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ABSTRACT
Background: Oral squamous cell carcinoma is the 6th most common malignancy in the world and ranks as first in
males in Indian sub-continent. Vimentin is an intermediate filament found in mesenchymal cells and e-cadherin is an
adhesion molecule found in epithelial cells. The objective of the study is to evaluate the expression of e-cadherin and
vimentin in lesions of oropharynx and to assess the sensitivity, specificity and positive predictive value of e - cadherin
and vimentin in oropharyngeal squamous cell carcinoma (OPSCC), against routine H and E stained histopathological
diagnosis.
Methods: 100 oropharyngeal biopsy specimens taken and routine H and E stained histopathological slide diagnosis
made. E-cadherin and vimentin expression studied in OPSCC, moderate to severe dysplasia, mild dysplasia and benign
cases and its sensitivity, specificity, positive predictive value and negative predictive value analysed using appropriate
statistical tools.
Results: Vimentin positivity was observed in 70 out of 79 OPSCC, 2 out of 3 cases of moderate - severe dysplasia, 0
out of 2 mild dysplasia and 2 out of 16 benign lesions. Out of 79 cases of OPSCC, 15 were e-cadherin negative, 27
showed low and 37 cases showed high membraneous positivity.
Conclusions: We observed a significant decrease in e-cadherin membrane expression from dysplasia to carcinoma
insitu to invasive carcinoma and a significant increase in vimentin expression with progression of the tumor. E-cadherin
is a good prognostic marker whereas vimentin expression indicates a poor prognosis.
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INTRODUCTION
Oral and oropharyngeal cancers are major neoplasms
worldwide and accounts for most head and neck cancers.
More than 90% of malignant neoplasms of the oral cavity
and oropharynx are squamous cell carcinomas arising
from the lining mucosae with relatively rare neoplasms
arising in minor salivary glands and soft tissues.
Oral squamous cell carcinoma is a devastating disease and
remains a major threat to global public health. Oral
squamous cell carcinoma is the sixth most common
malignancy in the world and ranks as first in males in the

Indian subcontinent.1 It is a major cause of cancer
morbidity and mortality and can develop from oral
precancerous lesions such as leukoplakia and
erythroplakia.2
Early oropharyngeal cancer is asymptomatic, which
results in delayed diagnosis. Any single ulcerated lesion
persisting for more than 3 weeks should be looked in with
suspicion, and a biopsy should be performed. The
mnemonic RULE (red, ulcerated, lump, extending for 3 or
more weeks) can be used as an aid to diagnosis.2 Survival
rate of oral and oropharyngeal carcinomas after 5 years is
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≤50%. However, this can be increased when these cancers
are diagnosed at an early stage.3
Squamous cell carcinoma is common in the developing
world, mostly in older males. Now there is an increase in
in younger patients and OPSCC in women, due to human
papillomavirus (HPV) infection.
The etiology of squamous cell carcinoma is multifactorial
and strongly related to lifestyle, habits and diet
(particularly tobacco alone or in combination with betel,
and alcohol use). Other factors such as infective agents
mostly Human Papilloma Virus (HPV)may also be
implicated, especially in oropharyngeal cancer. Immune
defects or immunosuppression, defects of carcinogen
metabolism, or defects in DNA-repair enzymes underlie
some cases of SCC. Sunlight exposure predisposes to lip
cancer.
Vimentin is an intermediate filament found in
mesenchymal cells, but not in epithelial cells. E-cadherin
is a calcium dependent cell-cell adhesion molecule found
in epithelial cells and serve an important role in cell
adhesion and signalling pathways that regulate cell
proliferation, differentiation and survival. The loss of
expression of e-cadherin together with the acquisition of
vimentin expression is known to be a marker of epithelial
mesenchymal transition (EMT) changes in epithelial cells.
Adhesion molecules play a central role in the pathogenesis
and progression of malignant tumours. Therefore, it is
important to evaluate the role of cell adhesion molecule, ecadherin along with vimentin in various lesions of
oropharynx.4
The loss of expression of e-cadherin together with the
acquisition of vimentin expression is known to be a marker
of EMT changes in epithelial cells. Several reports have
shown the acquisition of mesenchymal marker vimentin in
oral squamous cell carcinomas, with the concomitant loss
of epithelial marker e-cadherin. E- cadherin is a major
constituent of the adherens junctions in the process of
EMT.4 The objectives of the study is to study the
expression of e-cadherin and vimentin in lesions of
oropharynx and to assess the sensitivity, specificity and
positive predictive value of e-cadherin and vimentin in
oropharyngeal squamous cell carcinomas against routine
H and E stained histopathological slide diagnosis.
METHODS
Our study is a descriptive study with a duration of 18
months from October 2015 to April 2017. The study was
conducted in the department of Pathology, Government
T.D. Medical College, Alappuzha. All oropharyngeal
biopsy specimen received in the department of pathology
were included in the study. Adenotonsillectomy specimens
were excluded from the study. After obtaining an informed
consent from the patient, the oropharyngeal biopsy
specimens meeting the inclusion criteria are taken for
study.

Tissue samples from the primary tumour was fixed in
formalin and then dehydrated in a series of alcohol and
xylene, followed by infiltration by paraffin wax. Section
of 4 micrometre are cut and stained with H and E for
histopathological typing and grading of tumour.
Histopathological diagnosis of the biopsy specimens are
classified into normal, mild dysplasia, moderate to severe
dysplasia, or OSCC, as described by the WHO 2005
classification.5
Immunohistochemistry (IHC) was performed on thick
sections which are made on Poly –L-lysine coated slides.
Sections were dewaxed and rehydrated, then placed in Tris
EDTA Borate buffer for antigen retrieval. Antigen
retrieval was done by heat method in pressure cooker for10
minutes followed by cooling to room temperature.
Sections were then washed in water for 5 minutes.
Endogenous peroxidase was abolished by submerging the
slides in quenching solution (30 ml 30% H2O2:300 ml
distilled water) for 20 minutes and then washed in tap
water for 5 minutes; rinsed in distilled water for 3 minutes
and kept in Tris EDTA Borate buffer for 5 minutes.
Sections were dried by wiping all around. Serum blocking
solution was added and kept for 10 minutes. Sections were
then be blotted and primary antibody added on to sections
and incubated for 1 hour in a moisture chamber; washed in
PBS for 5 minutes for 3 days. Sections were treated with
super enhancer and kept for 25 minutes. Secondary
antibody was then added and incubated for 25 minutes.
PBS wash for 2 minutes up to 3 times. Chromogen
Diamino Benzidine was added (constituted by mixing 1 ml
buffer, 50 microlitre liquid DAB) and kept for 5 minutes;
washed in PBS for 5 minutes. Sections were rinsed in
distilled water for 5 minutes; stained with Harris
Hematoxylin by 10 dips and blued for 5 minutes. Sections
were then be dehydrated, cleared and mounted with DPX.
Normal oral mucosa in the specimen acts as positive
control for e-cadherin and vimentin. Negative controls are
created by omission of primary antibody and replacement
with phosphate buffered saline.
A positive membranous with or without cytoplasmic
staining in more than 10% of neoplastic cells is considered
as positive staining for e-cadherin and any vimentin
cytoplasmic staining is account as positive for vimentin.
Immunoreactivity was semiquantitatively evaluated on the
basis of staining intensity and distribution using the
immunoreactive score.6
Immunoreactive score=intensity score × proportion
score.6,7
The intensity score was defined as
0= negative; 1= weak; 2= moderate; or 3= strong, and the
proportion score was defined as 0= negative; 1= <10%;2=
11–50%; 3= 51–80%; or 4= >80% positive cells.
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The total score ranged from 0 to 12.
The immunoreactivity was divided into three groups on the
basis of the final score: negative immunoreactivity was
defined as a total score of 0, low immunoreactivity was
defined as a total score of 1–4, high immunoreactivity was
defined as a total score >4.
Statistical analysis
All statistical analysis were carried out using Statistical
package for social sciences (SPSS).

in age group 7, 2 cases were in age group 1 and only 1 case
was in age group 2. Out of three moderate to severe
dysplasia cases one case was each in age groups 2,4 and 5.
No moderate to severe dysplasia cases were seen in age
groups 1,3,6 and 7. Out of 2 mild dysplasia cases, one case
was seen in age group 1 and the other in age group 3. No
cases of mild dysplasia was seen among other age groups.
Out of 16 benign / normal cases, no case was seen in age
group 7, 2 cases were seen in age group 1, 3 cases were
seen in age group 2, 4 cases were seen in age group 3, 4
cases in age group 4, 2 cases in age group 5 and only one
case in age group 6.

Sensitivity = true positive / (true positive + false negative),
Specificity=true negative / (true negative + false positive),
Positive predictive values = true positive / (true positive +
false positive)
Negative predictive values = true negative / (true negative
+ false negative) of each.
RESULTS
A total of 108 oropharyngeal biopsy specimens were
received from the Surgery, ENT and OMFS departments.
8 were inadequate specimens. Hence, they were excluded
from the study. A total of 100 cases which met the
inclusion criteria were included in the study and analysed.
The mean age in our study was 61 years ranging from 20
years – 90 years.
Cases were divided into 7 age groups-group 1 ranging
from 21-30 years, group 2 ranging from 31-40 years, group
3 from 41-50 years, group 4 from 51-60 years, group 5
from 61-70 years, group 6 from 71-80 years and group 7
from 81-90 years. There were 5 cases in group 1 (5%), 5
cases in group 2 (5%),13 cases in group 3 (13%), 25 cases
in group 4 (25%), 34 cases in group 5 (34%),12 cases in
group 6 (12%) and 6 cases in group 7 (6%).
In our study out of the 100 cases, 76 cases were males and
24 cases were females. Among this, 24 females, 15 were
OPSCC cases and 9 were benign/normal cases. Among the
76 males 64 were OPSCC cases, 3 were moderate to severe
dysplasia cases, 2 were mild dysplasia cases and 7 were
benign / normal cases.

The expression of e-cadherin and vimentin in
benign/normal mucosa, in lesions with mild dysplasia,
moderate - severe dysplasia and in OPSCC were analysed.
Out of 79 cases of OPSCC, 70 showed vimentin positivity
and 9 showed vimentin negativity. Among 3 cases of
moderate-severe dysplasia, 2 showed vimentin positivity
and 1 was vimentin negative. Out of 2 cases of mild
dysplasia, both 2 were vimentin negative and out of 16
benign cases 2 were vimentin positive and 14 were
vimentin negative.
Table 1: sensitivity and specificity of vimentin against
routine H and E stained slide diagnosis.

Vimentin
positive
Vimentin
negative

OPSCC

Benign/normal

70 (a)

2 (b)

9 (c)

14 (d)

Out of 79 cases of OPSCC, 15 were e-cadherin negative,
27 showed low membraneous positivity, (that is
immunoreactivity score between 0-4) and 37 cases showed
high membraneous positivity (that is immunoreactivity
score more than 4).
𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 = (𝑎 ÷ 𝑎 + 𝑐) × 100
= (70/70+9)×100
= 88.6%
𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦 = (𝑑 ÷ 𝑏 + 𝑑) × 100
= (14/2+14)×100

Of the total 100 specimens studied, oropharyngeal
squamous cell carcinoma was identified in 79 cases (79%),
moderate - severe dysplasia in 3 cases (3%), mild dysplasia
in 2 cases (2%) and benign / normal mucosa in 16 cases
(16%).
In our study maximum number of OPSCC were seen in the
sixth decade. Out of 79 cases of OPSCC 31 cases were in
age group 5, 21 cases were in age group 4, 11 cases were
in age group 6, 7 cases were in age group 3,6 cases were

= 87.5%
𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑖𝑣𝑒 𝑣𝑙𝑢𝑒 = (𝑎 ÷ 𝑎 + 𝑏) × 100
= (70/70+2)×100
= 97.2%
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𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑖𝑣𝑒 𝑣𝑎𝑙𝑢𝑒 = (𝑑 ÷ 𝑐 + 𝑑) × 100
= (14/9 + 14)×100
= 60.9%
Table 2: Sensitivity and specificity of e-cadherin
against routine H and E stained slide diagnosis.

E-cadherin
negative
E-cadherin
high positivity

OPSCC

Benign/normal

15 (a)

0 (b)

37 (c)

13 (d)

Table 5: Expression of E-cadherin in various lesions.

79

E
cadherin
negative
15

E
cadherin
low
27

E
cadherin
high
37

3

0

3

0

2

0

1

1

16

0

3

13

Lesions

Case

OPSCC
Moderate
to severe
dysplasia
Mild
dysplasia
Benign
/normal
40

In our study, we took 100 cases of oropharyngeal biopsies
to study the expression of the epithelial mesenchymal
transition markers like vimentin and e-cadherin and we got
88.6% sensitivity and 87.5% specificity for vimentin in
detecting OPSCC against routine H and E stained
histopathological slide diagnosis. The positive predictive
value of vimentin was 97.2% and the negative predictive
value of vimentin was 60.9%.

35
30
25
20
15
10
5

Table 3: Sensitivity and specificity of e-cadherin
against routine H and E stained.

E-cadherin
negative
E-cadherin low
positivity
Sensitivity=35.7%

OPSCC

Benign/normal

15 (a)

0 (b)

27 (c)

3 (d)

0
GROUP 1 GROUP 2 GROUP 3 GROUP 4 GROUP 5 GROUP 6 GROUP 7
CASES

BENIGN

MILD DYSPLASIA

MODERATE DYSPLASIA

OPSCC

Figure 1: Distribution of various lesions of oral cavity
in various age groups.

Specificity=100%
Positive predictive value=100%
Negative predictive value=10%
In our study the immunoreactivity of E-cadherin was semiquantitatively evaluated on the basis of staining intensity
and distribution using the immunoreactive score.

80
70
60
50
40
30
20
10
0

𝐼𝑚𝑚𝑢𝑛𝑜𝑟𝑒𝑎𝑐𝑡𝑖𝑣𝑒 𝑠𝑐𝑜𝑟𝑒
= 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝑠𝑐𝑜𝑟𝑒
× 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑠𝑐𝑜𝑟𝑒
Table 4: Expression of vimentin in various lesions.

79

Vimentin
positive
70

Vimentin
negative
9

3

2

1

2
16

0
2

2
14

Lesions

Cases

OPSCC
Moderatesevere
dysplasia
Mild dysplasia
Benign

CASES

VIMENTIN POSITIVE

VIMENTIN NEGATIVE

Figure 2: Vimentin expression in various lesions of
oral cavity.
The immunoreactivity was divided into three groups on the
basis of the final score: negative immunoreactivity was
defined as a total score of 0, low immunoreactivity was
defined as a total score of 1–4, high immunoreactivity was
defined as a total score >4.
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When we are comparing the negative immunoreactivity of
E-cadherin in OPSCC with that of high immunoreactivity
in benign /normal cases, we are getting a sensitivity of
28.8%, specificity of 100%, positive predictive value of
100% and negative predictive value of 26%.

40
35
30
25
20
15
10
5
0

E CADHERIN HIGH
E CADHERIN LOW
E CADHERIN NEGATIVE

E CADHERIN NEGATIVE

E CADHERIN LOW

E CADHERIN HIGH

Figure 3: E-Cadherin expression in various lesions of
oral cavity.

A

C

B

D

Figure 4: Biopsy. A. Squamous cell carcinoma, H and
E 40×, B. E-cadherin positive normal squamous cells,
C. E-cadherin negative squamous cell carcinoma, D.
Vimentin positive squamous cell carcinoma.
But when we are comparing the negative
immunoreactivity of E-cadherin in OPSCC with that of
low immunoreactivity in benign/normal cases, we are
getting the sensitivity as 35.7%, specificity as 100%,
positive predictive value as 100% and negative predictive
value as 10%.
DISCUSSION
The concept of epithelial and mesenchymal transition
(EMT) was first proposed by Greenberg et al.8 EMT play
a key role in tumor invasion and metastasis.9 E-cadherin
(Epitheia-cadhein) is a calcium dependent transmembrane
glycoprotein located in the epithelial tissue, is an important
cell adhesion molecule and signal transduction factor.10

Vimentin is a cytoskeletal protein, not expressed in normal
epithelial cells, but widely distributed in fibroblasts,
endothelial cells, and lymphocytes in the interstitial cells.
Several studies have found that the abnormal expression of
vimentin was also observed in a variety of epithelial
tumors, and had close relationship with differentiation,
invasion and metastasis of cancer cell.10,11
The burden of oropharyngeal carcinoma falls on men who
are elderly or black.12 The median age at diagnosis is
approximately sixty years.13 Squamous cell carcinoma is
the most common malignant neoplasm of the head and
neck. It was reported that there were 633,000 new
registered cases and 355,000 deaths in 2008 worldwide.14
There is a large geographic variability in the occurrence
and the site of origin of head and neck squamous cell
carcinoma (HNSCC), which reflects the prevalence of
tobacco and alcohol consumption, and ethnic and genetic
differences among populations.15 Data from the Kerala
Cancer Registry 2011-2012 gives the trends in oral and
pharyngeal cancers in 3 hospital based cancer registries
(RCC Thiruvanthapuram, AIMS Kochi and MCC
Thalassery) in Kerala.16 There has been statistically
significant increase in the incidence of oral and
oropharyngeal cancer in all the registries.
In spite of an ever-expanding fund of knowledge about the
etiology and pathophysiology of malignant neoplasms,
oral and oropharyngeal squamous cell carcinoma
continues to be a disfiguring and fatal disease. The 5-year
survival rate for patients with squamous cell carcinoma of
the oral cavity or oropharynx is a dismal 56%, which has
remained relatively unchanged in recent year.17 This poor
prognosis reflects the fact that most patients present with
advanced-stage disease, often making a complete cure an
unattainable goal. In fact, just 46% of oral cavity and 16%
of oropharyngeal cancers are diagnosed when there is only
local disease.18
The mean age of the 100 cases in our study was 60.11 years
with a range of 21-90 years. The percentage of OPSCC in
our study was 79%, moderate - severe dysplasia was 3%,
mild dysplasia was 2% and benign / normal mucosa
was16%. In our study maximum number of OPSCC were
seen in the sixth decade. Out of 79 cases of OPSCC 31
cases were in age group 5, 21 cases were in age group 4,
11 cases were in age group 6, 7 cases were in age group
3,6 cases were in age group 7, 2 cases were in age group 1
and only 1 case was in age group 2.
In a study by Akhtar et al, the number of malignant cases
were increased with advancing age. There were 64
premalignant and 23 malignant cases in there study 19.
Sixty-five cases (74.7%) were seen in males and 22
(25.3%) in females. Both premalignant and malignant
cases were more prevalent in males compared to females.
The majority of malignant cases (n=15; 64.2%) were seen
in the fifth and sixth decades of life while most of the
premalignant lesions (n=36; 56.4%) were seen in the
fourth and fifth decades of life.20
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Our study is in concordance with many other studies in the
facts that both premalignant and malignant cases were
more prevalent in the males and the maximum number of
malignant cases were in sixth to seventh decade (91.18%).
In a study conducted by Liu et al, there was an inverse
correlation between vimentin and E-cadherin expression in
oral squamous cell carcinoma specimens.21 The
overexpression of vimentin was closely associated with
the absence or reduced expression of E-cadherin at the
invasive front of tumours. E-cadherin , is well recognised
for its elective expression and specific roles in epithelial
cellular states.22 Vimentin expression, coupled with the
reduced or lack of E-cadherin expression, is characteristic
of cells of mesenchymal origin, whereas the reverse is true
for cells with an epithelial phenotype.23-25 These findings
support the results of previous in vivo experiments in
which vimentin expression resulted in the downregulation
of E-cadherin expression. This epithelial–mesenchymal
transition might have an important role in oral squamous
cell carcinoma carcinogenesis or progression.26-28
In the above-mentioned study by Akhtar et al most of the
premalignant lesions studied showed strong (4+)
membranous immunostaining of E-cadherin. The majority
of premalignant lesions also showed weak (1+ or 2+)
cytoplasmic immune-expression for E-cadherin. Eighty
percentage of cases of dysplasias showed strong (4+)
expression of E-cadherin and fifty percentage of cases of
carcinoma in situ showed strong (4+) immune expression
of E-cadherin. In their study, sixty percentage cases of well
differentiated squamous cell carcinoma showed moderate
(3+) staining intensity of E-cadherin and thirty percentage
cases showed strong (4+) immune-expression of Ecadherin. Only two cases of moderately differentiated
carcinomas showed strong (4+) expression of E-cadherin
but none of the cases of poorly differentiated carcinomas
showed strong (4+) expression of E-cadherin.
In majority of studies including the above study Ecadherin expression was significantly reduced in invasive
carcinomas compared to dysplasias and carcinoma
insitu.29,30 Eighty percentage cases each of dysplasias and
carcinoma in situ showed either negative or weak (1+/2+)
staining for vimentin. Seven carcinoma showed strong
(4+), staining and four cases had moderate (3+) staining.
No cases were negative for vimentin.
Our study showed positivity of different intensity of Ecadherin and vimentin expression in benign, dysplastic and
OPSCC cases. We observed a significant decrease in Ecadherin membrane expression from dysplasia to
carcinoma in situ to invasive carcinoma and a significant
increase in vimentin expression with progression of the
tumor. Loss of E-cadherin and gain of vimentin is a
hallmark of tumor progression and E-cadherin is a good
prognostic marker whereas vimentin expression indicates
a poor prognosis.31,32

In our study 70 cases (88.60%) of OPSCC expressed
cytoplasmic vimentin, whereas 2 cases (66.66%) of
moderate-severe dysplasia and 2 cases (12.5%) of benign
cases also expressed vimentin. Therefore we observed a
significant increase in vimentin expression with
progression of the tumor. We also observed a significant
decrease in E-cadherin expression from benign to
dysplastic to carcinoma. 13 benign lesions (81.25%)
showed high immunoreactivity for E-cadherin, whereas 3
cases (18.75%) showed low immunoreactivity. Fifty
percentage cases of mild dysplasia showed high
immunoreactivity for E-cadherin and the other fifty
percentage showed low immunoreactivity. Cent
percentage of moderate to severe dysplasia showed low
immunoreactivity for E-cadherin. Although the numbers
are small, we were able to identify a subset of tumours with
low E-cadherin together with high vimentin fractions.
Changes in cell adhesion molecules have an important role
in increasing the motility of tumour cells and thereby
enhancing migration and the formation of metastasis.33,34
During EMT, epithelial cells transform and attain
mesenchymal-like properties, such as loss of E-cadherin
and gain of vimentin expression.35
Limitations
In our study, the negative immunoreactivity of E- cadherin
in OPSCC was compared in 2 ways depending on whether
the immunoreactivity is high or low in benign or normal
cases. When we compare the immunoreactivity of Ecadherin in OPSCC with that of high immunoreactivity in
benign / normal cases, we got a sensitivity of 28.8%,
specificity of 100%, positive predictive value of 100 and
negative predictive value of 26%. But when we compare
with low immunoreactivity in benign/ normal cases, we
will expect less specificity. But here we are getting
sensitivity of 35%, specificity of 100%, positive predictive
value of 100% and negative predictive value of 10%.
Vimentin expression was absent in 100% mild dysplasia,
but 2 benign cases showed vimentin positivity. So, there is
no absolute absence of vimentin in benign cases.
Malignant cases showed high percentage of vimentin
reactivity.
CONCLUSION
Our study showed positivity of different intensity of Ecadherin and vimentin expression in benign, dysplastic and
OPSCC cases. We observed a significant decrease in Ecadherin membrane expression from dysplasia to
carcinoma in situ to invasive carcinoma and a significant
increase in vimentin expression with progression of the
tumor. Loss of E-cadherin and gain of vimentin is a
hallmark of tumor progression and E-cadherin is a good
prognostic marker whereas vimentin expression indicates
a poor prognosis.

International Journal of Advances in Medicine | February 2021 | Vol 8 | Issue 2 Page 251

Thankam DR et al. Int J Adv Med. 2021 Feb;8(2):246-253

ACKNOWLEDGEMENTS
We acknowledge our sincere help and support of the
technical staff of our lab in doing the H and E and
immunohistochemical staining.
Funding: No funding sources
Conflict of interest: None declared
Ethical approval: The study was approved by the
Institutional Ethics Committee
REFERENCES
1.

Carolina A, Vasconcellos O, Le Campion, Maria C,
Ribeiro B, Luiz RR et al. Low Survival Rates of Oral
and Oropharyngeal Squamous Cell Carcinoma.
International Journal of Dentistry. 2017:7-15.
2. Narayan S. Oral cancer in India: An epidemiologic
and clinical review. Oral Surg Oral Med Oral Pathol.
1990;69:325 3 .
3. Christopher
DM,
Fletcher.
Diagnostic
histopathology of tumors. 1:246-252.
4. Scully C, Bagan J. Oral squamous cell car¬cinoma:
overview
of
current
understanding
of
aetiopathogenesis and clinical implications. Oral Dis.
2009;15:388-99.
5. Barnes L, Eveson JW, Reichart P, Sidransky D.
World Health Organization. Classification of tumors.
Pathology and genetics of head and neck tumors.
IARC Press: Lyon. 2005.
6.
Danielle H Carpenter, Samir K El-Mofty and James
S Lewis Jr. Undifferentiated carcinoma of the
oropharynx: a human papillomavirus-associated
tumor with a favorable prognosis. Modern
Pathology. 2011;24:1306-312.
7. Lee JM, Dedhar S, Kalluri R, Thompson EW. The
epithelial–mesenchymal transition: new insights in
signaling, development, and disease. J Cell Biol.
2006;172(7):973-81.
8. Wong TS, Gao W, Chan JYW. Interactions between
E-Cadherin and MicroRNA Deregulation in Head
and Neck Cancers: The Potential Interplay. Hindawi
Publishing
Corporation
BioMed
Research
International. 2014:126038.
9. Greenburg G, Hay ED. Epithelia suspended in
collagen gels can lose polarity and express
characteristics of migrating mesenchymal cells. J
Cell Biol. 1982;95:333-9.
10. Krisanaprakornkit S and Iamaroon A. Epitheli¬almesenchymal transition in oral squamous cell
carcinoma. ISRN Oncol. 2012;2012:681469.
11. Kaplanis K, Kiziridou A, Liberis V, Destouni C,
Galazios G. E-cadherin expression during
progression of squamous intraepithelial lesions in the
uterine cervix. Eur J Gynaecol Oncol.
2005;26(6):608-10.
12. Zhoul J, Tao D, Xu1 Q, Gao Z, Tang D. Expression
of E-cadherin and vimentin in oral squamous cell
carcinoma. Int J clin Exp Pathol. 2015;8(3):3150-4.

13. M. G. H. Biazevic, R. A. Castellanos, J. L. F.
Antunes, and E. Michel-Crosato,Trends in oral
cancer mortality in the city of S˜ao Paulo, Brazil,
1980–2002, Cad Saude Publica. 2002;22(10):2105114.
14. S. Warnakulasuriya.Global epidemiology of oral and
oropharyngeal cancer. Oral Oncology. 2009;45(45):309-16.
15. Kerala cancer registery 2011-2012.
16. Papagerakis S, Pannone G. Epithelial-Mesenchymal
Interactions in Oral Cancer Metastasis. InTech. 2012.
17. El-Mofty SK, Lu DW. Prevalence of high-risk
human papillomavirus DNA in nonkeratinizing
(cylindrical cell) carcinoma of the sinonasal tract: a
distinct clinicopathologic and molecular disease
entity. Am J Surg Pathol. 2005;29(10):1367-72.
18. Kimple AJ, Welch CM, Zevallos JP, Samip N. Oral
Cavity Squamous Cell Carcinoma – An Overview.
OHDM. 2014;13:3.
19. Akhtar K, Ara1 A, Siddiqui SA, Sherwani RK.
Transition of Immunohistochemical Expression of ECadherin and Vimentin from Premalignant to
Malignant Lesions of Oral Cavity and Oropharynx.
Oman Med J. 2016;31(3):165-69.
20. Chandrashekar C, Natarajan J, Radhakrishnan R.
Critical biomarkers of epithelial-mesenchymal
transition in the head and neck Cancers: Journal of
Cancer Research and Therapeutics. 2014;10(3):51218.
21. Liu LK, Jiang XY, Zhou XX, Wang DM, Song1 XL,
Jiang HB. Modern Pathology. 2010;23:213-24.
22. Kokkinos MI, Wafai R, Wong MK. Vimentin and
epithelial-mesenchymal transition in human breast
cancer—observations in vitro and in vivo. Cells
Tissues Organs. 2007;185:191-203.
23. Conacci-Sorrell M, Zhurinsky J, Ben Ze’ev A. The
cadherin-catenin adhesion system in signaling and
cancer. J Clin Invest. 2002;109:987–991.
24. Woolgar JA. Histopathological prognosticators in
oral and oropharyngeal squamous cell carcinoma.
Oral Oncol. 2006;42:229-39.
25. Christiansen JJ, Rajasekaran AK. Reassessing
epithelial to mesenchymal transition as a prerequisite
for carcinoma invasion and metastasis. Cancer Res.
2006;66:8319-326.
26. Huber MA, Kraut N, Beug H. Molecular
requirements for epithelial-mesenchymal transition
during tumor progression. Curr Opin Cell Biol.
2005;17:548-58.
27. Fan HX, Wang S, Zhao H, Liu N, Chen D, Sun M, et
al. Sonic hedgehog signaling may promote invasion
and metastasis of oral squamous cell carcinoma by
activating MMP-9 and E-cadherin expression. Med
Oncol. 2014;31(7):41-44.
28. Hollier BG, Evans K, Mani SA. The epithelialtomesenchymal transition and cancer stem cells: a
coalition against cancer therapies. J Mammary Gland
Biol Neoplasia. 2009;14(1):29-43.
29. Kaur G, Carnelio S, Rao N, Rao L. Expression of Ecadherin in primary oral squamous cell carcinoma

International Journal of Advances in Medicine | February 2021 | Vol 8 | Issue 2 Page 252

Thankam DR et al. Int J Adv Med. 2021 Feb;8(2):246-253

30.

31.

32.
33.

and
metastatic
lymph
nodes:
an
immunohistochemical study. Indian J Dent Res.
2009;20(1):71-76.
Myong NH. Loss of E-cadherin and Acquisition of
Vimentin in Epithelial Mesenchymal transition are
noble indicators of Uterine Cervix Cancer
progression. Korean J Pathol. 2012;46(4):341-48.
Nijkamp MM, Span PN, Hoogsteen IJ, Kogel AJ,
Kaanders JHAM, Bussink J. Expression of Ecadherin and vimentin correlates with metastasis
formation in head and neck squamous cell carcinoma
patients. 2004;31:35-41.
Kumar V. In: Pathologic basis of disease. 1st ed.
Robins, Cortan (editors). Elsevier India. 2014;56-59.
Goldblum J, Lamps L, McKenney J, Myers J,
Ackerman L, Rosai RJ et al. In: Surgical pathology.
10th ed. St Louis: Mosby. 2011.

34. Yilmaz M, Christofori G. EMT the cytoskeleton, and
cancer cell invasion. Cancer Metastasis Rev.
2009;28:15-33.
35. Chen IC, Chiang WF, Huang HH, Chen PF, Shen
YY, Chiang HC. Role of SIRT1 in regulation of
epithelial-to-mesenchymal transition in oral
squamous cell carcinoma metastasis. Molecular
Cancer. 2014;13:254.

Cite this article as: Thankam DR, A AJ. Expression
of e-cadherin and vimentin in lesions of oropharynx.
Int J Adv Med 2021;8:246-53.

International Journal of Advances in Medicine | February 2021 | Vol 8 | Issue 2 Page 253

