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ABSTRACT
Aim: The aim of present study was to assess the role of 
E-cadherin in oral carcinogenesis by comparing their expres-
sions in normal oral mucosa, oral epithelial dysplasia (OED), 
and oral squamous cell carcinoma (OSCC).

Materials and methods: To elucidate the pattern of E-cadherin 
expression in oral carcinogenesis, 21 archival cases of formalin-
fixed paraffin-embedded sections of OSCC, 21 OED, and  
7 normal oral mucosa samples as control were used for the 
study.

Results: We observed reduction/loss of E-cadherin in membra-
nous expression pattern and staining intensity with progression 
from dysplasia to oral cancer.

Conclusion: A decrease in staining intensity and loss of 
E-cadherin membranous expression were noted from dysplasia 
to carcinoma, suggesting its role as a tumor suppressor gene.

Clinical significance: E-cadherin can be used as a biomarker 
to assess and evaluate the progression and prognosis of oral 
dysplastic lesions and OSCC.

Keywords: Cell adhesion molecules, Dysplastic epithelium, 
E-cadherin, Immunohistochemistry, Tumor markers.
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INTRODUCTION

Cell–cell adhesion plays a fundamental and dynamic 
role in the development and maintenance of multicel-
lular organisms as well as overall tissue organization 
and functions.1 Cadherins are a family of cell–cell adhe-
sion molecules with an important role in intercellular 
adhesion.2 They are cell surface membrane proteins that 
mediate homophilic Ca++-dependent cell–cell adhesion 
which is crucial for structural organization and differ-
entiation of cells.3 Cadherins constitute a superfamily 
and the original cadherins are now called as “classical 
cadherins.” Approximately 20 members of cadherins are 
included in the classic cadherin family depending on their 
domain structures.

E-cadherin is a 120 kDa transmembrane glycoprotein 
of type-I cadherin super family. It belongs to the family 
of cell–cell adhesion molecules essential for maintaining 
the structural integrity and organization of stratified 
squamous epithelium.1,3 It is encoded by the CDH1 gene 
that is located on chromosome 16q-22.1 and is a classi-
cal cadherin that forms the key functional component of 
adherence junctions between epithelial cells.3

In normal oral epithelium, E-cadherin is expressed in 
the lower spinous layers and basal cell layer, but not at the 
stromal surface of basal cells.4 E-cadherin plays a key role 
in junctional adherence through binding of the extracel-
lular domain of E-cadherin molecules of adjacent cells. 
Recent studies implicate that cadherins regulate interac-
tion of growth factor receptors with ligands and modulate 
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their signaling.4,5 Cadherins regulate the growth factor 
signaling by recruiting the receptors at the cell surface, 
stimulating the receptor dimerization and modulating 
their activities.

Dysplastic oral epithelial lesions may be morphologi-
cal phenotypes of the different steps in the progression 
from normal to malignant tissue. Traditionally, OED 
has been considered to be the progenitor for malignant 
change.6 There is reduction in E-cadherin expression in 
OED as severity of dysplasia is increased from mild to 
severe.

Carcinogenesis is a multistage process which requires 
modulation of cell–cell and cell–stromal interactions.7 
Loss of E-cadherin expression has been noted with poorly 
differentiated morphology in a large number of malignan-
cies, such as cervix and esophagus including head and 
neck.1 Development of malignant tumors, in particular, 
the transition from benign lesion to invasive metastatic 
cancer is characterized by a tumor cell’s ability to over-
come cell–cell adhesion and to invade the surrounding 
tissues.8

MATERIALS AND METHODS

The tissue specimen for the study comprised a total of 
49 formalin-fixed and paraffin-embedded tissue blocks 
retrieved from the Department of Oral and Maxillofacial 
Pathology and Microbiology, Santosh Dental College and 
Hospital, Santosh University, Ghaziabad, New Delhi, 
India. The archival material comprised 21 cases each 
of oral dysplastic epithelium and OSCC and 7 cases of 
normal oral mucosa as control.

For the purpose of this study, samples were distrib-
uted into three different groups: Group I included seven 
samples each of histopathologically confirmed cases of 
mild, moderate, and severe epithelial dysplasia, group II 
included seven samples each of histopathologically con-
firmed cases of well, moderately, and poorly differentiated 
squamous cell carcinoma (SCC), and group III included 
seven cases of histologically confirmed cases of normal 
oral mucosa (as control group). The samples of epithelial 
dysplasia were graded as per World Health Organization 
(WHO) 2005 classification as mild, moderate, and severe.7 
Similarly, the samples of SCC were graded as per Broder’s 
criteria as well-differentiated, moderately differentiated, 
and poorly differentiated SCC.10

The staining intensity was assessed according to Zhang 
et al and membranous expression pattern of E-cadherin 
was assessed according to Bankfalvi A et al.11,12 Intensity  
of staining according to Zhang et al grading system:  
(a) 0/-ve = absent/loss of expression; (b) 1 (+) = 
weak/light staining; (c) 2 (++) = moderate staining; 
(d) 3 (+++) = strong/intense staining. Membranous 

staining expression pattern according to Bankfalvi A  
et al: 0 = 0 to 10% of cells showed a complete cellular 
membranous staining; 1 = 11 to 50% of cells showed a 
complete cellular membranous staining; 2 = 51 to 75% 
of cells showed a complete cellular membranous stain-
ing; 3 = 76 to 100% of cells showed a complete cellular 
membranous staining.

The formalin-fixed paraffin-embedded tissue blocks 
of normal oral mucosa, epithelial dysplasia, and SCC 
were selected. Two sections each of 3 μm thickness were 
cut using a semi-rotary microtome and the sections were 
stained by hematoxylin and eosin. The serial sections of 
the same were stained with E-cadherin immunohisto-
chemical reagent using avidin–biotin complex method. 
The expression of E-cadherin was analyzed in the entire 
length of the epithelium in normal, dysplastic, and strati-
fied SCC epithelium, and evaluated by two independent 
observers using light microscope.

Areas representing the epithelium were analyzed 
in high power to obtain a clear and precise count of the 
labeled cells; 3 to 4 representative fields at 400 magnifica-
tions (40×) were selected and 100 E-cadherin positive cells 
were counted out in the representative fields. Thus, by 
selecting random areas which were not in continuum with 
each other, a possible error in recounting the same cells 
was minimized. The images of each of the selected fields 
were obtained with a binocular light microscope (40×), 
and then transferred to a computer system for analysis 
which was done by using a grid. Intensity of membranous 
staining was assessed by two independent observers 
using light microscope (×400 original magnifications).

STATISTICAL ANALYSIS

The software used for the statistical analysis was Statistical 
Package for the Social Sciences version 21.0 and Epi Info 
version 3.0. Chi-square test was used to test whether the 
expression of E-cadherin was statistically significant. A 
p-value <0.05 was considered statistically significant.

OBSERVATION AND RESULTS

In the present study, all the control sections of normal 
oral mucosa strongly expressed E-cadherin on their 
cell membrane. A strong membranous homogenous 
staining of E-cadherin was seen on the cells of the 
basal, parabasal, and spinous layers. The superficial 
layers of the epithelium and the portion of the basal 
cells toward the basement membrane did not yield  
an E-cadherin expression (Fig. 1A). Out of 21 cases of 
OED, E-cadherin immunoreactivity was moderately 
positive in 38% cases, strong positive in 38% cases, while 
negative or weak immunoreactivity was not observed in 
cases of OED (Tables 1 and 2). The reduced expression 
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of E-cadherin was observed from mild to severe  
degree of dysplasia, suggesting the negative correlation 
with E-cadherin expression (Figs 1B to D).

In the tissues of OSCC, 10 tissues showed moderate-
to-weak intensity in all the cell layers. In the remaining 
11 cases, the basal cells were negative for E-cadherin. The 
number of cells exhibited complete membranous pattern 
of E-cadherin immunostaining was variable (Tables 3  
and 4). Variation in the expression of E-cadherin was 
found between the different layers in different groups 

of OSCC in terms of both intensity and membranous 
staining. The chi-square values obtained in the cases of 
normal mucosa and well-differentiated SCC with regard 
to both intensity and expression pattern were significant 
(p-value = 0.018 and p = 0.027). Among the moderately 
differentiated SCC cases and poorly differentiated SCC 
cases, both intensity and expression pattern were signifi-
cant. The chi-square values obtained in the cases of OED 
and OSCC in terms of staining intensity and membranous 
expression were also significant (Tables 3 and 4).

Table 1: E-cadherin staining intensity  
among different grades of OED

Grades of dysplasia
E-cadherin staining intensity

Absent Light Moderate Intense
Mild dysplasia (n = 7) 0 0 1 6
Moderate dysplasia (n = 7) 0 0 5 2
Severe dysplasia (n = 7) 0 5 2 0

Table 2: E-cadherin membranous expression  
among different grades of OED

Grades of dysplasia
E-cadherin membranous expression
0 1 (+) 2 (++) 3 (+++)

Mild dysplasia (n = 7) 0 0 1 6
Moderate dysplasia (n = 7) 0 0 4 3
Severe dysplasia (n = 7) 0 0 6 1

Figs 1A to D: (A) Normal oral mucosa showing all the cells of basal, parabasal, and superficial spinous layers of the epithelium exhibiting 
strong intensity and complete membranous expression of E-cadherin (IHC; 10×); (B) mild dysplasia showing all the cells of basal, 
parabasal, and superficial spinous layers of the epithelium exhibiting strong intensity and complete membranous expression of E-cadherin 
(IHC; 10×); (C) moderate dysplasia showing few basal cells and all the cells of parabasal and superficial spinous layers of the epithelium 
exhibiting strong intensity and complete membranous expression of E-cadherin (IHC; 10×); (D) severe dysplasia showing few basal 
and parabasal cells and all the cells of superficial spinous layers of the epithelium exhibiting strong intensity and reduced membranous 
expression of E-cadherin (IHC; 40×)

A

C

B

D
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DISCUSSION

The expression of E-cadherin was evaluated through 
different grades of OED and OSCC. The normal oral 
epithelium showed intense and complete cellular mem-
branous staining of E-cadherin in the basal, parabasal, 
and lower parts of spinous layer. The staining was 
absent in the superficial layers including the uppermost 
layer (Fig. 1A). Similar observations were also made by 
various researchers including Wheelock et al,13 Williams 
et al,14 and Kaur et al.15 In normal oral epithelium, mem-
branous E-cadherin staining was noticed to be localized 
at the intercellular junctions and lost at the upper third 
of the epithelium; this may be attributed to the normal 
desquamation process (Fig. 1A). In the present study, a 
controlled absence of E-cadherin staining was observed 
at the stromal surface of basal cells. The above observa-
tion supports that E-cadherin is inhibited until a cell 
replicates and is present in the cells that have divided 
and differentiated. This forms the basis of the hypothesis 
that E-cadherin is involved in the maintenance of polarity 
and tissue architecture.2

Oral epithelial dysplasias have not been commonly 
explored for E-cadherin expression. Therefore, there has 
been less consistency in results of previous studies.1,7,14,15 
In the present study, out of 21 cases of OED, the expression 
pattern was similar to normal mucosa in all mild dyspla-
sias with strong membranous staining with absence of 
staining in the superficial layers (Fig. 1B). Slight loss of 
expression was noted as severity of dysplasia increased 
from moderate to severe dysplasia (Figs 1C and D and 
Table 2).

This observation is in alignment with the previous 
studies performed by Yuwanati et al,1 Califano et al,16 
and Santos-García et al.17 E-cadherin expression in mild 
epithelial dysplasia was present in suprabasal and basal 
cell layers similar to normal oral epithelium. In moderate 
epithelial dysplasia, E-cadherin expression was present 
in suprabasal, but reduced in the basal cell layers. The 
reduction in the expression of E-cadherin was noted 
in terms of intensity and number of cells exhibiting 
complete cellular membranous staining, especially in 
the basal and parabasal layers. This observation is in 
accordance with the studies performed by Williams et al14  

and Santos-Garcia et al.17 Their studies also showed 
reduction/loss of E-cadherin expression with increas-
ing severity of dysplasia. The reduction in E-cadherin 
expression becomes more evident in carcinoma in situ 
and microinvasive carcinoma cases. Hence, the present 
study is consistent with Yuwanati et al,1 Yogesh et al,7 and 
Mehendiratta et al,18 and suggests that these alterations 
in E-cadherin expression are the result of the progression 
of dysplasia and could be an early event in the process 
of oral carcinogenesis.

Among the 21 cases of OSCC, one well-differentiated 
SCC showed strong membranous expression pattern of 
E-cadherin similar to that of normal stratified squamous 
epithelium (Figs 2A and B and Table 2). Among the mod-
erately differentiated OSCC, four cases showed loss in 
expression (Fig. 3A), one case showed weak expression, 
and two cases showed moderate expression of E-cadherin 
(Fig. 3B). None of these were completely negative for 
E-cadherin expression. Moderately differentiated OSCC 
showed heterogeneous staining, where the central cell 
mass of tumor islands was differentiated and expressed 
membranous E-cadherin staining, while the cells at the 
periphery were dedifferentiated and expressed cyto-
plasmic expression only (Fig. 3B). Among the poorly 
differentiated SCC, all the seven cases showed loss of 
membranous expression of E-cadherin (Table 1). There 
was a significant difference in staining intensity and 
staining location in poorly differentiated OSCC when 
compared with well-differentiated SCC and moderately 
differentiated SCC (Table 3). Poorly differentiated OSCC 
showed sheets of tumor cells with complete loss of mem-
branous E-cadherin expression.

The present study showed consistent results where 
the loss of E-cadherin expression was associated with 
the histological grade of differentiation of OSCC. 
Thus, our study is in accordance with the studies done 
by Williams et al,14 Hung et al,19 Sorcher et al,20 and 
Mehendiratta et al.18 They also showed an inverse cor-
relation of E-cadherin expression with the histological 
grades of differentiation. It is now well understood 
that E-cadherin regulates growth factor signaling by 
recruiting the receptor at the cell surface, stimulating the 
receptor dimerization, and modulating their activity.5 
In human tumors, the loss of E-cadherin-mediated cell 

Table 3: E-cadherin staining intensity  
among different groups of OSCC

Differentiation of OSCC
E-cadherin staining intensity

Absent Light Moderate Intense
WDSCC (n = 7) 0 4 2 1
MDSCC (n = 7) 4 2 1 0
PDSCC (n = 7) 7 0 0 0
WDSCC: Well-differentiated SCC; MDSCC: Moderately 
differentiated SCC; PDSCC: Poorly differentiated SCC

Table 4: E-cadherin membranous expression among different 
groups of OSCC

Differentiation of OSCC
E-cadherin Membranous Expression
0 1 (+) 2 (++) 3 (+++)

WDSCC (n = 7) 0 2 4 1
MDSCC (n = 7) 4 1 2 0
PDSCC (n = 7) 7 0 0 0

WDSCC: Well-differentiated SCC; MDSCC: Moderately 
differentiated SCC; PDSCC: Poorly differentiated SCC
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adhesion correlates with the loss of epithelial morpho-
logy and with the acquisition of metastatic potential by 
the neoplastic cells.

In the present study, we demonstrated a progressive 
reduction in the number of cells exhibiting complete 
cellular membranous expression pattern of staining and 
intensity with increasing severity of dysplasia to cancer. 
We also investigated the loss of expression pattern or 
reduction of E-cadherin staining semi-quantitatively 
which appeared to begin from the basal cell layer to 
superficial layers. This alternation is the result of dyspla-
sia toward the cell phenotype with the ability to invade.21

Proliferation of epithelial cells expands into the 
superficial layers with severity, which leads to the loss of 
E-cadherin expression in the basal cell layers. The loss of 
E-cadherin expression in the spinous layers could be due 
to lesser number of cells reaching the stage of differentia-
tion. Hence, our study confirms the previous studies that 

the loss of E-cadherin expression is an early event in the 
evolution and progression of carcinomas. From the present 
study, we found that premalignant lesions with the loss 
of E-cadherin expression are at the greater risk in terms of 
malignant transformation from premalignancy to cancer.

CONCLUSION

E-cadherin plays an important role in the process of oral 
carcinogenesis by its reduced expression in OED and 
OSCC. It also suggests that E-cadherin is an “invasion 
suppressor” molecule and loss of E-cadherin during 
carcinogenesis enhances the invasion of adjacent normal 
tissues. Additional studies on larger sample are needed 
to investigate the mechanism by which the reduction 
and loss of E-cadherin expression during malignant 
transformation occur. Thus, E-cadherin is known to be a 
tumor invasion suppressor gene and plays a central role 
in oral cancers.

Figs 2A and B: Well-differentiated OSCC. (A) All the cells of the tumor island exhibit strong intensity and complete 
membranous expression of E-cadherin (IHC; 10×). (B) All the cells of the tumor island exhibit strong intensity and 
complete membranous expression of E-cadherin (IHC; 40×)

Figs 3A and B: Moderately differentiated OSCC. (A) Most of the tumor cells exhibit strong–moderate 
intensity and membranous expression while few cells exhibit reduced expression of E-cadherin (IHC; 
10×). (B) Some of the tumor cells exhibit heterogeneous staining, where the central mass of tumor island 
was differentiated and expressed membranous E-cadherin staining, while the cells at the periphery 
were dedifferentiated and expressed cytoplasmic expression only (IHC; 10×)

A B

A B
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Clinical Significance

Loss of E-cadherin expression pattern and reduction in 
intensity can be used as a reliable marker for progres-
sion of potentially malignant disorders toward invasive 
malignancy. It may also aid in providing new strategies 
for early diagnosis, prevention, and treatment planning 
of oral cancer to bring down the mortality rate.
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