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Background: Oral submucous fibrosis (OSF) is a persistent oral mucosal condition that carries an elevated risk of
undergoing malignant transformation. Our objective was to elucidate the involvement of epithelial-to-
mesenchymal transition (EMT) in OSF and its progression to malignancy by studying a panel of EMT markers,
thereby understanding the molecular mechanisms.

Methods: An immunohistochemical analysis was done to detect the presence of E-cadherin, N-cadherin, pan-
cytokeratin (PanCK), vimentin, a-SMA (alpha-smooth muscle actin), and CD44 in a total of 100 tissue sam-
ples. These samples comprised 40 cases of OSF, 20 cases of oral squamous cell carcinoma associated with OSF
(OSFSCCQ), and 40 cases of oral squamous cell carcinoma (OSCC). A whole transcriptomic analysis was performed
on a group of seven matched samples encompassing NOM, OSF, OSFSCC, and OSCC.

Results: We observed significantly decreased expression of E-cadherin and PanCK, while N-cadherin, vimentin,
o-SMA, and CD44 showed significantly higher expression in OSFSCC and OSCC as compared to OSF, both at
protein and RNA levels. CD44 expression was noticeably higher in OSFSCC (p < 0.001) than in OSCC.
Conclusion: Downregulation of epithelial markers with concomitant upregulation of mesenchymal and stem cell
markers suggests the potential role of EMT and stemness in accelerating the pathogenesis and malignant
transformation of OSF. The high levels of CD44 expression seen in OSFSCC indicate a high propensity for
aggressiveness and acquisition of stem-like characteristics by the cells undergoing EMT.

1. Introduction the wide disparity in the published research adds to the difficulty in

determining the actual risk of OSF undergoing malignant change.® Also,

Oral submucous fibrosis (OSF) is a chronic oral mucosal condition
characterized by epithelial atrophy, submucosal fibrosis and inflam-
mation.’ Persistent chemical irritation of the oral mucosa caused by
areca nuts among the betel quid (BQ) chewers is considered to be the
main etiological agent in the development of OSF." OSF has the potential
to undergo malignant transformation, estimated at 7-13 %.> Several
cases of OSCC are reported to be arising in the background of OSF due to
the prevalent use of betel quid.® According to two recent systematic
reviews and meta-analyses the proportion of OSF undergoing malignant
transformation globally is 5.2 % and 4.6 %, respectively.”®> However,

due to the diverse chemical components of BQ, establishing the specific
etiological factor involved is often challenging.” Though OSF is a con-
nective tissue disorder, the epithelial changes observed during malig-
nant transformation require further explanation as to whether the
changes are induced by fibrosis in connective tissue or its the cumulative
impact of areca nut on the epithelium.

The morphological alterations in OSF in the form of epithelial hy-
perplasia or dysplasia with subepithelial changes due to matrix thick-
ness may be an impending malignant phenotype of transforming OSF.%
The epithelial cells in such a milieu lose their cellular adhesion and
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polarity to acquire mesenchymal cell-like characteristics by a process
called epithelial-mesenchymal transition (EMT).”

EMT enables polarized epithelial cells to acquire mesenchymal
characteristics to promote invasion and metastasis.” The epithelial
markers E-cadherin, cytokeratin (CK), a-catenin, occludins, and claudins
are downregulated during EMT, whereas mesenchymal markers
including N-cadherin, vimentin, alpha-smooth muscle actin (a-SMA)
and fibronectin are upregulated.’

While the alteration in the expression of EMT markers in OSF is
evident, its role in oral carcinogenesis needs to be explored.'’ It has been
demonstrated in in vitro study that oral cell lines exposed to areca nuts
induce cancer stemness, EMT, and invasiveness through modulating
pluripotent stem cell regulators.'' The cells undergoing EMT acquire
stem cell-like characteristics, facilitating the dissemination, initiation,
and metastasis of tumors.'! In OSF, the transition from atrophic to hy-
perplastic or dysplastic epithelium may be a consequence of reactivation
of basal cell stemness eventually triggering malignant transformation.

Some authors indicate that OSCC arising from OSF is clinically more
invasive with a greater potential for metastasis and recurrence than
conventional OSCC.'® On the contrary, others claim that OSCC in the
background of OSF tends to be less aggressive, having fewer neck
metastasis, with less extracapsular spread, and histologically well
differentiated.'* However, analyzing the OSCC developed in patients
previously diagnosed with OSF remains a challenge due to the chronic
clinical course of the disease and the poor patient compliance in India
resulting in loss of follow-up.® Hence we studied the expression of EMT,
stem cell markers and myofibroblast markers in OSF, OSCC associated
with OSF (OSFSCC), and OSCC to decipher the molecular mechanism
involved in the malignant potential of OSF.

2. Materials and methods
2.1. Clinical specimen collection

A total of 100 clinical tissue specimens of OSF (n = 40), OSCC (n =
40) and OSFSCC (n = 20) were obtained at the time of surgical resection
from the Department of Oral and Maxillofacial Surgery, Manipal College
of Dental Sciences, Manipal, India. Normal oral mucosa (NOM) speci-
mens (n = 20) were obtained from healthy individuals who visited the
department for minor surgical procedures. The study included patients
with clinically diagnosed and histopathologically confirmed cases of
OSF, OSCC, and OSCC with the coexistence of OSF (OSFSCC). Histo-
logically diagnosed cases of OSCC with concomitant occurrence of OSF
were categorized under the group of OSFSCC, while those without OSF
were regarded as OSCC. The patients diagnosed with other oral poten-
tially malignant disorders and OSF coexisting with other oral mucosal
pathology and any other type of oral malignancies were excluded from
the study. Institutional Ethics Committee approval was obtained (IEC
No. 200/2018) before the commencement of the project. Informed
consent was obtained from all the patients complying with the rules and
regulations of the IEC. Routine tissue processing protocols were
employed to formalin-fix and paraffin-embed (FFPE) the tissue biopsies.

2.2. Immunohistochemistry

Immunohistochemistry (IHC) was performed on 4 pm-thick sections
of FFPE tissues on APES (3-aminopropyltriethoxysilane)-coated slides.
The tissue sections were deparaffinized and rehydrated before antigen
retrieval in TRIS-EDTA buffer (pH - 9) at 110 °C for 5 min using a
decloaking chamber (NxGen; Biocare Medical, CA, USA). Endogenous
peroxidase was blocked with 3 % H»0 in distilled water. The sections
were incubated with primary antibodies against CDH1 (1:1000 dilu-
tion), Clone: HECD-1, ThermoFisher Scientific, Rockford, USA), CDH2
(1:1000 dilution, Clone: 5D5, ThermoFisher Scientific, Rockford, USA),
VIM (Prediluted, Clone: V9, PathnSitu Biotechnologies, CA, USA), KRK4
(1:1000 dilution, Clone: C11, ThermoFisher Scientific, Rockford, USA),
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ACTA2 (1:1000 dilution, Clone: 1A4 (asm-1), ThermoFisher Scientific,
Rockford, USA) and CD44 (1:1000 dilution, Clone: 156-3C11, Thermo-
Fisher Scientific, Rockford, USA) for 1 h at room temperature. The
sections were then incubated with a prediluted primary target binder
(PolyExcel Target Binder, PathnSitu Biotechnologies, CA, USA) followed
by incubation with the secondary antibody (prediluted PolyExcel Poly
HRP, PathnSitu, California, USA). The chromogenic detection was
developed with diaminobenzidine (DAB), counterstained with Mayer’s
hematoxylin, and finally dehydrated, cleared, and mounted with DPX
(dibutyl phthalate xylene).

2.3. Evaluation of immunohistochemical staining

The IHC images were captured using a bright-field microscope
(Olympus BX21, Tokyo, Japan) equipped with a DP20 camera
(Olympus, Tokyo, Japan). The light and camera settings were kept at
constant settings using DP2-BSW-1 (Olympus, Tokyo, Japan) software.
The images were captured at 10x, 20x, and 40x magnifications.

The evaluation and scoring of the cytoplastic staining of vimentin
and PanCK was done using ImageJ software with the IHC Profiler plu-
gin.'® Image J subjects the images to color deconvolution to generate
two separate images of DAB and hematoxylin stain. The plugin then
generates a histogram profile of the DAB image that corresponds to the
number counts of pixel intensity and grades it semi-quantitatively as
high positive (+3), positive (+2), low positive (+1), or negative 0)."°
The scores were quantified using the formula, IHC optical density score
= (percentage of high positive x 4+ percentage of positive x 3 + per-
centage of low positive x 2 + percentage of negative x 1)/100, as pre-
viously described.®

The immunomembrane'” plugin was used to evaluate the membra-
nous staining of E-cadherin, N-cadherin, and CD44. The plugin marks
the cell membrane based on completeness of staining as Red for com-
plete and strong membranous staining and Green for incomplete or
weak membranous staining. It generates the immune membrane (IM)
score by summing the membrane completeness score and intensity
score. The IM score was used to quantitatively analyze the membranous
staining. The a-SMA expression was analyzed based on the positivity for
myofibroblasts and the distribution pattern as previously described.'®

2.4. Whole transcriptome sequencing

Additional tissue samples of NOM (n = 2), OSF (n = 2), OSCC (n = 2),
and OSFSCC (n = 1) were collected for whole transcriptome sequencing.
Total RNA from the clinical specimens for RNA-seq was isolated using
the mirVana™ miRNA Isolation Kit (Cat. No. AM1560, Invitrogen,
Carlsbad, CA, US) according to the manufacturer’s instructions. Library
preparation was performed using NEBNext RNA Ultra II (NEB #E7775,
Massachusetts, US). Briefly, cytoplasmic and mitochondrial ribosomal
RNA was removed using biotinylated, target-specific oligos and rRNA
removal beads, followed by purification and first-strand cDNA synthesis
using random hexamers. Subsequent second-strand cDNA synthesis was
performed and followed up with USER enzyme (NEB #m5508, Massa-
chusetts, US)-based digestion to preserve the functional strand that maps
to the DNA strand from which it was transcribed. Enrichment and
indexing were carried out in a limited-cycle PCR followed by AMPure
bead (Beckman Coulter, Inc.) purification to prepare a cDNA library for
sequencing. The prepared libraries were sequenced on an Illumina
HiSeq4000/X to generate 60 M, 2x150 bp paired end reads per sample.
A quality check (>Q30) and preprocessing of raw data were carried out
using Trimmomatic and Bowtie2. Preprocessed data were aligned to the
human reference genome (hg19) using HiSAT2, raw read counts map-
ped to Ensembl IDs were obtained by feature counts, and normalized
FPKM (fragments per kilobase of transcripts per million mapped reads)
values were calculated.
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2.5. Statistical analysis

All statistical analysis were performed using the Statistical Package
for Social Sciences (SPSS) version 20.0 (IBM Corp., Armonk, NY, USA).
Comparison-of expression between the groups was performed using one-
way ANOVA followed by post hoc Tukey’s test or Kruskal-Wallis test. A p
value of <0.05 was considered statistically significant. Data visualiza-
tion of the whole transcriptome sequencing was performed to assess the
expression pattern of the selected six markers using the ggpubr package
in the R program (R Core Team (2021). R: A language and environment
for statistical computing. R Foundation for Statistical Computing,
Vienna, Austria. URL https://www.R-project.org/).

3. Results

3.1. Loss of E-cadherin and gain of N-cadherin during the onset of
malignancy

E-cadherin and N-cadherin were found in the cell membranes of
epithelial and stromal endothelial cells. In NOM, membranous staining
was seen for both E-cadherin and N-cadherin in the basal, suprabasal,
and spinous layers. In most cases, E-cadherin expression in OSF was
found in the basal and suprabasal layers. However, in 20 % of cases,
expression in the basal layer was lost. N-cadherin showed similar
staining in the basal and suprabasal layers, extending to the spinous
layer in OSF. E-cadherin and N-cadherin in OSFSCC and OSCC presented
with membranous staining of the central and peripheral cells of the
tumor islands, except for the keratinized areas (Fig. 1).

E-cadherin expression was significantly decreased, while N-cadherin
exhibited significantly increased expression in OSF as compared to NOM
(p < 0.05, p < 0.001). The immunoreactivity of E-cadherin was signif-
icantly lower in OSCC than in OSFSCC (p < 0.001) and OSF (p < 0.05).
N-cadherin showed significantly higher reactivity in OSCC than in OSF
(p < 0.001) but did not show a significant difference with OSFSCC
(Fig. 2A and B). On assessing among different histological grades, E-
cadherin showed decreased, while N-cadherin exhibited increased
expression corresponding to the histological grade in OSF and OSCC
(Figs. 3 and 4A, B).

E-cadherin

Vimentin
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3.2. Epithelial to mesenchymal shift during the OSF to malignant
progression

Vimentin exhibited cytoplasmic staining in a few epithelial cells,
while all the fibroblasts in the stroma showed positivity. Homogenous
staining of vimentin in the subepithelial and deeper layers of the con-
nective tissue stroma with varying intensity was observed (Fig. 1). NOM
did not express vimentin in the epithelial cells. OSF cases (12.5 %)
showed staining of vimentin in the basal and suprabasal layers. In
OSFSCC (30 %) and OSCC (37.5 %), only the peripheral cells of the
tumor islands showed staining for vimentin. Immunostaining for
vimentin showed a statistically significant increase in OSFSCC (p <
0.05) and OSCC (p < 0.05) compared to OSF (Fig. 2E). Vimentin
expression significantly increased in advanced cases of OSF but did not
show a significant difference between histological grades of OSFSCC and
OSCC (Figs. 3 and 4E).

The a-SMA showed positivity for myofibroblasts and endothelial
cells in the stroma. a-SMA staining for myofibroblasts was categorized
into focal, spindle, and network patterns. OSF showed a predominant
network (27.5 %) pattern, while OSCC showed a spindle (17.5 %)
pattern (Fig. 2F). An increase in a-SMA positivity was noted in OSF (30
%) and OSCC (32.5 %). Different grades of OSF exhibited a similar
distribution of myofibroblasts, but there was an increase in positivity for
myofibroblasts with higher grades of OSCC (Figs. 3 and 4F).

Pan-cytokeratin (PanCK) stained the cytoplasm of epithelial and
stromal endothelial cells. In OSF, the basal layer did not show PanCK
positivity. PanCK immunoreactivity was observed in the central cells of
tumor islands in OSFSCC and OSCC, whereas the peripheral cells lacked
staining (Fig. 1). The immunoreactivity of PanCK decreased in OSFSCC
(p < 0.001) and OSCC (p < 0.001) compared to that of OSF (Fig. 2D).
Different histological grades of OSCC showed no significant difference in
expression for PanCK (Figs. 3 and 4D).

3.3. Immunoexpression pattern of CD44

CD44 exhibited membranous staining in the basal and suprabasal
layers, extending up to the spinous layer in both NOM and OSF, but
showed a high intensity of staining in OSF. The OSFSCC and OSCC
presented with staining of CD44 in the central and peripheral cells of the
tumor islands but lacked staining in the keratinized areas (Fig. 1). CD44
showed significantly higher immunoreactivity in OSFCC than in OSCC

b B
N

) ] & .k
Pan-cytokeratin

Fig. 1. Immunohistochemical expression of a panel of EMT markers in NOM, OSF, OSFSCC and OSCC. The expression of E-cadherin, N-cadherin, Vimentin, Pan-
cytokeratin, CD44 and o-SMA (Alpha Smooth muscle actin) analyzed in normal oral mucosa (NOM)(x10), oral submucous fibrosis (OSF)(x20), oral squamous
cell carcinomas associated with OSF (OSFSCC)(x20) and oral squamous cell carcinoma (OSCC)(x20).
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Fig. 3. Illustrative heatmap of case-wise immunohistochemical expression of EMT markers in normal oral mucosa (NOM), oral submucous fibrosis (OSF), oral
squamous cell carcinomas associated with OSF (OSFSCC) and oral squamous cell carcinoma (OSCC). Blue color indicates low expression, whereas red color indicates
high expression.

(p < 0.001) and OSF (p < 0.05) (Fig. 2C). A significantly higher was observed to be lower in OSFSCC and OSCC than in OSF and NOM
expression of CD44 was observed in higher grades of OSCC (Figs. 3 and samples. CDH2 (N-cadherin) showed a heterogeneous expression trend
4Q). in OSF and OSFSCC compared to the NOM samples, but OSCC showed
higher expression. VIM (vimentin) and CD44 expression was higher in
OSCC than in OSFSCC, OSF, and NOM. PanCK, a cocktail mixture of
keratins (KRT4, 5, 6, 8, 10, 13, and 18), was further profiled, where all
CK’s in the cocktail showed lower expression in OSCC than in OSFSCC,

3.4. Gene expression profile of EMT and stem cell markers
The expression profile of the epithelial marker CDH1 (E-cadherin)
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OSF, and NOM except KRT8/18 (Fig. 5).
4. Discussion

Understanding the interplay between the EMT, stemness, and stro-
mal change can provide a mechanistic perception of the cumulative
effect on tumor initiation and metastasis. Studies have proven the role of
EMT in the pathophysiology of OSF, with areca nut inducing myofi-
broblast transdifferentiation of human buccal mucosal fibroblasts
(BMFs), thereby upregulating EMT and stemness factors.'*?° It is thus
imperative to elucidate how these factors influence the malignant
transformation of OSF.

EMT is activated by several signaling pathways, such as TGF-p
signaling, PI3 kinase/Akt/mTOR signaling, RTK signaling, hypoxia
signaling, Wnt signaling, matrix signaling, and the MAPK/ERK
pathway.’ These pathways bring about upregulation of transcription
factors such as zinc finger E-box-binding homeobox 1 and 2 (ZEB1 & 2),
TWIST1, lymphoid enhancer-binding factor-1 (LEF-1), SNAILI and
SNAIL2 (also known as Slug) to repress the transcription of E-cadherin to
induce EMT.’

E-cadherin showed a progressive decrease in expression from NOM
to OSF and a further decrease in OSFSCC and OSCC both at the protein
and RNA levels in the present study. About 20 % of the OSF cases
exhibited loss of E-cadherin expression in the basal layer. Hosur et al.,?!
and Chakraborti et al.,?” also reported loss of E-cadherin expression in
the basal layer in OSF, indicating impaired intercellular junctions and
initiation of the carcinogenic process in the basal epithelial layer.
Additionally, excessive collagen deposition in OSF can result in decline
of E-cadherin integrity.?” The loss of E-cadherin in OSCC was docu-
mented by Lépez-Verdin et al.,”® and Hakim et al.,”* proving the
acquisition of invasive behavior with the repression of E-cadherin.?
One possible explanation for the suppression of E-cadherin in OSF and
OSCC is the transcription factor SNAIL, which is upregulated by TGFp
and IL-6 via the TGFp-R/SMAD2/SMAD3/SMAD4 and JAK/STAT-3
pathways, respectively.?>?’ (Fig. 6A).

Non-epithelial N-cadherins are expressed by endothelial cells,
mesothelial cells, neurons, lens epithelial cells, muscle, and fibroblasts.
However, normal epithelial cells can also express traces of N-cadherin,
while tumor cells express higher levels.”” The upregulation of N-cad-
herin in epithelial cells is an indication of cadherin switching, thereby
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altering adhesive function, motility, and invasiveness.’® Thus, E-cad-
herin and N-cadherin expression is reciprocally regulated in tumor cells.
OSF exhibited a gain in expression for N-cadherin, which progressively
increased in OSFSCC and OSCC reciprocating E-cadherin expression in
our cohort. Das et al.,’ reported a similar increase in N-cadherin in OSF,
indicating the pro-EMT status of OSF. Our findings concur with those of
Angadi et al.,*® suggesting that the elevated N-cadherin expression in
OSCC implies its significant role in displacing E-cadherin from the cell
membrane, resulting in a change in cellular phenotype and predisposing
the cells to EMT. Tumor cells with upregulated N-cadherin expression
may exhibit irregular morphology and high motility, invasion, metas-
tasis and also immunity against destruction by natural killer cells.*® In
our work, OSFSCC showed higher expression of N-cadherin than OSCC,
but the difference was not statistically significant. However, the higher
expression may be suggestive of the high aggressiveness or invasive
potential of OSCC with OSF in the background. E-cadherin/N-cadherin
switching is indicative of EMT, but sometimes the change in E-cadherin
expression may be minimal, but the aberrant expression of mesen-
chymal N-cadherin would be sufficient to have an impact on cancer cell
behavior.*!

CK and vimentin expression can determine the change in epithelial to
mesenchymal phenotype. Vimentin is a cytoskeletal protein found in
mesenchymal cells but not in epithelial cells. The expression of vimentin
is considered the hallmark of EMT, which enables epithelial cells to
adopt a mesenchymal shape and acquire motility.*? Vimentin maintains
the mechanical homeostasis of cancer cells by modulating the cyto-
skeleton organization and focal adhesion stability. Cancer cells under-
going EMT are subjected to mechanical modulation by vimentin, which
makes them progressively organized to resist various stresses exhibited
by the tumor microenvironment.>> Our study showed aberrant expres-
sion of vimentin in basal cells of OSF and in the peripheral cells of tumor
islands in OSCC and OSFSCC. The vimentin expression was higher in
OSFSCC and OSCC as compared to OSF. Similar abnormal cytoplasmic
expression of vimentin was shown by Yao et al.,>* and Sawant et al.,*" in
OSF and OSCC, respectively. Although OSF is a connective tissue dis-
order, keratinocytes play a significant role in the pathogenesis of
fibrosis. Hence, aberrant vimentin expression in both epithelial and
mesenchymal components is indicative of early molecular changes
during oral carcinogenesis.”>> An elevated vimentin expression from low
to high grade of OSCC suggests its correlation to the more aggressive
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Fig. 5. Distribution of FPKM data of EMT markers across normal oral mucosa (NOM), oral submucous fibrosis (OSF), oral squamous cell carcinomas associated with
OSF (OSFSCC) and oral squamous cell carcinoma (OSCC) groups derived from whole transcriptome analysis.

phenotypes of OSCC.>>*® Vimentin is the downstream effector of
various transcription factors, such as SNAIL, TWIST, ZEB1, and C-MYC,
in various EMT signaling pathways.”” In addition to being a conse-
quence of EMT, vimentin can further promote EMT via the ERK1/2/-
SLUG axis.*® (Fig. 6B).

Cytokeratins (CKs), as intermediate filaments in epithelial cells are
crucial for cell stability, shape and intercellular signaling. CKs play a
significant role in regulating epithelial differentiation both in physio-
logical and pathological conditions. The expression of different CKs
depends on stage of differentiation and epithelial type making it an
important marker in cancer diagnosis.>® As CK expression can provide a
cue on the process of EMT, we studied the expression of PanCK. Higher
expression of PanCK was observed in OSF as compared to OSFSCC and
OSCC, suggesting that the mesenchyme-induced epithelial alterations in

68

OSF can bring about an alteration in CK expression.“’ All the CKs in the
PanCK showed decreased expression at RNA level except CK 8/18.
Upregulation of CK 8/18 is known to be associated with higher tumor
grade and poor prognosis.*! Frohwitter et al.,"’ showed higher expres-
sion of CK8/18 in transcriptome profile of OSCC, implicating that these
low-molecular-weight CKs are often expressed in high-grade malig-
nancies with a higher degree of cell cycle dysregulation.
Epithelial-mesenchymal interaction is exhibited through crosstalk
between intrinsic characteristics of the epithelium and the growth fac-
tors released by the stromal fibroblasts, which play an essential role in
epithelial differentiation and morphogenesis.”> The myofibroblastic
differentiation of cancer-associated fibroblasts (CAFs) in the tumor
stroma also plays an important role in epithelial-mesenchymal
signaling, inducing the malignant transformation and progression of
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Fig. 6. Signaling pathways regulating the EMT in oral submucous fibrosis (OSF) and oral squamous cell carcinoma (OSCC). A: Arecoline induced upregulation of
transcription factors promoting EMT. B: Interplay between the EMT and stem cell regulators in OSF progression.

epithelial tumors.”> EMT is considered to be one of the precursors
mechanism inducing myofibroblast transdifferentiation.** Myofibro-
blastic differentiation is signaled by the biomarker a-SMA. Our research
showed high a-SMA expression in OSF, OSFSCC, and OSCC. The
elevated expression of a-SMA in OSF also reflects the progression of
disease inducing alteration in the keratinocyte phenotype and predis-
posing it to malignant transformation.*® High expression of a-SMA in
OSCC reported by Smitha et al.,'® and Magsood et al.,*® confirm the role
of stromal cells in tumor invasion and progression. Further, high a-SMA
positivity of myofibroblasts in poorly differentiated OSCC is indicative
of aggressive behavior of tumor cells.

Activation of EMT involves the dissemination of cancer cells to
induce metastasis. The tumor cells exhibit high plasticity by acquiring
stem-like properties. A small subpopulation of cancer cells with stem-
like characteristics has the potential to drive tumor promotion, inva-
sion and metastasis.”’ CD44 is a transmembrane adhesion receptor for
hyaluronan (HA) involved in both physiological and pathological pro-
cesses, including cell adhesion, angiogenesis, inflammation, and tumor
development.“® Its critical role in cells undergoing EMT and acquiring
stem-like characteristics has been well established. The transcription
factors regulating EMT upregulate CD44, while the latter inversely
regulates E-cadherin expression.”’ Singh et al.,”’ demonstrated the
correlation between CD44 overexpression and OSCC progression. We
found CD44 to be overexpressed in OSF, OSFSCC, and OSCC at both the
protein and RNA levels. OSFSCC expressed considerably higher CD44
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than OSCC, suggesting the progressive role of underlying fibrosis in
inducing pluripotent effect on stem cell regulators to promote stemness
and progression to malignancy.”’ Additionally, CD44 interacts with
MMP9 on the cell surface to bring about the activation of TGFp, and ECM
degradation to promote the invasion, migration and metastasis of cancer
cells.”? The overexpression of CD44 in OSFSCC thus demonstrates its
aggressiveness and strong propensity for invasion and metastasis. The
upregulation of CD44 is regulated by the EMT transcription factors such
as TWIST, ZEB1, SNAIL, and SLUG, and mediated through
SNAIL/MT-1-MMP pathway, or src pathway that upregulates FAK and
PI3K, which in turn upregulates Akt promoting nuclear translocation of
p-catenin, resulting in EMT.”® (Fig. 6B).

Given its cross-sectional nature, this study did not entail the collec-
tion of follow-up data, which stands as one of its limitations. Yet,
exploring the involvement of different EMT markers in the progression
of OSF could provide additional insights and establish a cause-and-effect
relationship. Follow-up with OSF patients would further strengthen our
hypothesis regarding the interplay between EMT and stemness in the
malignant transformation of OSF.

5. Conclusion
EMT promotes tumor development and metastasis by facilitating the

loss of cell adhesion molecules and promoting the migratory and inva-
sive capabilities of epithelial cells. The decreased expression of E-
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cadherin and PanCK, as well as the concurrent increase in the expression
of Vimentin, N-cadherin, and a-SMA, strongly supports the role of EMT
in the etiology of OSF and its malignant transformation. The strong
potential of OSF to induce pluripotent effects on stem cell regulators and
consequently promote malignant transformation and tumor progression
is further supported by the much higher expression of CD44 in OSFSCC
than in OSCC. The ability of cells undergoing EMT to resemble stem cells
explains how CSCs might enhance tumor heterogeneity. This un-
derscores the importance of developing treatment approaches that
target CSCs and EMT to halt the growth and spread of tumors. Imple-
menting anti-EMT therapeutic strategies may serve as a foundation for
personalized medicine, effectively managing invasion and metastasis,
and overcoming chemotherapeutics resistance by reducing the activity
of CSCs.
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