
The aim of this study is to evaluate the immunohistochemical expression of E-cadherin, 
N-cadherin and Bmi-1, and their association with clinical parameters and with the degree 
of histopathological differentiation in oral squamous cell carcinomas. 65 squamous 
cell carcinoma samples were used for constructing a tissue microarray block, and then 
immunohistochemistry was performed for different markers. A semi-quantitative analysis 
of the amount of positive tumor cells was performed by two blind and calibrated observers 
(Kappa>0.75). The statistical Mann-Whitney and Kruskal-Wallis tests were used to evaluate 
the data. The correlation between variables was investigated by the Spearman test, and 
the significance level set at p<0.05. We observed higher expression of Bmi-1 in tumors 
located in the palate (p<0.0001). In addition, poorly differentiated tumors had a greater 
amount of Bmi-1 positive cells (p=0.0011). Regarding the other correlations between 
variables, no significant associations were detected. In conclusion, poorly differentiated 
squamous cell carcinomas located in the palate have higher immunostaining of Bmi-1, 
which can characterize activation of the Epithelial-Mesenchymal Transition process in 
these tumors.
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Introduction
Squamous cell carcinoma represents the most common 

malignant neoplasm involving the oral cavity, representing 
around 95% of all malignancies affecting this location 
(1,2). Oral squamous cell carcinoma (OSCC) is considered 
the sixth most common type of cancer worldwide. Despite 
advances in diagnosis and treatment, OSCC continues to 
have a low 5-year survival rate (3).

The aggressiveness of this disease is related to 
the ability of tumor cells to invade other tissues and 
originate metastases. This capability is directly related 
to the phenomenon known as epithelium-mesenchymal 
transition (4). The epithelium-mesenchymal transition 
(EMT) is a dynamic and reversible cellular process. During 
the development of this process there is a transition of 
an epithelial cell phenotype to cells with mesenchymal 
characteristics, with increased migratory capacity and, 
this is due in part to the modulation of cell polarity and 
of cell adhesion (5). The cells of the epithelial tissue are 
characterized by cell-cell contact and also by the formation 
of adherens junctions, a function exerted by molecules 
such as cadherins, which are a family of transmembrane 
glycoproteins.

Among the cadherin sub-types it is important to 
highlight the E-cadherin and the N-cadherin, their 
difference being the place of activity of each molecule. 
The E-cadherin (E-CAD) is expressed in most epithelial cells, 

having an important role in establishing cell polarity, in the 
adhesion between epithelial cells and in the maintenance 
of tissue architecture (6). This molecule is composed of a 
cytoplasmic domain that binds to the cytoskeletal through 
heterotypic interactions with proteins called catenins. This 
establishes the cytoplasmic complex of cellular adhesion, 
important for the formation of cell-cell extracellular 
adhesion (7). Also, they play a signaling role in cell growth 
and differentiation (5,8). In contrast, the N-cadherin 
(N-CAD) is mostly found in neural and mesenchymal cells 
(9). EMT is characterized by the loss of E-cadherin and gain 
of N-cadherin expressions (10). In this process the cancer 
cells gain greater migratory ability and thus the ability to 
escape from the primary focus, colonizing distant sites and 
forming metastases.

The epithelial-mesenchymal transition is modulated 
by a number of transcription factors, including Bmi-1, 
which is a constituent of the Polycomb group (PCG) and 
has a role in regulating the cell cycle, embryogenesis and 
lymphopoiesis (11). The genes that form the Polycomb 
group have the function of silencing genes, regulating the 
chromatin structure and operating in the self-renewal of 
normal and neoplastic cells (12). This transcription factor 
activates the EMT, increasing the mobility and the invasion 
of malignant cells. The Bmi-1 expression increases in tumor 
tissues compared to adjacent tissues, and it is associated 
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with more aggressive clinical characteristics, such as: tumor 
size, metastases and clinical stage of the tumor (13). Bmi-
1 is also involved in the regulation of gene expression of 
tumor stem cells, maintaining their indifferentiation and 
capacity of cellular self-renewal (5,14).

The purpose of this study was to evaluate the 
immunohistochemical expression of E-cadherin, N-cadherin 
and Bmi-1, and their association with clinical parameters 
(site of injury, sex and age of the patient) and with 
the degree of histopathological differentiation in oral 
squamous cell carcinomas.

Material and Methods
Samples and TMA Preparation

This study was approved by the Ethical Committee from 
the institution where samples were collected. Informed 
consent was obtained from all patients prior to sample 
collection. Human primary oral squamous cell carcinomas 
(n=65) were selected after the slides were reviewed by 
a pathologist. Samples were formalin fixed and paraffin 
embedded. In order to choose representative fields, the 
hematoxylin and eosin-stained slides from each specimen 
were analyzed. Two tissue cylinders of 1-mm in diameter, 
were collected from the selected areas of each paraffin 
block and inserted into a recipient block. The TMA block 
was prepared with an automated tissue arrayer (ATA-27, 
Beecher Instruments Inc., Sun Prairie, WI, USA). The final 
recipient block contained 130 OSCC cores and 12 human 
samples used as positive control cores (placenta tissues, 
tonsil, breast cancer, and lung cancer).

Immunohistochemistry
Four-micrometer-thick sections were deparaffinized 

and rehydrated through ethanol. After antigen heat 
retrieval was performed on microwave, the sections were 
incubated with primary antibodies for N-CAD (clone ab, 
dilution 1:200, Abcam, Cambridge, UK), Bmi-1 (clone 
ab38295, dilution 1:100, Abcam) and E-CAD (clone 3195, 
dilution 1:400, Cell Signalling, Danvers, MA, USA) for 1 
hour at room temperature. The secondary antibody system 
used was EnVisionTM+ Dual Link system (Dako, Carpinteria, 
CA, USA); and 3,3-diamino benzidine (Dako) was used 
for visualization. For each core, 400x magnification 
images were captured using a video camera (Q-Color5TM, 
Olympus America, Inc., Center Valley, PA, USA) coupled to 
a microscope. 

The cores were scored according to percentage of the 
total number of cells and graded semiquantitatively (Fig. 
1). For E-CAD analysis, the following scores were used: 
0% = 0 positive cells, 01-10% positive cells = 1, 11–75% 
positive cells = 2, >75% positive cells = 3 (15). For N-CAD 
quantification, the following scores were used: < 1% 

positive cells = 0, 01-40% positive cells = 1, 40–80% positive 
cells = 2, >80% positive cells = 3 (16). For Bmi-1, the same 
score system used for N-cadherin was applied. Slides were 
assessed by previously calibrated two oral pathologists 
with acceptable intra-observer and interobserver kappa 
values (0.7–1.0).

 
Statistical Analysis

The Mann-Whitney or the Kruskal-Wallis non-
parametric tests, followed by the Dunn’s multiple 
comparison test, were used to compare the staining scores 
according to the studied variables. Spearman’s correlation 
coefficient was used to assess correlations between 
variables. Significance was set at p<0.05.

Results
The study analyzed 65 cases of oral squamous cell 

carcinoma. Table 1 shows the demographic data of the 
sample. A higher number of cases were observed in male 
patients (86.15%), in the age group of 51-60 years (35.4%), 
and the most frequent location was the gingiva (32.31%).

When comparing the expression of markers with the 
location of the tumor, the study found that tumors in the 
palate have a higher score for Bmi-1. However, E-CAD and 
N-CAD markers showed a similar marking in all locations 
of tumors (Table 2). The different markers were evaluated 
according to the age and sex variables and these did not 
affect the immunohistochemical staining of the three 
markers (Table 2).

The distribution of positive cells for the different markers 
was also evaluated according to the histopathological 
grading of the tumor (Fig. 2). The Bmi-1 marker showed a 
statistically significant difference, with the highest number 
of positive cells in the poorly differentiated tumors. The 
correlation between markers was analyzed and an inverse 
correlation between Bmi-1 and E-CAD, and between E-CAD 
and N-CAD was observed; as well as a positive correlation 
between N-CAD and Bmi-1; however, these correlations 
were not statistically significant (Table 3).

Discussion
The aim of this study was to correlate the 

immunohistochemical expression of molecules E-cadherin, 
N-cadherin and Bmi-1, important markers of the EMT 
process, and consequently of tumor behavior, with the 
degree of histological differentiation in oral squamous cell 
carcinomas and their association with clinical parameters 
(site of injury, sex and age of patient).

Regarding the anatomical site, we found that the Bmi-
1 marker expression was higher in lesions located on the 
palate. The literature reports that Bmi-1 is a transcription 
factor associated with increased aggressiveness and 
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consequently of decreased patient survival rates (17). The 
overexpression of Bmi-1 was observed to be associated 
with the induction of EMT, thus promoting the migration, 
invasion and worse prognosis of tumors (18). Furthermore, 
as the Bmi-1 marker increases, a decrease of the E-cadherin 
marker and increase of the N-cadherin marker were 
observed in neoplastic cells through the correlation 
analyses. Thus, it may be inferred that Bmi-1 acts to increase 
motility and the ability to invade the other tissues through 

the increased expression of N-cadherin and decrease 
expression of E-cadherin.

The tumors with the highest staining for Bmi-1, the 
palate lesions, may be more likely to cause metastasis in 
comparison with other lesions. The literature reported a 40% 
rate of regional metastases of palate OSCC at the time of 
the diagnosis (19). Moreover, a study about the main factors 
related to oropharyngeal carcinoma (base of tongue, uvula, 
tonsils and palate) found that most injuries on the palate 
progress to stage III and IV of the TNM system, suggesting 
high aggressiveness of these tumors (20).

In this sample no relation was detected between 
the location of the palate and the histopathological 
grading; the palate lesions showed different degrees 
without predominance of anyone. However, a correlation 
was detected between the Bmi-1 expression and the 
histopathological grading in the studied samples – the 
higher the Bmi-1 expression, the lower the degree 
of histopathological differentiation of the OSCC. The 

Table 1. Demographic and clinical-pathological characteristics of 
the sample

Characteristics N %

Sex 

  Male 56 86.15

  Female 09 13.85

Age (years)

  40-50 16 24.6

  51-60 23 35.4

  61-90 21 32.3

  NI 05 7.7

Tumor location

  Palate 05 7.7

  Lower Lip 06 9.23

  Tongue 13 20.00

  Floor of mouth 20 30.77

  Gingiva 21 32.31

Histopathological grading

  Well differentiated 26 40

  Moderately differentiated 27 41.53

  Poorly differentiated 12 18.47

Figure 1. Immunohistochemical markers E-CAD, N-CAD and BMI-1 in oral squamous cell carcinomas. A) E-cadherin expression in a well 
differentiated tumor. B) N-cadherin expression in a moderately differentiated tumor. C) Bmi-1 expression in a poorly differentiated tumor.  

Figure 2. Immunomarkers scoring according to the histopathological 
grading of the tumors. ***p<0.001, Kruskal-wallis and Dunn’s post-
hoc test.
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degree of histological differentiation is directly related to 
patient prognosis, i.e., the lower the degree of histological 
differentiation the more aggressive the tumor is (21). The 
literature reports that Bmi-1 expression in bladder tumors, 
wherein the higher expression of Bmi-1 protein also 
provided a lower degree of differentiation, increased risk of 
recurrence and worse prognosis, confirming our results in 
relation to Bmi-1 expression in poorly differentiated tumors 
(22). Thus, the Bmi-1 expression is considered a prognostic 
marker for neoplasias, since the high expression of Bmi-1 
is associated with increased tumor invasiveness and the 
development of metastasis, resulting in more aggressive 
behavior of tumor cells (12,18).

An inverse correlation between E-cadherin and 
N-cadherin was found in this study, although it was not 

Table 3. Correlation between immunomarkers and the histopathological grading of the tumor. 

BMI-1 E-CAD N-CAD Histopathological grade

BMI-1 -------- -0.0822 (p=0.3761) 0.0509 (p=0.6132) 0.3278 (p=0.0011)

E-CAD -0.0822 (p=0.3761) ---------- -0.1315 (p=0.1611) -0.1372 (p=0.1589)

N-CAD 0.0509 (p=0.6132) -0.1315 (p=0.1611) ------------ -0.0884 (p=0.3412)

p,  Spearman coefficient.

significant. The literature shows greater reduction of 
E-cadherin expression when there is higher N-cadherin 
expression (9). The N-cadherin molecule is related to the 
processes of invasion and metastasis (23). Corroborating 
these findings, this study found a positive correlation 
between N-cadherin and Bmi-1 that is related to the 
induction of these processes, although it is not a significant 
correlation. Thus the imbalance of molecules E-cadherin 
and N-cadherin must be considered an important indicator 
of prognosis and a potential therapeutic target for patients 
with OSCC (16).

In this sample of patients with oral squamous cell 
carcinoma most were men aged 50 to 60 years old. This 
demographic data is consistent with data from other 
previously published epidemiological studies (2,4). Overall, 

it is believed that the prevalent 
habit of smoking associated 
or not with alcoholism is 
more frequent in males, 
which results in greater male 
prevalence (1). Furthermore, 
this study has found that 
squamous cell carcinoma 
lesions were present in various 
anatomical sites of the oral 
cavity; however, these injuries 
were predominant in the 
gingiva region. Following 
gingiva, lesions were more 
common on the floor of mouth 
and tongue, and in this respect 
our sample is consistent with 
other studies in the literature 
(24,25).

According to the results 
obtained in this study, it 
possible to conclude that 
increased Bmi-1 expression 
results in a trend of increased 
expression of N-cadherin, 
characterizing the process 
of EMT; and also that the 

Table 2. Correlation between immunomarkers and sex, age and the anatomical site of the lesions

BMI-1 E-CAD N-CAD

Median (Q1-Q3) Median (Q1-Q3) Median (Q1-Q3)

Sex

  Male 2 (0-3) 2 (2-3) 2 (1-3)

  Female 2 (0.25-3.5) 2 (2-3) 2 (1.75-3)

  p* 0.8032 0,9342 0.1156

Age

  41-50 2 (0.75-3) 3 (2-3) 1 (0-2)

  51-60 2 (0.5-3.5) 2 (2-3) 2 (1-2)

  61-90 2 (0-4) 2 (2-3) 2 (1.75-2)

  p** 0.8468 0.4139 0.1575

Location

  Floor of mouth 3a (2-4) 2 (2-3) 2 (1-2)

  Gingiva 2a
(0.75-
2.25)

2 (2-3) 2 (1-2)

  Lower Lip 2a (0-3) 2 (1-2) 2 (1-2)

  Tongue 3a (0,5-4) 2 (1-2) 2 (1-2)

  Palate 4b (4-4) 2,5 (2-3) 2 (1-2,5)

  p** <0.0001 0.0585 0.9804

p*, Mann-Whitney . p**, Kruskal-Wallis and Dunn’s post-hoc test.
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activation of this process results in a histopathological 
grading of greater cell differentiation and therefore greater 
tumor aggressiveness.

Resumo
O objetivo deste estudo foi avaliar a associação entre a expressão 
imunoistoquímica de E-caderina, N-caderina e Bmi-1, com os parâmetros 
clínicos e o grau de diferenciação em carcinomas espinocelulares bucais. 
Sessenta e cinco amostras foram selecionadas para a construção de um 
bloco de microarranjo tecidual, e a técnica de imunoistoquímica foi 
realizada para os diferentes marcadores. Uma análise semi-quantitativa 
das células tumorais positivas foi realizada por dois observadores 
calibrados e cegos (Kappa>0.75). Os testes estatísticos Mann-Whitney e 
Kruskal-Wallis foram utilizados para a análise dos dados e a correlação 
entre as variáveis foi investigada com o teste de Spearman. O nível de 
significância foi determinado em p <0.05. Observamos maior expressão de 
Bmi-1 em tumores localizados em palato (p <0.0001). Além disso, tumores 
pobremente diferenciados apresentaram maior quantidade de células 
positivas para Bmi-1 (p=0.0011). Não encontramos outras correlações 
ou associações significativas. Em conclusão, carcinomas espinocelulares 
pobremente diferenciados e localizados no palato apresentam maior 
marcação imunoistoquímica de Bmi-1, o que pode caracterizar a ativação 
do processo de transição epitélio-mesênquima nesses tumores.
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