
Abstract. Oral cancer is a common neoplasm worldwide. The
incidence and mortality have also increased in recent decades.
It is characterized by poor prognosis and a low survival rate
despite sophisticated surgical and radiotherapeutic modalities.
The WNTs comprise a large family of highly conserved growth
factors associated with a number of functions. In this review,
we focus largely on the canonical pathway, revealing the recent
findings, in oral cancer research, thereby raising our
understanding of the mechanisms of this crucial signaling in
several cellular activities. 

Oral squamous cell carcinoma (OSCC) is a common
neoplasm worldwide (1) and it is the most frequent
malignant tumor of the oral cavity (2). The incidence and
mortality have also increased in recent decades in Europe
and USA (3). OSCC is characterized by poor prognosis and
a low survival rate (1), despite sophisticated surgical and
radiotherapeutic modalities (4). The leading cause of death
is metastasis, which occurs primarily by the lymphatic route
and whose incidence is significantly correlated with the
clinical stage and the localization of primary tumors (5). 

Signaling pathways are an ever present force in
mammalian cells (6). The WNT signaling pathways play a
important role in the differentiation, proliferation, death and
function of many cell types and are involved in critical
development, growth and homeostatic processes in animals

(7). The WNTs comprise a large family of highly conserved
growth factors associated with a number of functions and
pathways (6). In vertebrates, 19 WNT genes are known,
these genes participate, as far as is currently known, in four
signaling pathways: the Wnt/β-catenin or canonical pathway,
a planar cell polarity pathway, the Ca+2/protein kinase A
pathway, and the pathway involving protein kinase C (PKC)
in muscle myogenesis (6, 8-10). Regulation of these
signaling pathways is crucial; more or less activity bestowed
on a signal transduction pathway can cause damage in
development, or diseases in adult animals. The best studied
of the pathways is the so-called canonical WNT pathway, or
the WNT/beta-catenin signaling pathway. In this pathway,
there is cytoplasmic accumulation of β-catenin and its
subsequent nuclear translocation and activity (7, 11-12). Via
binding of WNT to a co-receptor comprised of frizzled and
either Lrp5 or Lrp6 in vertebrates. β-catenin levels inside the
cell are tightly regulated and normally kept very low by the
action of a degradation of axin, adenomatous polyposis coli
(APC) and glycogen synthase kinase 3β (GSK-3). When β-
catenin accumulates in the cytoplasm, some of it will be
translocated into the nucleus where it binds to the TCF/LEF
family of transcription factors thereby regulating gene
expression (7, 13-15). 

In this review, we focus largely on the canonical pathway,
revealing the recent findings in oral cancer research, thereby
raising our understanding of the mechanisms of this crucial
signaling in a several cellular activities. 

WNT Signaling and Apoptosis

The term apoptosis ‘a-po-toe-sis’ was first used in a now-
classic paper by Kerr, Wyllie and Currie in 1972 to describe
a morphologically distinct form of cell death, although
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certain components of the apoptosis concept had been
explicity described many years previously (16, 17). Since
apoptosis is so critical for both development and
maintenance of healthy tissue, dysregulation of this process
can be a contributing factor in many types of diseases such
as autoimmune and neurodegenerative diseases and cancer.
Cancer can promote alterations of the apoptotic process
leading to the inactivation of proapoptotic genes and
increased levels of antiapoptotic gene products, giving the
neoplasic cells the chance to growth without control (18). 

BCL-2 family proteins are important effector genes during
the process of apoptosis and are involved in the process of
embryogenesis. It has been suggested that the BCL-2
dependent pathway is perhaps the only pathway for apoptosis
that is essential for developmentally programmed cell death
(as opposed to the pathway that relies on death adaptors)
(19-21).

The BCL-2 proto oncogene was originally discovered by
the analysis of the t(14;18) chromosomal translocation
associated with human follicular B-cell lymphoma (22). It is
the most important gene of the BCL-2 family and has been
shown to be an inhibitor of apoptosis (23). BAX, another
member of the BCL-2 family is considered to be a major
effector of apoptosis (24). In normal and tumor tissues, the
distribution of BAX is inversely related to that of BCL-2 (25).
BCL-2 family proteins have been shown to interact with each
other in pathways in the assessment of tumor aggressiveness
both in humans and animal models for oral cancer research
(26-29). Formation of specific mitochondrial membrane pores
occurs through the action of apoptosis-promoting members of
the BCL-2 family. These pores are called permeability
transition (PT) pores. Once PT pores are formed, pro-apoptotic
molecules – AIF, SMAC, DIABLO and cytochrome c exit the
mitochondrion. The release of cytochrome c into the cytosol
is an especially significant event for the induction of apoptosis.
Cytochrome c interacts with APAF (the homologue of CED-4
in C. elegans) which in turn activates caspase-9 and later
caspase-3. A multiprotein caspasome death-inducing signaling
complex (apoptosome) forms, comprising cytochrome c,
APAF-1, procaspase-9 and ATP (30).

Recent reports in the literature have shown the association
between apoptosis and the WNT signaling pathway through
a variety of mechanisms (17, 18, 31, 32). Genes in both the
apoptotic and WNT pathways are activated in a coordinated
manner throughout development (31). The activity of WNT
signaling according to specific cellular environment stimuli
can either foster or restrain the processes of apoptosis (33-
34). WNT signaling regulates the early and late stages of
apoptosis in both development and cellular injury in the cell
populations of neurons, endothelial cells, vascular smooth
muscle cells and cardiomyocytes (35).

There are some mechanisms related to WNT signaling and
apoptosis pathways. These include WNT-BMP signaling,

through SFRP2 (secreted Frizzled-related protein-2), gene
expression, through β-catenin, GSK-3-β-NFκBeta, c-JUN N-
terminal kinase signaling or gene expression of DICKKOPF-
1, nemo, sox 10 and tau (35-37).

GSK-3β is an AKT substrate shown to be inhibited upon
phosphorylation by AKT (38). GSK-3β triggers the
degradation and inactivation of several oncogenic
transcription factors (e.g., c-jun and c-myc) and proto-
oncoproteins (e.g., β-catenin) by phosphorylating them and
thus it is expected to suppress neoplastic transformation and
tumor development (39). GSK-3β is also a negative regulator
of the WNT-β-catenin pathway (40). Studies have
demonstrated that mitochondrial damage plays an important
role in initiating the cascade of caspase activation in response
to stress stimuli, such as chemotherapeutic drugs (41, 42).
Disruption of the mitochondrial membrane by apoptotic
stimuli results in the release of cytochrome c into the cytosol
(43). Chen et al. (44) found that WNT/β-catenin signaling
inhibited mitochondria-dependent apoptosis in colorectal
cancer cells (44). Cytochrome c along with ATP and APAF-
1, recruits and processes procaspase-9 (45, 46). Active
caspase-9 subsequently activates effector caspases, such as
caspase-3, which in turn cleave key proteins to induce
apoptosis (43, 46). Although it is not known whether WNT
signaling modulates the cell death machinery, interestingly,
overexpression of several downstream mediators of WNT
signaling has been found to regulate apoptosis (47-50).

Tumor necrosis factor (TNF) is one of the primary
inducers for death receptor-mediated apoptosis. TNF-α is a
founding member of the TNF super-family of proteins. It is
well known that TNF-induced cytotoxicity is enhanced in the
presence of either a protein synthesis inhibitor or a
transcription inhibitor (51, 52). When activation of c-myc
renders cells susceptible to TNF-induced apoptosis, the
WNT/β-catenin signaling pathway has been shown to be
capable of acting against c-Myc and inhibits TNF/c-myc
mediated apoptosis, indicating that WNT signaling may have
a survival function in cancer cells (53). 

WNT proteins bind to receptors of the frizzled family on
the cell surface through several cytoplasmatic relay
components, the signal is transduced to β-catenin, which
enters the nucleus to activate transcription of WNT target
genes. APC is a critical component in the formation of
multiprotein complex ligand with axin/axin2, casein kinase
and GSK-3β. β-Catenin is recruited to this complex,
phosphorylated ubiquitinated and is consequently moved to
the proteasome. When this WNT ligand is absent, β-catenin
is continually destroyed. In response to WNT signaling, or
when APC is β-catenin stabilized, accumulates in the
cytoplasm and enters the nucleus. Together, members of the
LEF/TCF family with the transcription of target genes, such
c-Myc and cyclin D1, related to carcinogenesis is activated
(7, 12, 44, 54, 55). 
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Interestingly, APC is a suppressor protein that participates
in the apoptosis process (34, 55, 56). APC is illustrative of
the multiple roles that certain tumor suppressors play in the
cell, being many cellular functions: as a component of the
WNT signal transduction pathway, of adherens junctions and
the mechanism of cytoskeleton stabilization. Mutation
analysis of the APC gene revealed over 400 different
germline mutations responsible for familial adenomatous
polyposis coli (FAP) (54). The role of APC in apoptosis
regulation is dependent on whether it comprises of full
length (wild-type), or truncated (mutant) proteins.
Overexpression of wild-type APC induces apoptosis, while
overexpression of mutant truncated proteins maintains an
anti-apoptotic mode of action (54). These mechanisms
represent exceptional potential targets for treatments of
several diseases.

WNT Signaling and Oral Cancer

WNT signaling has been identified as one of the key
signaling pathways in cancer, regulating cell growth, motility
and differentiation. Because of its widespread activation in
diverse types of human tumor, the WNT pathway has gained
considerable and growing interest in tumor research over
recent years. 

Recently, several components of the WNT pathway, in
particular those involved in degradation of β-catenin, were
shown to be associated with microtubules and the mitotic
spindle apparatus (57). It appears that the members of the β-
catenin destruction are complex, whether this reflects a new
functional property of the complex related to the WNT
pathway remains to be analyzed. Indeed, localization of these
components might have important consequences for cancer
development.

Several studies have demonstrated that aberrant
activation of the WNT signaling pathway contributes to
neoplastic transformation in oral tissues (58, 59). The
WNT family participates in epithelial cell proliferation
and the aberrant activation of this pathway may contribute
to cancer progression (60). Whereas normal oral
epithelium exhibits exclusively β-catenin immunostaining
(61), mutations of β-catenin resulting in forming a
complex in the nucleus TCF/LEF could be not detected in
immunohistochemical studies (61). OSCC cells leak
membrane-bound β-catenin revealing a corresponding
increase in cytoplasmatic localization (13) and sporadic
nuclear accumulation (13, 62).

Studies have shown membrane expression of β-catenin (63,
64), correlated with differentiation and significantly associated
with invasion and poor prognosis (65, 66). Nevertheless,
Kildal postulated that cytoplasmic and membranous β-catenin
staining were not of prognostic importance (67); indeed
nuclear β-catenin staining was associated with improved

survival and occurred preferentially in endometrial carcinoma,
indicating nuclear β-catenin expression as indicates good
prognosis in contrast to patients who expressed only
membranous β-catenin (67, 68). Using an experimental model
with 4-nitroquinoline 1-oxide to induce tongue cancer, our
group also demonstrated an overexpression of β-catenin in the
cytoplasm of the negative control and those exposed to the
carcinogen. Probably, β-catenin can be inhibited by non-
canonical pathways through diverse mechanisms, such as
activation of PKC and/or Siah2 (69). Taken as a whole, β-
catenin plays a crucial role in human tumorigenesis (70).

Mutations of APC have been widely identified in colonic
cancer, esophageal (71), and gastric gancer (72). Iwai et al.
found a polymorphism of the APC gene within exon 15 in
an OSSC line, this mutation as well in axin (59) can cause
constitutive signaling independent of the upstream signal
from WNT. Previous studies have shown that APC and axin
are frequently mutated in different types of human cancer
(73). No mutations of the β-catenin gene have been found in
primary esophageal cancer (74). According studies in OSCC,
mutations were rarely found in OSCC (75). 

It seems that WNT-1 appears to play an important role in
basal cell carcinomas. WNT-1 was first identified as a
mammary oncogene activated by mouse mammary tumour
virus (MMTV) (76); it contributes to mammary oncogenesis
when overexpressed (76, 77). WNT-1 is responsible for a
decrease in the activity of GSK-3 β and an increase in the β-
catenin pool, modulating cadherin catenin complex
formation and cell-to-cell adhesion, and activating tyrosine
kinase receptors that can rescue cells from apoptosis (78). It
has been suggested that the WNT-1 pathway may participate
in oral carcinogenesis (79). In addition, this pathway appears
to play an important role in basal cell carcinomas as for,
example in areas of infiltration and/or of focal
dedifferentiation of basal cell carcinoma (14). Studies by
Fracalossi et al. showed WNT-1 to be overexpressed in the
cytoplasm of the majority of carcinogenesis experimental
models using 4NQO at 12 and 20 weeks (15). It is suggested
that the expression and function of some WNT genes as a
result of increase in mRNA levels from head and neck OSCC
line. Moreover, the treatment of OSCC line with anti-WNT-
1 antibodies reduced the activity of WNT/frizzled-dependent
transcription factor TCF/LEF and diminished the expression
of cyclin D1 and β-catenin proteins (80, 81). Blocking WNT-
1 signaling inhibited proliferation and induced apoptosis.
Taken together, the role of the WNT-1 pathway in oral
carcinogenesis aids on in understanding the relationship
between adhesion molecules, transcriptional factors and
potent oncogenes (15). 

The role of frizzled in acting as a recpetor for WNTs is
long established; frizzled carries an extracellular cysteine-
rich domain that is sufficient to bind WNT proteins and the
addition of frizzled to WNT cells non-responsive to WNT
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can render signaling competence (82). With regard to frizzled
proteins, Fracalossi et al. suggested that the frizzled proteins
are not involved in the signaling WNT pathway when
carcinogenesis experimental model was used (15). Prado et
al. observed no differences in frizzled-5 expression in head
and neck SCC cell lines against normal oral squamous
epithelial cell lines. However, in a study of head and neck
SCC tissues an increased expression of frizzled-5 was related
when compared to healthy human oral mucosa (83). Aberrant
activation of WNT and frizzled signaling pathway has been
reported in OSCC line (80). It is crucial to stress that the
complexity of the WNT pathway extends to its receptors.
When the interaction of co-receptor LRP5/6 and frizzled-1
is considered, the transmission of the canonical WNT
signaling occurs as expected. However, the interaction of the
co-receptor LRP 1 with frizzled-1 represses canonical
signaling (84, 85). 

Interest in the WNT signaling pathway continues. WNTs
have been mentioned in 5089 journal articles to date;
however only 31 regarding WNT and oral squamous cell
carcinoma were listed on PubMed in 11 years. For these
reasons, further studies should be carried out to better
understand their relation to carcinogenesis process.

Conclusion

The WNT pathway plays an important role in development,
growth and maintenance of cells, tissues and organisms.
Understanding WNT signaling in oral cancer and how this
pathway directs cellular behavior will aid in the development
of new small molecular and pharmaceutical agents to treat
these and several other diseases.
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