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Abstract:

Background: Oral squamous cell carcinoma (OSCC) is a significant global health concern, especially in
regions like the Indian subcontinent. The process of EMT, characterized by the loss of E-cadherin and gain of
Vimentin, plays a crucial role in cancer metastasis and progression. Understanding the expression patterns of
these markers can provide insights into the mechanisms behind EMT and OSCC progression. This study aimed
to evaluate the expression of Vimentin and E-cadherin in different grades of premalignant and malignant oral
lesions also determine the relationship between the expression of these markers and epithelial-mesenchymal
transition (EMT).

Material and Methods: The cross-sectional study was conducted in the Department of Pathology at Maharani
Laxmi Bai Medical College, Jhansi, from April 2023 to March 2024. The study included 100 cases of biopsies
and resected specimens from patients with clinically diagnosed premalignant or malignant lesions of the oral
cavity. Samples were fixed, processed, sectioned, and stained using Hematoxylin and Eosin. The expression of
E-cadherin and Vimentin was assessed through immunohistochemistry.

Results: E-cadherin expression was found to be lower in older age groups and significantly associated with
malignant lesions. High Vimentin expression was more common in older and middle-aged groups and was also
significantly associated with malignant lesions. Statistical analysis revealed a significant relationship between
marker expression and clinical characteristics such as age and diagnosis, with p-values <0.004 for age and
<0.001 for malignant versus premalignant lesions.

Conclusion: The study indicates a potential inverse relationship between marker E-cadherin and Vimentin
expression and different grades of dysplagia and OSCC. Lower E-cadherin expression and high Vimentin
expression correlates with advancing age and malignancy. These findings support the role of EMT in OSCC
progression and highlight the importance of E-cadherin and Vimentin as biomarkers for evaluating the
malignancy potential of oral lesions.

Keywords: E-cadherin, Vimentin, Epithelial-Mesenchymal Transition (EMT), Oral Squamous Cell Carcinoma
(OSCC), Premalignant Lesions.
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Introduction

All clinical presentations that have a high death rate, oral squamous cell carcinoma (OSCC) is

probability of malignancy relative to healthy tissue
are considered potentially malignant diseases.[1]
Premalignant  (precancerous) lesions are
morphologically changed tissues where the risk of
oral cancer is higher than in their apparently normal
counterparts due to tobacco usage, human
papillomavirus exposure, and betel nut chewing.

Approximately 3% of all cancers are oral cavity
cancers, which is a serious global health issue. [2,
3] Premalignant diseases of the oral cavity are the
root cause of many oral SCCs. [4, 5] With a high
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the most frequent cancer affecting the oral cavity
and is the sixth most common cancer globally.

Globally, there were 377,713 new cases and
177,757 fatalities recorded in 2020; this is an
increase from 354,864 new cases and 177,384
deaths in 2018. [6,7,8] At an estimated yearly
incidence of 75,000-80,000 new cases, OSCC is
the most prevalent cancer among women and the
most common among males in India [9, 10]. Oral
squamous cell carcinoma most frequently occurs on
the tongue, soft palate, lower lip, floor of the
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mouth, and gingivo-buccal sulcus [11]. The two
biggest risk factors for oral squamous cell
carcinoma (OSCC) are alcohol and tobacco use
[12]. It is more common in the Indian subcontinent
to be linked to long-term usage of tobacco and
areca nuts.[13] Because so many patients come
with advanced disease stage and regional lymph
node metastases, the overall 5-year survival rate is
roughly 50%, making it a worldwide health burden
even with the introduction of better diagnostic and
therapeutic techniques [14—16]. Understanding the
fundamental mechanism underlying the metastatic
dissemination of oral squamous cell carcinoma is
crucial for the development of anticancer
treatments.

Tumor invasion is the initial phase in the complex
and dynamic process of tumor metastasis, which
involves multiple variables. EMT may result in a
decline and loss of epithelial cell adhesion as well
as the phenotypic characteristics of interstitial cells,
which enhances tumor cell migration and
invasiveness while also offering a possible
explanation for the mechanism of tumor metastasis.

There are significant differences in the
morphological traits, degree of cell differentiation,
and biological behavior of tumor cells, which are
more objective to assess recurrence and prognosis
of the tumor. Bryne proposed the tumor invasive
front (ITF) theory, which refers to the tumor host
junction in the forefront of the three to six layers of
tumor cells or dispersed cell group [17, 18].

The CDHI1 gene, which is found on chromosome
16g21, encodes e-cadherin. An essential cell
adhesion molecule and signal transduction factor,
E-cadherin (Epitheia-cadhein) is a calcium-
dependent transmembrane glycoprotein found in
epithelial tissue. It can control the formation of
protein complexes attached to the actin
cytoskeleton in conjunction with beta-catenin
formation, which can prevent and reduce tumor cell
adhesion. Numerous studies have demonstrated that
a decrease in tumor differentiation and an increase
in the likelihood of metastatic dissemination occur
when epithelial E-cadherin expression is lost,
indicating a function for E-cadherin in tumor
invasiveness and metastasis [19, 20].

Vimentin is a type III intermediate filament protein
generally found in mesenchymal cells.[21]
Vimentin is a cytoskeletal protein that is
abundantly expressed in interstitial cells by
lymphocytes, fibroblasts, and endothelial cells but
not in normal epithelial cells. Vimentin expression
has been found to significantly correlate with a
number of OSCC prognostic variables, including
tumor size, clinical stage, regional lymph node
metastasis, local recurrence, and poor survival[13].
Epithelial mesenchymal transition (EMT) markers
have the potential to significantly enhance patients'
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quality of life and cancer-free longevity by
facilitating early detection and management of
OSCC during its premalignant stage.[22]

The expression of vimentin and E-cadherin in oral
squamous cell carcinomas is investigated in this
work, and the possible contribution of the
epithelial-mesenchymal transition to invasiveness
is explored.

Material and Methods

The cross-sectional study was conducted in the
Department of Pathology, Maharani Laxmi Bai
Medical College, Jhansi (U.P.) from April 2023 to
March 2024, after approval from the Institutional
Ethical Committee. The study consists of 100
cases, including biopsies from various sites of the
oral cavity. Samples were obtained from
Department of ENT. Patients presenting with oral
lesions that have been clinically diagnosed as either
precancerous or cancerous were included in the
study. Clinically appearing benign lesions and
cases with inadequate material were excluded from
the study.

Tissue preparation

To fix the tissues, 10% buffered formalin was
utilized. Next, using an automated histokinette, the
tissues were treated in several grades of alcohol and
xylol. Sections of 4 micron thickness were cut from
paraffin blocks and stained with H&E. Suitable
blocks were identified for IHC.

Primary Antibodies: Primary antibodies that were
particular to the targets of interest were treated with
the tissue sections. The CONFIRM anti-Vimentin
(V9) primary antibody and the VENTANA anti-E-
cadherin mouse monoclonal primary antibody were
applied, and they were incubated for 16 minutes at
37°C. The staining procedure is made more
specific by the primary antibodies' binding to the
appropriate antigens (Vimentin and E-cadherin) in
the tissue sections.

Secondary Antibody Application: Following the
incubation of the main antibody, sections were
incubated for 8 minutes at 37°C with a secondary
antibody. This antibody binds to the primary
antibody, forming a complex that can be observed
using an enzymatic reaction.

Eight drops of DAB (3,3'-diaminobenzidine)
chromogen and one drop of DAB H202 were
added, and the mixture was incubated for eight
minutes to develop the color. A DAB enhancer
(copper sulfate) was used to heighten the staining,
and the sections were incubated for four minutes.
This can boost the chromogenic signal and provide
a staining that is more pronounced and sharp.
Following DAB treatment, the sections were
washed with xylene to get rid of any remaining
staining reagents and water, and then
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counterstained for 20 minutes with hematoxylin.
DPX, a synthetic resin mountant, was used to finish

the mounting.

Grading of E-cadherin immunostaining was based
on the proportion of cells stained [19]; 1: < 10%
positive cells; 2: 10 to 50% positive cells; 3: >50 to
80% positive cells; and 4: > 80% positive cells. E-
cadherin grading was also assessed according to
staining intensity [19, 23]. Staining levels range
from O (absent) to 1 (weak), 2 (moderate), and 3
(strong). Vimentin was graded according to the
stain intensity [21]. No staining (0), mild staining
(1+), moderate staining (2+), marked staining (3+),
and strong and diffuse (4+).

Statistical analysis: The statistical software, SPSS
26.0, was used to conduct the analyses. The
association between the IHC markers for vimentin
and E-cadherin was evaluated using bivariate
analysis, which included the chi-square test and
Fisher's exact test. A significant level of p-value <
0.05 was taken into consideration.

Results

e-ISSN: 0975-1556, p-ISSN: 2820-2643

The study comprised 100 cases of oral cavity
biopsies from patients ranging in age from 28 to 79
years. The mean age of the cases was 50.68 years,
and 96% of the cases were from individuals who
were older than 30 years. There were 27 female
cases and 73 male cases among these. According to
the classification of lesion types, 29% of lesions are
premalignant, and 71% are malignant. In this study,
individuals with premalignant and malignant
lesions were shown to be prevalent in both rural
and urban settings. Many sites, including the buccal
mucosa, dorsum of the tongue, gingivobuccal
sulcus, lateral border of the tongue, lip,
retromolartrigone, hard palate, and floor of the
mouth, are affected in both male and female
patients; however, the most frequently affected
sites in both malignant and premalignant lesions
are the buccal mucosa and lateral border of the
tongue.

The most common type of substance addiction
among people over 50 is tobacco usage. Individuals
in the middle age group, notably those aged 31 to
50, are more likely to mix their use of alcohol,
tobacco, and smoking (table 1).

Table 1: Association between substance abuse and age in premalignant and malignant oral cavity lesions

Premalignant Malignant
Substance Abuse Age grou Age grou

<30 31-50 >50 Total <30 31-50 >50 Total

years years years years years years
Tobacco 1(10.0) | 3(30.0) | 6(60.0) | 10 0(0.0) 10(47.6) | 11(52.4) | 21
Smoking 0(0.0) 2(100.0) | 0(0.0) 2 0(0.0) 1(333) [2(66.7) |3
Alcohol 0(0.0) 0(0.0) 0(0.0) 0 0(0.0) 0(0.0) 2(100.0) | 2
Tobacco + Alcohol 0(0.0) 3(100.0) | 0(0.0) 3 0(0.0) 7(583) |5M17) |12
Tobacco + Smoking 1(33.3) | 0(0.0) 2(66.7) |3 0(0.0) 8(57.1) | 6(429) | 14
Smoking + Alcohol 1(20.0) | 4(80.0) | 0(0.0) 5 0(0.0) 3(375) |5(625) |8
Tobacco + Alcohol + | 1(16.7) | 3(50.0) | 2(33.3) | 6 0(0.0) 6(54.5) | 5@55) | 11
Smoking

The degree of E-cadherin expression and the lesions' malignancy were strongly correlated. The findings indicate
that premalignant lesions are more likely to have high E-cadherin expression, while malignant lesions are more
likely to have low or negative expressions. As lesions advance from premalignant to malignant stages, this
pattern suggests a possible decrease in E-cadherin expression (table 2).

Table 2: E-cadherin expression in oral cavity lesions

E-cadherin expression Premalignant (n=29) Malignant (n=71) p- value
Low (Total Score 1-4) 7(13.5) 45(86.5) <0.001
High (Total Score >4) 22(45.8) 26(54.2)

A possible correlation between elevated expression of Vimentin and malignancy in lesions of the oral cavity is
shown by table 3. Vimentin expression is generally absent in premalignant lesions but more commonly present

in malignant ones.

Table 3: Vimentin expression in oral cavity lesions

Vimentin expression Premalignant (n=29) Malignant (n=71) p- value

0 19 (63.3%) 11(36.7%)

1+ 9(26.3%) 25(73.5%)

2+ 1(5.6%) 17(94.4%) <0.001

3+ 0(0.0%) 8(100.0%)

4+ 0(0.0%) 10(100.0%)
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All dysplasia severities combined show a considerable number of patients with high E-cadherin expression. In
severe dysplasia, low E-cadherin expression is more prevalent; in mild and moderate dysplasia, it is nonexistent.
E-cadherin expression indicates a considerable correlation between the degree of dysplasia and its severity, with
a statistically significant connection (p-value = 0.007) (table 4).

Table 4: E-cadherin Expression in Premalignant Lesions by Dysplasia Severit

E-cadherin Expression Mild Dys- | Moderate Severe  Dys- | Total P - value
plasia (n=09) | Dysplasia plasia (n=14) (n=29)
(n=06)
High (Total Score >4) 9 6 7 22 0.007
Low (Total Score 1-4) 0 0 7 7 )

Premalignant lesions primarily lack vimentin expression; most instances exhibit no staining at all dysplasia
severities. Only moderate and severe dysplasia exhibits mild to moderate staining, indicating that vimentin
expression in premalignant lesions is low initially but rises with severity of dysplasia. (Table 5).

Table 5: Vimentin Expression in Premalignant Lesions by Dysplasia Severity

Vimentin Expression Mild Dysplasia | Moderate Dyspla- | Severe Dysplasia | Total P val-
(n=9) sia (n=6) (n=14) (n=29) ue

0 (No Staining) 9 5 5 19

1+ (Slight Staining) 0 1 8 9

2+ (Moderate Staining) | 0 0 1 1 0.025

3+ (Marked Staining) 0 0 0 0

4+ (Strong and Diffuse | 0 0 0 0

Staining)

There is a statistically significant correlation (p- study demonstrate a possible inverse association

value = 0.047) between the expression of E- between these markers and the degree of

cadherin and the different grades of oral squamous differentiation in OSCC by demonstrating a

cell carcinoma. A substantial association between concomitant drop in E-cadherin expression and an

vimentin expression and OSCC grade is shown by increase in  vimentin expression as the

a p-value of less than 0.001. The findings of the differentiation of OSCC declines (table 6).

Table 6: Grades of OSCC with E-cadherin and Vimentin expression

Grades of oscc

Variable Groups Well Moderate Poor Total p-value
E- cadherin expression Low 27 14 4 45 0.047
High 11 15 0 26
Vimentin expression 0 9 2 0 11 <0.001
1+ 20 5 0 25
2+ 5 12 0 17
3+ 4 3 1 8
4+ 0 7 3 10
Sahay et al. International Journal of Pharmaceutical and Clinical Research
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Figure 1: (A) Mild dysplasia, (B) Moderate dysplasia, (C) Severe dysplasia, (D,E,F) E-cadherin
expression in different grades of dysplasia, (G,H,I) Vimentin expression in different grades of dysplasia

Figure 2 : (A) WD Oral squamous cell carcinoma,(B)- MD Oral sq
squamous cell carcinoma (D,E,F) E-cadherin expression in different grades of OSCC, (G,H,I) Vimentin
expression in different grades of OSCC
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Discussion

The aggressiveness and high metastatic potential of
oral squamous cell carcinoma (OSCC) represent a
major worldwide health burden [24].
Comprehending the role of molecular markers like
Vimentin and E-cadherin in the pathogenesis of
OSCC has become essential for clarifying the
mechanisms behind tumor growth and treatment
resistance [25]. 90% of head and neck cancers are
squamous cell carcinomas, which begin in the oral
cavity, according to published research [26,27, 28].
Similar to our analysis, a study by Balasundaram P.
et al. (2014) reported that the mean age was 44
years and that there was a male predominance [19].
The results of Thankappan S. et al. (2024) [29]
show similar results. The majority of patients in the
study by Faiz SM et al. (2018) came from the 26—
50 year age range, and 55.29% of the cases were
male[30].

The lateral border of the tongue (26.7%) and buccal
mucosa (38.0%) discovered in malignant lesions
were found in this study. These findings were
similar to those of Yamakanamardi B et al.'s study
from 2023, which indicated that the tongue (21.0%)
and buccal mucosa (48.0%) were the most common
sites in malignant lesions [31]. According to a 2019
study by Talukdar L, the buccal mucosa is the most
often occurring site in 46.51% of cases of
malignant lesions [32].

According to this study, the most frequent risk
factor for the development of malignant and
premalignant lesions is tobacco use. Similar
observation noted by Khanna S et al (2012) ,
Palliya SA et at (2019) and Taruna et al (2023)[33-
35]. This suggests a decrease in E-cadherin
expression as lesions progress from premalignant to
malignant stages, supporting the findings of
Yamakanamardi B. et al (2023), who observed
reduced E-cadherin in malignant oral lesions [31].
Other similar studies are Kalaimani G. et al
(2023.) and Silva AD et al. (2017) [36-38]
Vimentin expression is generally absent in
premalignant lesions but more frequently present in
malignant ones, suggesting a potential association
between increased Vimentin expression and
malignancy in oral cavity lesions. Vimentin
expression was more common in malignant lesions,
with a significant proportion showing positive
expression (84.5%) (p<0.001). Our findings are
consistent with those of Mogre S et al. (2022), who
observed heightened Vimentin expression in OSCC
and its contribution to EMT [39].

Inverse relationship between expression of E-
cadherin and Vimentin markers are strongly
correlated with different severities of dysplasia.
These findings are similar with the studies of Kafil
Akhtar et al. (2016) in which opposite pattern of
expression of both the markers was significantly
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associated with grades of dysplasia with p=0.025
and p=0.013 respectively [40]. Both Myong et al.
(2012) and Fernandez A et al. (2011) observed a
strong inverse relationship between E-cadherin and
Vimentin expression, with Myong et al. reporting a
statistically significant correlation (p<0.001). [41,
42]

The relationship between OSCC grades and the
expression of E-cadherin (p=0.047) and Vimentin
(p<0.001). Well-differentiated OSCC exhibited
high E-cadherin and low Vimentin expression,
while poorly differentiated OSCC showed the
opposite pattern. This inverse relationship between
both markers expression in OSCC grades is
consistent with the findings of Liu K.L. et al.
(2009) and Puneeta N. et al.(2022), Ali AN et al
(2023) reported similar trends in their study on
OSCC (p<0.01) [43,36,44]. Nguven et al [2011]
utilized the immunohistochemical technique to
validate the elevated presence of N-cadherin, which
is linked to the metastasis and invasion of cancer
cells in HNSCC patients [45]. Nijkamp et al (2011)
research found that when E-cadherin expression is
reduced in HNSCC, the cancer cells are more likely
to spread (metastasize) to other parts of the body.
[46].

Conclusion

Vimentin and E-cadherin are both useful
biomarkers for determining the aggressiveness of
OSCC and dividing up patient risk. These
biomarkers provide information about tumor
behavior that is essential for early diagnosis and
individualized therapy planning. Comprehending
the regulatory mechanisms that oversee these
indicators offers prospects for focused treatments
that try to reinstate E-cadherin functionality or
obstruct EMT pathways, consequently potentially
reducing tumor invasiveness and enhancing patient
results.

According to the study's findings, E-cadherin and
vimentin play important roles in the progression of
OSCC and are important targets for treatment.
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