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1. Introduction
Squamous cell carcinoma of the oral cavity is one of the most prevalent tumors of the head
and neck region. Despite an ever-expanding fund of knowledge regarding the etiology and
pathophysiology of malignant neoplasms, oral squamous cell carcinoma (OSCC) continues
to be a disfiguring and deadly disease. For patients with squamous cell carcinoma of the oral
cavity or oropharynx, the 5-year survival is a dismal 56%, which has remained relatively
unchanged in recent years (Davis et al., 2010). This poor prognosis reflects the fact that most
patients present with advanced-stage disease, often making a complete cure a seemingly
unattainable goal. In fact, just 46% of oral cavity and 16% of oropharyngeal cancers are
diagnosed when there is only local disease (Davis et al., 2010). Despite recent improvements
in therapeutic approaches, treatment failure takes the form of local and regional recurrences,
but as disease control in these areas improves OSCC treatment failures more commonly
occur as distant metastasis. Metastatic behavior is critical to survival, since patients with oral
carcinomas that have distant disease have a five-year survival rate that is three times less
than that of patients with spread to lymph nodes (Singh and Shah, 2003).
OSCC displays a wide range of metastatic behavior that cannot be predicted by tumor size,
standard histology, or even individual gene or protein expression/activity (Singh and Shah,
2003). Despite the clinically obvious heterogeneity of OSCC, there are currently no means of
predicting individual tumor behavior (Myers, 2010). Even small primary tumors of the oral
cavity have a propensity to metastasize to cervical nodes, mandating that the majority of
patients, even those with no clinical or radiographic evidence of nodal metastases, undergo
some form of neck treatment either for staging or therapeutic purposes. Accurate prediction
of metastasis in OSCC would have an immediate clinical impact through avoidance of
unnecessary treatment of patients at low risk with appropriate direction of resources toward
aggressive treatment of patients at high risk of having metastatic disease. Additionally,
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elucidation of key pathways and molecular mechanisms in tumor metastasis may direct
therapeutic investigation and intervention.
Loss of epithelial morphology and acquisition of mesenchymal characteristics, termed the
epithelial-to-mesenchymal transition (EMT), are typical for carcinoma cells during tumor
progression and correlate with the local invasiveness and metastatic potential of the tumor
(Birchmeier et al., 1996; Hollier et al., 2009). Cancer metastasis follows a sequential series of
events, and many of the critical steps are distinctly similar to EMT-like transformations that
occur during normal embryonic development. Recently, it was proposed that carcinoma
cells, especially in metastatic sites, could acquire the mesenchymal-to-epithelial reverting
transition (MErT) in order to adapt the microenvironments (Baum et al., 2008). This chapter
explores the current status of investigations into the EMT/MErT transformations during the
OSCC progression and the potential of these studies to positively impact the clinical
management of OSCC in the future. The promise of using biomarker-based treatment
decisions has yet to be fully realized given our limited understanding of the biology of
metastatic spread in OSCC.
EMT describes a process in which epithelial cells undergo alterations in cellular architecture
(lose of their characteristic epithelial polarity), adhesion (disassemble of cell-cell junctions),
morphology (assuming a fibroblastoid mesenchymal morphology) and acquisition of
migratory and invasive capabilities (Iwatsuki et al., 2010; Maeda et al., 2005; Thiery, 2002;
Wells et al., 2008). EMT has been postulated as a versatile mechanism which facilitates
cellular repositioning and redeployment during embryonic development, tissue
reconstruction after injury, carcinogenesis, and tumor metastasis (Boyer et al., 2000; Roussos
et al., 2010). In this context, EMT, a process first appreciated by developmental biologists, is
attracting increasing attention from oncologists. Tumors are often viewed as corrupt forms
of normal developmental processes (Thiery et al., 2009). Indeed, genes that are important in
embryonic development are frequently found to be culprits in cancer. Conversely, genes
discovered for their oncogenic role are often found to be key players in embryogenesis
(Yang et al., 2008). This trend applies to the steps that initiate tumor formation. It also
applies to the cross-talk with the inflammation (Lopez-Novoa and Nieto, 2009; Yadav et al.,
2011) as well as to the steps that mediate tumor progression, including local invasion,
intravasation into circulation and, most devastatingly, metastatic development through the
establishment of secondary growths at sites distant from the primary tumor (Iwatsuki et al.,
2010; Kalluri and Weinberg, 2009). There is good evidence that EMT gives rise to the
dissemination of single carcinoma cells from the sites of the primary tumors (Wellner et al.,
2009; Wu and Yang, 2011). More generally, it has been postulated that EMT might be
involved in the dedifferentiation program that leads to malignant carcinoma. Some authors
highlight the concept of altered differentiation program leading to the loss of type-specific
epithelial differentiation markers and/or expression of typical mesenchymal-type proteins
(Thiery, 2002). The typical example is a dedifferentiated epithelial cancer showing loss of
cytokeratins and acquisition of mesenchymal markers such as Snail1, vimentin and/or
fibronectin. Among many others, commonly used molecular markers for EMT include
increased expression of N-cadherin and vimentin, nuclear localization of -catenin, and
increased production of the transcription factors such as Snail1 (Snail), Snail2 (Slug), Twist,
EF1/ZEB1, SIP1/ZEB2, and/or E47 that inhibit E-cadherin production. Phenotypic markers
for an EMT include an increased capacity for migration and three-dimensional invasion, as
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well as resistance to anoikis/apoptosis. Recent research conducted in embryonic model
system and in normal and transformed cell lines has identified several signal-transduction
pathways for EMT, and has examined the roles of a number of growth factors in inducing
EMT (Said and Williams, 2011). Recent studies have focused on better understanding the
role of cancer stem cells in EMT as it relates to tumor progression in general (Alison et al.,
2010; Fuxe et al., 2010; Martin and Cano, 2010; Raimondi et al., 2011; Takahashi et al., 2010)
and to oral, head and neck cancer in particular (Chen et al., 2011; Davis et al., 2010; Lo et al.,
2011). In this review, only few of the most important EMT players are discussed with
respect to other critical mediators and within most common pathways that promote the
phenotypic transformation. It is important to note that individual players do not work in
isolation – there is extensive crosstalk between pathways, and the effect of a given inducer
on EMT seems to be contextual.
Deregulation of several other pathways has been implicated in EMT (Boyer et al., 2000). To
name only few, transforming growth factor- (TGF- ), epidermal growth factor (EGF)
family members, fibroblast growth factors (FGF), hepatocyte growth factor (HGF), and
insulin-like growth factor (IGF) have all been shown to induce EMT in an autocrine or
paracrine manner (Baum et al., 2008). TGF- was the first EMT inducer described in normal
mammary epithelial cells by signaling through its receptor serine-threonine kinase complex
(Fuxe et al., 2010). It remains the main and the best-characterized inducer of EMT phenotype
in a variety of biological and patho-physiological conditions. TGF- has an important tumor
suppressor function at the early stage of tumorigenesis by inducing apoptosis and cell cycle
arrest. However, it acts as a positive modulator of tumor progression in the late phase of
tumorigenesis. This tumor promotional function of TGF- , which is consistent with its EMTinduction activity, plays an important role in tumor progression including invasion and
metastasis (Fuxe et al., 2010). Recent evidence indicates that the underlying mechanism of
the prognostic value of Smad (2 and 6) for overall survival in OSCC patients is the aberrant
TGF- signaling (Mangone et al., 2010). Disruption in TGF- induced Smad signaling occur
during induced hamster buccal-pouch squamous cell carcinogenesis (Chen et al., 2011).
Furthermore, the inhibition of TGF- pathway in normal human oral keratinocytes leads to
suppression of Bmi1-mediated cell senescence (Kim et al., 2010). TGF- also seems to play
an important role in the bone invasion by OSCC cells (Goda et al., 2010) as well as in the
metastatic dissemination of salivary adenoid cystic carcinoma (Dong et al., 2011). Being a
major inducer of EMT, TGF- is able to regulate the activation of other signaling pathways
besides establishing a hierarchical gene network. TGF- -mediated signaling during EMT
involves both gene expression-dependent and -independent pathways (Said and Williams,
2011). TGF- cooperates with Wnt, Hedgehog, Notch and Ras signaling pathways to induce
complete EMT. EMT signaling pathways have many common endpoints and E-cadherin is a
central target (Thiery and Sleeman, 2006).
Loss of E-cadherin: E-cadherin is emerging as one of the caretakers of the epithelial phenotype
with critical roles in adherens junctions and desmosomes (Garrod et al., 1996; Papagerakis et
al., 2009). Our groups have devoted a large number of studies on the cadherin/catenin
mediated adhesion in oral carcinogenesis (Lo Muzio et al., 2005; Lo Muzio et al., 2004; Lo
Muzio et al., 2002; Lo Muzio et al., 1999; Pannone et al., 1998; Papagerakis et al., 2011;
Papagerakis et al., 2004; Papagerakis et al., 2009) Among the mechanisms largely associated
with the metastatic conversion of epithelial cells and the EMT, the loss of E-cadherin-
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mediated cell adhesion is prominent; overall there is a trend towards a loss of E-cadherin
during carcinoma progression including the OSCC (Huber et al., 2011). E-cadherin
production is maintain in most differentiated tumors including carcinomas of the head and
neck, but there seems to be an inverse correlation between E-cadherin levels and patient
survival (Hirohashi, 1998; Kaur et al., 2009; Nguyen et al., 2011). In most cases, downregulation of E-cadherin during OSCC carcinoma progression occurs by epigenetic
mechanisms, including transcriptional repression and promoter hypermethylation (Kudo et
al., 2004). Occasionally, the E-cadherin gene is mutated leading to the absence or to the
expression of a non-functional protein (Berx et al., 1995; Yoshimura et al., 1996), however no
mutations have been reported in OSCC. In vitro, there is a direct correlation between the
lack of E-cadherin production and loss of epithelial phenotype (Behrens et al., 1989).
Acquisition of the mesenchymal phenotype has been also associated with invasive behavior
in vitro in three-dimensional collagen gels and hearts explants (Chen and Obrink, 1991) and
the partial or complete reversal of the invasive mesenchymal phenotype was observed if Ecadherin is constitutively produced (Behrens et al., 1991; Kim et al., 2000; Vleminckx et al.,
1991). Recently, it was proposed that carcinoma cells, especially in metastatic sites, could
acquire the mesenchymal-to-epithelial reverting transition (MErT) in order to adapt the
microenvironments and re-expression of E-cadherin be a critical indicator of MErT (Baum et
al., 2008; Wells et al., 2008). Among E-cadherin repressors counts Snail, considered a “master
gene” in the conversion from the epithelial to fibroblastic state, and a closely related
member of the same family, Slug, both detected at sites of EMT in vertebrates (Nieto et al.,
1994). Carcinoma cell lines that lack E-cadherin produce significant amounts of Snail, and
the transfection of E-cadherin-positive lines with Snail results in the induction of EMT and
the expression of mesenchymal markers (Batlle et al., 2000; Cano et al., 2000). There seems to
be a causal link between the production of these transcriptional repressors and the downregulation of E-cadherin during tumor progression. Snail expression was inversely
correlated with E-cadherin expression in a number of cancers including OSCC (Batlle et al.,
2000; Cano et al., 2000; Takkunen et al., 2006; Yokoyama et al., 2001). Transcriptional
repressors of the E-cadherin gene are activated downstream in these pathways, leading to
the loss of the epithelial phenotype. Given that in most advanced human tumors including
OSCC, the loss of E-cadherin might be incomplete, with foci of E-cadherin-positive
carcinoma cells mingling with negative areas, along with E-cadherin detection in metastatic
tumors, it may suggest that rather than a single-gene control it could be more likely a
general mechanism that is associated with the dedifferentiation program in which Ecadherin is lost. It is important to note that the immunohistological detection of E-cadherin
within the positive tumoral foci is not necessarily indicative of a normal function of the
protein; additional investigations are required to asses its functionality even in the presence
of an apparent normal cellular distribution. In vivo evidence of EMT in tumors can be
difficult to obtain due to the transient nature of the EMT process and may require combined
immunohistochemical staining for several EMT markers. The loss of E-cadherin in normal
epithelial cells and more importantly in carcinoma cells might deregulate cell growth,
suggesting that in addition to contributing to the maintenance of the differentiation
program, E-cadherin might also regulate cell proliferation, via activation of the Fos
oncogene (Eger et al., 2000; Reichmann et al., 1992) or by altering the ß-catenin
transcriptional activity through the Wnt signaling pathway (Gottardi et al., 2001; Stockinger
et al., 2001).
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Cadherin switching: Aberrant N-cadherin expression and E-cadherin/N-cadherin switching
(EN-Switch) have been involved in EMT. They represent an independent prognostic marker
in cancer progression; this concept has been well documented in gastric, prostate and oral
carcinomas (Gravdal et al., 2007; Kim et al., 2009; Liu et al., 2010). Furthermore, some studies
demonstrate that cadherin switching is necessary for increased motility but it is not required
for the morphological changes that accompany EMT (Maeda et al., 2005) therefore,
immunohistochemical detection should be performed in order to detect EN-Switch and the
consequent EMT in oral cancer.
Wnt signaling: Our groups have a particular interest in WNT/ ß-catenin pathway (Lo Muzio
et al., 2002; Pannone et al., 2010; Papagerakis et al., 2011). Dysregulation of the Wnt pathway
via ß-catenin is a frequent event in EMT involved in the pathogenesis of several human
cancers. In OSCC its roles still remain unclear. Although it is evident that constitutive
activation of the Wnt / ß-catenin is frequently observed in oral cancer progression, only
infrequent mutations have been found in genes encoding various components of this
pathway that are commonly mutated in other cancers (adenomatous polyposis coli APC,
(Kok et al., 2002); Axin, (Iwai et al., 2005; Rui et al., 2007); no ß-catenin mutations have been
reported in OSCC, (Lo Muzio et al., 2005). This suggests activation of this pathway by
multiple mechanisms. Furthermore, the interaction between epithelial tumor cells and the
different components of the surrounding microenvironment can locally affect the
intracellular level of Wnt/ß-catenin signaling components and differentially trigger tumor
cell stemness, EMT, invasive behavior, and metastasis (Myers, 2010).
β-catenin: has a dual role in the EMT; it enhances cell–cell adhesion when bound to cadherin
complexes in adherens junctions and also functions as a transcriptional co-activator upon
entry into the nucleus. When the WNT pathway is in resting state, cytoplasmic ß-catenin is
phosphorylated by glycogen synthase kinase (GSK)3-ß and actively degraded by a
multiprotein destruction complex that also includes casein kinase 1, APC and Axin. Thus,
the levels of free ß-catenin are kept bellow the threshold where aberrant transcriptional
activity will occur. In response to Wnt ligand binding to its specific receptor, the destruction
complex is inactivated by inhibiting the activity of GSK3-ß which results in
dephosphorylation and stabilization of ß-catenin, enabling it to accumulate within the
nucleus, where it interacts with T-cell factor 4 /lymphocyte enhancer factor (TCF4/LEF)
transcription factors to activate the transcription of Wnt target genes (Behrens et al., 1996;
van de Wetering et al., 1997). It has been demonstrated that a number of genes targeted by
nuclear ß-catenin LEF/TCF pathway plays a significant role in EMT (Table 1). Repression of
E-cadherin by Snail, Twist, or other repressors leads indirectly to expression of vimentin and
other mesenchymal gene products, partly because of -catenin/TCF–Lef1 activation. TGFis known to activate this canonical Wnt pathway; TGF- and Wnt pathway can
independently or cooperatively regulate LEF/TCF target genes (Huber et al., 2005). TGFalso directly activates the TCF–Lef1 transcription complex through tyrosine
phosphorylation of SMAD-2. It has been reported that Smad-2/4 repressed E-cadherin
transcription through TCF–Lef1 (Masszi et al., 2004; Nawshad et al., 2005). Loss of
membranous ß-catenin and E-cadherin associated with EMT have been shown to correlate
with metastatic formation and poor prognosis in multiple solid tumors and is a common
feature of OSCC (Kudo et al., 2004; Odajima et al., 2005; Tanaka et al., 2003; Wang and Ma,
2007; Williams et al., 1998). Several studies have demonstrated that cytoplasmic and nuclear
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localization of -catenin is correlated with tumor progression, invasion and metastatic
potential of OSCC (Ishida et al., 2007; Lo Muzio et al., 1999; Odajima et al., 2005; Yu et al.,
2005). Cytoplasmic/nuclear -catenin expression has also been found to significantly
correlate with EGFR expression in OSCC (Odajima et al., 2005). In addition to the change in
subcellular localization, phosphorylation of -catenin may also be associated with OSCC
progression and EMT (Tamura et al., 2003). It has been shown that tyrosine phosphorylation
of -catenin by EGFR is associated with the perturbation of E-cadherin - mediated cell
adhesion and EMT acquisition and leads to increased cell motility that are requisite for
metastatic dissemination (Hirohashi, 1998; Thiery, 2003). Furthermore, some authors have
uncovered a new EMT pathway via p68 to nuclear ß-catenin (Yang et al., 2006). Given that
EGF and TGF- also induce p68 tyrosine phosphorylation, the nuclear ß-catenin is not
simply a consequence of E-cadherin down-regulation during EMT, because phosphorylated
p68 promotes ß-catenin nuclear localization regardless of whether E-cadherin is depleted or
expressed. P68/ß-catenin axis may represent a common output for several signaling
pathways. These pathways offer additional routes to nuclear ß-catenin signaling that are
parallel to the Wnt pathway, which does not involve p68. The ability of -catenin to enhance
cadherin-dependent adhesion depends on -catenin binding to -catenin and on -catenin
binding to the cadherin (Chu et al., 2004). Phosphorylation of -catenin residue Y142
prevents -catenin interaction and enhances the binding of -catenin to BCL9-2, which is the
vertebrate homologue of the Drosophila melanogaster legless gene (Brembeck et al., 2006;
Brembeck et al., 2004). Interaction of -catenin with BCL9-2 enhances nuclear accumulation
of both proteins simultaneously decreasing cadherin-mediated adhesion and activating
catenin target gene transcription. Ectopic BCL9-2 expression is sufficient to induce EMT in
cultured cells, and siRNA-mediated BCL9-2 inactivation drives the reverse mesenchymal–
epithelial transition. Birchmeier reported that Y142 can be phosphorylated by the Met
tyrosine kinase, indicating the existence of an EMT activation pathway where Met induces
-catenin nuclear translocation by enhancing BCL9-2 interaction (Heuberger and
Birchmeier, 2010). This pathway satisfactorily links these two well known EMT regulators.
Akt pathway: Recently, activation of the Akt axis is emerging as a central feature of EMT. The
Akt family of kinases is a downstream effector of phosphatidylinositol 3-kinase (PI3K) and
is frequently activated in human epithelial cancers, including OSCC (Nakayama et al., 2001;
Testa and Bellacosa, 2001). Akt activation in OSCC was linked to aggressive clinical
behavior and the loss of histological features of epithelial differentiation (Lim et al., 2005).
Akt-induced EMT involves down-regulation of E-cadherin, which appears to result from
up-regulation of the transcription repressor Snail. Accordingly, inhibition of Akt activity
induced down-regulation of EMT-related transcription factor Snail. Akt activity is induced
by ligand stimulation of growth factor receptors such as the insulin-like growth factor-I
receptor (IGF-IR) and the EGFRs (Hong et al., 2009; Hynes and Lane, 2005). It has been
demonstrated that OSCC cells engineered to express constitutively active Akt underwent
EMT, characterized by down-regulation of epithelial markers (desmoplakin, E-cadherin, catenin) and up-regulation of the mesenchymal marker vimentin, and exhibited enhanced
tumor invasion (Grille et al., 2003). In contrast, the inhibition of Akt activity was able to
restore epithelial characteristics, deplete mesenchymal features and reduce the migratory
ability. This indicates that the inhibition of Akt activity could induce the MErT in OSCC cells
and that the gain of epithelial characteristic might be an earlier or more prominent event in
the MErT of the OSCC than the loss of mesenchymal one (Hong et al., 2009).

www.intechopen.com

379

Epithelial-Mesenchymal Interactions in Oral Cancer Metastasis

Name

Function

TNF-alpha

proinflammatory cytokine

Osteopontin

extracellular matrix protein
Oncogene involved in cell
proliferation
proto-oncogene involved in
cellular proliferation

Cyclin-D1 CCND1
c-myc

References
Cawthorn WP et al
Cell Death Differ. 2007
Phlilip S et al J Biol Chem. 2005
Cao J et al
World J Gastroenterol 2006
Cao J et al
World J Gastroenterol 2006

Splicing Factor-1
(SF-1)

Notch1

Brn2
Mitf-M

Dct

MCP-1/CCL2

regulates beta-cat gene
transactivation and
premessenger RNA splicing
activities
transmembrane receptor that
determines cell fate after its
translocation to the nucleus
where it activates gene
transcription
cell lineage-restricted genes
melanocyte-specific gene, with
critical role in cell survival,
proliferation and differentiation
melanocyte-specific gene
involved in melanoma
proliferation
CC-chemokine implicated in
tumour progression events such
as angiogenesis or tumour
associated macrophage (TAM)
infiltration
(myc binding protein)
Matrix Metalloproteinase
Metastasis

Shitashige M et al
Gastroentetology 2007

Balint K et al
J Clin Invest. 2005
Larue L, Delmas V
Front Biosci. 2006
Larue L, Delmas V
Front Biosci. 2006
Larue L, Delmas V
Front Biosci. 2006

Mestdagt M et al
Int J Cancer, 2006

CX43 (Connexin 43),

gap junctional protein

PPAR-delta

peroxisome proliferatoractivated receptor

Jung HC, Kim K Life Sci. 2005
Monaghan H.et al.
Histopathology. 2007
Husoy T et al.
Carcinogenesis. 2003
Gupta RA et al
Proc Natl Acad Sci U S A. 2000

transcription factor

Zhai Y et al. Am J Pathol. 2002

Inhibition of apoptosis
Vascular endothelial growth
factor
Membrane Type1-Matrix
Metalloproteinase

Kim PJ et al. Lancet 2003
Calviello G et al
Carcinogenesis. 2006
Calviello G et al
Carcinogenesis. 2006

MYCBP
MMP-7

ITF2 initiation
transcription factor 2
Survivin
VEGF
MT1-MMP

Table 1.
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C-met and tyrosine kinase receptors: The c-Met pathway has been implicated in the EMT
during oral carcinogenesis; activating mutations have been found in metastatic head and
neck carcinomas, but not in the corresponding primary tumors (Di Renzo et al., 2000).The
activation of several other tyrosine kinase receptors, including fibroblast growth factor
(FGF), insulin-like growth factor (IGF) and the ERBB family has been found to induce EMT
in vivo and in vitro (Valles et al., 1990). Although the Met receptor-mediated signaling
results in cell scattering, it has not been made clear whether Met signaling also has a more
permanent effect on the expression or localization of some of the effectors of EMT, such as
E-cadherin and -catenin. Recent work suggests that Met also regulates intracellular
localization of -catenin (Heuberger and Birchmeier, 2010).
Twist: The basic helix-loop-helix transcription factor Twist, a master regulator of embryonic
morphogenesis essential for initiating mesoderm development during gastrulation, was
recently added to the growing list of developmental genes with a key role in E-cadherin
repression and EMT induction, as well as metastasis (Kang and Massague, 2004; Martin and
Cano, 2010). However, there have been very few reports on the relationship of Twist with
the EMT in oral cancer cells. Hong et al (2009) reported that inhibition of Akt activity
induced down-regulation of EMT-related Twist in OSCC cells. It has been recently reported
that Twist directly regulates the stemness factor Bmi1, and that both proteins are required
for the induction of EMT and stemness in head and neck squamous cell carcinoma (Yang et
al., 2010). Twist is also induced by hypoxia showing a link between tumor
microenvironment and the expression of EMT promoting transcription factors (Yang and
Wu, 2008). Twist over-expression correlates with aggressive phenotypes and poor outcome
in HNSCC (Yang et al., 2008). Twist can be up-regulated by Wnt signaling (Howe et al.,
2003) and can bind and repress the E-cadherin promoter (Vesuna et al., 2008) in epithelial
cells. Twist confers metastatic properties to breast tumor cells and stem-like properties in
epithelial cells (Mani et al.; Morel et al., 2008; Yang et al., 2004).
Accumulating evidence demonstrates that tumor cells undergoing EMT acquire the capacity
to migrate, invade the stroma and metastasize. EMT also involves other inducers such as
matrix metalloproteinases (MMPs) and urokinase plasminogen activator which like growth
factors, may be secreted by either the tumor cells themselves or by the surrounding tumor
stromal cells. These molecules degrade the components of basal lamina leading to invasion
of the migrating cancer cells into reactive stroma and subsequently lymphatic vessels and
systemic circulation (Said and Williams, 2011). EMT cells also acquire stem cells
characteristics suggesting crosstalk between EMT and pathways involved in promoting
cellular stemness and that EMT might provide cells with both migratory and stem cells
properties. Brabletz and colleagues proposed first the idea that disseminating cancer stem
cells (CSC) represent the origin of metastasis (Brabletz et al., 2005). The experimental
evidence to support this idea was provided by Weinberg and colleagues, by showing that
cells induced to undergo EMT (by Twist/Snail/TFG- ) acquired a CD44high/Cd24low
signature, similar to a small sub-population of breast cancer stem cells that previously had
been isolated and identified to have a unique ability to form tumors in xenograft models
(Al-Hajj et al., 2003; Mani et al., 2008). Furthermore, EMT cells exhibited many properties of
stem cells (mammospheres formation, ability to differentiate into cells of different lineages
and to reconstitute a heterogenous tumor, (Mani et al., 2008). Another study reported that
cells induced to undergo EMT by Ras-MAPK activation also displayed stem-like properties
and a CD44high/CD24low signature (Morel et al., 2008). Colleagues at the University of
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Michigan first demonstrated that a CD44+ population of cells possesses the properties of
CSC in head and neck cancer (Prince et al., 2007), followed by other reports on head and
neck cancer stem cells using other markers in addition to CD44 (Clay et al., 2010;
Krishnamurthy et al., 2010; Krishnamurthy and Nor, 2011). In our recent study, we reported
increased motility of CD44high CSC from head and neck cancer which is characteristic of cells
undergoing EMT, and this may explain why, in our study, head and neck CSCs formed lung
lesions in vivo, while non-CSCs did not (Davis et al., 2010). In fact, Takahashi et al. showed
that, in EMT induced by tumor necrosis factor, the interaction between CD44 and
hyaluronan indeed mediated cell-cell dissociation, actin remodeling, and, as a result,
enhanced motility (Takahashi et al., 2010). These findings, in conjunction with our own,
suggest that cell motility and the ability to undergo EMT are some of the most important
characteristics of a metastatic cell, and it appears that CSCs may have those capabilities.
Cancer stem cells seems to localize at the invasive fronts of the head and neck squamous cell
carcinomas in the proximity of the blood vessels (Krishnamurthy and Nor, 2011) Future
studies focused on better understanding the role of CSCs in EMT as it relates to oral, head
and neck carcinomas are needed. In addition, further purification of the stemlike cell
population in HNSCC is necessary to clarify what metastatic characteristics are indeed
unique to these cells. Our laboratories are currently investigating these underlying
mechanisms. Such knowledge would allow clinicians to exploit this particular set of
attributes to target cancer cells that keep a tumor growing and allow it to spread.
Furthermore, a better understanding of the EMT/MErT transformations during the OSCC
progression will positively impact the clinical management of OSCC in the future.

2. References
Al-Hajj, M., M.S. Wicha, A. Benito-Hernandez, S.J. Morrison, and M.F. Clarke. 2003.
Prospective identification of tumorigenic breast cancer cells. Proc Natl Acad Sci U S
A. 100:3983-8.
Alison, M.R., S.M. Lim, and L.J. Nicholson. 2010. Cancer stem cells: problems for therapy? J
Pathol. 223:147-61.
Batlle, E., E. Sancho, C. Franci, D. Dominguez, M. Monfar, J. Baulida, and A. Garcia De
Herreros. 2000. The transcription factor snail is a repressor of E-cadherin gene
expression in epithelial tumour cells. Nat Cell Biol. 2:84-9.
Baum, B., J. Settleman, and M.P. Quinlan. 2008. Transitions between epithelial and
mesenchymal states in development and disease. Semin Cell Dev Biol. 19:294-308.
Behrens, J., M.M. Mareel, F.M. Van Roy, and W. Birchmeier. 1989. Dissecting tumor cell
invasion: epithelial cells acquire invasive properties after the loss of uvomorulinmediated cell-cell adhesion. J Cell Biol. 108:2435-47.
Behrens, J., J.P. von Kries, M. Kuhl, L. Bruhn, D. Wedlich, R. Grosschedl, and W. Birchmeier.
1996. Functional interaction of beta-catenin with the transcription factor LEF-1.
Nature. 382:638-42.
Behrens, J., K.M. Weidner, U.H. Frixen, J.H. Schipper, M. Sachs, N. Arakaki, Y. Daikuhara,
and W. Birchmeier. 1991. The role of E-cadherin and scatter factor in tumor
invasion and cell motility. EXS. 59:109-26.
Berx, G., A.M. Cleton-Jansen, F. Nollet, W.J. de Leeuw, M. van de Vijver, C. Cornelisse, and
F. van Roy. 1995. E-cadherin is a tumour/invasion suppressor gene mutated in
human lobular breast cancers. EMBO J. 14:6107-15.

www.intechopen.com

382

Oral Cancer

Birchmeier, C., W. Birchmeier, and B. Brand-Saberi. 1996. Epithelial-mesenchymal
transitions in cancer progression. Acta Anat (Basel). 156:217-26.
Boyer, B., A.M. Valles, and N. Edme. 2000. Induction and regulation of epithelialmesenchymal transitions. Biochem Pharmacol. 60:1091-9.
Brabletz, T., A. Jung, S. Spaderna, F. Hlubek, and T. Kirchner. 2005. Opinion: migrating
cancer stem cells - an integrated concept of malignant tumour progression. Nat Rev
Cancer. 5:744-9.
Brembeck, F.H., M. Rosario, and W. Birchmeier. 2006. Balancing cell adhesion and Wnt
signaling, the key role of beta-catenin. Curr Opin Genet Dev. 16:51-9.
Brembeck, F.H., T. Schwarz-Romond, J. Bakkers, S. Wilhelm, M. Hammerschmidt, and W.
Birchmeier. 2004. Essential role of BCL9-2 in the switch between beta-catenin's
adhesive and transcriptional functions. Genes Dev. 18:2225-30.
Cano, A., M.A. Perez-Moreno, I. Rodrigo, A. Locascio, M.J. Blanco, M.G. del Barrio, F.
Portillo, and M.A. Nieto. 2000. The transcription factor snail controls epithelialmesenchymal transitions by repressing E-cadherin expression. Nat Cell Biol. 2:76-83.
Chen, W.C., and B. Obrink. 1991. Cell-cell contacts mediated by E-cadherin (uvomorulin)
restrict invasive behavior of L-cells. J Cell Biol. 114:319-27.
Chen, Y.K., S.H. Yang, A.H. Huang, S.S. Hsue, and L.M. Lin. 2011. Aberrant expression in
multiple components of the transforming growth factor-beta1-induced Smad
signaling pathway during 7,12-dimethylbenz[a]anthracene-induced hamster
buccal-pouch squamous-cell carcinogenesis. Oral Oncol. 47:262-7.
Chu, E.Y., J. Hens, T. Andl, A. Kairo, T.P. Yamaguchi, C. Brisken, A. Glick, J.J. Wysolmerski,
and S.E. Millar. 2004. Canonical WNT signaling promotes mammary placode
development and is essential for initiation of mammary gland morphogenesis.
Development. 131:4819-29.
Clay, M.R., M. Tabor, J.H. Owen, T.E. Carey, C.R. Bradford, G.T. Wolf, M.S. Wicha, and M.E.
Prince. 2010. Single-marker identification of head and neck squamous cell
carcinoma cancer stem cells with aldehyde dehydrogenase. Head Neck. 32:1195-201.
Davis, S.J., V. Divi, J.H. Owen, C.R. Bradford, T.E. Carey, S. Papagerakis, and M.E. Prince.
2010. Metastatic potential of cancer stem cells in head and neck squamous cell
carcinoma. Arch Otolaryngol Head Neck Surg. 136:1260-6.
Di Renzo, M.F., M. Olivero, T. Martone, A. Maffe, P. Maggiora, A.D. Stefani, G. Valente, S.
Giordano, G. Cortesina, and P.M. Comoglio. 2000. Somatic mutations of the MET
oncogene are selected during metastatic spread of human HNSC carcinomas.
Oncogene. 19:1547-55.
Dong, L., Y.X. Wang, S.L. Li, G.Y. Yu, Y.H. Gan, D. Li, and C.Y. Wang. 2011. TGF-beta1
promotes migration and invasion of salivary adenoid cystic carcinoma. J Dent Res.
90:804-9.
Eger, A., A. Stockinger, B. Schaffhauser, H. Beug, and R. Foisner. 2000. Epithelial
mesenchymal transition by c-Fos estrogen receptor activation involves nuclear
translocation of beta-catenin and upregulation of beta-catenin/lymphoid enhancer
binding factor-1 transcriptional activity. J Cell Biol. 148:173-88.
Fuxe, J., T. Vincent, and A. Garcia de Herreros. 2010. Transcriptional crosstalk between TGFbeta and stem cell pathways in tumor cell invasion: role of EMT promoting Smad
complexes. Cell Cycle. 9:2363-74.

www.intechopen.com

Epithelial-Mesenchymal Interactions in Oral Cancer Metastasis

383

Garrod, D., M. Chidgey, and A. North. 1996. Desmosomes: differentiation, development,
dynamics and disease. Curr Opin Cell Biol. 8:670-8.
Goda, T., T. Shimo, Y. Yoshihama, N.M. Hassan, S. Ibaragi, N. Kurio, T. Okui, T. Honami, K.
Kishimoto, and A. Sasaki. 2010. Bone destruction by invading oral squamous
carcinoma cells mediated by the transforming growth factor-beta signalling
pathway. Anticancer Res. 30:2615-23.
Gottardi, C.J., E. Wong, and B.M. Gumbiner. 2001. E-cadherin suppresses cellular
transformation by inhibiting beta-catenin signaling in an adhesion-independent
manner. J Cell Biol. 153:1049-60.
Gravdal, K., O.J. Halvorsen, S.A. Haukaas, and L.A. Akslen. 2007. A switch from E-cadherin
to N-cadherin expression indicates epithelial to mesenchymal transition and is of
strong and independent importance for the progress of prostate cancer. Clin Cancer
Res. 13:7003-11.
Grille, S.J., A. Bellacosa, J. Upson, A.J. Klein-Szanto, F. van Roy, W. Lee-Kwon, M. Donowitz,
P.N. Tsichlis, and L. Larue. 2003. The protein kinase Akt induces epithelial
mesenchymal transition and promotes enhanced motility and invasiveness of
squamous cell carcinoma lines. Cancer Res. 63:2172-8.
Heuberger, J., and W. Birchmeier. 2010. Interplay of cadherin-mediated cell adhesion and
canonical Wnt signaling. Cold Spring Harb Perspect Biol. 2:a002915.
Hirohashi, S. 1998. Inactivation of the E-cadherin-mediated cell adhesion system in human
cancers. Am J Pathol. 153:333-9.
Hollier, B.G., K. Evans, and S.A. Mani. 2009. The epithelial-to-mesenchymal transition and
cancer stem cells: a coalition against cancer therapies. J Mammary Gland Biol
Neoplasia. 14:29-43.
Hong, K.O., J.H. Kim, J.S. Hong, H.J. Yoon, J.I. Lee, S.P. Hong, and S.D. Hong. 2009.
Inhibition of Akt activity induces the mesenchymal-to-epithelial reverting
transition with restoring E-cadherin expression in KB and KOSCC-25B oral
squamous cell carcinoma cells. J Exp Clin Cancer Res. 28:28.
Howe, L.R., O. Watanabe, J. Leonard, and A.M. Brown. 2003. Twist is up-regulated in
response to Wnt1 and inhibits mouse mammary cell differentiation. Cancer Res.
63:1906-13.
Huber, G.F., L. Zullig, A. Soltermann, M. Roessle, N. Graf, S.K. Haerle, G. Studer, W.
Jochum, H. Moch, and S.J. Stoeckli. 2011. Down regulation of E-Cadherin (ECAD) a predictor for occult metastatic disease in sentinel node biopsy of early squamous
cell carcinomas of the oral cavity and oropharynx. BMC Cancer. 11:217:1-8.
Huber, M.A., N. Kraut, and H. Beug. 2005. Molecular requirements for epithelialmesenchymal transition during tumor progression. Curr Opin Cell Biol. 17:548-58.
Hynes, N.E., and H.A. Lane. 2005. ERBB receptors and cancer: the complexity of targeted
inhibitors. Nat Rev Cancer. 5:341-54.
Ishida, K., S. Ito, N. Wada, H. Deguchi, T. Hata, M. Hosoda, and T. Nohno. 2007. Nuclear
localization of beta-catenin involved in precancerous change in oral leukoplakia.
Mol Cancer. 6:62.
Iwai, S., W. Katagiri, C. Kong, S. Amekawa, M. Nakazawa, and Y. Yura. 2005. Mutations of
the APC, beta-catenin, and axin 1 genes and cytoplasmic accumulation of betacatenin in oral squamous cell carcinoma. J Cancer Res Clin Oncol. 131:773-82.

www.intechopen.com

384

Oral Cancer

Iwatsuki, M., K. Mimori, T. Yokobori, H. Ishi, T. Beppu, S. Nakamori, H. Baba, and M. Mori.
2010. Epithelial-mesenchymal transition in cancer development and its clinical
significance. Cancer Sci. 101:293-9.
Kalluri, R., and R.A. Weinberg. 2009. The basics of epithelial-mesenchymal transition. J Clin
Invest. 119:1420-8.
Kang, Y., and J. Massague. 2004. Epithelial-mesenchymal transitions: twist in development
and metastasis. Cell. 118:277-9.
Kaur, G., S. Carnelio, N. Rao, and L. Rao. 2009. Expression of E-cadherin in primary oral
squamous cell carcinoma and metastatic lymph nodes: an immunohistochemical
study. Indian J Dent Res. 20:71-6.
Kim, J.B., S. Islam, Y.J. Kim, R.S. Prudoff, K.M. Sass, M.J. Wheelock, and K.R. Johnson. 2000.
N-Cadherin extracellular repeat 4 mediates epithelial to mesenchymal transition
and increased motility. J Cell Biol. 151:1193-206.
Kim, M.A., H.S. Lee, H.E. Lee, J.H. Kim, H.K. Yang, and W.H. Kim. 2009. Prognostic
importance of epithelial-mesenchymal transition-related protein expression in
gastric carcinoma. Histopathology. 54:442-51.
Kim, R.H., M.B. Lieberman, R. Lee, K.H. Shin, S. Mehrazarin, J.E. Oh, N.H. Park, and M.K.
Kang. 2010. Bmi-1 extends the life span of normal human oral keratinocytes by
inhibiting the TGF-beta signaling. Exp Cell Res. 316:2600-8.
Kok, S.H., J.J. Lee, H.C. Hsu, C.P. Chiang, Y.S. Kuo, and M.Y. Kuo. 2002. Mutations of the
adenomatous polyposis coli gene in areca quid and tobacco-associated oral
squamous cell carcinomas in Taiwan. J Oral Pathol Med. 31:395-401.
Krishnamurthy, S., Z. Dong, D. Vodopyanov, A. Imai, J.I. Helman, M.E. Prince, M.S. Wicha,
and J.E. Nor. 2010. Endothelial cell-initiated signaling promotes the survival and
self-renewal of cancer stem cells. Cancer Res. 70:9969-78.
Krishnamurthy, S., and J.E. Nor. 2011. Head and Neck Cancer Stem Cells. J Dent Res.
Kudo, Y., S. Kitajima, I. Ogawa, M. Hiraoka, S. Sargolzaei, M.R. Keikhaee, S. Sato, M.
Miyauchi, and T. Takata. 2004. Invasion and metastasis of oral cancer cells require
methylation of E-cadherin and/or degradation of membranous beta-catenin. Clin
Cancer Res. 10:5455-63.
Lim, J., J.H. Kim, J.Y. Paeng, M.J. Kim, S.D. Hong, J.I. Lee, and S.P. Hong. 2005. Prognostic
value of activated Akt expression in oral squamous cell carcinoma. J Clin Pathol.
58:1199-205.
Liu, L.K., X.Y. Jiang, X.X. Zhou, D.M. Wang, X.L. Song, and H.B. Jiang. 2010. Upregulation
of vimentin and aberrant expression of E-cadherin/beta-catenin complex in oral
squamous cell carcinomas: correlation with the clinicopathological features and
patient outcome. Mod Pathol. 23:213-24.
Lo, J.F., C.C. Yu, S.H. Chiou, C.Y. Huang, C.I. Jan, S.C. Lin, C.J. Liu, W.Y. Hu, and Y.H. Yu.
2011. The epithelial-mesenchymal transition mediator S100A4 maintains cancerinitiating cells in head and neck cancers. Cancer Res. 71:1912-23.
Lo Muzio, L., G. Goteri, R. Capretti, C. Rubini, A. Vinella, R. Fumarulo, F. Bianchi, F.
Mastrangelo, E. Porfiri, and M.A. Mariggio. 2005. Beta-catenin gene analysis in oral
squamous cell carcinoma. Int J Immunopathol Pharmacol. 18:33-8.
Lo Muzio, L., G. Pannone, M.D. Mignogna, S. Staibano, M.A. Mariggio, C. Rubini, M.
Procaccini, M. Dolci, P. Bufo, G. De Rosa, and A. Piattelli. 2004. P-cadherin

www.intechopen.com

Epithelial-Mesenchymal Interactions in Oral Cancer Metastasis

385

expression predicts clinical outcome in oral squamous cell carcinomas. Histol
Histopathol. 19:1089-99.
Lo Muzio, L., G. Pannone, S. Staibano, M.D. Mignogna, M. Grieco, P. Ramires, A.M. Romito,
G. De Rosa, and A. Piattelli. 2002. WNT-1 expression in basal cell carcinoma of
head and neck. An immunohistochemical and confocal study with regard to the
intracellular distribution of beta-catenin. Anticancer Res. 22:565-76.
Lo Muzio, L., S. Staibano, G. Pannone, M. Grieco, M.D. Mignogna, A. Cerrato, N.F. Testa,
and G. De Rosa. 1999. Beta- and gamma-catenin expression in oral squamous cell
carcinomas. Anticancer Res. 19:3817-26.
Lopez-Novoa, J.M., and M.A. Nieto. 2009. Inflammation and EMT: an alliance towards
organ fibrosis and cancer progression. EMBO Mol Med. 1:303-14.
Maeda, M., K.R. Johnson, and M.J. Wheelock. 2005. Cadherin switching: essential for
behavioral but not morphological changes during an epithelium-to-mesenchyme
transition. J Cell Sci. 118:873-87.
Mangone, F.R., F. Walder, S. Maistro, F.S. Pasini, C.N. Lehn, M.B. Carvalho, M.M. Brentani,
I. Snitcovsky, and M.H. Federico. 2010. Smad2 and Smad6 as predictors of overall
survival in oral squamous cell carcinoma patients. Mol Cancer. 9:106.
Mani, P., A. Jarrell, J. Myers, and R. Atit. Visualizing canonical Wnt signaling during mouse
craniofacial development. Dev Dyn. 239:354-63.
Mani, S.A., W. Guo, M.J. Liao, E.N. Eaton, A. Ayyanan, A.Y. Zhou, M. Brooks, F. Reinhard,
C.C. Zhang, M. Shipitsin, L.L. Campbell, K. Polyak, C. Brisken, J. Yang, and R.A.
Weinberg. 2008. The epithelial-mesenchymal transition generates cells with
properties of stem cells. Cell. 133:704-15.
Martin, A., and A. Cano. 2010. Tumorigenesis: Twist1 links EMT to self-renewal. Nat Cell
Biol. 12:924-5.
Masszi, A., L. Fan, L. Rosivall, C.A. McCulloch, O.D. Rotstein, I. Mucsi, and A. Kapus. 2004.
Integrity of cell-cell contacts is a critical regulator of TGF-beta 1-induced epithelialto-myofibroblast transition: role for beta-catenin. Am J Pathol. 165:1955-67.
Morel, A.P., M. Lievre, C. Thomas, G. Hinkal, S. Ansieau, and A. Puisieux. 2008. Generation
of breast cancer stem cells through epithelial-mesenchymal transition. PLoS One.
3:e2888.
Myers, J. 2010. Oral Cancer Metastasis Springer Science+Business Media, LLC, New York,
NY
Nakayama, H., T. Ikebe, M. Beppu, and K. Shirasuna. 2001. High expression levels of
nuclear factor kappaB, IkappaB kinase alpha and Akt kinase in squamous cell
carcinoma of the oral cavity. Cancer. 92:3037-44.
Nawshad, A., D. Lagamba, A. Polad, and E.D. Hay. 2005. Transforming growth factor-beta
signaling during epithelial-mesenchymal transformation: implications for
embryogenesis and tumor metastasis. Cells Tissues Organs. 179:11-23.
Nguyen, P.T., Y. Kudo, M. Yoshida, N. Kamata, I. Ogawa, and T. Takata. 2011. N-cadherin
expression is involved in malignant behavior of head and neck cancer in relation to
epithelial-mesenchymal transition. Histol Histopathol. 26:147-56.
Nieto, M.A., M.G. Sargent, D.G. Wilkinson, and J. Cooke. 1994. Control of cell behavior
during vertebrate development by Slug, a zinc finger gene. Science. 264:835-9.
Odajima, T., Y. Sasaki, N. Tanaka, Y. Kato-Mori, H. Asanuma, T. Ikeda, M. Satoh, H.
Hiratsuka, T. Tokino, and N. Sawada. 2005. Abnormal beta-catenin expression in

www.intechopen.com

386

Oral Cancer

oral cancer with no gene mutation: correlation with expression of cyclin D1 and
epidermal growth factor receptor, Ki-67 labeling index, and clinicopathological
features. Hum Pathol. 36:234-41.
Pannone, G., P. Bufo, A. Santoro, R. Franco, G. Aquino, F. Longo, G. Botti, R. Serpico, B.
Cafarelli, A. Abbruzzese, M. Caraglia, S. Papagerakis, and L. Lo Muzio. 2010. WNT
pathway in oral cancer: epigenetic inactivation of WNT-inhibitors. Oncol Rep.
24:1035-41.
Pannone, G., L. Lo Muzio, P. Bucci, M. Canfora, L. Santacroce, T. Bucci, and S. Staibano.
1998. [Physiopathology of beta and gamma catenin expression in the oral
epithelium]. Minerva Stomatol. 47:583-8.
Papagerakis, P., G. Pannone, A.-H. Shabana, J. Depondt, A. Santoro, K. Ghirtis, A. Berdal,
and S. Papagerakis. 2011. Aberrant ß-catenin and LEF1 expression may predict the
clinical outcome for patients with oropharyngeal cancer (under review).
Papagerakis, S., A.H. Shabana, J. Depondt, L. Pibouin, C. Blin-Wakkach, and A. Berdal. 2004.
Altered plakoglobin expression at mRNA and protein levels correlates with clinical
outcome in patients with oropharynx squamous carcinomas. Hum Pathol. 35:75-85.
Papagerakis, S., A.H. Shabana, B.H. Pollock, P. Papagerakis, J. Depondt, and A. Berdal. 2009.
Altered desmoplakin expression at transcriptional and protein levels provides
prognostic information in human oropharyngeal cancer. Hum Pathol. 40:1320-9.
Prince, M.E., R. Sivanandan, A. Kaczorowski, G.T. Wolf, M.J. Kaplan, P. Dalerba, I.L.
Weissman, M.F. Clarke, and L.E. Ailles. 2007. Identification of a subpopulation of
cells with cancer stem cell properties in head and neck squamous cell carcinoma.
Proc Natl Acad Sci U S A. 104:973-8.
Raimondi, C., A. Gradilone, G. Naso, B. Vincenzi, A. Petracca, C. Nicolazzo, A. Palazzo, R.
Saltarelli, F. Spremberg, E. Cortesi, and P. Gazzaniga. 2011. Epithelialmesenchymal transition and stemness features in circulating tumor cells from
breast cancer patients. Breast Cancer Res Treat.
Reichmann, E., H. Schwarz, E.M. Deiner, I. Leitner, M. Eilers, J. Berger, M. Busslinger, and
H. Beug. 1992. Activation of an inducible c-FosER fusion protein causes loss of
epithelial polarity and triggers epithelial-fibroblastoid cell conversion. Cell. 71:110316.
Roussos, E.T., Z. Keckesova, J.D. Haley, D.M. Epstein, R.A. Weinberg, and J.S. Condeelis.
2010. AACR special conference on epithelial-mesenchymal transition and cancer
progression and treatment. Cancer Res. 70:7360-4.
Rui, Y., Z. Xu, B. Xiong, Y. Cao, S. Lin, M. Zhang, S.C. Chan, W. Luo, Y. Han, Z. Lu, Z. Ye,
H.M. Zhou, J. Han, A. Meng, and S.C. Lin. 2007. A beta-catenin-independent
dorsalization pathway activated by Axin/JNK signaling and antagonized by aida.
Dev Cell. 13:268-82.
Said, N.A., and E.D. Williams. 2011. Growth factors in induction of epithelial-mesenchymal
transition and metastasis. Cells Tissues Organs. 193:85-97.
Singh, B., and J.P. Shah. 2003. Oral cancer. In Complications and their management. J.P.
Shah, N.W. Johnson, and J.G. Batsakis, editors, London: Martin Dunitz. 367-72
Stockinger, A., A. Eger, J. Wolf, H. Beug, and R. Foisner. 2001. E-cadherin regulates cell
growth by modulating proliferation-dependent beta-catenin transcriptional
activity. J Cell Biol. 154:1185-96.

www.intechopen.com

Epithelial-Mesenchymal Interactions in Oral Cancer Metastasis

387

Takahashi, E., O. Nagano, T. Ishimoto, T. Yae, Y. Suzuki, T. Shinoda, S. Nakamura, S. Niwa,
S. Ikeda, H. Koga, H. Tanihara, and H. Saya. 2010. Tumor necrosis factor-alpha
regulates transforming growth factor-beta-dependent epithelial-mesenchymal
transition by promoting hyaluronan-CD44-moesin interaction. J Biol Chem.
285:4060-73.
Takkunen, M., R. Grenman, M. Hukkanen, M. Korhonen, A. Garcia de Herreros, and I.
Virtanen. 2006. Snail-dependent and -independent epithelial-mesenchymal
transition in oral squamous carcinoma cells. J Histochem Cytochem. 54:1263-75.
Tamura, I., T. Sakaki, B. Chaqour, P.S. Howard, T. Ikeo, and E.J. Macarak. 2003. Correlation
of P-cadherin and beta-catenin expression and phosphorylation with
carcinogenesis in rat tongue cancer induced with 4-nitroquinoline 1-oxide. Oral
Oncol. 39:506-14.
Tanaka, N., T. Odajima, K. Ogi, T. Ikeda, and M. Satoh. 2003. Expression of E-cadherin,
alpha-catenin, and beta-catenin in the process of lymph node metastasis in oral
squamous cell carcinoma. Br J Cancer. 89:557-63.
Testa, J.R., and A. Bellacosa. 2001. AKT plays a central role in tumorigenesis. Proc Natl Acad
Sci U S A. 98:10983-5.
Thiery, J.P. 2002. Epithelial-mesenchymal transitions in tumour progression. Nat Rev Cancer.
2:442-54.
Thiery, J.P. 2003. Epithelial-mesenchymal transitions in development and pathologies. Curr
Opin Cell Biol. 15:740-6.
Thiery, J.P., H. Acloque, R.Y. Huang, and M.A. Nieto. 2009. Epithelial-mesenchymal
transitions in development and disease. Cell. 139:871-90.
Thiery, J.P., and J.P. Sleeman. 2006. Complex networks orchestrate epithelial-mesenchymal
transitions. Nat Rev Mol Cell Biol. 7:131-42.
Valles, A.M., B. Boyer, J. Badet, G.C. Tucker, D. Barritault, and J.P. Thiery. 1990. Acidic
fibroblast growth factor is a modulator of epithelial plasticity in a rat bladder
carcinoma cell line. Proc Natl Acad Sci U S A. 87:1124-8.
van de Wetering, M., R. Cavallo, D. Dooijes, M. van Beest, J. van Es, J. Loureiro, A. Ypma, D.
Hursh, T. Jones, A. Bejsovec, M. Peifer, M. Mortin, and H. Clevers. 1997. Armadillo
coactivates transcription driven by the product of the Drosophila segment polarity
gene dTCF. Cell. 88:789-99.
Vesuna, F., P. van Diest, J.H. Chen, and V. Raman. 2008. Twist is a transcriptional repressor
of E-cadherin gene expression in breast cancer. Biochem Biophys Res Commun.
367:235-41.
Vleminckx, K., L. Vakaet, Jr., M. Mareel, W. Fiers, and F. van Roy. 1991. Genetic
manipulation of E-cadherin expression by epithelial tumor cells reveals an invasion
suppressor role. Cell. 66:107-19.
Wang, Z., and Q. Ma. 2007. Beta-catenin is a promising key factor in the SDF-1/CXCR4 axis
on metastasis of pancreatic cancer. Med Hypotheses. 69:816-20.
Wellner, U., J. Schubert, U.C. Burk, O. Schmalhofer, F. Zhu, A. Sonntag, B. Waldvogel, C.
Vannier, D. Darling, A. zur Hausen, V.G. Brunton, J. Morton, O. Sansom, J. Schuler,
M.P. Stemmler, C. Herzberger, U. Hopt, T. Keck, S. Brabletz, and T. Brabletz. 2009.
The EMT-activator ZEB1 promotes tumorigenicity by repressing stemnessinhibiting microRNAs. Nat Cell Biol. 11:1487-95.

www.intechopen.com

388

Oral Cancer

Wells, A., C. Yates, and C.R. Shepard. 2008. E-cadherin as an indicator of mesenchymal to
epithelial reverting transitions during the metastatic seeding of disseminated
carcinomas. Clin Exp Metastasis. 25:621-8.
Williams, H.K., D.S. Sanders, J.A. Jankowski, G. Landini, and A.M. Brown. 1998. Expression
of cadherins and catenins in oral epithelial dysplasia and squamous cell carcinoma.
J Oral Pathol Med. 27:308-17.
Wu, K.J., and M.H. Yang. 2011. Epithelial-mesenchymal transition and cancer stemness: the
Twist1-Bmi1 connection. Biosci Rep. 31:449-55.
Yadav, A., B. Kumar, J. Datta, T. Teknos, and P. Kumar. 2011. IL-6 promotes head and neck
tumor metastasis by inducing epithelial-mesenchymal transition via the JAKSTAT3-SNAIL signaling pathway. AACR 102nd annual meeting, 2011.
Yang, J., S.A. Mani, J.L. Donaher, S. Ramaswamy, R.A. Itzykson, C. Come, P. Savagner, I.
Gitelman, A. Richardson, and R.A. Weinberg. 2004. Twist, a master regulator of
morphogenesis, plays an essential role in tumor metastasis. Cell. 117:927-39.
Yang, L., C. Lin, and Z.R. Liu. 2006. P68 RNA helicase mediates PDGF-induced epithelial
mesenchymal transition by displacing Axin from beta-catenin. Cell. 127:139-55.
Yang, M.H., D.S. Hsu, H.W. Wang, H.J. Wang, H.Y. Lan, W.H. Yang, C.H. Huang, S.Y. Kao,
C.H. Tzeng, S.K. Tai, S.Y. Chang, O.K. Lee, and K.J. Wu. 2010. Bmi1 is essential in
Twist1-induced epithelial-mesenchymal transition. Nat Cell Biol. 12:982-92.
Yang, M.H., and K.J. Wu. 2008. TWIST activation by hypoxia inducible factor-1 (HIF-1):
implications in metastasis and development. Cell Cycle. 7:2090-6.
Yang, M.H., M.Z. Wu, S.H. Chiou, P.M. Chen, S.Y. Chang, C.J. Liu, S.C. Teng, and K.J. Wu.
2008. Direct regulation of TWIST by HIF-1alpha promotes metastasis. Nat Cell Biol.
10:295-305.
Yokoyama, K., N. Kamata, E. Hayashi, T. Hoteiya, N. Ueda, R. Fujimoto, and M. Nagayama.
2001. Reverse correlation of E-cadherin and snail expression in oral squamous cell
carcinoma cells in vitro. Oral Oncol. 37:65-71.
Yoshimura, M., Y. Ihara, Y. Matsuzawa, and N. Taniguchi. 1996. Aberrant glycosylation of
E-cadherin enhances cell-cell binding to suppress metastasis. J Biol Chem. 271:138115.
Yu, Z., P.M. Weinberger, E. Provost, B.G. Haffty, C. Sasaki, J. Joe, R.L. Camp, D.L. Rimm,
and A. Psyrri. 2005. beta-Catenin functions mainly as an adhesion molecule in
patients with squamous cell cancer of the head and neck. Clin Cancer Res. 11:2471-7.

www.intechopen.com

Oral Cancer
Edited by Dr. Kalu U. E. Ogbureke

ISBN 978-953-51-0228-1
Hard cover, 388 pages
Publisher InTech
Published online 14, March, 2012
Published in print edition March, 2012
Oral cancer is a significant public health challenge globally. Although the oral cavity is easily accessible, early
diagnosis remains slow compared to the enhanced detection of cancers of the breast, colon, prostate, and
melanoma. As a result, the mortality rate from oral cancer for the past four decades has remained high at over
50% in spite of advances in treatment modalities. This contrasts with considerable decrease in mortality rates
for cancers of the breast, colon, prostate, and melanoma during the same period. This book attempts to
provide a reference-friendly update on the etiologic/risk factors, current clinical diagnostic tools, management
philosophies, molecular biomarkers, and progression indicators of oral cancer.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:
Silvana Papagerakis and Giuseppe Pannone (2012). Epithelial-Mesenchymal Interactions in Oral Cancer
Metastasis, Oral Cancer, Dr. Kalu U. E. Ogbureke (Ed.), ISBN: 978-953-51-0228-1, InTech, Available from:
http://www.intechopen.com/books/oral-cancer/epithelial-mesenchymal-interactions-in-oral-cancer-metastasis

InTech Europe

InTech China

University Campus STeP Ri
Slavka Krautzeka 83/A
51000 Rijeka, Croatia
Phone: +385 (51) 770 447
Fax: +385 (51) 686 166
www.intechopen.com

Unit 405, Office Block, Hotel Equatorial Shanghai
No.65, Yan An Road (West), Shanghai, 200040, China
Phone: +86-21-62489820
Fax: +86-21-62489821

© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Attribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

