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Abstract Oropharyngeal squamous cell carcinomas
(OSCC) constitute about 5% of all cancers in the western
world and the incidence and mortality rates of this tumor
have shown little improvement over the last 30 years.
Molecular targeted therapy, a promising strategy for the
treatment of OSCC and other cancers, requires the under-
standing of speciWc molecular events of carcinogenesis and
the diVerent pathological, partly interrelated pathways.
Extended knowledge of the prognostic or predictive value
of molecular biomarkers in oropharyngeal cancer is neces-
sary to allow a better characterization and classiWcation of
the tumor, improve the appraisal of clinical outcome and
help to specify individual multimodal therapy with
increased eYciency. This work aVords an updated sum-
mary regarding recent data about tissue biomarkers in
patients with OSCC, based on the six essential hallmarks of
cancer described by Hanahan and Weinberg (Cell
100(1):57–70, 2000) providing the characterization of a
malignant cell.

Keywords OSCC · Predictive and prognostic 
biomarker · Hallmarks of cancer · HPV

Introduction

Each year in the USA, about 35,700 new cases of oral cav-
ity and oropharyngeal cancer are reported and an estimated
7,600 people die of these diseases [46].Oropharyngeal
squamous cell carcinomas (OSCC) constitute about 5% of
all cancers in the western world and the incidence and mor-
tality rates of this cancer have shown little improvement
over the last 30 years [46, 105]. Histopathologically, squa-
mous cell carcinoma is by far the most common cancer type
of the oropharynx and oral cavity, representing more than
90% of all oral cancers. Despite the improved application
of multimodal therapy, the survival rate of patients suVer-
ing frequently from locoregional and distant recurrences is
poor and highlights the need for new approaches concern-
ing early diagnosis and treatment alternatives [15].

Human papilloma virus in OSCC

Previous molecular biological and epidemiological studies
divided OSCC into two biologically diVerent tumor enti-
ties, presenting themselves at the same location and with
similar histology [113]. Besides a patient’s genetic predis-
position, it was established that a big part of the etiology of
these tumors is related to the consumption of alcohol and
nicotine [13]. However, one-third of the patients repre-
sented a group that does not feature these risk factors but
tested positive for oncogenic human papilloma virus [90].
Human papilloma viruses (HPV) are small DNA viruses
causing mainly benign growth, known as papillomas or
warts, but the infection with high-risk-types (HR-HPV),
basically mucotrop HPV type 16 and 18, were found to be
risk factors for carcinogenic degeneration and led to the
development of cancer after years of latency. This pathway
is found in a range of carcinomas, e.g., cervical carcinoma,
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vulva, penis and anal carcinoma, as well as oropharyngeal
tumors [22, 36]. These tumors are distinguished from toxin-
induced OSCC in multiple biological aspects, including
speciWc molecular and genetic alterations.

The high prevalence of HPV in oropharyngeal carcino-
mas relates mainly to carcinomas of the tonsils and the
tongue base. This might be explainable by their typical
cryptic epithelium, which serves as a virus-reservoir. Also,
the one- to two-layered cryptic epithelium provides an eas-
ier infection of the basal membrane [3]. Further explana-
tions are possible diVerences in cell diVerentiation and local
interleukin expression [53, 56]. Other tumor locations of
the upper aero-digestive mucosa could cause a considerable
variation of the prevalence of HPV positivity. Clinically,
HPV-positive (HPV+) tumors are characterized by a more
favorable prognosis, possibly a result of better response to
chemotherapy and radiotherapy due to their distinct biolog-
ical behavior. It is known that there are considerable
genetic aberrations between the two tumor entities [35]: for
example, variations of expression of diVerent cell cycle
proteins, e.g., p16, and also EGFR or survivin [13]. These
diVerent molecular signatures should be unraveled so as to
gain more knowledge for future tailored therapies depen-
dent on the HPV status of the tumor.

Molecular alterations in OSCC

The development and malignant progression of OSCC
probably is rarely if ever due to a single dysfunctional gene
or pathway. Multiple genetic alterations accumulate during
carcinogenesis, involving multiple pathways and down-
stream genes that have important functions in determining
the malignant phenotypes of cancer [37, 55]. In toxin-
induced OSCC, carcinogenesis appears to be generated via
accumulation of numerous distinct genetic and epigenetic
changes. Early common changes are deletions on chromo-
some 3p and 9p21, which have also been found in prema-
lignant lesions [76]. Loss of heterozygosity (LOH) of
chromosome 17p, mutation of the p53 gene, ampliWcation
of 11q13 and overexpression of cyclin D1 occur in further
stages of carcinogenesis of head and neck squamous cell
carcinoma (HNSCC).

Molecular biomarkers (OSCC)

The eVects of multimodal therapy on OSCC tumors vary, but
overall more than 50% of multimodally treated patients expe-
rience recurrence and the 5-year survival rate of OSCC is not
increased by more than 40–50% [40]. It has been noted in the
early 1980s that chemosensitive tumors are also likely to be
radiosensitive[28] Therefore, induction chemotherapy can
help to select patients who are good candidates for radiother-

apy and allows early surgery to be performed in cases of
insuYcient response. Reasons for these varying responses
are suspected to be the result of diVerences in the genetic sig-
nature of the otherwise clinically similar tumors [33, 65].
Other selection methods such as molecular biological proWles
capable of predicting sensitivity to diVerent therapeutic
approaches can not only be time and money saving, but also,
more importantly, increase survival. Molecular markers
could help to characterize a malignant disease, improve the
understanding of variations in the clinical course of individ-
ual patients and estimate or even inXuence the prognosis.

Molecular targeted therapy, a promising strategy for the
treatment of OSCC and other cancers, requires understand-
ing of the speciWc molecular events of carcinogenesis and
the diVerent pathological pathways. The amount  of litera-
ture on molecular markers and potential targets of solid
tumors is enormous, but there is still a crucial need for prog-
nostic or predictive markers in OSCC to allow an individual
and therefore more eVective treatment. The aim of this
review  is to present  an updated summary regarding tissue
biomarkers of OSCC, based on the six essential hallmarks of
cancer described by Hanahan and Weinberg [42] that pro-
vides the characterization of a malignant cell (Fig. 1).

Self-suYcient growth-stimulatory signalling

In a normal cell, proliferation needs to be regulated by
growth signals mediated by soluble and membrane-bound
interactions of diVerent signalling proteins. The process of
carcinogenesis results from a deregulated, autonomous
growth signalling due to gene ampliWcations, mutations,
and imbalances of the level of growth factor receptors and
their ligands or autocrine stimulation.

EGFR/HER-2/neu

Epidermal growth factor receptor (EGFR) is a membrane-
bound receptor tyrosine kinase that regulates many cellular
functions, including cellular proliferation, diVerentiation
and survival. Normally, EGFR is expressed at low levels on
the surface of most cells. Deviant EGFR signalling is a
hallmark of carcinogenesis.

There are four receptor types distinguishable: HER1
(human epidermal growth factor receptor 1) or ErbB1,
HER-2 (ErbB-2 or the HER-2/neu protooncogene), HER-3
(ErbB3) and HER-4 (ErbB4) [45]. Increase or alteration in
ErbB1 and ErbB2 are found in many diVerent cancers, e.g.,
breast, gastrointestinal, kidney, prostate and lung tumors
[97]. After binding their natural ligands, such as EGF and
TGF-a, these receptors autophosphorylate, resulting in mul-
tiple intracellular signalling cascades, including RAS-RAF-
MAPK activity, PI3K/AKT, mTOR, Jak and STAT-pathways,
123



Eur Arch Otorhinolaryngol (2011) 268:5–16 7
thus highlighting the central role of EGFR in signal net-
working with diVerent other oncogenes in cancers [96]. The
overwhelming majority (90–100%) of all HNSCC present
with EGFR overexpression, which is an independent prog-
nostic marker that correlates with worse prognosis,
advanced tumor stage and poor treatment outcome [88, 94].

Concerning the HPV status of a tumor, it has been
shown that HPV+/p16+ tumors tend to have decreased
EGFR expression and a signiWcantly better prognosis
regarding disease-free survival (DFS) as well as overall
survival (OS) [93]. Overexpression of EGFR ligands is
occasionally found in OSCC and is associated with poor
prognosis [123].

Accordingly, various approaches to inhibit EGFR path-
way in squamous cell carcinoma (SCC) have been
explored, including small molecule tyrosine kinase inhibi-
tors (TKIs) of the cytosolic kinase domain and monoclonal
antibodies (mAbs) for the extracellular portions of EGFR
[5, 94, 107].

Her2/neu is a well-known epithelial proto-oncogene
with sequence homology to EGFR. In gastrointestinal can-
cers, HER2/neu expression showed convergence with the
stage of disease and was inversely correlated with the prog-
nosis of the patients [87]. Cavalot et al. [17] reported that
HER-2/neu overexpression was signiWcantly more frequent
in lymph node-positive HNSCC patients and in those with
capsule rupture and vascular embolization. This Wnding
underlines the important role of HER-2/neu in supporting
neoplastic growth and tumor recurrence in HNSCC. In
addition, Cavalot et al. showed that HER-2/neu expression
and lymph node positivity were the only independent indi-
cators for predicting risk of recurrence (DFS). Their report

diVers with other studies that showed no correlation
between HER-2/neu and the clinical outcome [34, 106].
Discrepancies among studies that use immunohistochemis-
try (IHC) might be explained by the use of diVerent anti-
bodies, diVerent interpretation of the signiWcance of
cytoplasmic staining and the lack of standardized assays.

The role of HER-4 in cancer development is still not
clariWed, although there have been recent investigations
showing that overexpression of HER-4 in breast cancer
might be associated with more diVerentiated histology and
a favorable clinical outcome [48, 127]. Studies by Sheu
et al. [104] revealed a decreased gene copy number and
expression level of HER-4 in OSCC. Accordingly, further
investigations are necessary to declare the possible tumor-
suppressing function of HER-4.

Cyclin D1

Cyclin D1 (CCND1) is a proto-oncogene and key regulator
protein in the transition from G1 to S phase of the cell cycle
[103]. Positively regulated by PIN 1, it increases phosphor-
ylation of the retinoblastoma gene (Rb) and thereby induces
the S phase in cells. CCND1 gene ampliWcation is known to
be an early event in oral carcinogenesis. Overexpression of
CCND1 occurs in 25–75% of oral cancer and is a poor
prognostic factor [78, 79]. Interestingly, in HPV-/p16-posi-
tive OSCC, CCND1 is found to be downregulated after the
inactivation of p53 and pRB by HPV-derived oncoproteins
E6 and E7. Conversely, in HPV-negative (HPV¡) tumors,
increased expression levels of CCND1 were found, possi-
bly due to CCND1 gene ampliWcation, which is associated
with worse prognosis [41, 68].

Fig. 1 Samples of predictive 
and prognostic biomarkers in 
oropharyngeal carcinoma 
according to the six hallmarks of 
cancer (modiWed from Hanahan 
and Weinberg (2000)  The 
hallmarks of cancer. Cell 
100(1):57–70)
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Ras gene

The ras gene family includes proto-oncogenes that are
known to participate in cell growth regulation, signal
transduction and migration. The members of the human
ras oncogene family are H-ras, K-ras and N-ras [7]. The
ras and PI3K-AKT signalling pathways play an impor-
tant role in carcinogenesis and maintenance of tumor
growth, including decreasing the expression of tumor
suppressor genes such as p16. RAS–RAF–MAPK cas-
cades are especially active when cancer cells overexpress
EGFR, highlighting the critical roles of signal network-
ing among diVerent oncogenes in cancers [95]. Hence,
targeting ras gene products for cancer treatment is of
great interest. Approximately, 30% of all human cancers
show mutated ras alleles, mostly associated with poor
clinical outcome and limited therapeutic options,
presenting therefore the most frequently mutated onco-
gene known [7, 19].

In OSCC, H-ras mutations are mainly detected in Asian
populations, often associated with advanced stages of the
tumor [23, 81]. In Western populations, ras mutations in
HNSCC are relatively rare events (<6%) compared to 99%
in pancreatic cancer and approximately 40% in colorectal
cancer [98, 118, 122]. This diVerence might be due to their
diVerent histological classiWcation, but has to be further
investigated.

PI3K/NF-kB

Phosphoinositol 3-kinase (PI3K) is a heterodimeric lipid
kinase, consisting of regulatory subunit p85 and catalytic
subunit p110� (PIK3CA), which regulate cellular signal-
ling pathways including cell proliferation, diVerentiation,
adhesion and apoptosis [21]. PI3K can be activated by
receptor tyrosine kinases (RTKs), such as EGFR or insu-
lin receptor. Direct positive control is also possible via
active ras. PTEN, a tumor suppressor, antagonizes PI3K
[119]. It has been shown, that PI3KCA is mutated in over
25% of diVerent human cancers, including gastrointesti-
nal, breast, diVerent brain and head and neck cancer [100].
Studies regarding the correlation of PI3K mutations and
clinicopathological data in OSCC are still required. Via
phosphorylation, PI3K induces plasmaproteins in the cell
membrane, for example AKT. Activated AKT supports
cell survival by inhibiting apoptosis and by activating
nuclear factor-kappa B (NF-kB). NF-kB is a ubiquitous
nuclear transcription factor known to be involved in
inXammation and immunoregulation. It is capable of
inhibiting apoptosis through the induction of anti-apopto-
tic proteins, but can also lead to chemoresistance by sup-
pressing the apoptotic potential of some anticancer agents
[83].

STAT3

Signal transducers and activators of transcription (STATs)
are cytoplasmic transcription factors relevant in solid
tumors. After being activated via extracellular signals,
STATs translocate to the nucleus, thereupon regulating the
transcription of diVerent target genes involved in cell pro-
liferation, diVerentiation and apoptosis: all potential activa-
tors of oncogenesis [11]. Mutation of STAT3 can lead to
malignant transformation by ampliWed po(sitive activation
of downstream pathways, such as the antiapoptotic proteins
Bcl-2 and Bcl-xL [64].

Previous studies revealed increased levels of activated
STAT3 in diVerent human cancers, including HNSCC [16].
Masuda et al. [77] examined 51 samples of patients with
OSCC and revealed a correlation of high STAT3 expres-
sion with poor diVerentiation of the tumor, lymph node
metastasis and low survival. At the moment, investigations
concerning the association between STAT3 expression,
HPV subdivision of OSCC specimen and clinicopathologi-
cal data are still pending.

Abnormality in anti-growth signals

Insensitivity of tumor cells to anti-growth signals is mainly
achieved through inactivation of tumor-suppressor genes
via diVerent mechanisms, including mutation, deletion or
promoter hypermethylation. An important part of the regu-
lation of growth-inhibitory signals is taken by cyclin-
dependent kinases (CDK), cyclin, the RB gene and the
tumor suppressor genes p16, p21, p53 and p15.

P16 INK4A

P16 INK4A is a tumor suppressor gene located on chromo-
some 9p21-22 and inhibits phosphorylation of E2F–retino-
blastoma complex via binding regulatory cyclin-dependent
kinases CDK4 and CDK6 [2]. Phosphorylated Rb (pRb)
releases transcription factor E2F, which activates transition
of G1 to the S-phase of the cell cycle. P16 INK4A thereby
regulates the cell cycle negatively, but can be suppressed
by pRb itself [2, 102]. Since E7, a viral regulatory gene of
high-risk human papilloma virus (HR-HPV) is capable of
inactivating pRb, the repression by pRb of p16 INK4A is
therefore missing, which in turn leads to an increased
detection of p16 protein in HPV aVected cells [126]. Multi-
ple studies signiWcantly demonstrated p16 INK4A as a sur-
rogate marker for HPV-induced carcinoma [54, 93]. In
contrast, tumor suppressor gene p16 is found to be inacti-
vated in many other malignant tumors. This includes toxic-
induced head and neck carcinomas, in which p16 INK4A
inactivation via promoter hypermethylation is apparently
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an early event in carcinogenesis [76]. P16 INK4A was
revealed as a reliable prognostic marker, even better than
direct HPV DNA analyses via PCR. A study of patients
with p16 INK4A-positive tumors showed a signiWcant bet-
ter DFS, compared with p16-negative tumors [54]. Kreimer
et al. [58] demonstrated that in rare cases of HPV positivity
and p16 INK4A negativity, the aVected patients were heavy
smokers, which could explain the inactivation of p16
INK4A in these cases. Therefore, a combination of p16
immunohistochemistry and HPV DNA veriWcation via
PCR is currently recommended for the identiWcation of
HPV-induced oropharyngeal carcinomas [108].

P53

P53 normally regulates cell cycle progression, cellular
diVerentiation, DNA repair and apoptosis, and is mutated in
50% of all cancers. Following DNA damage, the p53 level
increases and causes cell cycle arrest or apoptosis, depend-
ing on the cell’s ability to self-repair. These reactions can
be achieved via p53 induction of kinase inhibitors, which
decreases the phosphorylation of Rb. This leads to a larger
amount of bound and, therefore, inactive E2F, thereby
decreasing initiation of S-phase in cells [66]. Loss of p53
function during carcinogenesis can lead to inappropriate
cell growth, increased cell survival and genetic instability
[12]. P53 is known to block survivin expression by arrest-
ing its promoter. Hence, blockage of p53 in oropharyngeal
tumors causes overexpression of survivin due to absence of
inhibition [52]. Khan et al. [52] showed a frequent overex-
pression of survivin and mutated p53 in OSCC as well as in
oral premalignant lesions. Alteration and overexpression of
these markers in premalignant lesions suggest a role in
early stages of oral carcinogenesis [52].

It was shown that HPV+ and HPV¡ tumors are separa-
ble into two diVerent biological tumor entities. ReXecting
the diVerent steps of carcinogenesis, tobacco and alcohol-
induced tumors commonly show p53 mutations as well as
p16 alterations, whereas HPV+ tumors present frequently
with a p53 wild type. In the latter case, p53 interacts with
the viral E6 protein, which leads to increased ubiquitin-
dependent proteolysis of p53. Nevertheless, HPV+ tumors
are known to have a favorable prognosis, possibly as a
result of less frequent p53 mutations. P53 mutations are
associated with Weld cancerization and therefore correlate
with early recurrence and second primary tumors, as well as
worse responses to chemotherapy or radiation therapy [82,
93, 116].

P21

P21 belongs to the group of cyclin-dependent kinase inhibi-
tors that play an essential role in cell cycle control, cellular

growth, diVerentiation and apoptosis. Cell damage stimu-
lates p53 activation, which can cause increased p21 expres-
sion and interaction with cyclin/CDK, leading to either cell
cycle arrest or apoptosis [131]. In cases of high p21 expres-
sion, an improved clinical response to chemotherapy and
irradiation was reported by various authors in diVerent
types of solid tumors [49, 121, 129]. Several studies
revealed that a positive expression of p21 was associated
with increased survival dates and, therefore, p21 might rep-
resent a predictive marker for response of radiochemother-
apy and prognosis in OSCC and other solid tumors [32,
130]. Hafkamp et al. examined 77 oropharyngeal tumors
specimens and found that in the 35% of these tumors that
were tested HPV positive, there was a strong association
with p21 (Cip1/WAF1) expression. P21 overexpression
seems to be a signiWcant prognosticator for a favorable
prognosis [41].

Evasion of apoptosis

Malignancies are characterized by increased survival and
resistance to apoptosis. Apoptosis belongs to the essential
cellular regulation processes and contains a number of
important components, including the family of caspases.
These cysteine proteases regulate the initiation and accom-
plishment of programmed cell death in altered and con-
sumed cells that constitute danger to the multicellular
organism. Caspases induce proteolysis of important pro-
teins, Wnally causing dissolution of the nucleus with DNA
degradation and alterations of the cell membrane [75]. P53
is activated by extrinsic or intrinsic damage of the cell and
is involved in regulations of the apoptotic cascade. Since
p53 is often found mutated in tumor cells, it partly explains
decreased apoptosis in malignancies [91]. The Bcl-2 family
is also a group of apoptosis-regulatory factors. They can be
classiWed into pro-apoptotic proteins, (Bax and Bak) and
anti-apoptotic proteins (Bcl-2 and Bcl-xL). Alterations or
mutations of their expression as well as disequilibrium of
their ratio can lead to deterioration of the cell [124].

Bcl-2, Bax

Bcl-2, which stands for B-cell-lymphoma-2, plays an
important role in the regulation of apoptosis and prolonged
cell survival [59] and has been linked to prognosis in sev-
eral solid tumors [39]. In a study by Zhang et al. [134] ana-
lyzing the expression of Bcl-2 and Bax proteins via IHC in
specimens from 110 patients with OSCC, the ratio of Bcl-2/
Bax was found to be an independent marker of prognosis.
Camisasca et al. [14] demonstrated in 53 OSCC patients
treated with curative surgery at a single institution that the
expression of Bcl-2 family proteins was strongly associated
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with the clinical outcome of those patients. Similar results
could be revealed by Lo Muzio et al. [70] suggesting that
decreased Bcl-2 expression represents a more aggressive
biological behavior in OSCC. Wilson et al. examined the
histological material from 400 patients via IHC staining.
Their results showed an association between Bcl-2, histo-
logical dediVerentiation and a more advanced disease, but
yet a lower locoregional recurrence rate and an improved
survival [125].

Survivin

Survivin is a member of the inhibitor of apoptosis family
(IAP) and a regulator of cell division. Five diVerent splicing
variants are known so far. Survivin is rarely detectable in
normal diVerentiated tissue, but highly expressed in most of
human malignant lesions [132].

It binds and disables caspase-3 and caspase-7, both impor-
tant enzymes of the apoptosis process, thereby enabling inhi-
bition of apoptosis in the cell. Survivin is frequently
expressed in OSCC and its expression has been reported to
correlate with worse prognosis, disseminated disease and
resistance to therapy [1]. Interestingly, there seems to be a
connection between survivin expression and the detection of
oncogenic HPV in OSCC [69]. It is already known that there
is convergence between survivin expression and increase of
dysplasia at the cervix, a disease that is also linked to HR-
HPV infection [6, 9]. Preuss et al. [89] demonstrated a sig-
niWcantly inverse association between cytoplasmic survivin
expression and HPV-associated OSCC. The localization of
survivin was found to be dynamic, since IHC showed cyto-
plasmic as well as nuclear positivity, the latter possibly pre-
senting the participation of survivin in controlling cell
proliferation [67]. HR-HPV-correlated oncogenesis seems to
inXuence active nuclear import of survivin, since a nuclear
expression of survivin, which is associated with poor OS,
was signiWcantly found in HPV tumors [89]. Due to its cru-
cial role in carcinogenesis, its absence in normal tissue and
potential possibilities as a molecular target, survivin has nota-
ble therapeutic and prognostic interest.

ERCC1

In a broad sense, avoidance of apoptosis can be achieved by
increased DNA repair processes. Platinum chemotherapeu-
tic agents are used against many diVerent cancers, especially
germ cell tumors, ovarian, cervical and bladder cancer,
small cell and non-small cell lung cancer, colorectal cancer
and head and neck cancer [63]. Platinum based chemother-
apy induces apoptosis by forming DNA adducts, which
leads to inter- and intrastrand cross-linking. Limitations of
the eYciency of platinum chemotherapeutics are based on
the development of resistance. The nucleotide excision

repair pathway (NER) is an important feature to recognize
and remove DNA cross-links [92]. After excision of the
modiWed DNA nucleotides, DNA polymerase restores the
missing parts [44]. The excision repair cross-complementa-
tion group 1 (ERCC1) is a crucial enzyme involved in the
NER pathway. Interestingly, alterations in DNA damage
repair proteins can cause chemotherapeutic treatment failure
and continued viability of tumor cells in many human can-
cers [80]. The determination of parameters to identify
patients who would beneWt from a platinum based chemo-
therapy regimen is an important goal. Analysis of ERCC1
expression levels in diVerent tumors, including gastrointesti-
nal [8], ovarian and lung cancer [71], exposed an inverse
correlation to treatment response and survival outcome.

Olaussen et al. examined 761 metastatic lung cancer
specimen immunohistochemically. They reported a signiW-
cant survival beneWt in patients with low ERCC1 levels
who were treated with platinum chemotherapeutic agents,
compared to their counterparts with increased ERCC1
expression [84]. Recently, a prospective randomized trial of
444 patients with progressed non-small cell lung cancer,
using ERCC1 expression to assign platinum-based chemo-
therapy, was performed. It was shown that ERCC1 mRNA
expression levels could signiWcantly help to predict the
response to docetaxel and cisplatin chemotherapy, although
the survival rates were not signiWcantly diVerent [20].

In HNSCC, relatively few studies have been carried out
to evaluate the role of ERCC1 expression as a predictive
marker. Jun et al. examined 45 patients with locally
advanced HNSCC who received concurrent cisplatin-based
chemotherapy. Their results supported an inverse associa-
tion of ERCC1 expression and prolonged survival [47].
Another study showed concordance with Jun’s results by
analyzing 96 patients who underwent an induction chemo-
therapy regimen for progressed HNSCC via IHC [43]. A
recent study by Koh et al. reports contrary results. They
examined 85 specimens of patients with HNSCC receiving
platinum-containing induction chemotherapy via IHC.
ERCC1 expression did not correlate with treatment
response or prognosis in their retrospective setting [57].
Further investigations to approve the clinical relevance of
ERCC1 expression as a predictor of treatment response in
oropharyngeal or other head and neck carcinomas are there-
fore still necessary.

Immortalization

A normal cell can replicate itself limited by the length of its
telomeres, which aVect the life span of a cell. Telomerase is
an enzyme that can elongate telomeric DNA by reverse
transcription. hTERT, which stands for human telomerase
reverse transcriptase, is a subunit of the telomerase, which
123
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is found to be increased in over 90% of all cancers. Expres-
sion of hTERT enables a malignant cell to escape limited
replication and become immortal [111, 120]. Recent studies
revealed that hTERT expression in OSCC correlates with
prognostic values. Chen et al. for example, examined 82
specimens of OSCC, 116 specimens of oral epithelial
dysplasia and 21 specimens of normal oral mucosa via
immunohistochemistry. They demonstrated that hTERT
expression was an early event in oral carcinogenesis and
signiWcantly associated with the progression, recurrence
and prognosis of OSCC in Taiwan [18].

Angiogenesis

SuYcient blood supply is an important factor enabling a
malignant tumor to self-maintain and grow. Therefore, pro-
angiogenetic factors play an important role in the regulation
of pathological angiogenesis and metastasis [42].

VEGF

VEGF is not only responsible for increased angiogenesis,
but stimulates also vessel permeability, endothelial cell
growth and proliferation. There are six diVerent VEGF
family members diVerentiable (placental growth factor,
VEGF A–E) and three VEGF receptors (VEGFR 1–3).
VEGF and other angiogenic mediators, such as basic Wbro-
blast growth factor (b-FGF), transmit their signal by bind-
ing tyrosine kinase receptors on the cell surface [31].

At the time of diagnosis, oropharyngeal cancers mainly
present in advanced tumor stages, already exhibiting posi-
tive regional lymph nodes. VEGF-C and -D and VEGFR-3
are known to be involved in lymphangiongenesis signalling
pathway, therefore presenting an interesting target for can-
cer therapy [74, 112]. There are contradictory Wndings con-
cerning VEGF expression in OSCC and its prognostic
value. Sappayatosok et al. examined 66 OSCC paraYn-
embedded specimens with IHC regarding their expression
of pro-inXammatory and angiogenetic proteins, including
VEGF and COX-2. They demonstrated a correlation of
VEGF with tumor grading, tumor staging and angiogenesis.
[101]. A study by Smith et al. of 77 patients with OSCC
treated with surgery and postoperative radiotherapy
revealed increased VEGF expression as the most signiWcant
predictor of poor disease-free and overall survival with
important prognostic value [109]. Tanigaki et al. studied
the expression of VEGF-A and -C, and VEGRF- 1 and - 3
in 73 patients with OSCC by IHC. Multivariate analysis
demonstrated that lymph node metastasis and VEGF-C
expression were exclusive, independent factors inXuencing
the overall survival rate and correlated with locoregional
recurrence and distant failure [115]. However, Salven et al.

[99] examined 156 specimens of OSCC patients treated
with multimodal therapy and reported no correlation
between VEGF expression and QS. The latter results have
been conWrmed by Brocic et al., who also rejected VEGF as
a clinical parameter for prognosis and outcome [10]. Fei
et al. [30] analyzed 85 SCC of the tonsil and could not
reveal any associations between VEGF and HPV status,
gender, patient age, TNM stage or EGFR expression either.

COX-2

Cyclooxygenase-2 (COX-2) is a proinXammatory enzyme
that takes part in the conversion of arachidonic acid to pros-
taglandins and thromboxanes, and participates in cell pro-
liferation, tumor angiogenesis and apoptosis. Unlike the
other isoform COX-1, COX-2 is commonly not present in
normal tissue, but has an increased expression in several
human cancers, including OSCC [38, 118]. COX-2 synthe-
sis is stimulated during inXammatory events by cytokines
and growth factors, but can be also regulated by tumor pro-
moters and transcription factors.

In esophageal carcinoma, Takatori et al. [114] demon-
strated in 228 patients a positive correlation between an
increased COX-2 expression and the depth of tumor inva-
sion, tumor stage and prognosis. In OSCC, Sappayatosok
et al. [101] examined 66 OSCC samples and found an asso-
ciation of COX-2 expression with the degree of dysplasia
as well as the lymph node status, but no signiWcant correla-
tion with tumor grading, staging or survival. Pannone et al.
demonstrated in 22 patients with OSCC via real-time RT-
PCR that a high COX-2 expression was associated with a
worse DFS. A correlation with QS, tumor stage and grade
could not be shown [85]. At this time, studies analyzing the
relation of HPV status, COX-2 expression and clinicopath-
ological parameters in OSCC still have not been done. In
colorectal malignancies, around 80% show increased COX-
2 expression, which presumably enhances tumor prolifera-
tion, angiogenesis and metastasis. The chemopreventive
eVect of NSAID in colorectal cancer, including the treat-
ment of familial adenomatous polyposis (FAP), has been
already established [110].

Nonsteroidal anti-inXammatory drugs, especially selective
COX-2-inhibitors present an important possibility of pre-
venting and targeting several cancers in early and progressed
stages, despite the cardiovascular risk that has been reported.

Invasion and metastasis

Cadherins

The capability of malignant cells to inWltrate surrounding
tissue diVerentiates them from normal cells. Cell–cell and
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cell–matrix interactions are important regulators for normal
cellular functioning. There are diVerent specialized mole-
cules and their corresponding receptors, including cadher-
ins and the associated catenins. Cadherins are cell adhesion
molecules that play a signiWcant role in maintaining epithe-
lial integrity, as wll as epithelial–mesenchymal transition
[117]. Alterations in E-cadherin expression or their subcel-
lular location are a well-known step of carcinogenesis.
Inactivation of E-cadherin can be accomplished by pro-
moter hypermethylation and inhibition of transcription via
repressors such as Snail, Slug or SIP1 [24, 86]. A low
expression of E-cadherin is associated with increased
motility, invasion and metastasis of tumor cells [4]. Diniz-
Freitas et al. assessed 47 cases of OSCC to judge the rela-
tion of E-cadherin expression and clinicopathological
parameters by using IHC. Their results showed that less or
absent E-cadherin expression correlated with more invasive
tumor characteristics, positive cervical lymph nodes and
worse prognosis concerning disease-free and overall-sur-
vival time [27]. Kaur et al. [50] conWrmed these results in a
study of 37 OSCC samples and 10 metastasized cervical
lymph nodes. On the contrary, Mahomed et al. [73] who
examined 30 cases of OSCC, partly with nodal metastasis,
reported that a weak expression of E-cadherin and its asso-
ciated protein, beta-catenin, correlated with a lower degree
of diVerentiation but did not show signiWcant association
with nodal metastasis.

Matrix metalloproteinases

Matrix metalloproteinases (MMPs) are extracellular prote-
ases, capable of destroying the surroundings of a tumor cell
and allowing tumor invasion and metastasis. The family of
MMPs contains diVerent members, distinguishable into col-
lagenases, gelatinases, stromelysins, membrane-type
MMPs and new MMPs [61].

Oropharyngeal cancer is known to spread quickly in its
locoregional surrounding and 50% of the patients present
with regional metastasis at the time of diagnosis. Several
diVerent MMPs, such as MMP-2, -3,-10 and -11, have been
reported to take part in the progression of oral cancer [60].
MMP-2 expression was found to have predictive value con-
cerning tumor metastasis in oral carcinomas [51]. Kusuk-
awa et al. [62] revealed in 65 patients with stage I and II of
oral carcinoma that an increased expression of MMP-3 is
associated with tumor size, thickness, mode of invasion and
lymph node metastasis. Lü et al. examined MMP-1 mRNA
expression of 30 OSCC patients in paired tumor and non-
tumor specimens via RT-PCR. They found high MMP-1
mRNA expression to be associated with advanced tumor
stages and positive cervical lymph node invasion and,
therefore, reasoned MMP-1 as a potential biomarker for
diagnostic and prognostic evaluation of OSCC [72].

Yorioka et al. examined 44 samples of primary OSCC.
Their techniques included microdissection and measure-
ment of the activity of secreted MMPs via gelatin zymogra-
phy and densitometry. Yorioka et al. [133] revealed an
increased activity of MMP-2 and -9, which correlated with
a shorter DFS.

Tissue inhibitors of metalloproteinase (TIMP) are antag-
onists of MMPs, but unexpectedly show a poor prognostic
eVect. They can suppress angiogenesis, tumor invasion and
metastasis in vivo, but especially TIMP-2 seems to have a
dual function and is capable of activating MMP-2 and inde-
pendently regulating cell growth and survival [26]. A study
of TIMP expression in OSCC by De Vicente et al. [25]
revealed that TIMP-2 expression correlated signiWcantly
with tumor stage, local recurrence and survival outcome,
while TIMP-1 showed no relation to clinicopathological
parameters. A complete understanding of the pathophysio-
logical features of MMPs and TIMPs is still lacking. Our
knowledge on the inXuence of HPV infection on MMP
expression, and therefore progression of carcinogenesis in
OSCC, is still incomplete and needs further investigations.

Conclusion

In recent years, important progress in the understanding of
oropharyngeal carcinogenesis has been achieved. Extended
knowledge of the prognostic or predictive value of molecu-
lar biomarkers in oropharyngeal cancer provides more
insight into carcinogenesis and can, therefore, improve and
specify diagnosis, tumor classiWcations, therapy and
appraisal of clinical outcome in OSCC.

Declaration of HPV status in OSCC, using immunohis-
tochemical staining of p16 and PCR of HPV-DNA, for
example, presents a reliable prognostic and predictive
marker. Recently published studies indicate that HPV/p16
associated carcinomas present a better response to induc-
tion chemotherapy and a better prognosis after deWnite
radiochemotherapy [29, 128]. These results indicated that
the possibility of a reliable selection of patients for individ-
ualized therapy depended on the HPV status of their
tumors. However, more prospective, possibly collaborative
studies incorporating a reliable quality of samples from a
uniform anatomic site, standardization of the analysis meth-
ods and synchronic curative protocols are warranted to fur-
ther improve the clinical validation of biomarkers and their
use for tailored treatment strategies in patients with OSCC.
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