker of resection margins for predicting the risk of 

recurrence in OSCC patients. Use of the expression value for Axin2 and Snail expression 

at surgical resection margins can increase the predictability for recurrence in OSCC than 

histopathological risk assessment. 
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ABSTRACT (in Korean) 

 
구강암 예후 평가시 외과적 점막 절제연에서 Axin2 및 Snail 발현의 중요성 

 

<지도교수 차 인 호> 

 

연세대학교 대학원 치의학과 

 

배 미 령 

 

 

 

1. 서론 

1.1 연구배경: 다양한 진단 및 치료 방법 시도되고 있으나 구강편평세포암 환

자의 40-60%에서 국소 재발 및 원격 전이가 발생합니다. 구강편평세포암은 

외과적 절제가 가장 중요한 치료 방법이며 다른 암종과는 달리 해부학적 특성

상 충분한 절제연의 확보가 어렵기 때문에 외과적으로 절제한 절제연의 특성

이 중요한 예후 인자일 것으로 생각됩니다.  

최근 조직학적인 위험인자 분석만으로는 구강암의 정확한 예후예측이 어렵다

는 연구결과들이 발표되고 있습니다. 특히 조직학적으로 정상 소견을 보이는 

절제연도 분자생물학적 변화를 가지고 있을 가능성이 높아 충분한 크기의 절

제연을 가지는 환자들 에서도 국소 재발이 빈번히 발생한다고 발표되었습니다. 

이는 구강 암 환자의 절제연 연구에 있어 조직학적 분석뿐만 아니라 분자생물
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학적 분석도 병행되어야 함을 시사합니다. 하지만 구강 암 절제연의 예후 예

측 바이오 마커에 대한 연구는 아직 시작 단계로 추가 연구가 필요한 실정입

니다.  

1.2 연구목적: 본연구는 구강 암 환자 절제연의 조직학적 및 분자생물학적 예

후 예측 인자 발굴을 목적으로 합니다.  

 

2. 본론 

2.1 연구방법: 235명 구강 암 환자의 코호트를 구축하여 연구에 사용하였습니

다. 우선 헤마톡시린-에오진으로 염색된 구강 암 환자 절제연 조직에 대한 관

찰을 통하여 절제연의 크기 및 절제연 점막 상피조직의 이형성 발생 여부를 

관찰하였습니다. 또한 구강암 환자 절제연 조직에서 면역화학염색 기법을 이

용하여 Axin2 및 Snail의 발현을 관찰하였습니다. 추가로 통계학적 분석을 통

하여 구강 암 환자에서 절제연의 크기, 이형성의 발생 여부, Axin2 및 Snail 

발현의 임상병리학적 의의를 관찰하였고 세포 및 동물 실험을 이용하여 

Axin2 및 Snail 발현이 구강 점막상피세포의 생물학적 기능에 주는 영향을 

관찰하였습니다.  

2.2 연구결과:  

(1) Axin2 및 Snail의 발현은 각각 57(24.3%), 54(23.0%)명의 구강 암 환자의 

절제연에서 관찰되었습니다.  

(2) Kaplan-meier 생존 분석 결과 절제연의 크기 및 이형성의 발생 여부는 

환자의 생존율과 통계학적으로 유의한 상관성이 없었습니다. 이에 반해 
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Axin2 및 Snail의 높은 발현은 환자의 전체 생존율 (P<0.001, P<0.001) 및 

무재발 생존율 (P=0.002, P<0.001)과 통계학적으로 유의한 상관성을 나타냈

습니다.  

(3) 환자의 성별, 나이, 발병 부위, T병기, 림프절 전이 여부, 림프절 전이 종

양세포의 림프절 외 확장 발생 여부, 조직학적 분화도, 신경 침윤 여부, 혈관 

침윤 여부, 뼈 침습여부, 절제연의 크기, 절제연의 이형성 발생 여부, 표면 절

제연 상피조직에서 Axin2 및 Snail의 발현을 공변량으로 진행한 다변량 분석 

결과 환자의 나이, Axin2 및 Snail의 발현이 각각 1.054 (95% 신뢰구간, 

1.002-1.109, P=0.041), 7.080 (95% 신뢰구간, 1.463-34.251, P=0.015), 

5.755 (95% 신뢰구간, 1.558-21.261, P=0.009)로 환자의 전체 생존율과 독립

적인 상관성을 나타냈습니다. 또한 병소가 아래 잇몸, 윗잇몸 혹은 구치후치

은에 있을 경우, 종양세포의 림프절 외 확장이 발생하였을 경우, 신경 침윤이 

발생하였을 경우, Snail의 발현이 높은 경우가 각각 3.187(95% 신뢰구간, 

1.170-8.685, P=0.023), 3.799 (95% 신뢰구간, 1.322-10.918, P=0.013), 

3.845 (95% 신뢰구간, 1.330-11.112, P=0.013), 9.774 (95% 신뢰구간, 2.926-

32.651, P<0.001), 3.182 (95% 신뢰구간, 1.020-9.930, P=0.046), 3.477 (95% 

신뢰구간, 1.784-6.776, P<0.001)의 위험율을 가지는 독립적 재발 위험인자로 

관찰되었습니다.  

(4) 구강점막 상피세포에서 Axin2 및 Snail의 하향 조절은 세포의 증식능 

(P<0.001, P<0.001), 이동능 (P<0.001, P<0.001), 침윤능 (P<0.001, P<0.001) 
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및 종양형성능 (P<0.001, P<0.001)의 현저한 감소를 나타냈습니다.  

 

3. 결론 

(1) 절제연의 크기 및 이형성의 존재 여부는 구강암의 재발과 통계학적으로 

유의한 상관성을 나타내지 않았습니다. 이에 절제연의 조직학적인 관찰만으로

는 절제연의 특성 규명이 어려울 것으로 추측됩니다.  

(2) 상피-간엽 이행 관련 유전자인 Axin2 및 Snail의 발현은 구강 암 재발과 

통계학적으로 유의한 상관성을 나타냈습니다. 이는 구강 암 발생 과정에서 상

피-간엽 이행 과정의 중요한 작용을 시사합니다. 또한 Axin2 및 Snail의 구강 

암 절제연의 예후 예측 바이오 마커로서의 가능성을 나타냅니다.  

 

핵심 되는 말: 구강평편상피세포암, 졀제연, 조직병리학적 평가, 분자 마커, 

Axin2, Snail 

 
 


