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Abstract 

There are reports in the literature that among squamous cell carcinomas (SCCs) that occur in the oral 

cavity, most are often observed in the tongue, which then metastasize to cervical lymph nodes at a relatively 

early stage. Prediction of cervical lymph node metastasis is, thus, considered to improve treatment results. 

The present study was to explore factors that may be predictors of cervical lymph node metastasis, while 

focusing on the invasive front  of the tumor. The subjects of this study were 13 patients who underwent 

partial tongue resection and neck dissection as first-line treatment from among all patients who were 

histopathologically diagnosed with tongue SCC at Department of Oral Surgery, Nihon University Hospital, 

School of Dentistry at Matsudo over the course of 13 years between 2003 and 2016. The subjects were 

divided cases of tongue SCC into two groups, a cervical lymph node metastasis group and a non-metastasis 

group, searched clinicopathologically and immunohistologically. Budding and SOX2 showed a strong 

correlation with cervical lymph node metastasis. Ki-67, the depth of invasion (DOI), E-cadherin, and 

macroscopic type were also shown to contribute to cervical lymph node metastasis. Furthermore, it was 

suggested that cases which are endophytic, as observed macroscopically with a DOI of  ≥ 4 mm, and in 

which the tumor cells have proliferating capability with enhanced epithelial-mesenchymal transition (EMT)  

are likely to progress to lymphatic metastasis. Therefore, budding, SOX2, macroscopic type, DOI, Ki-

67, and E-cadherin are effective as factors for predicting the prognosis of cervical lymph node metastasis. 
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Introduction 

There are some reports in the literature that among squamous cell carcinomas (SCCs) that occur in the 

oral cavity, most are often observed in the tongue, which then metastasize to cervical lymph nodes at a 

relatively early stage (1-6).  Cervical lymph node metastasis is an important factor that affects patient 

outcome  (1-7). Prediction of cervical lymph node metastasis is, thus, considered to improve treatment 

results. 

It has also been reported that the proliferative activity and biological properties of the tumor cells in the 

invasive front  of the tumor are important predictors of cervical lymph node metastasis in oral squamous cell 

carcinoma (OSCC) (8, 9). It has also been suggested that budding, defined as the presence of single cancer 

cell or cluster of less than 5 cancer cells at the invasive front, which has been shown to be a predictor of 

lymph node metastasis in colon cancer  (10), may also have a similar role in cervical lymph node metastasis 

in OSCC (11, 12). Furthermore, an association between the expression of stem-cell-associated factors and 

prognosis of SCC (hypopharynx (13), esophagus (14), lung (15), etc.) has been reported; additionally, the 

expression of stem-cell-associated factors also appears to be a predictor of prognosis in OSCC. The 

involvement of stromal lymphatic vessel density in the invasive front  of the tumor in lymph node metastasis 
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has also been suggested to be a predictor of prognosis  (16) ; furthermore, a similar study on esophageal SCC 

also showed a similar involvement of stromal lymphatic vessel density (17). 

Currently, the predictors of OSCC cervical lymph node metastasis have yet to be elucidated. In the 

present study, we divided cases of tongue SCC into two groups, a cervical lymph node metastasis group and 

a non-metastasis group, to explore factors of tumor cells and vessel density in the tumor stroma that may be 

predictors of cervical lymph node metastasis, while focusing on the invasive front  of the tumor. 

 

Subjects and methods  

1. Subjects and clinical investigation     

The present study was conducted with the approval of the Ethics Committee of Nihon University School 

of Dentistry at Matsudo (Approval number: EC16-15-034-1). 

The subjects of this study were 13 patients who underwent partial tongue resection and neck dissection 

as first-line treatment from among all patients who were histopathologically diagnosed with tongue SCC at 

Department of Oral Surgery, Nihon University Hospital, School of Dentistry at Matsudo over the course of 

13 years between 2003 and 2016. The 13 cases were divided into two groups: one in which cervical lymph 

node metastasis was observed histopathologically (7 cases) and the second in which there was no cervical 

lymph node metastasis (6 cases). Gender, age, and tumor characteristics (site of invasion, primary tumor size, 

macroscopic type, and cTNM and cStage) in accordance with the Oral Cancer Handling Rules (18) were 

obtained from the medical records. 
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 2. Histopathological investigation 

Sections measuring 4 µm in thick were prepared by conventional paraffin embedding after fixation of 

the resected specimens with 10% formalin solution. Each section was stained with hematoxylin and eosin 

(HE staining) and histopathologically evaluated. The factors assessed and evaluated included histological 

malignancy (grade), mode of invasion (YK), vascular invasion (lymphatic invasion: Ly, venous invasion: 

V), and perineuronal infiltration (Pn), and these were selected according to the Oral Cancer Handling Rules 

(18) and were evaluated by four oral pathologists. In addition, we measured the depth of invasion (DOI) of 

the tumors by optical microscopy. 

 3. Immunohistochemical investigation 

1) Staining method and antibodies   

The sliced sections were subjected to activation processing for each antigen after deparaffinization 

and hydrophilization. Endogenous peroxidase was blocked using 0.3 % hydrogen peroxide in methanol. 

Each primary antibody was added and incubated for one hour to provide sufficient time for reaction. 

Primary antibodies used included Podoplanin (D2-40) , CD34, Actin (smooth muscle), 

Cytokeratin (AE1/AE3), E-cadherin, Ki-67 (MIB-1) , and SOX2. Further details regarding 

this are shown in Table 1. 
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After reaction with the primary antibody, the secondary antibody (Dako Chem Mate ENVISION kit) was 

added and incubated for one hour. 3,3-diaminobenzidine (DAB) was added for staining after secondary 

antibody reaction, and Mayer’s hematoxylin was used for counter-staining.  

2) Measurement of vessel density     

Lymphatic vessels were observed on slides stained with Podoplanin, while blood vessels were observed 

on CD34-stained slides. The hotspot at the invasive front  of the tumor was observed and selected by two 

fields optical microscopy under 20x magnification for each case. Quantification was performed using 

the imaging software Image J (NIH, Bethesda, MD). For evaluation of vessel density, tumor parenchymal 

areas adjacent to the tumor stroma were removed from each image. These images were separated into 

Podoplanin-positive lymph vessels, the lumen region of CD34-positive blood vessels, and tumor stroma 

using manual tracking, and they were converted to binary data using manual tracing. Vessel density was 
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calculated for each image as the ratio of lymph/blood vessel area to the area of tumor stroma, and the two 

fields average values were compared.  

3) Evaluation of Actin-positive tumor cells     

The invasive front  of the tumor on the actin-stained slides was observed by optical microscopy 

under 20x magnification. The slides in which no portion of the tumor was stained by actin were defined as 

0, while those in which actin-positive tumor cells were observed were defined as 1 (Fig. 1). 

 

 4) Evaluation of budding 

 The invasive front  of the tumor on the cytokeratin (AE1/AE3)-stained slides was observed by optical 

microscopy under 20x magnification. This portion was divided based on a 3-step grading system (grade 1: 
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0 to 4 buds, grade 2: 5 to 9 buds, and grade 3: 10 or more buds) according to the Colon Cancer Handling 

Rules (19). 

  

5) Evaluation of E-cadherin-positive tumor cells 

 Slides stained with E-cadherin were used. An optical microscope at 20x magnification was used to 

determine the percentage of E-cadherin-positive cells in the entire tumor. The slides that had < 25 % positive 

cells were defined as 0, while those with ≥ 25 % positive cells were defined as 1 (Fig. 2). 

 

6) Evaluation of proliferating cells in tumor cells 

 Slides stained with Ki-67 Antigen (MIB-1) were observed by optical microscopy at 20x magnification. 

We counted the number of Ki-67-positive cells to calculate the percentage of Ki-67-positive cells among all 

the tumor cells. The Ki-67 positive rate was defined as the two fields average value. 
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7) Evaluation of SOX2-expressing tumor cells 

 Anti-SOX2 stained slides were observed with an optical microscope at 20x magnification. The slides 

with no stained tumor cells were defined as 0, while those with SOX2-positive tumor cell(s) were defined 

as 1 (Fig. 3). 

 

4. Statistical analysis     

The DOI, vessel density, and Ki-67 positive rates were compared between the two patient groups using 

the Mann-Whitney U Test. Then, we calculated Cramér’s V coefficient of association for macroscopic type, 

grade, YK, budding, SOX2, E-Cadherin, and actin with the presence of cervical lymph node metastasis. We 

also performed multivariate analysis (extended quantification type II) with DOI and Ki-67 positive rate, 

which showed significance, as well as macroscopic type and E-cadherin, which demonstrated a strong 

association as explanatory variables, and cervical lymph node metastasis as an independent variable, to 
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examine factors that affect the lymph node metastasis in the group with metastasis and the one without. The 

statistical significance level was set to less than 5%. SPSS version 20.0 (IBM, Tokyo, Japan) and 

multivariate software (Istat, Tokyo, Japan) were used for statistical processing. 

 

Results 

 1) Clinical background  

The patients’ clinical factors are summarized in Table 2. Four male patients and three female patients 

were in the metastasis group, while the non-metastasis group had four males and two females. The age of 

the subjects ranged between 56 and 74 years (mean: 68 ± 6.6 years) in the metastasis group and between 52 

to 71 years (mean: 62.5 ± 6.3 years) in the non-metastasis group. The site of tumor invasion included the 

tongue margins and under the tongue in both the metastasis group (six cases and one case, respectively) and 

the non-metastasis group (five cases and one case, respectively). With regard to tumor size, the major axis 

length was between 14 and 40 mm (mean: 24.1 ± 10.0 mm) and the minor axis length was between 13 and 

30 mm (mean: 18.4 ± 6.5 mm) in the metastasis group; in the non-metastasis group, these values were 

between 10 and 50 mm (mean: 24.5 ± 13.7 mm) and between 10 and 30 mm (mean: 16 ± 8.0 mm). On the 

basis of the macroscopic type, in the metastasis group, two cases were classified as having superficial type, 

one had exophytic type, and four had endophytic type, while in the non-metastasis group one case was 

classified as having superficial type, three had exophytic type, and two had endophytic type. The TNM 

classification and staging details of each patient are shown in Table 3. The clinical classification is modified 
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to the postoperative pathological classification. This factor is often due to the cervical lymph node metastasis 

or the non-metastasis. 
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2) Histopathological background 

The patients’ histopathological factors are summarized in Table 4.There were two cases in which the 

invasive front  of the tumor was graded as G1, three cases as G2, and two cases as G3 in the metastasis 

group; meanwhile, there were five cases in which the front portion of the invasion was graded as G1 and one 

case as G2 in the non-metastasis group. According to the YK classification, four cases were at YK-3 and 

three were at YK-4C in the metastasis group, while five cases were at YK-3 and one case was at YK-4C in 

the non-metastasis group. In terms of lymphatic vessel invasion, one case was Ly0, four were Ly1, and two 

were Ly2 in the metastatic group, while all six cases were Ly0 in the non-metastasis group. Regarding 

venous invasion, four cases were V0, one was V1, and two were V2 in the metastasis group; meanwhile, 

five cases were V0 and one case was V1 in the non-metastatic group. In terms of perineural invasion, six 

cases were Pn0 and one was Pn2 in the metastasis group, while all six cases were Pn0 in the non-metastasis 

group. Furthermore, DOI ranged between 2.9 and 16 .0 mm (mean: 7.7 ± 4.5 mm) in the metastasis group 

and between 1.5 and 5.3 mm (mean: 3.6 ± 1. 5 mm) in the non-metastasis group. 
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3) Immunohistological background 

Immunohistological results of the each cases’ are summarized in Table 5. The median lymphatic vessel 

density was 5.9 % in the metastasis group and 2.7 % in the non-metastasis group. The median 

blood vessel density was 13.8 % in the metastasis group and 8.3 % in the non-metastasis group. Regarding 

actin- positive tumor cells, one case was defined as 0 and six were defined as 1 in the metastasis group, while 

four cases were defined as 0 and two were defined as 1 in the non-metastasis group. In terms of 

budding, three cases were Grade 2 and four were Grade 3 in the metastasis group, while five cases 

were Grade 1 and one was Grade 3 in the non-metastasis group. Regarding E-cadherin-positive tumor cells, 

four cases were classified as 0 and three as 1 in the metastasis group, while one case was classified as 0 and 

five as 1 in the non-metastasis group. The median Ki-67 positive rate was 34.5 % in the metastatic group 
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and 12.9 % in the non-metastasis group. In terms of SOX2 -positive tumor cells, all seven cases were defined 

as 1 in the metastasis group, while four cases were 0 and two were 1 in the non-metastasis group. 

  

4) Statistical analysis 

  There were significant differences in the following three factors: DOI (p = 0.035), lymph vessel density 

(p = 0.003), and Ki-67 positive rate (p = 0.035). Meanwhile, there was no significant difference in vessel 

density (p = 0.051) (Table 6). 
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Factors with a strong correlation to cervical lymph node metastasis were budding (V = 0.87), SOX2 (V 

= 0.85), grade (V = 0.55), actin (V = 0.54), E-cadherin (V = 0.41), macroscopic type (V = 0.39), and YK (V 

= 0.28), in descending order (Fig. 4). 
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  Examination by extended quantification type II of the effect on classification showed that Ki-67, E-

cadherin, DOI, and macroscopic type, in descending order, contributed to cervical lymph 

node metastasis. The correlation ratio was as high as 0.871, while the percentage of correct classification 

was 100 % (Table 7). 

 

Discussion  

  Among cancers that occur in the oral region, tongue cancer leads to cervical lymph node metastasis at 

an early stage and survival rate is low following metastasis compared to those with no metastases (7, 20). In 

some hospitals, elective neck dissection (END) is proactively performed even for early-stage tongue cancer 

if a strong invasive tendency is observed. However, in many hospitals, a “wait and see” approach is used 

instead of performing END if the tongue cancer does not show obvious signs of cervical lymph 

node metastasis at the time of diagnosis (1-5). A study showed that subsequent cervical lymph 
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node metastasis was observed in 70 % of T1 and T2 cases that demonstrated a strong invasive tendency (21). 

Another study reported that delayed cervical lymph node metastasis was the poor prognosis (6). These 

studies indicate the need for END. However, as a result of surgical invasion, a decline in function is observed. 

Thus, the goal of treatment is to achieve improved survival rate while keeping functional decrease to a 

minimum so as to increase the QOL of the patient with cervical lymph node metastasis. To achieve this goal, 

diagnosis of potential cervical lymph node metastasis and examination of predictors strongly associated with 

cervical lymph node metastasis are required. 

  Clinically, it has been reported that a large tumor size is associated with increased  metastasis frequency 

and that the metastasis rate is high in tongue cancer when the invasion site is at the posterior tongue (22, 23). 

Furthermore, the DOI was added to the TNM classification as a criterion by the Union for International 

Cancer Control in 2018. DOI is divided into three stages: ≤ 5 mm, 5 to 10 mm and > 10 mm. It is considered 

that DOI rather than tumor size is associated with metastasis rate. There have been pathological studies that 

have demonstrated a significant association of histological degree of malignancy and neurovascular invasion 

with lymph node metastasis rate (23-25). In particular, a close relationship between the invasion mode of the 

invasive front  of the tumor and lymph node metastasis has been reported (26, 27). We compared factors 

reported as being associated with lymph node metastasis. We also quantified the categories of each factor 

and investigated the correlations to create better predictors by combining relative factors. 

In the present study, we performed discriminant analysis on measurable DOI, vessel density, lymph 

vessel density, and Ki-67 positive rate. Regarding DOI, the median was 5.5 mm in the lymph node metastasis 
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group and 3.9 mm in the non-metastasis group. The Oral Cancer Clinical Guidelines (28) indicate that END 

is to be considered for N0 oral cancer with a DOI of  ≥ 4 mm. This suggests that a DOI of ≥ 4 mm indicates 

potential lymph node metastasis, which is in line with the results of the present study. Vessel density did not 

show a significant difference regarding lymph node metastasis; however, lymphatic vessel density showed 

a significant difference. Sugiura et al. (16) examined vessel density in 160 cases of OSCC and reported 

that, the lymphatic vessel density was significantly associated with lymph node metastasis. Ki-67 is a 

suitable marker for the evaluation of the proliferative capacity of tumor cells as it is expressed throughout 

the cell cycle, with the exception of the G0 phase (resting phase) (29). Tumuluri et al. (30) report that the 

positive index of Ki-67 was significantly higher at depth of 5 mm and above, and for cervical lymph node 

metastasis. Suresh et al. (31) also reported that Ki-67 positive index was correlated with histological grade 

and cervical lymph node metastasis. In the present study, the Ki-67 positive rate in the invasive front  of the 

tumor was also significantly higher in the lymph node metastasis group, suggesting a high degree of 

association between these two factors. Quantification and comparison of other related factors showed that 

budding in the invasive front  of the tumor had the strongest correlation. Budding evaluated the initial stages 

of lymph node metastasis caused by solid carcinoma. They reported that budding have observed as tumor 

cells in the process of EMT and that the presence of these cells were superior as a prognostic predictor (11, 

12). In the present study, although we were unable to reach a conclusion due to the small number of samples, 

the results were similar to those reported by them (11, 12), with budding showing a strong correlation with 

lymph node metastasis. SOX2 is a stem cell marker that plays an important role in maintaining pluripotency. 
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It has been found to be expressed in cells of malignant tissues. Du et al. (32) have shown that the expression 

of SOX2 in tongue SCC with no lymph node metastasis is involved in tumor progression. Furthermore, 

Michifuri et al. (33) have reported that there was a significant correlation between the staining pattern of 

SOX2 and lymph node metastasis. SOX2 showed a strong correlation with lymph node metastasis, similar 

to budding, in the present study as well. These results are similar to those reported in previous studies 

(13, 14, 15, 32, 33). However, budding and SOX2 each have a strong correlation independently, but the 

combination of the two was not involved in cervical lymph node metastasis. Additionally, actin is a smooth 

muscle marker, and Yamaguchi et al. (34) described invadopodia in cancer cells and elucidated that 

invadopodia, whose central structure is actin filaments, destroy the extracellular matrix, thereby leading to 

invasion and metastasis. The results of the present study also showed a correlation between actin and cervical 

lymph node metastasis. Furthermore, Kojc et al. (35) reported that actin-positive myofibroblasts were not 

observed in normal laryngeal mucosa or in the stroma of intraepithelial lesions (SIL) and were only found 

in the stroma of SCC. This suggests that SIL is associated with the transformation to SCC. It is believed that 

actin is involved in microenvironmental changes associated with tumor progression, as actin-positive cells 

are observed in the stroma of the invasive front  of the tumor. Although it showed a rather weak correlation, 

E-cadherin is closely involved in the biding of epithelial cells and in maintaining tissue morphology; indeed, 

it is a factor associated with EMT. Suresh et al. (31) and Lim et al. (36) also suggested the possibility that 

E-cadherin is an effective predictor of lymph node metastasis.  This study examined the relationship of E-
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cadherin, DOI, Ki-67 positive rate, and macroscopic type with cervical lymph node metastasis and found 

that they were all involved. 

 The present study focused on the biological characteristics of the invasive front  of the tumor in tongue 

SCC and investigated factors related to lymph node metastasis. Similar to SCC occurring in other areas, 

budding and SOX2 were also effective prognostic predictors with a strong association in the tongue. 

Furthermore, it was suggested that cases which are endophytic, as observed macroscopically with a DOI of 

≥4 mm, and in which the tumor cells have proliferating capability with enhanced EMT are likely to progress 

to lymphatic metastasis. Therefore, budding, SOX2, macroscopic type, DOI, Ki-67, and E-cadherin are 

effective as factors for predicting the prognosis of cervical lymph node metastasis. 

  

 Conclusion 

  This study divided tongue SCC patients into a cervical lymph node metastasis group and a non-

metastasis group and focused on the characteristics of tumor cells in the invasive front  of the tumor and the 

vessel density of tumor stroma in order to investigate predictive factors strongly associated with cervical 

lymph node metastasis. There was a significant difference between the cervical lymph node metastasis group 

and the non-metastasis group in lymph vessel density in the tumor stroma. 

Budding and SOX2 showed a strong correlation with cervical lymph node metastasis. 

Ki-67, DOI, E-cadherin, and macroscopic type were also shown to contribute to cervical lymph 

node metastasis. 
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