ANTICANCER RESEARCH 34: 1547-1552 (2014)

Review

Effective Targeting of the Epidermal Growth Factor Receptor
(EGFR) for Treating Oral Cancer: A Promising Approach

FLAVIA ANDRESSA PIDONE RIBEIRO!, JULIANA NOGUTI?,
CELINA TIZUKO FUJIYAMA OSHIMA? and DANIEL ARAKI RIBEIRO!?

Departments of 'Biosciences and *Pathology, Federal University of Sao Paulo, Santos, SP, Brazil

Abstract. Oral cancer is a serious problem growing in
incidence in many parts of the world; it is considered the sixth
most common cancer and despite sophisticated surgical and
radiotherapeutic modalities, oral squamous cell carcinoma,
which represents 90% of oral cancers, is characterized by
poor prognosis and a low survival rate. The Epidermal growth
factor receptor family of receptor tyrosine kinases (RTK)
comprises of four distinct receptors: the EGFR (also known
as ErbB-1/HERI1), ErbB-2 (neu, HER2), ErbB-3 (HER3) and
ErbB-4 (HER4). Several studies have been published on the
role of EGFR in the pathogenesis of oral carcinoma. The aim
of the present review is to describe the role of EGFR pathway
in oral cancer with special focus on its role during the
carcinogenesis process as a result of therapeutic approaches
of EGFR in oral cancer. The EGFR is a 170-kDa cell-surface
protein involved in many biological processes, such as
proliferation, migration, DNA synthesis and adhesion.
Overexpression of EGFR results in a poor prognosis in oral
cancer and its activation is associated with the malignant
phenotype, inhibition of apoptosis and increased metastatic
potential. EGFR variations and mutations have been
correlated with tumor formation, and possibly alter the
therapeutic efficacy of EGFR inhibitors.

Modern oncology focuses on signal transduction pathways to
derive more knowledge on cancer development. One of the
various molecules studied for this purpose is the Epidermal
Growth Factor Receptor (EGFR), a tyrosine kinase receptor
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located at the cell membrane (1). This cell membrane tyrosine
kinase is involved in a variety of cellular activities including
proliferation, differentiation, survival and death, activating
multiple downstream cell signaling pathways including the
RAS/RAF/MEK/ERK1/2 pathway. Over-activation of this
pathway is considered an etiological factor in human cancer,
which contributes to cancer development, metastasis and
resistance to chemotherapy (2-3).

It is well-known that cancer has been considered a major
public health issue in the USA and other countries
worldwide. Statistics show that one in four deaths for
Americans can be attributed to cancer. It is estimated that
approximately 569,490 americans died from cancer in 2010,
with an average of 1,500 deaths per day (4). Oral cancer is
a serious and rapidly-growing problem in many parts of the
globe; it is considered the sixth most common cancer (5)
and despite sophisticated surgical and radiotherapeutic
modalities (6), oral squamous cell carcinoma, which
represents 90% of oral cancers, is characterized by poor
prognosis and a low survival rate (7). The leading cause of
death for this type of cancer is metastasis, which occurs
primarily by the lymphatic route and whose incidence is
significantly correlated with clinical stage and localization
of primary tumors (8).

Several studies have been published on the role of EGFR
in the pathogenesis of oral carcinoma. The aim of the present
review is to describe the role of EGFR pathway specifically
in oral cancer with special focus on its role during the
carcinogenesis process, thereby raising our understanding as
an effective targeting for treating oral cancer.

Understanding the EGFR Pathway

The ErbB family of receptor tyrosine kinases (RTK)
comprises of four distinct receptors: the EGFR (also known
as ErbB-1/HER1), ErbB-2 (neu, HER2), ErbB-3 (HER3) and
ErbB-4 (HER4) (9-10). In the present review, we focus largely
on EGFR (Erb1/HER1) and its implications for oral cancer.
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In the 1980s, the EGFR was cloned, sequenced and
subsequently recognized as a receptor tyrosine kinase (RTK)
(11). EGFR is best known for its classical function as a
tyrosine kinase receptor localized on the plasma membrane
and activated upon ligand binding. Activated EGFR recruits a
number of downstream signaling molecules, leading to the
activation of several major pathways crucial for tumor growth,
progression and survival (12, 13). However, over the last
decades efforts have been undertaken to better-understand the
role of the EGFR in the nucleus (14), which was shown to
regulate the biology of normal and malignantly-transformed
cells (15). High levels of EGFR were also found in the nuclei
of the many tumors, including those of skin breast (16), adre-
nocortical carcinoma (17), thyroid (18) and oral cavity (19).

Structurally, the ErbB family members consist of an
extracellular ligand-binding domain, a single hydrophobic
transmembrane domain and a cytoplasmatic tyrosine kinase-
containing domain with several phosphorylation sites (20, 21).
Studies on the crystal structures of EGFR, ErbB-2 and ErbB-
3’s extracellular domains have led to new insights in the
process of ligand-induced receptor dimerization (22-24).
Eleven ligands are known to bind the ERbB family of
receptors. These can be classified into three groups of ligands
that i: specifically bind to EGFR (including EGF, transforming
growth factor-a, amphi-regulin and epigen, ii: those that bind
to EGFR and ErbB4, including beta cellulin (BTC), heparin-
biding EGF (HB-EGF) and epiregulin (EPR) which show dual
specifity by binding both EGFR and erbB4, and iii: neuregulin
(NRG) (also known as hereregulin) and can be divided in two
sub-groups based upon their capacity to bind ErbB3 and ErbB4
(NRG-1 and NRG-2) or only ErbB4 (NRG-3 and NRG-4) (25-
28). Furthermore, the extracellular region of EGFR, HER3 and
HER 4 is sub-divided into four domains (I, II, III and IV) (24),
these domains reveal two distinct conformations: a closed,
inactive conformation, domains II and IV interact with each
other at the molecular level, thus preventing domains I and IIT
from interacting with their cognate ligand (22, 23, 29). Both
the open and closed conformations remain in equilibrium with
each other (30, 31). The structure of ErbB2 has a conformation
that resembles the ligand-activated state with a protruding
dimerization loop. In this conformation domains, L.1 and L2
are very close and this interaction makes ligand binding
impossible, explaining why ErbB2 has no ligand (32, 33).

Although these ligands show redundancy, heparin-
binding—EGF is the only ligand whose absence in knock-out
mice results in post-natal lethality as a result of heart and lung
diseases. Null mutations for EGFR cause development defects
in the epithelial structure of the skin, pancreas, gastrointestinal
tract and central nervous system (25, 34).

Activation of EGFR signaling triggered by ligand-induced
receptor dimerization following which the tyrosine residues
present in the intrinsic kinase domain of one receptor cross
phosphorylates specific residues in the C-terminal tail of the

1548

partnering receptor, thus providing a scaffold for the
recruitment of effector proteins (35, 36). These phosphorylated
tyrosines serve as specific binding sites for several adaptor
proteins such as phospholipase Cg, CBL, GRB2, SHC and
p85. Several signaling transducers bind to these adaptors to
initiate multiple signal pathways, including mitogen-activated
protein-kinase, phosphatidylinositol 3-kinase/AKT and the
signal transducer and activator of transcription STAT3 and
STATS pathways (37).

These cellular processes are often de-regulated in malignant
cells and for tumor maintenance due to the several mutations
present in various genes involved in these pathways (3).

EGFR Signaling and Oral Cancer

Recent advances in our understanding over the molecular
progression of oral squamous cell carcinoma have revealed
underlying genetic, epigenetic and metabolic alterations
which disrupt cellular protein expression and function
resulting in the appearance of abnormal histological
phenotypes (38). EGFR biomarker detection in oral squamous
cell carcinoma may fulfill multiple roles in cancer
diagnostics, not only for early detection but at-diagnosis for
prognostic evaluation and treatment selection (39). The
relationship between EGFR and cancer prognosis has been
studied in multiple solid tumor types. In particular,
researchers have reported that overexpression of EGFR and
other growth factors with similar structural and functional
capacities are associated with several malignancies. EGFR
has been correlated with poor prognosis in some human
cancers and is apparently predictive of disease-free survival
independent of cervical lymph node status (40).

Researchers also found an overexpression of EFGR in the
plasma membrane correlated with poor prognosis in tongue
cancer (41, 42). Grandis et al. showed that EGFR-
overexpression provided independent prognostic value for both
local control and survival (43). More than 80% of invasive
squamous cell carcinoma cases of head and neck
overexpressed EGFR, thus excess of EGFR is often linked to
unfavorable clinical outcome, high recurrence and low survival
rates (44, 45). Activation of EGFR signaling is associated with
the malignant phenotype, manifested by angiogenesis,
inhibition of apoptosis as well as increased metastatic potential
(46). Chang et al. in 2013 demonstrated the role of pAKT and
EGFRVIII in oral carcinomas, acting as a determinant factors
for patient survival; these data suggested that both molecules
could be used as prognostic biomarkers (47). However,
Ulanovski et al. showed that overexpression of plasma
membrane EGFR cannot serve as a prognostic factor nor as a
predictor of survival and treatment success in squamous cell
carcinoma of the tongue (41). Laimer et al. found a prognostic
value of cytoplasmatic EGFR expression on a tissue
microarray-based immunohistochemical analysis (48). Lo et
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al. analyzed 37 cases of oral squamous cell carcinoma for
nuclear EGFR using standard IHC methods. They found that
24% of cases analyzed had nuclear EGFR in more that 5% of
tumor cells. Patients with high nuclear EGFR expression in
this cohort demonstrated poor overall survival compared to
patients with no/low levels of nuclear EGFR (16).

Although targeting membrane-bound EGFR has shown
benefit as a new and emerging approach in tumor cells, an
interesting case is being built regarding nuclear EGFR
signaling networks, through which it participates in cancer
progression, survival and response to chemotherapeutics (12).
Furthermore, very little is known regarding the physiological
function and cancer relevance of the nuclear EGFR pathway
until recent years. EGFR has been consistently detected in the
nuclei of cancer cells and primary tumor specimens of various
origins as wells as in those of other highly proliferative tissues
(49-52).

Certainly, the localization of the EGFR provides a better
understanding over its role in cancer cells as well as prognosis
and treatment.

EGFR Mutations and Polymorphims
in Oral Cancer

Genetic variations in EGFR are a pivotal event that may alter
protein function, and contribute to tumor formation, and
possibly alter the therapeutic efficacy of EGFR inhibitors (53).
Recent studies indicate that the incidence of EGFR mutations
in oral carcinoma differs between ethnic groups, ranging from
0-4% in whites to 7% in Asians (54).

The first intron of the EGFR gene contains a highly
polymorphic microsatellite sequence: 9-23 CA simple
sequence repeat (SSR) close to a downstream enhancer
sequence (55). It is located more than 1000 bp downstream of
the promoter, helical conformation analyses have suggested a
possible regulatory role of this polymorphic region on
transcription. Indeed, it has been proposed that the number of
CA repeats may be able to modify DNA conformation after
binding of transcription factors (56). Into an inverse relation,
experimental data showed when the transcription activity
declines the number of repeats increases (57).

According to Perea et al., preliminary in vitro and clinical
data indicated the influence of the CA repeat polymorphism on
the efficacy of EGFR tyrosine kinase inhibitors (58). Studies
with 13 cell lines demonstrated that the cell lines with short CA
repeats exhibited higher EGFR mRNA and protein expression
when compared to remaining cell lines with long CA repeats,
being more susceptible to Erlotinib (58), that has been shown
to induce apoptosis (59) and metabolic oxidative stress (60).

Several structural variants in EGFR were observed in
human malignancies and according to Wikstrand et al. the
most frequently detected genomic variant, termed EGFRVIII,
is expressed in 42% of oral tumors. The EGFRVIII is a 145-

kDa protein resulting from the deletion of amino acids 6-273
of the wild-type EGFR extracellular domain (61). The
transmembrane domain of EGFRVIII is thought to be identical
to that of the wild-type protein, a hydrophilic sequence of
23 amino acids with a yet-unknown role in receptor function
(62). Following activation by EGFRVIII, the PI3K pathway
initiates survival and anti-apoptotic signals that are not subject
to the regulatory mechanisms that govern Ras-Raf-MEK-
Erk/MAPK signaling (63).

Effective Targeting of EGFR for Oral
Cancer Treatment

Treatment of tumor cells in vitro with an anti-EGFR antibody
induces arrest of cells in G; phase with an increase in the
cyclin-dependent kinase inhibitor p27kipl and a decrease in
retinoblastoma protein (Rb) phosphorylation (64). Moreover,
synergy exists between EGFR inhibition, radiation and
chemotherapy (65).

When oral squamous carcinoma cells were pre-treated with
EGF, their sensitivity to radiation was enhanced in relation to
the number of EGFRs on their surfaces (66). These findings
indicate that EGFR expression and its signal transduction
pathways may play an important role in determining the
sensitivity to chemotherapeutic agents or irradiation, and
alterations in receptor expression or function may influence
response to these therapies (67).

According to Huang and O’Sullivan, treatment of oral
cancer includes single-modality surgery, radiotherapy
(external-beam radiotherapy (EBRT) and/or brachytherapy),
or various combinations of these modalities with or without
systemic therapy (chemotherapy and/or target agents) (68).

Because of the relationship between overexpression of
EGFR and aggressive behavior of tumor cells, monoclonal
antibodies directed against this receptor might prove to be
effective therapeutic agents (67). The anti-EGFR monoclonal
antibody named 225 was generated and has been shown to
have an antitumor activity in vitro and in xenograft models
(69-71). This antibody has been chimerized with human IgG1
(C225) (60) and was able to inhibit the growth of cultured
EGFR-expressing tumor cell lines and to express the in vivo
growth of these tumors when grown as xenografts in nude
mice (72-74).

Another anti-EGFR antibody named Cetuximab was shown
to induce autophagy in several cancer cell lines, including oral
cancer via inhibition of EGFR signaling and subsequent down-
regulation of the mammalian target of rapamycin (mTOR) and
hypoxia inducible factor 1-o signaling pathways (75). The
induction of autophagy has been shown to be cytoprotective
in a variety of important processes related to cancer therapy
including resistance to chemotherapeutics (76, 77), ionizing
radiation (78), basement membrane detachment, growth factor
deprivation and hypoxia (79-81).
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Inhibition of EGFR plays an important role in tumor
progression. There are two different ways of EGFR molecular-
targeted drug interaction offering a more effective inhibition.
The first one involves the connection of the drug to the
extracellular domain of the receptor that inhibits the
connection of the ligand. The second targets the intracellular
portion that has tyrosine kinase activity and exerts its action
by restricting ATP binding or binding to the active site of the
enzyme (82, 83).

Erlotinib is an orally-active potent, selective inhibitor of the
EGFR tyrosine kinase (84). In a phase II trial, single-agent
Erlotinib demonstrated a low response rate in ~4% in patients
with recurrent or metastatic oral squamous cell carcinoma. When
Erlotinib was combined with cisplatin, a response rate of 21%
was achieved in a phase I/II trial in a similar patient population,
and rates of grade 3 and 4 toxicity were minimal (85).

Concluding Remarks

This review aimed to present the therapeutic approaches of
EGFR in oral cancer. EGFR is a 170-kDa cell-surface protein
involved in many biological processes, such as proliferation,
migration, DNA synthesis and adhesion. Overexpression of
EGFR provides a poor prognosis in oral cancer and its
activation is associated with the malignant phenotype,
inhibition of apoptosis and increased metastatic potential.
EGFR variations and mutations have been correlated with
tumor formation, and possibly alter the therapeutic efficacy of
EGFR inhibitors.
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