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Abstract

This study investigated the expression of E-cadherin, N-cadherin, vimentin, Snaill, Slug (Snail2),
Twist, ZEB1, ZEB2, and E47 in oral squamous cell carcinoma (OSCC) and assessed their association
with clinicopathological parameters and patient survival. Immunohistochemical analysis was
performed in OSCC samples, and correlations with clinicopathological variables and survival
outcomes were evaluated. E-cadherin expression was detected in 54.5% of cases, vimentin in 39.6%,
N-cadherin in 2.5%, Snail in 59.4%, Slug in 82.4%, ZEB1 in 3%, Twist in 94.5%, and E47 in 4.2% of
tumors. Loss of E-cadherin was significantly associated with advanced clinical stage. N-cadherin
expression was linked to moderate or poor differentiation, while vimentin expression correlated with
lymph node metastasis, advanced stage, poor differentiation, recurrence, and disease-related death.
Snaill and Slug were associated with tobacco use, and Slug also with alcohol consumption. Complete
epithelial-mesenchymal transition (EMT), defined by loss of E-cadherin and vimentin expression,
was associated with poorer survival. Co-expression of vimentin and N-cadherin was linked to worse
disease-specific and overall survival. However, only clinical stage remained independently
associated with survival in multivariate analysis. In conclusion, vimentin expression is associated
with aggressive tumor behavior, and EMT-related transcription factors are linked to tobacco
exposure.
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1. Introduction

Oral squamous cell carcinoma (OSCC), the most common histopathological form of oral cancer,
is among the most prevalent cancers worldwide [1]. It has a 5-year survival rate ranging from 15% to
60%, depending on the stage of the disease, largely due to its tendency for local invasion and
metastasis, the most lethal consequence of tumor progression [2]. Epithelial-mesenchymal transition
(EMT) is a biological process in which immotile epithelial cells undergo morphological and
phenotypic changes to acquire a mesenchymal, spindle-shaped, and motile phenotype [3]. EMT plays
a crucial role in embryonic morphogenesis; although it is largely silenced in adult tissues, it can be
reactivated under pathological conditions, including carcinomas. It has been hypothesized that EMT
confers an invasive phenotype on cancer cells, enabling them to invade surrounding tissues and
eventually disseminate through blood or lymphatic vessels to form metastases [4]. However, most
evidence supporting EMT is derived from experimental models [5-8], and its role in human cancer
remains controversial [9-12]. EMT is characterized by the loss of epithelial cell junction proteins, such
as E-cadherin, and the gain of mesenchymal markers, including N-cadherin (a phenomenon known
as “cadherin switching”) and vimentin. This process has been associated with tumorigenesis, tumor
progression, angiogenesis, and immune response [13,14]. Based on the combined expression of E-
cadherin and vimentin, Wangmo et al. [15] classified EMT into three categories: (1) no EMT (E-
cadherin-positive and vimentin-negative), (2) complete EMT (E-cadherin-negative and vimentin-
positive), and (3) partial EMT (co-expression or absence of both markers). Cadherin switching is
considered a hallmark of EMT and has been associated with poor survival in several cancers,
including head and neck cancer [16]. Nevertheless, its prognostic significance in OSCC remains
controversial [13,15,17].

The completion of EMT requires activation of a genetic program that not only represses E-
cadherin expression but also induces mesenchymal gene expression. A recent meta-analysis has
identified several key genes involved in EMT induction [18], and cigarette smoking has been shown
to promote EMT through upregulation of EMT-related genes [19]. Zinc finger proteins Snaill (Snail)
and Snail2 (Slug), Twist, E47, and zinc finger E-box-binding homeobox 1 and 2 (ZEB1 and ZEB2) are
transcription factors capable of inducing EMT (EMT-TFs) [20,21]. However, their roles in OSCC
progression remain unclear. These factors suppress E-cadherin expression, primarily through
promoter methylation or through the upregulation of EMT-related transcriptional regulators [16]. In
addition, Twist upregulates N-cadherin expression [20], while Snail promotes the expression of
mesenchymal genes such as vimentin, thereby enhancing tumor invasiveness. The basic helix-loop-
helix transcription factor E47 is also an EMT inducer, capable of regulating the transcription of
fibronectin and cytokines such as tumor necrosis factor Alpha [22].

The aim of this study was to investigate the expression of E-cadherin, N-cadherin, vimentin,
Snaill, Slug (Snail2), Twist, ZEB1, ZEB2, and E47 in OSCC, and to analyze their relationship with
clinicopathological parameters and patient survival.

2. Results

2.1. Immunohistochemical Analysis of EMT Markers in OSCC

E-cadherin expression was detected in 89 (54.5%) cases, vimentin in 65 (39.6%), and N-cadherin
in 4 (2.5%) OSCC samples. Five cases were not evaluable for N-cadherin, and two cases for E-cadherin
and vimentin. Regarding transcription factors, Twist was predominantly expressed in the nuclei of
tumor cells, Snaill in both the cytoplasm and nucleus, and Slug mainly in the cytoplasm (Figure 1).
Snaill expression was observed in 98 (59.4%) tumors, Slug in 136 (82.4%), ZEB1 in 5 (3%), Twist in
155 (94.5%), and E47 in 7 (4.2%). In contrast, ZEB2 expression was not detected in any case. One case
was not evaluable for EMT transcription factor analysis (except for Twist, for which two cases were
not evaluable). Figure 1 shows representative immunostaining patterns of E-cadherin, N-cadherin,
vimentin, Snaill, Slug, ZEB1, Twist, and E47 in OSCC.
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Figure 1. Representative immunohistochemical staining of a panel of EMT markers (E-cadherin, vimentin, N-
cadherin, ZEB1, Snaill, Slug, Twist, and E47) in OSCC.

A statistically significant association was found between loss of E-cadherin expression and
vimentin expression (p = 0.004). E-cadherin expression was also significantly associated with Snaill
(p =0.04) and Slug (p < 0.0001). Significant associations were observed between Snaill and Slug (p <
0.0001), as well as between Slug and vimentin (p = 0.04). In addition, Slug expression was significantly
associated with Twist expression (p < 0.0001), and ZEB1 expression was associated with E47
expression (p < 0.0001).

2.2. Associations with Clinicopathological Variables and Prognosis

Table 1 summarizes the associations between EMT markers and clinicopathological
characteristics. Loss of E-cadherin expression was significantly associated with advanced clinical
stage (X2 test, p = 0.03). N-cadherin expression was significantly associated with moderately or poorly
differentiated tumors (Fisher’s exact test, p = 0.01).

Vimentin expression was significantly associated with the presence of neck lymph node
metastasis (p = 0.002), advanced clinical stage (p = 0.001), moderate or poor tumor differentiation (p
=0.001), tumor recurrence (p = 0.009), and death due to the index cancer (p = 0.001). Regarding EMT-
related transcription factors, Snaill expression was significantly associated with male sex (p = 0.02)
and tobacco use (p = 0.01). Slug expression was significantly associated with tobacco use (p = 0.04)
and alcohol consumption (p = 0.02), and inversely associated with tumor classification (p =0.001) and
clinical stage (p = 0.002). No significant associations were observed between ZEB1, Twist, or E47
expression and the clinicopathological variables analyzed (Table 1).
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Table 1. Expression of E-cadherin, N-cadherin, and vimentin and their associations with clinicopathological
variables in the cohort of 165 OSCC patients.

Snaill (%) Slug (%) Zeb1 (%) Twist (%) E47 (%)
Variable ) r ) r ) r ) ) p
) *) *) @ @
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Deadof 20(43) "% 15025 %V 65072 10 5(7)93 62 048 (3 (0ay 04
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2.3. Survival Analysis

At the last follow-up (range: 1-221 months), 67 patients (40.4%) had died due to the index cancer.
The mean and median follow-up times were 62.6 (SD: 53.6) and 59.0 months, respectively. The 5- and
10-year disease-specific survival (DSS) rates were 61% and 53%, respectively, with a mean survival
time of 132.7 months (95% CI: 116.5-149.0).Tumor classification (T1-2 vs. T3-4), lymph node status
(NO vs. N+), and clinical stage (I-1I vs. III-IV) were significantly associated with survival (p <0.0005;
HR =3.9, 3.8, and 4.3, respectively).
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Kaplan-Meier analysis showed that patients with positive vimentin expression had significantly
poorer DSS (p =0.001; HR = 2.18; 95% CI: 1.34-3.55) (Figure 2A) and OS (p = 0.001; HR = 1.77; 95% CI:
1.16-2.71) (Figure 2B).
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Figure 2.A. Disease specific cumulated survival according to vimentin expression among 165 OSCC patients.

Log-rank statistics is depicted.
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Figure 2.B. Overall cumulated cumulated survival according to vimentin expression among 165 OSCC patients.
Log-rank statistics is depicted.
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Similarly, N-cadherin expression was associated with poorer DSS (p = 0.01; HR = 3.63; 95% CI:
1.13-11.65) (Figure 2C) and OS (p = 0.01; HR = 3.29; 95% CI: 1.03-10.54) (Figure 2D).
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Figure 2.C. Disease specific cumulated survival according to N-cadherin expression among 165 OSCC patients.
Log-rank statistics is depicted.

10 N-Cadherin

—Negative
Positive

08

06

04

Overall cumulated survival

02

p=0.01

0.0

Months

Figure 2.D. Overall cumulated survival according to N-cadherin expression among 165 OSCC patients. Log-
rank statistics is depicted.

Neither E-cadherin nor any of the EMT transcription factors analyzed showed significant
associations with survival.Based on EMT classification, 63 tumors (38%) showed no EMT, 64 (39%)
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partial EMT, and 38 (23%) complete EMT. EMT status was significantly associated with advanced
clinical stage (p = 0.001), poorer differentiation (p = 0.03), and death due to the index cancer (p =
0.04).Kaplan-Meier and Cox analyses revealed that complete EMT was associated with poorer
survival (mean survival: 90.2 months; p = 0.014; HR =2.18; 95% CI: 1.17-4.06) compared with no EMT
(153.9 months). In contrast, partial EMT was not significantly associated with disease-specific
survival compared with either no EMT (p = 0.14) or complete EMT (p = 0.24) (Figure 2E).

1.0

EMT

=~ No EMT

I Complete EMT
—Partial EMT
0.8

0.6

0.4

Disease-specific cumulated survival

0.2

0.0

Months

Figure 2.E. Disease specific cumulated survival according to EMT classification among 165 OSCC patients. Log-

rank statistics is depicted.

Multivariate Cox analysis including vimentin and N-cadherin demonstrated that only vimentin
remained an independent predictor of poor DSS (p = 0.001; HR =2.21; 95% CI: 1.36-3.60) and OS (p
= 0.005; HR = 1.83; 95% CI: 1.20-2.80).A second multivariate model including clinical stage and
vimentin expression showed that both variables were independently associated with DSS (clinical
stage: p < 0.0001; HR = 3.86; vimentin: p = 0.04; HR = 1.66). However, for OS, only clinical stage
remained significant (p < 0.0001; HR = 2.66), whereas vimentin did not reach statistical significance
(p =0.09).

3. Discussion

OSCC treatment largely relies on clinicopathological parameters such as age, tumor grade, and
stage, but these factors do not reliably predict tumor aggressiveness. Despite therapeutic advances,
prognosis for advanced-stage OSCC remains poor [23], highlighting the need for biomarkers that
improve prognostic accuracy and guide therapy.

E-cadherin, a key molecule for cell-cell adhesion in epithelial tissues, is frequently
downregulated in cancer, while N-cadherin is upregulated during epithelial-mesenchymal transition
(EMT), a process associated with tumor progression [24,25]. Loss of E-cadherin may result from
promoter hypermethylation, somatic or germline mutations, or transcriptional repression by factors
such as Snail, Slug, Twist, or Zebl [25]. In our study, E-cadherin was expressed in 54.5% of OSCC
cases, whereas N-cadherin expression was rare (2.5%). E-cadherin expression correlated with earlier
clinical stage but not with other clinicopathological features or overall survival. Loss of E-cadherin
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expression during EMT may result from promoter hypermethylation, somatic or germline mutations,
or upregulation of transcriptional repressors such as Snail, Slug, Twist, or Zeb1 [26]. In the present
study, E-cadherin expression was observed in 54.5% of OSCC cases, whereas N-cadherin expression
was detected in only 2.5%. E-cadherin expression was significantly associated with earlier clinical
stages but not with other clinicopathological features or patient survival.Previous studies have
reported inconsistent associations between E-cadherin and patient outcomes.Kumar et al. [23] linked
its loss to reduced disease-free survival, while a meta-analysis by Lorenzo-Pouso et al. [27] associated
E-cadherin overexpression with improved survival. However, some studies found no significant
relationship between E-cadherin expression and clinicopathological variables in OSCC [4,24,26,28-
31], whereas others reported that E-cadherin loss associates with advanced disease [23]. N-cadherin
is absent in normal oral epithelium, and cadherin-switching may occur during EMT [32]. However,
Hashimoto et al. [33] found that a reduction in E-cadherin expression is associated with OSCC
progression but not with cadherin switching. Similarly, Upko et al. [29] showed in oropharyngeal
squamous cell carcinoma that cadherin expression is unrelated to histopathological grade, metastasis,
and prognosis, and Nieman et al. [34] established that E-cadherin replacement in malignant cells did
not affect the aggressive phenotype. Our study found that E-cadherin expression decreases with
tumor dedifferentiation, while N-cadherin expression slightly increases from well- to moderately or
poorly differentiated OSCC, though its low frequency suggests that cadherin switching may not
reliably indicate EMT in OSCC. Experimental and clinical studies have similarly indicated that
neither N-cadherin expression nor cadherin switching plays a decisive role in OSCC progression or
metastasis [14,29,33,35]. Variability among studies may result from differences in antibodies, scoring
systems, sample sizes, and patient populations. Additionally, E-cadherin expression may vary
depending on tumor location and ethno-geographical factors [36].

Vimentin, a type III intermediate filament protein, regulates cytoskeletal organization and focal
adhesion stability, promoting invasiveness and metastasis [37]. In our cohort, vimentin was
expressed in 39.6% of tumors and significantly associated with lymph node metastasis, advanced
clinical stage, poorer differentiation, recurrence, and worse prognosis. Notably, vimentin was the
only EMT marker strongly linked to both lymph node metastasis and histological grade. Poor
differentiation is a hallmark of OSCC aggressiveness, and our results confirmed an association with
EMT markers, such as vimentin and N-cadherin, which aligns with previous literature [23]. Although
poorly differentiated tumors may express mesenchymal markers due to disorganized gene
expression rather than true EMT [9,12], our findings highlight the role of vimentin in OSCC
progression. By combining E-cadherin and vimentin expression, tumors were categorized as no EMT,
partial EMT, or complete EMT [15]. Complete EMT was associated with the poorest survival.
Interestingly, although partial EMT has been proposed as a highly metastatic phenotype [25], our
results showed that complete EMT was associated with the worst prognosis. Kaplan-Meier analysis
confirmed that advanced stage, lymph node metastasis, vimentin expression, and complete EMT
significantly reduced survival, with multivariate Cox analysis identifying clinical stage as an
independent prognostic factor.

The Snail/Slug, Twist, Zeb, and E47 families regulate E-cadherin expression [38-40], repress
epithelial markers, and promote mesenchymal traits [16]. In this study, Snaill was expressed in 59%
of cases and was associated with male sex and smoking status but not other clinicopathological
parameters. Slug expression was detected in 82.4% of tumors and correlated with smoking, alcohol
use, smaller tumor size, and early stage, suggesting a context-dependent role. Slug also contributes
to EMT regulation and treatment resistance in head and neck cancers [36].

Smoking may promote EMT via nicotine-induced oxidative stress and activation of EMT-related
pathways [41]. Nicotine-treated tumor cells show increased Snail and vimentin expression and
decreased E-cadherin [42], supporting a role for tobacco in driving a more invasive phenotype [43].
In our study, smoking was associated with increased expression of Snaill and Slug, supporting this
hypothesis. Other transcription factors, including Zeb1, E47, and Twist, showed low expression and
no significant associations, reflecting EMT’s dynamic and context-dependent nature [44-46]. Thus,
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expression of EMT-related genes and their regulating transcription factors is highly heterogeneous —
even within a single entity, between patients, in different lesions from one patient, and among
individual cancer cells within one lesion [47,48], prompting some authors to refer to it as epithelial—-
mesenchymal plasticity (EMP) [47,49].

This study’s retrospective design is a limitation, potentially introducing bias.
Immunohistochemistry provides a static snapshot of EMT, and TMA analysis may not fully capture
spatial heterogeneity, limiting assessment of differences between tumor edges and the bulk of the
tumor [50].

4. Materials and Methods

4.1. Patients and Tissue Specimens

Surgical tissue specimens from 164 patients with histologically confirmed OSCC who
underwent curative surgical treatment at the Hospital Universitario Central de Asturias between
March 1, 2000, and December 31, 2010, were retrospectively collected in accordance with institutional
review board guidelines. All procedures were conducted in accordance with the Declaration of
Helsinki and approved by the Institutional Ethics Committee of the Hospital Universitario Central
de Asturias and the Regional Ethics Committee of the Principado de Asturias (approval date: May
14, 2019; approval number: 136/19; project P119/01255). Due to the retrospective nature of the study,
the requirement for written informed consent was waived. The inclusion criteria were: (i) diagnosis
of OSCC and (ii) radical resection of the primary tumor with simultaneous neck lymph node
dissection. Tumor staging was determined according to the 8th edition of the AJCC Cancer Staging
Manual.

Clinicopathological data were obtained from medical records, as summarized in Table 2.

Table 2. Clinical and pathological characteristics of the cohort of 165 OSCC patients selected for study.

. o N-cadherin(%) Vimentin (%)
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Non-smoker (45)
55(63) 33
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79099) 1(Q) (27)
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Clinical status
at the end of 69 (70) 29
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Alive 67 (41) 34(51) 35(49) 0.28 63(96) 34 030 30 (45) 36 0.001
Dead of (55)

index cancer

Tissue specimens were provided by the Principado de Asturias BioBank (PT17/0015/0023), part
of the Spanish National Biobanks Network. Representative tumor areas from the 164 OSCC cases
were selected from archival formalin-fixed, paraffin-embedded blocks for the construction of tissue
microarrays (TMAs).

4.2. Immunohistochemistry (IHC)

TMA blocks were sectioned into 3-pum-thick slices and mounted on Flex IHC microscope slides
(DakoCytomation, Glostrup, Denmark). Sections were deparaffinized in xylene and rehydrated
through graded alcohols to water. Antigen retrieval was performed using EnVision Flex Target
Retrieval Solution (pH 9) for 20 minutes at 95°C in a PT Link system (Dako).

Immunostaining was performed at room temperature using an automated staining system
(DakoAutostainer Plus, Dako) with the following primary antibodies: mouse monoclonal anti-E-
cadherin (Clone 36, BD Biosciences, #610181; 1:4000); mouse monoclonal anti-N-cadherin (Novus
Biologicals, #13A9 NBP1-48309; 1:100); mouse monoclonal anti-vimentin (Clone RV202, Abcam,
#ab8978; 1:200); mouse monoclonal anti-Snaill (L70G2, Cell Signaling Technology, #3895; 1:200);
rabbit monoclonal anti-Snail2/Slug (C19G7, Cell Signaling Technology, #9585; 1:200); mouse
monoclonal anti-Twist (10E4E6, Abcam, #ab175430; 1:500); mouse monoclonal anti-ZEB1 (Clone
CL0151, Novus Biologicals, #NBP2-52866; 1:200); rabbit monoclonal anti-ZEB2 (Novus Biologicals,
#NBP1-82991; 1:200); and rabbit polyclonal anti-E47 (TCF3; Invitrogen, Thermo Fisher, #PA5-84553;
1:200). Detection was performed using the DakoEnVision Flex+ visualization system with
diaminobenzidine as chromogen. Negative controls were prepared by omitting the primary
antibody. Sections were counterstained with hematoxylin. IHC results were independently evaluated
by three observers (HET-R, VB-L, and JPR), blinded to clinical data. Biomarker expression was
classified as present or absent. A binary scoring system based on staining intensity was used: negative
(no staining) or positive (presence of cytoplasmic or nuclear staining, depending on the biomarker,
in tumor cells).

4.3. Statistical Analysis

Statistical analyses were performed using IBM SPSS for Windows (version 27.0.1; IBM Corp.,
Armonk, NY, USA). Clinicopathological characteristics were summarized as absolute frequencies,
percentages, means, and medians. Associations between clinicopathological variables and protein or
transcription factor expression were assessed using the 2 test or Fisher’s exact test, as appropriate.
Disease-specific survival (DSS) was defined as the interval from the date of treatment completion to
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death due to the tumor. Patients alive at the last follow-up or who died from other causes were
censored. Overall survival (OS) was defined as the time from treatment to death or last follow-up.

Survival curves were estimated using the Kaplan-Meier method and compared using the log-
rank test. Hazard ratios (HRs) with 95% confidence intervals (Cls) were calculated using univariate
and multivariate Cox proportional hazards models. All tests were two-sided, and p-values < 0.05
were considered statistically significant.

5. Conclusions

Vimentin expression plays a critical role in OSCC progression and poor clinical outcomes. The
combination of vimentin positivity and E-cadherin loss identifies a high-risk subgroup. The
association between tobacco use and EMT transcription factors suggests a mechanistic link between
smoking and tumor invasiveness. These findings emphasize the clinical relevance of EMT in OSCC.
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