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Introduction: Oral submucous fibrosis is a progressive oral mucosal condition that is characterized by inflam-
mation and persistent fibrosis. Epithelial Mesenchymal Transition is a crucial molecular event that contributes to 
tumor progression and fibrosis, with ZEB 1 and its effect on E-cadherin expression being key molecules in the 
process. Thera are no tissue level studies of these molecules in oral submucous fibrosis. 
Objective: To evaluate the immunohistochemical expression of epithelial mesenchymal transition markers E- 
cadherin and ZEB1 in oral submucous fibrosis. 
Methodology: A total of 30 cases of Oral submucous fibrosis (15 Early OSMF and 15 Advanced OSMF) classified 
based on the histopathological features were included in the study. Immunohistochemistry was done using two 
markers i.e. E-cadherin and ZEB1. The difference in the expression of E-Cadherin and ZEB1 among histo- 
pathological grades of OSMF was done by Mann-Whitney U test. 
Results: A slight reduction in the E-cadherin expression was noted in Oral submucous fibrosis but marked 
enhanced expression of ZEB1 was seen in the connective tissue of OSMF. 
Conclusion: An increase in intensity and percentage of positivity of ZEB 1 expression in connective tissue was 
observed in advanced cases as compared to early OSMF. This can be attributed to role of ZEB1 in mediating EMT 
via transdifferentiation of fibroblast into myofibroblast and thus predispose to fibrosis in OSMF.   

1. Introduction 

Oral submucous fibrosis (OSMF) is a progressive oral mucosal dis-
ease characterized by inflammation and persistent fibrosis of the sub- 
mucosal compartment.1 Oral submucous fibrosis causes significant ri-
gidity leading to difficulty in opening the mouth. It most commonly 
affects the buccal mucosa, but can involve the other parts of oral cavity 
and also occasionally extend the pharynx.1,2 It has been recently defined 
by More C and Rao N, encompassing both the clinical and histopatho-
logical features as ‘a debilitating, progressive, irreversible collagen 
metabolic disorder induced by chronic chewing of areca nut and its 
commercial preparations; affecting the oral mucosa and occasionally the 
pharynx and oesophagus; leading to mucosal stiffness and functional 
morbidity; and has a potential risk of malignant transformation”.3 The 
prevalence of OSMF ranges from 0.1 to 30 % as per a recent review and 
has been associated with smokeless tobacco and arecanut in its various 
forms.4,5 

It is widely recognized as a “potentially malignant disorder” as pa-
tients have been reported to have increased risk of developing oral 
malignancy.6 Apart from that, OSMF may be associated with several 
systemic diseases involving multiple systems adding to the morbidity 
associated with the lesion.5 

Histopathologically, it is characterized by varying degree of fibrosis 
and hyalinization of collagen fibers of underlying connective tissue 
stroma with atrophy of surface epithelium.5 The pathogenesis of OSMF 
is not clearly understood, but there is compelling evidence to suggest 
that OSMF is a result of collagen deregulation.2,7 Therefore, an increase 
in collagen formation concomitant with reduced collagen degradation is 
one of the plausible explanations for the onset of this condition.5,7 EMT 
is known to play a major role in organ fibrosis and also been implicated 
in OSMF. It has been described that the pathological changes in the 
connective tissue of OSMF are likely to affect the overlying epithelium 
and induce EMT.6,7 The inflammatory reaction antecedent to fibrosis 
and the role of EMT in fibrogenesis and malignant transformation in 
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other organs, points to the involvement of EMT in the pathogenesis of 
OSMF and its malignant transformation.7 The inflammatory cytokines 
produced in response to the inflammation may mediate the progression 
of OSMF via various EMT pathways. The membranous loss of E-cad-
herin, beta-catenin, Cytokeratin 5, and Cytokeratin 14 with an over-
whelming expression of vimentin, N-cadherin and alpha- Smooth muscle 
actin seen in OSMF further confirms the role of EMT in OSMF.7–12 ZEB1, 
a transcription factor has been associated with EMT through regulation 
of target genes via its protein binding domains, especially that of 
E-Cadherin.13–15 ZEB1, thus has a vital role in the down-regulation of 
E-cadherin, a key event predisposing to EMT.16 

An alarming complication associated with OSMF is the higher risk of 
transforming to oral squamous cell carcinoma.9,17–23 Identification of 
signature genes influencing EMT may unravel novel pathways, which 
are critical for development of fibrosis in OSMF and its progression to 
oral cancer.24–26 A thorough understanding of signaling pathways 
involved in EMT and the tumor microenvironment in OSMF and OSCC 
can pave way for newer strategies for management. Till date, there are 
only limited studies on clinical significance or co-relation between ZEB1 
and E-Cadherin in OSCC, while no studies exist on potentially malignant 
disorders of oral cavity especially oral submucous fibrosis. 

With this background, the present study aimed to evaluate the 
expression of two well-known EMT markers E-Cadherin and ZEB1 in 
OSMF. 

2. Methodology 

Following institutional ethical approval, the retrospective observa-
tional study was done using 30 paraffin embedded tissue blocks of 
clinically and histologically proven cases of Oral Submucous Fibrosis. 
The cases used in the study were retrieved from the Archives of 
Department. The study was conducted between December 2021 to 
December 2022. Three tissue sections of 4 μm each were cut from each 
block and taken onto “amino propyl triethoxysilane (APES)” coated 
slides. One slide was stained with Hematoxylin and eosin. While the 
other slides were stained Immunohistochemically using antibody 
against ZEB1 (1:100 ThermoFischer Scientific USA) and E-Cadherin 
(Pre-diluted PathnSitu) followed by detection Using PolyExcel HRP/ 
DAB Detection System Two Step Universal Kit (PathnSitu Catalogue no 
#PEH002/USA). The control slides were run with all sets of immuno-
staining which were Normal epithelium for E− Cadherin and Intrale-
sional Lymphocytes for ZEB-1. The clinical data of the cases was 
collected and tabulated from the archival registers (Table 1). In all the 
cases, the site of biopsy was from the buccal mucosa. The oral sub-
mucous fibrosis tissue sections were subdivided histopathologically into 
very early, early, moderately advanced and advanced, using criteria of 
Pindborg and Sirsat27 which is based on the type of collagen, number of 
fibroblasts, blood vessel morphology and the number of inflammatory 
cells. The very early and early OSMF were categorized as “Early OSMF” 
(15 cases) and moderately advanced and advanced OSMF into the 
category of “Advanced OSMF” (15 cases) (Fig. 1). After the slides were 
immuno-stained, they were evaluated by two oral pathologists and their 
observations were tabulated. Any disparity was assessed again in the 
penta-headed multi-viewing microscope to reach a common consensus. 
The slides were analysed on three main criteria; intensity, localization 
and percentage of positivity staining. The statistical analysis was done 
using SPSS software (IBM Corp. Released 2020. IBM SPSS Statistics for 
Windows, Version 27.0. Armonk, NY) and values of P < 0.05 were 
considered statistically significant. The difference in the expression of 
E–Cadherin and ZEB-1 in epithelium and Connective tissue in histo-
pathological grades of OSMF (early & advanced OSMF) with regards to 
intensity, location and percentage of positivity was evaluated using 
Mann Whitney Test. 

3. Results 

All the cases of OSMF showed positivity for E cadherin and ZEB1 
markers with varying intensity, percentage of positivity and location of 
staining. 

3.1. Comparison of E-cadherin expression in histopathological grades of 
OSMF by Mann-Whitney U test (Table 2) (Fig. 2) 

Intensity – In early OSMF, 5 (33 %) cases showed mild & 10 (77 %) 
cases showed intense staining. In advanced OSMF, all 15 (100 %) cases 
showed intense staining. A progressive increase in intensity from early 
to advance OSMF was observed but did not reach statistical significance 
(p-value was 0.1249). 

Location – All cases (100 %) of OSMF in both subgroups showed 
similar location i. e, membranous expression (p = 0.7716). 

Percentage – In early OSMF, 14 cases showed >50 % of positivity & 
1 case showed 1–25 % positivity. In advanced OSMF, all cases (100 %) 
showed >50 % positivity rate (p = 0.7716). 

3.2. Comparison of ZEB1 epithelial expression among histo-pathological 
grades of OSMF by mann whitney U test (Table 3) (Fig. 3) 

Intensity – In early OSMF, 11 (73 %) cases showed mild & 4 (27 %) 
cases showed intense intensity. Whereas in advanced OSMF, a similar 
staining intensity was observed mild intensity. (p-value:0.8357). 

Location – In early OSMF and advanced OSMF, almost equal cases 
showed cytoplasmic expression (12 cases) and 2 cases showed cyto-
plasmic and nuclear expression with no statistical difference in intensity 
(p-value:0.8035). 

Percentage – In early OSMF, 6 cases showed >50 % of positivity, 6 
cases showed 25–50 % positivity and 2 cases showed 1–25 % positivity 
and 1 case showed no expression. In advanced OSMF, 8 cases showed 
>50 % positivity rate, 4 cases showed 25–50 % and 3 cases showed 

Table 1 
Clinical and Histopathological features of the Oral submucous fibrosis cases.  

Sl. 
No 

Age Gender Habit Histopathological 
diagnosis 

1 33 M Areca nut chewing Early OSMF 
2 41 M Gutkha Chewing Early OSMF 
3 48 M Gutkha Chewing Early OSMF 
4 38 M Gutkha Chewing Early OSMF 
5 32 M Gutkha Chewing Early OSMF 
6 38 M Tobacco Chewing Early OSMF 
7 35 M Chewing Tobacco Early OSMF 
8 20 M Gutkha Chewing Early OSMF 
9 40 M Gutkha Chewing Early OSMF 
10 33 M Areca nut chewing Early OSMF 
11 60 M Areca nut chewing Early OSMF 
12 32 M Gutkha Chewing Early OSMF 
13 37 M Gutkha Chewing Early OSMF 
14 25 M Gutkha Chewing Early OSMF 
15 18 M Gutkha Chewing Early OSMF 
16 22 M Gutka chewing Advanced OSMF 
17 24 M Gutka chewing Advanced OSMF 
18 42 M Gutka chewing Advanced OSMF 
19 21 M Gutkha Chewing Advanced OSMF 
20 24 M Betel leaf and Areca nut 

consumption 
Advanced OSMF 

21 19 M Areca nut chewing Advanced OSMF 
22 23 M Gutkha Chewing Advanced OSMF 
23 35 M Gutkha Chewing Advanced OSMF 
24 52 M Chewing Tobacco Advanced OSMF 
25 38 M Areca nut chewing Advanced OSMF 
26 45 M Gutkha Chewing Advanced OSMF 
27 30 M Gutkha Chewing Advanced OSMF 
28 44 M Gutkha Chewing Advanced OSMF 
29 38 M Gutka chewing Advanced OSMF 
30 32 M Gutka chewing Advanced OSMF  
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1–25 % positivity rate. A slight increase in percentage of positivity from 
early to advanced OSMF was observed. Statistically significance was not 
obtained (p-value:0.7716). 

3.3. Comparison of ZEB1 connective tissue expression among OSMF 
grades using mann –whitney U test (Table 4) (Fig. 3) 

Intensity – In early OSMF, 3 (20 %) cases showed mild & 12 cases 
(80 %) showed intense intensity. Whereas in advanced OSMF, 14 (93 %) 
cases showed intense intensity and 1 (7 %) case showed mild intensity. 

Tablec2 
Comparison of E-Cadherin expression in Histo-pathological grades of OSMF by Mann-Whitney U test.  

E-Cadherin Expression Intensity Location Percentage of positivity 

0 1 2 Z- Value 0 1 2 3 4 Z- Value 0 1 2 3 Z- Value 

Early OSMF (n ¼ 15) 0 5 10 − 1.5347 0 14 0 1 0 0.2903 0 1 0 14 0.2903 
Advanced OSMF (n ¼ 15) 0 0 15 P- Value 

0.1249 
0 15 0 0 0 p- Value 

0.7716 
0 0 0 15 p- Value 

0.7716 

OSMF: oral submucous fibrosis Intensity: 0 = Negative, 1 = Mild, 2 = Moderate. 
Location: 0 = Absent, 1 = Membrane, 2 = M + C, 3 = Cytoplasm 4 = Nuclear. 
Percentage: 0 = Absent, 1 = 1–25 %, 2 = 25–50 %, 3= >50 %. 

Table 3 
Comparison of ZEB1 epithelial expression among histopathological grades of OSMF by Mann Whitney U test.  

ZEB1 expression in epithelium Intensity Location Percentage of positivity 

0 1 2 Z- Value 0 1 2 3 4 Z- Value 0 1 2 3 Z- Value 

Early OSMF (n ¼ 15) 1 10 4 − 0.2074 1 0 12 2 0 − 0.2489 1 2 6 6 − 0.5392 
Advanced OSMF (n ¼ 15) 0 11 4 P- Value 

0.8357 
0 0 13 2 0 p- Value 

0.8035 
0 3 4 8 p- Value 

0.5897 

Intensity: 0 = Negative, 1 = Mild, 2 = Moderate. 
Location: 0 = Absent, 1 = Membrane, 2 = Cytoplasm, 3 = C + N, 4 = Nuclear. 
Percentage: 0 = Absent, 1 = 1–25 %, 2 = 25–50 %, 3=>50 %. 

Table 4 
Comparison of ZEB1 connective tissue expression among OSMF grades using 
Mann Whitney U Test.  

ZEB1 expression in 
connective tissue 

Intensity Percentage of positivity 

0 1 2 Z- Value 0 1 2 3 Z- Value 

Early OSMF (n ¼
15) 

0 3 12 − 0.6014 0 1 3 11 − 0.9333 

Advanced OSMF 
(n ¼ 15) 

0 1 14 P- Value 
0.5476 

0 0 1 14 p- Value 
0.3507 

Intensity: 0 = Negative, 1 = Mild, 2 = Moderate. 
Location: 0 = Absent, 1 = Membrane, 2 = Cytoplasm, 3 = C + N, 4 = Nuclear. 
Percentage: 0 = Absent, 1 = 1–25 %, 2 = 25–50 %, 3=>50 %. 

Fig. 1. A: Hematoxylin and Eosin-stained section of Early OSMF showing hy-
perkeratosis, atrophic epithelium and inflammatory infiltrate and fibrosis sub-
epithelially (yellow arrow). B: Advanced OSMF with features of atrophic 
epithelium, dense fibrosis and compressed capillaries in the subepithelial 
component (yellow arrow) and shrunken lamina propria with muscles close to 
the epithelium. 

Fig. 2. A - Immuno-expression of E-cadherin in the epithelium (yellow arrow) 
is intense and membranous in Early OSMF (IHC, 10X) B: Immuno-expression of 
E-cadherin (yellow arrow) is intense and membranous in Advanced OSMF 
(IHC, 10X). 

Fig. 3. A - Immuno-expression of ZEB1 in early OSMF epithelium is intense and 
is cytoplamsic as well as nuclear (yellow arrow). In connective tissue, it shows 
intense expression (yellow arrow). (IHC, 10X) B: Immuno-expression of ZEB1 in 
advanced OSMF epithelium is intense and is cytoplasmic. In connective tissue, 
it shows intense expression (yellow arrow). (IHC, 10X). 
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An increase in intensity from early to advanced OSMF was observed but 
no statistical significance was observed (p-value: 0.5476). 

Percentage – In early OSMF, 11 cases (73 %) showed >50 % of 
positivity while in advanced OSMF, 14 cases (93 %) showed >50 % 
positivity rate. A slight increase in percentage of positivity in ZEB 1 
connective tissue expression was noted from early to advanced OSMF (p 
value: 0.3507). An increase in intensity and percentage of positivity of 
ZEB 1 expression in connective tissue was observed in advanced OSMF 
as compared to Early OSMF. 

4. Discussion 

Transcription factors act synergistically to bring about the epithelial 
cell reprogramming and regulation of these factors controls the 
expression of critical markers of EMT.26 Evidence suggests a cross talk 
between various signaling pathways and some studies suggest the in-
hibition of single transcription factor is enough to block EMT. EMT has 
detrimental role in the progression of fibrosis and cancer metastasis. A 
thorough understanding of signaling pathways involved in EMT and the 
tumor microenvironment in OSMF and OSCC paves way for newer 
strategies for management. Numerous invitro studies has shown asso-
ciation of markers such as E-Cadherin and ZEB1 with its involvement in 
OSMF and OSCC.27 It showed the participation of up-regulated ZEB1 
and down-regulated E-Cadherin markers with various EMT regulating 
pathways.27 The present study thus evaluates this relationship at tissue 
level using immunohistochemistry. 

E-Cadherin expression: In OSMF, the intensity, location, and per-
centage of positivity of E-cadherin expression did not alter significantly. 
Further, the intensity of E cadherin did not decrease in advanced OSMF 
as compared to early OSMF. However, studies indicate that as the OSMF 
advances, the level of E-cadherin expression declines and E-cadherin 
membranous loss in OSMF is reported in several publications.28 The 
reason for this could be that OSMF’s malignant transformation potential 
corresponds to its functional loss of epithelium and presence of 
dysplasia.28 The loss of E-cadherin in the OSMF epithelium could indi-
cate a disturbance with intercellular communication and indicates start 
of pro-carcinogenic signaling process in this epithelial layer.28 This 
could be because OSMF epithelial cells may exhibit dysplasia, which 
contributes to its malignant transformation potential. The reduced 
E-cadherin membranous expression in the epithelium has an adverse 
effect on cellular adhesiveness, cellular differentiation, and cellular 
polarity, causing cells to acquire a motility, which is a crucial factor 
associated with malignant transformation.28 

4.1. ZEB1 expression 

In epithelium: ZEB1 epithelial expression in OSMF was mildly high, 
with the majority of cases demonstrating expression in the cytoplasm of 
epithelial cells. ZEB1 is the key transcription factor of EMT and facili-
tates EMT in a number of ways, one of which is through regulating target 
genes via its protein binding domains, especially that of E-Cadherin.13,16 

Its role in activating target genes involved in acquiring the mesenchymal 
phenotype is the most likely explanation for such an increase in 
expression and relocation into the cytoplasm.16 

ZEB1 interacts with microRNAs (miRNAs) such as miR-200c and 
miR-205 to mediate multiple signaling pathways, such as wingless/in-
tegrated (Wnt), hippo pathway, TGF-β to regulate the biological pro-
cesses of inflammation, fibrosis, tumor metastasis and proliferation. The 
most frequent mechanism by which ZEB 1induces EMT related fibrosis is 
by the activation of TGF-beta pathway.29 

In Connective tissue: The stromal expression of ZEB1 reflects its 
normal expression in immune cells and/or a subset of fibroblasts. ZEB1 
expression in the stroma is similar to that found in immune cells and/or 
a subpopulation of fibroblasts.29 The presence of ZEB1 in these stromal 
cells could indicate that it has an impact on the tumor microenviron-
ment. It helps to create the tumor microenvironment by controlling the 

amounts of inflammatory cytokines like IL-6/8.29 Extracellular signals 
generated from the tumor microenvironment abnormally activate the 
EMT program in cancer cells. The EMT-promoting tumor microenvi-
ronment is made up of abnormally increased growth factors, inflam-
matory cytokines, and some intra-tumoral physical stressors like 
hypoxia. As a result, cancer cells have a collection of EMT transcrip-
tional factors (EMT-TF) activated, allowing them to directly execute 
EMT programs. In malignant cells, myocyte enhancer factor 2D 
(MEF2D) may additionally acquire microenvironment cytokines 
including EGF, IGF2, and bFGF via the MAPK or PI3K pathway.29 These 
are then translated into the ZEB1 transcriptional target genes. MEF2D is 
also an early responder gene to hypoxia, mediating hypoxia-induced 
ZEB1 expression as well as EMT.29 

Increased ZEB1 expression in stroma was most prominent in OSMF. 
These findings were in accordance with the studies reported in the 
literature. According to Shetty et al. 2020,30 ZEB1 is known to play a 
role in initiating myofibroblasts activity in “buccal mucosal fibroblasts 
(BMFs)” via its attachment to “promoter region” of alpha-SMA, leading 
to transdifferentiation of myofibroblasts and fibrosis via EMT.27–30 

Hutchinson et al. used nuclear and cytoplasmic RNA fractions from 
human fibroblasts and lymphoblasts to identify LINC00084 (nuclear 
enriched autosomal transcript 1; NEAT1), a nuclear-retained lncRNA.30 

LINC00084 is ordinarily found in paraspeckles, but when stimulated by 
inflammation-activating signals, it dissociates from the nuclear bodies 
and translocates into the cytoplasm, promoting fibrosis in illness.30 

According to Lee et al., 2021, increased LINC00084 promotes myofi-
broblast activation by sponging miR-204, which could lead to an in-
crease in ECM components and fibrosis.31 In addition, according to a 
paper by Qian et al., 2019, ZEB1 plays a vital function in initiating 
fibrogenesis via TGF-beta signaling pathways.30 

As a result, ZEB1 has been related to organ fibrosis, such as pulmo-
nary and ocular fibrosis. These findings reveal ZEB1’s role in OSMF as a 
strong inducer of fibrosis by activating Type 2 EMT and trans-
differentiation of myofibroblasts.27–30 

The increased ZEB 1 expression in the stroma of OSMF may represent 
abnormal healing reponse for microinjuries in the epithelium due to 
arecoline. The microinjuries predispose to activation of EGFR_ERK-RAS 
pathway via interaction with Smad 3 TGF beta pathway. This induces 
trans differentiation of fibroblasts into myofibroblasts via EMT by 
upregulation of ZEB1 that drives enhanced expression of α SMA. Occa-
sionally, the arecoline can directly induce αSMA to bind with ZEB1 
promoting region predisposing to EMT. This transdifferentiation of 
myofibroblast via ZEB1 mediated EMT may predispose to fibrosis in 
OSMF.27–30 

Additionally, ZEB1 being a transcriptional repressor that negatively 
regulates E− cadherin expression as evidenced in OSCC30 may predis-
pose to EMT associated carcinogenesis especially in oral squamous cell 
carcinoma arising in the background of OSMF. 

4.1.1. Strengths and limitations of the study 
This study gives an insight into the role of epithelial mesenchymal 

transition in OSMF and highlight the importance of ZEB1 as a marker for 
EMT in OSMF. This is one of the few studies to evaluate these markers at 
tissue level using immunohistochemistry, to highlight the role of ZEB 1 
in the pathogenesis of OSMF. The sample size in this study is relatively 
small and the results do not have confidence intervals. Further, we have 
not evaluated these markers in OSMF turning into OSCC which could 
have given a confirmatory insight into the malignant transformation 
potential. The results reported in this study need validation with larger 
sample size and conduct of multicentric studies could be the future scope 
of this study. 

5. Conclusion 

An increase in intensity and percentage of positivity of ZEB 1 
expression in connective tissue was observed in advanced OSMF as 
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compared to Early OSMF. This may reflect a role of ZEB1 in mediating 
EMT via transdifferentiation of fibroblast into myofibroblast and thus 
predispose to fibrosis in OSMF. ZEB1 being a transcriptional repressor 
that negatively regulates E− cadherin expression may predispose to EMT 
associated carcinogenesis and malignant transformation in OSMF. There 
is a need for further extensive studies regarding the role of ZEB1 in 
fibrosis and malignancy seen in OSMF. 
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