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Abstract
The incidence of oropharyngeal squamous cell carcinoma (OPSCC) is
increasing in many Western countries. In Finland, the incidence increased from
32 cases in 1996 to 85 cases in 2006 to 193 cases in 2016. Globally, OPSCC is
the 12th most common cancer and is frequently related to human papillomavirus
(HPV) infection. The prediction of OPSCC prognosis is one of the main
dilemmas for the clinicians. Although many parameters have been used to
predict the prognosis, such as clinical factors of tumor size and invasion, lymph
node and distant metastases (cTNM) staging, and other prognostic models
based on histopathologic parameters; in addition to the patient-related and
treatment-related factors, all of these parameters are of limited value in
predicting prognosis. For this reason, assessing of the immunohistochemical
markers as prognostic biomarkers was a target for many recent studies. Tolllike receptors (TLRs) play important roles in the development of carcinoma of
different sites including the tongue, cutaneous, cervical and laryngeal
squamous cell carcinoma, and colorectal adenocarcinoma. Hormone receptors
play a crucial role in the pathogenesis and treatment of breast carcinoma and
carcinoma of the male and female genital organs, in addition to their role in
carcinomas of other organs including stomach, larynx, and salivary gland, but
their role in OPSCC still poorly understood. During the epithelial to
mesenchymal transition (EMT), the epithelial cells lose some of their essential
epithelial characteristics and gain invasive and migratory characteristics, which
are properties of the mesenchymal cells. In addition, HPV infection induces
keratinocyte stem cells to behave like cancer stem cell (CSCs). Detection of
more specific prognostic biomarkers would be beneficial on the clinical level.
In this thesis project, we examined the prognostic value of TLR5, 7 and 9, sex
hormone receptors: androgen receptors (AR), progesterone receptors (PR), and
estrogen receptors (ER), EMT markers: β-catenin, E-cadherin, vimentin, and
9

biomarkers expressed by stem cells: Bmi-1, HESC5:3, and HES77 in a cohort
of 202 OPSCC patients. We also examined the correlations of these markers
with HPV infection. We found that high TLR5, low TLR7, and high PR levels
are associated with poor disease-specific survival (DSS) (p=0.002 and
p=0.001 respectively). In addition, HPV-positive OPSCCs express higher
levels of TLR7 (p<0.001), AR (p<0.001), HESC5:3 (p=0.016), vimentin
(p=0.026), and cell membranous β-catenin (p=0.001), and lower levels of
TLR5 (p<0.001), TLR9 (p<0.001), PR (p<0.001), and Bmi-1 (p=0.006) than
the HPV-negative OPSCCs. From our findings, we conclude that high TLR5,
low TLR7, and high PR expression levels may impact the prognosis of OPSCC.
In addition, our results support the fact that HPV-positive and HPV-negative
OPSCCs are different tumor entities.
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Abstrakti (Finnish abstract)
Suunielun levyepiteelisyövän esiintyvyys kasvaa monissa länsimaissa.
Suomessa taudin esiintyvyys nousi vuoden 1996 32:sta tapauksesta 85:een
tapaukseen vuonna 2006, kun se oli 193 tapausta vuonna 2016. Lisäksi,
suunielun levyepiteelisyöpä on maailmanlaajuisesti 12. yleisin syöpä, ja se
usein

liittyy

ihmisen

papilloomavirusinfektioon

(HPV).

Suunielun

levyepiteelisyövän ennusteen arvioiminen on yksi kliinistä työtä tekevien
lääkäreiden haastavimmista ongelmista. Vaikka ennusteen arvioinnissa on
käytetty monia kliinisiä tekijöitä, kuten kasvaimen kokoa ja invaasiota,
imusolmuke- ja kaukoetäpesäkkeiden esiintyvyyttä (cTNM) sekä muita
histopatologisiin muuttujiin perustuvia ennustemalleja; potilaaseen ja hoitoon
liittyvien tekijöiden lisäksi kaikki nämä muuttujat ovat rajallisia ennusteen
arvioimisessa. Tämän vuoksi moni viimeaikainen tutkimus on arvioinut
immunohistokemiallisten

merkkiaineiden

ennusteellisuutta

suunielun

levyepiteelisyövässä. Tollin kaltaisilla reseptoreilla (TLR) on tärkeä rooli
monen alueen karsinooman kehittymisessä, mukaan lukien kielen, ihon,
kohdunkaulan

ja

kurkunpään

levyepiteelisyövät

ja

suoliston

adenokarsinooma. Hormonireseptoreilla on ratkaiseva rooli rintasyövän sekä
miesten ja naisten sukupuolielinten syöpien patogeneesissä ja hoidossa. Sen
lisäksi niillä on tärkeä rooli muiden elinten, kuten mahalaukun, kurkunpään
ja

sylkirauhasten

karsinoomissa,

levyepiteelikarsinoomassa

on

mutta

edelleen

niiden

huonosti

rooli

suunielun

tunnettu.

Epiteeli-

mesenkymaalisessa siirtymisessä (EMT) epiteelisolut menettävät osan
oleellisista epiteelipiirteistään ja saavat invasiivisia ja migratorisia
ominaisuuksia, jotka ovat luonteenomaisia mesenkymaalisille soluille.
Lisäksi HPV-infektio indusoi keratinosyyttiset kantasolut käyttäytymään
syövän kantasolujen tapaan. Tarkempien prognostisten biomarkkereiden
havaitseminen olisi hyödyllistä kliinisellä tasolla. Tässä väitöskirjatyössä
11

tutkittiin TLR5, 7 ja 9, sukupuolihormonireseptoreiden: androgeenireseptori
(AR), progesteronireseptori (PR) ja estrogeenireseptori (ER), EMTmerkkiaineiden: β-kateniini, E-kadheriini, vimentiini ja kantasolujen
ilmentämien biomerkkiaineiden: Bmi-1, HESC5: 3 ja HES77 ennusteellista
merkitystä 202 suunielun levyepiteelisyöpäpotilaan ryhmässä. Tutkimme
myös näiden merkkiaineiden korrelaatioita HPV-infektioon. Havaitsimme,
että korkeaan TLR5-, alhaiseen TLR7- ja korkeaan PR-tasoon liittyy huono
tautispesifinen eloonjääminen (DSS) (vastaavasti p = 0,002 ja p = 0,001).
Lisäksi HPV-positiiviset kasvaimet ilmentävät korkeampia TLR7 (p <0,001),
AR (p <0,001), HESC5: 3 (p = 0,016), vimentiini (p = 0,026) ja solukalvon
β-kateniini (p = 0,001). 0,001) pitoisuuksia ja alhaisempia TLR5 (p <0,001),
TLR9 (p <0,001), PR (p <0,001) ja Bmi-1 (p = 0,006) tasoja verrattuna HPVnegatiivisiin kasvaimiin. Tulosten perusteella päättelemme, että korkea
TLR5, matala TLR7 ja korkea PR-ilmentymistaso voivat vaikuttaa
suunieulun levyepiteelisyövän ennusteeseen. Lisäksi tuloksemme tukevat sitä
tosiasiaa,

että

HPV-positiiviset

ja

levyepiteelisyövät ovat kaksi eri tautia.
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HPV-negatiiviset

suunielun

1. Introduction
Anatomically, the oropharynx is a part of the pharynx and is located posterior
to the oral cavity and superior to the upper margin of the epiglottis (Figure 1).
It is bounded posterolaterally by the muscular pharyngeal wall and anteriorly
by the upper part of the posterior one-third of the tongue, which contains the
lingual tonsils. The lateral walls of the oropharynx are composed of the
tonsillar fossa with the palatine tonsils (Drake et al., 2015).

Figure 1. The anatomical location of oropharynx
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Squamous cell carcinoma is the most commonly occurring malignant tumor in
the oropharynx (Trotta et al., 2011); but other malignancies such as
adenocarcinomas, primary lymphoid tumors and sarcomas may occur as well
(El-Naggar et al., 2017). According to International Classification of Diseases
10th version, oropharyngeal squamous cell carcinoma (OPSCC) refers to all
carcinomas of the following codes: C01, C02.4, C05.1, C05.2, C05.8, C09.0,
C09.1, C09.8, C09.9, C10.0, C10.2, C10.3, C10.8, and C10.9. The incidence
rates of OPSCC are increasing mainly in the base of the tongue and tonsils that
are associated with human papillomavirus (HPV) infection (Society, 2018b).
In Finland, the incidence of OPSCC patients increased from 357 patients
(1997-2002) to 818 patients (2007-2012) (Data collected from the Finnish
Cancer Registry 2019). The initial symptoms of OPSCC often are a sore throat
and neck mass (regional metastasis) (Carpén et al., 2018). The main treatment
approaches for OPSCC are surgery and radiotherapy (RT), either separately or
in combination. In the advanced stage of the disease, definitive or adjunctive
chemoradiotherapy (CRT) is recommended. (Mehanna et al., 2016) However,
OPSCC mortality has remained quite high, and the 5-year overall survival (OS)
does not exceed 60% (Jouhi et al., 2018; Wang et al., 2014).
The National Comprehensive Cancer Network (NCCN) guidelines version 1.
2019 states that, HPV testing is recommended for the diagnosis of OPSCC
(NCCN, 2019). In addition, the World Health Organization (WHO) has
classified OPSCC into two different entities: HPV-positive OPSCC and HPVnegative OPSCC (El-Naggar et al., 2017). HPV-positive OPSCCs are typically
smaller in size, have a higher likelihood of presenting with cervical
lymphadenopathy, and have a better prognosis than HPV-negative OPSCCs
(Ang et al., 2010; El-Naggar et al., 2017; Fakhry et al., 2014; Guo et al., 2015;
Huber et al., 2011; Lindel et al., 2001). Patients with HPV-positive OPSCC
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tend to be younger (median age of 50-56 years) (El-Naggar et al., 2017;
Gillison et al., 2008), consume less tobacco and alcohol (El-Naggar et al., 2017;
Gillison et al., 2008; Lindel et al., 2001), and have higher socioeconomic status
and education (Benard et al., 2008; Dahlstrom et al., 2015) than patients with
HPV-negative OPSCC. However, a recent Finnish study showed that smoking
is also rather typical among HPV-positive OPSCC patients (Carpén et al.,
2018). In addition, HPV-positive patients have better outcomes due to their
positive response toward RT (El-Naggar et al., 2017; Huber et al., 2011; Lindel
et al., 2001).
Prognostic markers of cancer are clinical measurements used to predict
patients’ future outcome and disease prognosis (Riley et al., 2009). Although
many parameters have been used to predict the prognosis, such as clinical
factors of tumor size and invasion, lymph node and distant metastases (cTNM)
staging, and other prognostic models based on histopathologic parameters; in
addition to the patient-related and treatment-related factors, all of these
prognostic parameters are of limited value. Biomarkers have a great value in
cancer diagnosis and management. Some biomarkers are important for cancer
diagnosis, e.g. used to determine the tissue from which the cancer originates,
and some may affect the treatment modality. Biomarkers may predict the
prognosis, the response to therapy, the occurrence of metastasis, and the cancer
recurrence rate (Henry and Hayes, 2012). In this study, we evaluated the
prognostic value of Toll-like receptors (TLRs), hormone receptors, cancer stem
cell (CSC) markers: B cell-specific murine leukemia virus integration site 1
(Bmi-1), HESC5:3, and HES77, and epithelial-to-mesenchymal (EMT)
markers: E-cadherin, b-catenin, vimentin in OPSCC. Each of these different
biomarker groups was chosen to be assessed in this work due to different
considerations: We have chosen TLRs, Bmi-1, E-cadherin, catenin, and
vimentin because of their important prognostic roles in other carcinomas as
15

shown in previous studies (Angadi et al., 2016; da Cunha et al., 2016; Hayry et
al., 2010; Makinen et al., 2016; Schäfer et al., 2017; Szczepanski et al., 2007)..
We have chosen hormonal receptors because many studies have revealed their
roles carcinomas other than that of the genital system, such as gastric
carcinoma, laryngeal squamous cell carcinoma, and salivary gland carcinomas
(Aquino et al., 2018; Atef et al., 2019; Bianchini et al., 2008; Gan et al., 2012),
but no study has evaluated their role in OPSCC. For this reason, we have taken
this step hoping for novel results in OPSCC. Although, HESC5:3 and
HES77are newly developed CSC markers with undetermined epitopes, but we
have evaluated their prognostic value in OPSCC as they are novel biomarkers
and could be beneficial in the future for the clinicians dealing with OPSCC.
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2. Review of the literature: Oropharyngeal squamous
cell carcinoma (OPSCC)
2.1. Incidence
The incidence rate of OPSCC has increased significantly worldwide, particularly
among HPV-positive younger men (< 60 years of age), in economically
developed countries (Chaturvedi et al., 2013). According to the Finnish Cancer
Registry, in the period between 1960 and 2016, altogether 2933 new cases of
OPSCC were diagnosed in Finland. The incidence increased from 87 cases
during the 5-year period from 1960 to 1965 to 954 cases in the period from 2011
to 2016. Sixty two percent (1806 cases) of all cases were diagnosed during 20012016. In addition, male patients constitute 71% (2093 cases), and female
patients only 29% (840 cases) of the whole series (2933 cases) (Figure 2, Table
1) (Finnish Cancer Registry/Suomen Syöpärekisteri 2019).
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Figure 2. The number of new diagnosed oropharyngeal squamous cell
carcinoma patients in Finland in the period from 1960 to 2016.

2.2. Risk factors
Cancer is generally an intricate and multifactorial disease. WHO has
subclassified OPSCC into two different types: HPV-positive OPSCCs and
HPV-negative OPSCC, both with different risk factors (El-Naggar et al., 2017).
In HPV-positive OPSCC, the risk factor is infection with high risk (HR) types
of HPV, specifically the HPV-16 (Betiol et al., 2013; El-Naggar et al., 2017),
which is responsible for >90% of all HPV-positive OPCCs (El-Naggar et al.,
2017). A recent Finnish study showed that approximately 50 % of OPSCC are
HPV-positive type (Carpén et al., 2018). For HPV-negative OPSCCs, the risk
factors are tobacco smoking and excessive alcohol consumption (Blot et al.,
1988; El-Naggar et al., 2017). Even light drinking increases the risk of
developing OPSCC (Bagnardi et al., 2012). Regarding tobacco use, not only is
18

the smoking type a risk factor, but also Betel nut quid chewing (with or without
adding the tobacco to the mix) increase the risk of OPSCCs (Guha et al., 2014).
The combination of tobacco smoking and alcohol consumption have a
synergistic effect, with a reported 30-fold higher risk for persons who both
smoke and drink excessively (Society, 2018b).
In addition, other risk factors such as dietary, immune, and heritable factors
may increase the risk of developing OPSCC. Dietary risk factors include
vitamin D (Chi et al., 2015; Orell–Kotikangas et al., 2012) or iron deficiency
(Chi et al., 2015; Richie et al., 2008), which may increase the risk of developing
head and neck squamous cell carcinoma (HNSCC). The stability and integrity
of the immune system is an important factor in preventing cancer development.
Immunocompromised patients, such as those with human immunodeficiency
virus (HIV) or organ transplant recipients, are at high risk of developing
oral/oropharyngeal carcinoma (Chi et al., 2015; Collett et al., 2010; Grulich et
al., 2007). The heritable background is another risk factor that should not be
neglected by clinicians and researchers. For examples, patients with certain
rare heritable diseases, such as Bloom syndrome, have an increased risk of
developing oral/oropharyngeal carcinoma (Berkower and Biller, 1988; Chi et
al., 2015). In addition, some studies indicated that the relatives of OPSCC
patients have an increased risk of developing this disease, suggesting familial
clustering as a risk factor for OPSCC (Hussain et al., 2008; Monroe et al.,
2018); but this possibility requires further investigation.

2.3. Diagnosis
Patients diagnosed at an early stage of OPSCC have better survival and
functional outcome after treatment (Muto et al., 2004). Early diagnosis of
OPSCC is one of the greatest challenges for clinicians and cancer centers,
because it is a multifactorial procedure depends on the type of symptoms
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(Nieminen et al., 2018), the patient education and economical status (Chen et
al., 2007a), and the health center readiness and oncologists availability (Joshi
et al., 2014).
The most common early symptoms of OPSCC are a sore throat and neck mass
caused by regional metastasis. The main complaint of HPV-positive OPSCCs
patients is neck mass, while patients with HPV-negative OPSCC come
complaining of pain, sore throat, and dysphagia. (Carpén et al., 2018; McIlwain
et al., 2014) Misdiagnosis of early-stage OPSCC as tonsillitis, is quite common.
Accordingly, the duration of symptoms, patient age, and smoking history
should be considered before deducing the diagnosis. (Bannister and Ah-See,
2014) In addition, a recent Finnish study showed that the type of symptoms
influences the patient delay. Hoarseness and breathing difficulty complaints are
associated with a long delay, while a neck lump complaint is associated with a
shorter delay. (Nieminen et al., 2018)
Patient education and economic status are also an important factor in early
diagnosis of OPSCC. A study in the US found that individuals who lack
medical insurance or have Medicaid coverage (A federal program in the US
that helps with medical costs for some people with limited income and
resources) are at greatest risk to present with advanced OPSCC, compared with
patients who have private health insurance (Chen et al., 2007a).
Clinicians and health center readiness is another important factor. The correct
diagnosis is the result of a well-taking history, a good physical examination,
and of course, the biopsy to confirm the diagnosis. HPV testing is also
important to confirm whether the OPSCC is HPV-positive or -negative type.
Other methods, such as computed tomography (CAT) scan, magnetic
resonance imaging (MRI), and ultrasound, assist clinicians in measuring
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OPSCC size and in determining regional lymph node status (Cancer.Net,
2019). Narrowband imaging (NBI) is a hyper-efficient tool for detection of
OPSCC at a very early stage, even at the in situ stage before tumor invasion
(Muto et al., 2004). Mass spectrometry has been found to be a powerful tool
used to detect and quantify oral cavity and lung carcinoma biomarkers at early
stages (Ambatipudi and Melvin, 2013; Dickinson et al., 2018; Harris et al.,
2014; Wei et al., 2015), and even to identify the metabolic behavior of these
tumors (Bagordakis et al., 2016; Korvala et al., 2017; Wei et al., 2015). A
recent study in Helsinki has explored the possibilities to identify early OPSCC
using mass spectrometry technique, and they found a set of serum proteins
distinguishing early-stage OPSCC from healthy individuals (Tuhkuri et al.,
2018)

2.4. Histopathology
Histologically, HPV-positive OPSCC differs from HPV-negative OPSCC in
keratinization and differentiation. Keratinization is most likely a feature of
HPV-negative OPSCC, while HPV-positive OPSCCs are more likely to be
non-keratinized. (Chernock et al., 2009; Fujimaki et al., 2013; Gondim et al.,
2016; Shah and Westra, 2007) Regarding differentiation, HPV-negative
OPSCC tends to be well-differentiated or moderately differentiated tumors,
while HPV-positive OPSCCs tend to be poorly differentiated (Begum et al.,
2005; Gillison et al., 2000) and basaloid, in which the OPSCC grows to form
expanding cellular lobules with central cystic necrosis (Begum et al., 2005;
Gillison et al., 2000; Shah and Westra, 2007).
The invasive front is the most progressed, three to six tumor cell layers or
detached tumor cell groups at the advancing edge of squamous cell carcinoma.
It usually expresses a lower degree of differentiation and a higher grade of
cellular dissociation in comparison with other parts of the tumor tissue.
21

(Sharma et al., 2013) Significant molecular events regard to tumor spread
occurs in this layer such as loss of adhesion molecules, secretion of proteolytic
enzymes, and increased cellular proliferation (Sharma et al., 2013; Woolgar,
2006). This part is characterized by changing in the components of extracellular
matrix, by decreased expression of both normal basement membrane
components such as laminin and collagen IV and normal cell adhesion
molecules such as E-cadherin and b-catenin, and increased expression of other
molecules associated with tumor stroma such as fibronectin and tenascin
(Sharma et al., 2013; Wang et al., 2009).

2.5. Pattern of spread
HPV-positive OPSCCs usually have well-defined borders and cystic nodal
metastases, while HPV-negative OPSCCs usually have poorly defined tumor
borders and invade the adjacent muscles (Cantrell et al., 2013). In general, both
OPSCC can spread in three ways: (1) by direct extension to the mucosal surface
or deep into the muscle and bone, (2) by metastases via lymphatic drainage, or
(3) through perineurial invasion. Thus, OPSCC can invade the nasopharynx,
the parapharyngeal space, the base of the tongue, the masticator space, and the
base of the skull (Trotta et al., 2011). MRI is superior to CAT for imaging
examination of OPSCC extension. The clinician should use MRI with OPSCC
to examine the submucosal extension, the adjacent muscles, the base of the
skull, and the cervical lymph nodes to define the actual tumor size and
extension, and thus the tumor stage. (Trotta et al., 2011)
For the detection of nodal metastases, 18F-ﬂuorodeoxyglucose positron (18FFDG PET) is superior to CAT and MRI (Ng et al., 2005; Ng et al., 2006).
However, all the techniques described above are not sensitive enough to detect
the millimeter-sized OPSCC metastases that are clinically negative (clinical
N0) (Iyer et al., 2010; Ng et al., 2006). With a skillful clinician,
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ultrasonography appears to be superior to both CAT and MRI in the detection
of these small-sized metastases due to its powerful spatial resolution.
Nevertheless, micro-metastases are still not detectable by any currently used
imaging technique. (Richards and Peacock, 2007)

2.6. Management
The treatment approaches for OPSCC are surgery, RT, or CRT, either alone or
in combination, but the individual treatment is usually planned depending on
the tumor size, regional lymph node metastasis, HPV status, and p16-positivity
(Hay and Nixon, 2018). In addition to patient-related parameters, as well as
factors depending on the experience and resources of the treating center that
will have an impact on the used approach (Hay and Nixon, 2018; Joshi et al.,
2014). In the early-stage OPSCC, the primary treatment options are RT,
transoral surgery with neck dissection, and CRT (Mehanna et al., 2016). The
surgical approaches include open surgery, trans-oral laser microsurgery, or
transoral robotic surgery (Grant et al., 2006; Rich et al., 2009; Turner et al.,
2016). In advanced-stage OPSCC, definitive CRT is the primary therapy
(Mehanna et al., 2016) However, in many guidelines including the one updated
by the Finnish Head and Neck Oncology Working Group, combination of
surgery and postoperative CRT is the preferred approach at least in p16negative cases (Antti Mäkitie, personal communication).

Despite the

advantages of radiotherapy for HPV-positive OPSCC, those patients usually
suffer from acute and late toxicity due to RT and CRT. For this reason, deescalation treatment has been proposed to reduce these adverse effects such as
xerostomia, necrosis, dysphagia, and hearing defects. (Taberna et al., 2017)
De-escalation treatment for HPV-positive OPSCC can be considered by
following these four main strategies described in two previous studies
(Masterson et al., 2014; Taberna et al., 2017):
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I.

Using cetuximab as an alternative to cisplatin in CRT to reduce cisplatinassociated side effects such as neuropathy, nephropathy, and ototoxicity.

II. Reducing the adjuvant radiation dose, if the primary treatment is
chemotherapy (CT).
III. Reducing the adjuvant CT or RT dose, if the primary treatment is surgery.
IV. Reducing the RT dose with or without cisplatin in low-risk HPV-positive
OPSCC.

2.7. Prevention
According to the American Cancer Society, the prevention of OPSCC depends,
basically, on the avoidance of risk factors, such as smoking, alcohol
consumption, and HPV infection (Society, 2018a). HPV screening (Whang et
al., 2015) and the detection of early-stage OPSCC (Warnakulasuriya, 2009) are
of great value in controlling the disease.
In addition, there are two types of HPV vaccines, specifically preventive
vaccines and therapeutic vaccines (Whang et al., 2015). Preventive (or
prophylactic) vaccines have been developed against and are effective in HPVrelated cervical carcinoma. While these vaccines also likely offer protection
against HPV infection of the mouth and throat, this effect has not yet been
confirmed (Whang et al., 2015). However, in a study in Finland, preventive
HPV vaccine could confer protection against the development of OPSCC
(Luostarinen et al., 2018). Recently, in Finland, a newly developed HPV16/18
vaccine has been licensed to be used in trials, but at the moment, we are
vaccinating only girls (Lehtinen et al., 2018) Therapeutic vaccines are intended
to treat already HPV-infected patients and to protect them from developing
HPV-related cancers by activating cell-mediated immunity to destroy HPVinfected cells. The current targets for the therapeutic vaccines are E6 and E7
oncoproteins which are essential for the onset HPV-related carcinomas, and E1
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and E2 viral helicases which are expressed at high levels at very early stages
before viral genome integration. However, therapeutic vaccines are currently
undergoing clinical and laboratory investigations and are still not approved for
clinical use. (Chabeda et al., 2018; Whang et al., 2015)

2.8. Prognosis
Although the survival rate of OPSCC varies from country to country, the 5year OS does not exceed 60% (Anantharaman et al., 2018; Carvalho et al.,
2005; Jouhi et al., 2018; Meyer et al., 2018; Wang et al., 2014). The prognosis
is better, and the risk of the recurrence is lower in HPV-positive OPSCC tumors
than in HPV-negative OPSCC tumors (Anantharaman et al., 2018; Ang et al.,
2010; El-Naggar et al., 2017). However, this favorable prognosis may be
negated if the patient is smoker (El-Naggar et al., 2017; Lassen et al., 2018;
Liskamp et al., 2016).

2.9. Prognostic factors for OPSCC
2.9.1. Demographic prognostic factors for OPSCC
2.9.1.1. Age
HPV-positive OPSCC occurs most commonly among younger patients (50-56
years), while HPV-negative OPSCC patients are commonly older (60-70 years)
(El-Naggar et al., 2017). However, two recent retrospective studies conducted
in the USA on HPV-positive OPSCC patients (Rettig et al., 2018; Windon et
al., 2018) revealed that the median age at diagnosis for patients with HPVrelated OPSCC has increased from 53 years to 58 years in the first study
(Windon et al., 2018), and up to 59 years in the second study (Rettig et al.,
2018). In addition, another study showed that older HPV-positive OPSCC
patients had better survival compared with HPV-negative OPSCC patients,
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although the survival benefit of HPV-positivity was markedly reduced
compared with younger patients with an HPV-positive OPSCC (Rettig et al.,
2018).
Age is also an important factor when determining treatment. A recent study
showed that elderly OPSCC patients usually suffer from airway and
swallowing impairment after CRT; this is due to chemoradiation toxicities that
are poorly tolerated by elderly patients. The toxicities can cause atrophy and
fibrosis of pharyngeal constrictor muscles, which in turn can be followed by
airway obstruction and pneumonia. In addition, the same study found that
elderly patients with pretreatment dysphagia, advanced-stage disease, initial
treatment with chemoradiation, and salvage surgery showed a high rate of
mortality. (Motz et al., 2018)

2.9.1.2. Gender
OPSCC occurs more frequently in men than in women (Amini et al., 2016;
Saba et al., 2011) with a better survival among women (Chen et al., 2004; Chen
et al., 2007b; Coleman et al., 2003; de Souza et al., 2012). The predominance
of men over women in OPSCC could be partly interpreted by men engaging
more often in high-risk behaviors such as smoking, heavy alcohol use (Burke
et al., 2014), and oral sex, and having a higher number of sex partners than
women (Burke et al., 2014; Gillison et al., 2015), in addition to the tepid HPV
vaccine uptake by men (Burke et al., 2014; Chaturvedi et al., 2018).

2.9.1.3. Tobacco use and alcohol consumption
Tobacco smoking and alcohol abuse are well-known risk factors for HPVnegative OPSCC. The WHO and three recent retrospective studies have shown
that, even in HPV-positive OPSCC, continued smoking during the treatment
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period may worsen disease outcome (El-Naggar et al., 2017; Liskamp et al.,
2016; Liu et al., 2018) due to increased incidence rates of locoregional
(Liskamp et al., 2016; Liu et al., 2018) and distant (Weller et al., 2017)
metastases. For these reasons, it has been suggested that smoking cessation
should be considered in the treatment plan of OPSCC (Liskamp et al., 2016).

2.9.2. Clinical prognostic factors for OPSCC
2.9.2.1. Clinical staging (cTNM)
Tumor, node, and metastasis (TNM) staging of OPSCC based on the primary
tumor size (T), regional lymph node metastasis (N), and distant metastases (M)
according to the UICC 8th edition (2017) is presented in Table 2 and Table 3.
This edition categorizes OPSCCs into HR-HPV-related and HR-HPVunrelated based on p16 positivity. T and N classifications and TNM staging
have been made separately for each type (Table 2, Table 3, and Table 4). The
M classification is the same for both types, and it is as follows: M0, N0 distant
metastasis; M1, distant metastasis (UICC, 2019).
However, the current TNM system has limited prognostic value in HPVpositive OPSCC (Wittekindt and Klussmann, 2017). In addition, the method of
defining HPV-status “using p16-positivity” is not enough and not accurate, and
do impact on the TNM classification and the patients’ survival. This is because
a recent study has shown that using at least two biomarkers defining HPV status
such as HPV-DNA PCR and [p16 INK4a immunohistochemistry (IHC) or
HPV-mRNA PCR] is more accurate. The evaluation of each of the
aforementioned three biomarkers individually gives three different results, and
this could impact the TNM classification. (Taberna et al., 2018)

27

Table 2. TNM classification for p16-negative oropharyngeal squamous cell carcinoma
according to UICC 8th edition.
TNM

P16-negative oropharyngeal squamous cell carcinoma

T (Clinical/Pathological)
TX

Primary tumor cannot be assessed

To

No evidence of primary tumor

Tis

Carcinoma in situ

T1

Tumor dimension £ 2 cm

T2

Tumor dimension > 2 cm but £ 4 cm

T3

Tumor dimension > 4 cm or extension to lingual surface of epiglottis

T4a

Tumor invades larynx, deep or extrinsic muscle of tongue, medial
pterygoid, hard palate, or mandible

T4b

Tumor invades lateral pterygoid muscle, pterygoid plates, lateral
nasopharynx, skull base, or encases carotid artery

NX

Regional lymph nodes cannot be assessed

No

No regional lymph node metastasis

N1

Metastasis in a single unilateral lymph node £ 3 cm, without extranodal
extension

N2a

Metastasis in a single unilateral lymph node > 3 cm but £ 6 cm, without
extranodal extension

N2b

Metastasis in multiple unilateral lymph nodes, £ 6 cm, without extranodal
extension

N2c

Metastasis in bilateral or contralateral lymph nodes, £ 6 cm, without
extranodal extension

N3a

Metastasis in a lymph node > 6 cm, without extranodal extension

N3b

Metastasis in a single or multiple lymph nodes with clinical extranodal
extension

pNX

Regional lymph nodes cannot be assessed

pNo

No regional lymph node metastasis

pN1

Metastasis in a single unilateral lymph node, £ 3 cm, without extranodal
extension

pN2a

Metastasis in a single unilateral lymph node, < 3 cm in with extranodal
extension, > 3 cm but £ 6 cm without extranodal extension

pN2b

Metastasis in multiple unilateral lymph nodes, £ 6 cm, without extranodal
extension

pN2c

Metastasis in bilateral or contralateral lymph nodes, £ 6 cm, without
extranodal extension

pN3a

Metastasis in a lymph node > 6 cm, without extranodal extension

pN3b

Metastasis in a lymph node > 3 cm with extranodal extension, or multiple
ipsilateral, or any contralateral or bilateral node(s) with extranodal
extension

N
Clinical

Pathological

Modified table from UICC 8th edition
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Table 3. TNM for p16-positive oropharyngeal squamous cell carcinoma according to UICC
8th edition.
TNM

P16-positive oropharyngeal squamous cell carcinoma

T (Clinical/Pathological)
TX

Primary tumor cannot be assessed

To

No evidence of primary tumor

Tis

Carcinoma in situ

T1

Tumor dimension £ 2 cm

T2

Tumor dimension > 2 cm but £ 4 cm

T3

Tumor dimension > 4 cm or extension to lingual surface of
epiglottis

T4

Tumor invades larynx, deep or extrinsic muscle of tongue,
medial pterygoid, hard palate, mandible, lateral pterygoid
muscle, pterygoid plates, lateral nasopharynx, skull base,
or encases carotid artery

NX

Regional lymph nodes cannot be assessed

No

No regional lymph node metastasis

N1

Unilateral metastasis, in lymph node(s), £ 6 cm

N2

Contralateral or bilateral metastasis in lymph node(s), £ 6
cm

N3

Metastasis in lymph node(s) > 6 cm

N
Clinical

Pathological
pNX

Regional lymph nodes cannot be assessed

pNo

No regional lymph node metastasis

pN1

Metastasis in 1-4 lymph node(s)

pN2

Metastasis in 5 or more lymph node(s)
th

Modified table from UICC 8 edition
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2.9.2.2. Recurrence and secondary primary cancer (SPC) and metastasis
In OPSCC, the incidence of regional recurrence is low (Jouhi et al., 2017). It is
more frequent in HPV-negative OPSCC than in HPV-positive OPSCC.
However, in HPV-positive OPSCC patients, the use of tobacco during
treatment could elevate the risk of having disease recurrence. (Maxwell et al.,
2010) In addition, a recent study found that moderate and severe weight loss at
diagnosis could be a prognostic factor for recurrence in OPSCC (Baptistella et
al., 2018).
SPCs are largely related to smoking, and so patients with HPV-positive OPSCC
less likely have SPC than those with HPV-negative OPSCC (Ang et al., 2010;
Rietbergen et al., 2014). This could be partially explained by the absence of
viral field cancerization in the mucosa surrounding the HPV-positive OPSCC
compared to HPV-negative OPSCC (Rietbergen et al., 2014).
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Although metastasis occurs more frequently and earlier in HPV-positive
OPSCC than in HPV-negative OPSCC, HPV-positive OPSCC has a better
prognosis (El-Naggar et al., 2017). HPV-positive OPSCCs are more likely to
metastasize to sites other than the lung and bones (Dave et al., 2017) and are
more likely to demonstrate cystic nodal metastases than HPV-negative
OPSCCs (Cantrell et al., 2013). Female gender may be a serious predictor of
SPC for many types of cancer and specifically for OPSCC (Leoncini et al.,
2018).
In 2011, the combination of cetuximab and platinum-based therapy plus 5florouracil (5-FU) was approved by the Food and Drug administration (FDA)
as first-line treatment of patients with the recurrent locoregional disease and/or
metastatic squamous cell carcinoma of the head and neck (FDA, 2011).

2.9.3. Histopathologic prognostic factors for OPSCC
2.9.3.1. OPSCC histopathological grade
OPSCCs are either well-differentiated, moderately, or poorly differentiated
carcinomas. Well-differentiated carcinomas are usually keratinized and
resemble the non-neoplastic squamous epithelium, in which the cells have
glassy eosinophilic cytoplasm, mild nuclear atypia, and well-structured
intercellular bridges. Poorly differentiated carcinomas are non-keratinized and
composed of immature cells with evident nuclear atypia, numerous mitoses,
and atypical mitotic figures. In addition, the basaloid appearance is often a
histological feature of HPV-positive OPSCC. It is formed by crypt epithelium
growing toward the lymphoid stroma as nests and lobules. Cells are displaying
a high nuclear/cytoplasm ratio and a high mitotic rate and often surround
central necrosis. (El-Naggar et al., 2017). Both non-keratinized and basaloid31

type OPSCCs are often p16-positive and have a good prognosis (Cooper et al.,
2013; Cooper et al., 2015).

2.9.3.2. Perineural invasion (PNI)
PNI can occur in both HPV-positive and HPV-negative OPSCC (Liu et al.,
2018). Although PNI is not a common feature (34%) of OPSCC (Carter et al.,
1982), it should be considered by the clinician because the presence of PNI is
an indicator of tumor recurrence (75%) and poor survival (more than 50%
mortality for PNI vs 25% for no PNI) (Fagan et al., 1998; Rahima et al., 2004).
In HPV-positive OPSCC, PNI is quite common in T3 and T4 stages (Albergotti
et al., 2017). The main symptom of PNI in OPSCC is glossopharyngeal pain
that extends ipsilaterally behind the angle of the jaw, deeply in the throat, and
into the ear. This pain is exacerbated by swallowing. (Carter et al., 1982)

2.9.3.3.

Lymphovascular invasion (LVI)

LVI is a frequent finding in both HPV-positive and HPV-negative OPSCC (Liu
et al., 2018). It is more common (> 40%) in late T stages (Albergotti et al.,
2017) and is a poor prognostic histopathological sign for local recurrence, and
regional and distant metastases (Close et al., 1989). LVI can be detected under
the light microscope using hemotoxylin and eosin (H&E) stain, but triple-stain
(cytokeratin, CD34, and podoplanin) immunohistochemistry is superior to
H&E in distinguishing between blood and lymphatic vessel invasion
(O'Donnell et al., 2008).

2.9.3.4. Muscle invasion
OPSCCs usually invade the pharyngeal constrictor muscle (Park et al., 2012)
and pterygoid muscles (Granados-Garcia, 2016). HPV-negative OPSCCs are
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more likely to invade the adjacent muscles (Cantrell et al., 2013). Muscle
invasion in OPSCC is a poor prognostic factor for lymph node metastasis
(73%) and locoregional recurrence (32%) (Park et al., 2012).

2.9.4. Molecular prognostic markers in OPSCC
Many molecular prognostic markers for cancers, in general, have been
discovered in recent decades. Detection of these molecular prognostic markers
may improve our understanding of the cancer behavior and help to predict its
response to different treatment modalities (Ferreira et al., 2011; Lothaire et al.,
2006). Two studies have classified these markers: The first study from Lothaire
and co-workers (2006) has classified the molecular markers, according to their
function into the following: (1) tumor growth markers, (2) tumor suppression
markers, (3) immune response markers, and (4) angiogenesis, tumor invasion,
and metastatic potential markers. The second study by Ferreira et al. (2011) has
divided these markers into prognostic or predictive markers. They defined the
prognostic markers as those that correlate with the clinicopathological features
at the time of diagnosis and with the clinical outcome despite treatment; and
the predictive markers as those markers that correlate with tumor response to
treatment.
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2.10. Immunohistochemistry
This part explains the importance of immunohistochemical biomarkers used in
this thesis work.

2.10.1. p16
The p16 gene is a well-known tumor suppressor. It was first named as “Cyclindependent kinase inhibitor” (CDKI) (Xiong et al., 1993). p16 is involved in the
tumorigenesis of many cancer types (Kamb et al., 1994; Nobori et al., 1994).
In OPSCC, positive p16 immunoexpression is a positive prognostic marker
(Huber et al., 2011). p16 positivity is usually linked with HPV infection in
OPSCC (Begum et al., 2005; El-Naggar et al., 2017; Saito et al., 2015) and is
therefore widely used to detect HPV infection in this malignancy (Prigge et al.,
2017; Smeets et al., 2007). HPV-positive/p16-positive OPSCC has the best
outcome when treated with RT (Lassen et al., 2014). This positive response
toward RT has been reported in all HNSCCs (Dok et al., 2016; Lassen et al.,
2009), as well as in other carcinoma types (Schwarz et al., 2012; Yap et al.,
2018). In colorectal adenocarcinoma, p16 is expressed more often in low-grade
tumors (84%) and p16 overexpression is often a characteristic of advancedstage tumors (61%) (Lam et al., 2008). In ocular surface squamous cell
carcinoma, p16 overexpression is associated with poor prognosis in advancedstage disease (Chauhan et al., 2018). Furthermore, in acral lentiginous
melanoma, an aggressive subtype of melanoma, low p16 expression is
associated with longer survival. The absence of p16 is associated with a low
level of tumor-infiltrating lymphocytes, which indicates a relationship between
p16 and immune response in this malignancy. (Castaneda et al., 2019)
Moreover, a recent study by Xu and co-workers (2019) showed that p16 may
suppress the proliferation of hepatocellular carcinoma.
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2.10.2. TLRs
TLRs are a group of transmembrane proteins that are named due to their
structural similarity to a protein coded by the toll gene in Drosophila
melanogaster which was discovered in 1985 by Christiane Nüsslein and Eric
Eieschaus (Anderson et al., 1985a; Anderson et al., 1985b; Vacchelli et al.,
2012). TLRs play a pivotal role in the immune response through the recognition
of pathogen-associated molecular patterns (PAMPs) (Kawai and Akira, 2010).
Activation of TLRs leads to the transcription of genes encoding various proinflammatory cytokines (Sun et al., 2012; Xu et al., 2006; Yamamoto et al.,
2004). In human, there are 10 known TLRs types (Kawai and Akira, 2010);
which are expressed predominantly on peripheral blood mononuclear cells
(59%) (Xu et al., 2006), as well as on the tumor cells (Diakowska et al., 2018;
Mäkinen et al., 2015). TLRs play important roles in the pathogeneses of
different types of cancers: In oral tongue squamous cell carcinoma, a study
revealed that TLR2, TLR4, and TLR9 may have a significant role in the
development of this carcinoma, as their expression was detected in primary
tumors, neck metastases, and recurrent tumors (Makinen et al., 2016). In
colorectal carcinoma, the TLR9 signaling pathway may significantly contribute
to tumor progression, as strong TLR9 expression is associated with moderatepoor tumor differentiation (75%), invasion (56%), and metastasis (79%).
Moreover, TLR9 expression is stronger in advanced-stage tumors than in earlystage tumors. (Gao et al., 2018) In cervical squamous cell carcinoma, a study
showed that TLR2 and 4 are expressed at higher levels in premalignant and
malignant lesions (70-80%) than in normal tissue, and they may associate with
tumor necrosis factor pathways in the immunological response (de Matos et al.,
2017). In addition, the role of TLRs has been revealed in the development of
juvenile nasopharyngeal angiofibroma (Renkonen et al., 2015), astrocytomas
(Moretti et al., 2018), cutaneous squamous cell carcinoma (Omar et al., 2015),
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and laryngeal carcinoma (Szczepanski et al., 2007). In OPSCC, a recent study
by Tobouti et al. (2018) found that HPV-positive OPSCC tissue showed a lower
level of TLR4 expression compared to HPV-negative OPSCC tissue. The same
study found that TLR1, 2, 4, 6 and 9 proteins were expressed OPSCC cell lines
(SCC2, SCC90, SCC72, and SCC89), irrespective of HPV-status. In addition,
another recent study by Matijevic Glavan et al. (2017) on pharyngeal cell line
(Detroit 562) found that TLR3 is involved in OPSCC metabolism and
progression, where TLR3 activation increased glycolysis and induced cell
migration. In addition, a recent study by Haeggblom et al. (2019) on the base
of tongue squamous cell carcinoma (BOTSCC) found that HPV-positive
BOTSCC showed stronger TLR7 and weaker TLR5 compared with HPVnegative BOTSCC.
TLRs have a double-sided effect on cancer cells (pro- and anti-tumoral effects)
(Dajon et al., 2017). Activation of TLRs promotes cancer progression, antiapoptotic activity, and resistance to therapies and host immune response (Dajon
et al., 2017; Ikehata et al., 2018; Sun et al., 2012). In addition, TLRs may be
involved in HPV pathogenesis, and subsequently, in the growth of HPV-related
carcinomas (Oliveira et al., 2018). Another study showed that HPV uses the
TLR signaling pathway to suppress host immunity by downregulating TLR9
transcripts (Hasan et al., 2007). All the effects described above are pro-tumoral
effects. The anti-tumoral effects include activation of the anti-tumoral immune
response through increasing tumor cell recognition by the immune cells,
increasing granulocytes and natural killer cells infiltration, and promoting the
cytotoxic activity of cytotoxic T-lymphocytes (CTLs) (Dajon et al., 2017).
In other respect, TLRs could be a significant target of cancer immunotherapy.
In recent decades, the FDA has approved many TLRs agonists for cancer
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treatment. These include the Bacillus Calmette-Guérin (BCG) vaccine (TLR4
agonist), imiquimod (TLR7 agonist), and monophosphoryl lipid (MPL) (TLR4
agonist) The FDA has approved BCG for the treatment of in situ bladder
carcinoma and imiquimod for the treatment of actinic keratosis, superficial
basal cell carcinoma, and external genital warts. MPL has been approved by
the FDA to be used as a vaccine against HPV16 and HPV18 within a formula
named as CervarixÒ (Vacchelli et al., 2012). In addition, two recent studies on
TLRs showed promising results. The first study on head and neck cancers by
Sato-Kaneko et al. (2017) revealed that TLR7 agonist enhanced CD8+ T cells
infiltration inside the tumor. In addition, the same study found that TLR7
agonist therapy prevents cytokine release syndrome, a dangerous adverse effect
of immunotherapy. The second study by Caisova et al. (2018) showed that TLR
agonists (R-848, poly(I:C), LTA) reduce the size of previously subcutaneoustransplanted pancreatic adenocarcinoma in mice; when synergized with
phagocytosis stimulating mannan-BAM, the tumor shrank and was eliminated.

2.10.3. Hormone receptors
The hormone receptors examined in this study are androgen receptors (AR),
progesterone receptors (PR), and estrogen receptors (ER). AR are principally
male sex hormone receptors responsible for the growth of the male reproductive
system and the appearance of male sexual characteristics (Davey and
Grossmann, 2016). PR and ER are DNA-binding transcription factors. There
are two types of PR, namely PR-A and PR-B (Conneely and Lydon, 2000), and
there are two known isoforms of PR, specifically ER-a and ER-b (Lee et al.,
2012). Both PR and ER are important in the physiological development of the
female genital system. Moreover, the harmonized functions of androgen and
estrogen are important for prostate development (Lee et al., 2012). In addition
to their essential functions, these hormone receptors perform other
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physiological functions in a wide variety of tissues, such as bone, muscle, and
nerves, and in hemopoietic and immune system (Hevener et al., 2018; Rana et
al., 2014). Additionally, hormone receptors play a crucial role in the
pathogenesis and treatment of breast carcinomas and carcinomas of the male
and female genital organs (Blesa et al., 2010; Feng et al., 2016; Henderson and
Feigelson, 2000; Li et al., 2004; López-Romero et al., 2013; Narod et al., 2017).
Furthermore, hormone receptors may have a role in other carcinomas, such as
gastric carcinoma (Gan et al., 2012), thyroid carcinoma (Magri et al., 2012;
Stanley et al., 2012), and laryngeal carcinoma (Atef et al., 2019; Bianchini et
al., 2008; Goulioumis et al., 2011). In addition, the expression of hormone
receptors was detected in more than 70% of salivary gland carcinomas. This
could indicate the role of these receptors in the pathogenesis of salivary gland
carcinomas (Aquino et al., 2018; Luk et al., 2015). Furthermore, many studies
revealed that hormone receptors are expressed by normal oral mucosa (Nehse
and Tunn, 1994; Ojanotko-Harri et al., 1992; Valimaa et al., 2004) and oral
squamous cell carcinoma (OSCC) (Colella et al., 2011; Nehse and Tunn, 1994;
Wu et al., 2015). In OPSCC, a recent study by Kano et al. (2019), found ER-α
expression was associated with HPV positivity in OPSCC, and ER-α expression
was predictive of favorable prognosis in HPV-positive OPSCC.

2.10.4. Stem cell (CSC) and epithelial-to-mesenchymal transition (EMT)
markers
The EMT is a process during which epithelial cells lose their epithelial
characteristics such as cell polarity and cell-cell adhesion, and acquire
mesenchymal cell characteristics such as invasive and migratory properties
(Thiery and Sleeman, 2006). CSCs express special stem cell markers and are
thought to play a crucial role in tumor metastasis (Mani et al., 2008; Thiery and
Sleeman, 2006; Zhou et al., 2017). The EMT phenomenon and CSC markers
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have been linked to OPSCC and OSCC and may participate in the pathogenesis
of these tumors (Angadi et al., 2016; de Moraes et al., 2017). HPV induces
keratinocyte stem cells to behave like CSCs (Swanson et al., 2016). This may
be one reason for the increased metastasis rate of HPV-positive tumors.
B cell-specific murine leukemia virus integration site 1 (Bmi-1) is a well-known
CSC marker, whereas HESC5:3 and HES77 are newly developed CSC markers
with undetermined epitopes (Heikkilä et al., 2015; Jernman et al., 2015). Bmi1 is a gene located on the short arm of chromosome 10. It plays a pivotal role
in the self-renewal of CSC and prevents cellular senescence and
immortalization by telomerase activation (Siddique and Saleem, 2012). It is
also considered as an oncogene, as it has the ability to interact with the wellknown oncogenes H-ras and c-myc (Jacobs et al., 1999). Bmi-1 is involved in
leukemic stem cell proliferation and maintenance (Lessard and Sauvageau,
2003) and in breast cancer progression and metastasis (Kim et al., 2004). So far
one study has reported that negative Bmi-1 expression is a poor prognostic
marker in oral tongue squamous cell carcinoma (Hayry et al., 2010). In OPSCC,
a study by Huber et al. (2011) found that high Bmi-1 expression is a predictive
marker of poor prognosis. HESC5:3 and HES77 are newly developed CSC
markers with undetermined epitopes (Heikkilä et al., 2015; Jernman et al.,
2015). HESC5:3 has been used to diﬀerentiate between follicular thyroid
adenoma and follicular thyroid carcinoma. Nuclear HESC5:3 expression is the
predominant in the follicular thyroid adenoma (90%), while it is absent in the
majority of follicular thyroid carcinoma (69%). (Heikkilä et al., 2015) HES77
positive expression was reported to associate with metastasis and poor outcome
in the rectal neuroendocrine carcinoma (Jernman et al., 2015). According to our
knowledge, no study evaluated HESC5:3 or HESS7 in OPSCC.

39

E-cadherin, b-catenin, and vimentin are well known EMT markers. E-cadherin
is a member of the cadherin family, which is a group of glycoproteins that
regulate Ca2+-dependent cell-to-cell adhesion (Takeichi, 1986). The E-cadherin
gene is a tumor suppressor (Christofori and Semb, 1999). In addition,
downregulation of E-cadherin is a hallmark of EMT (Adhikary et al., 2014), is
a characteristic histopathological feature in various types of carcinomas
(Angadi et al., 2016; da Cunha et al., 2016; Fadare et al., 2005), and is usually
a marker of poor prognosis (Araki et al., 2011; Pannone et al., 2014). In normal
epithelium, b-catenin connects to E-cadherin to form an E-cadherin-catenin
protein complex, which participates in the transmission of developmental
information between neighboring cells through adherent junctions (McCrea et
al., 1991). In addition, b-catenin may be involved in the pathogenesis of various
types of cancers through the Wnt/β-catenin signaling pathway (Bulut et al.,
2011; Mercer et al., 2015; Yasuhara et al., 2015). Vimentin is a protein that is
normally expressed in mesenchymal cells (Franke et al., 1982), and it is
involved in cell adhesion in the normal epithelium (Bershadsky et al., 1987;
Tsuruta and Jones, 2003). In addition, vimentin may regulate cell apoptosis by
interacting with the transcriptional determinant p53 (Yang et al., 2005). In
OPSCC, a study by Papagerakis et al. (2012) found that high level of b-catenin
expression is an indicator for local recurrence and poor prognosis. Another
study by Lefevre et al. (2017) found that EMT markers were immunoexpressed
by OPSCC cells, and low E-cadherin and high vimentin expressions were
associated with OPSCC metastasis.

2.11. In situ hybridization
In situ hybridization is, also, named hybridization histochemistry, and was
introduced in 1969 (Kumar, 2010). It is a powerful laboratory technique for the
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study of the microscopic distribution and cellular localization of DNA and
RNA. In this technique, selective probes can be made by labeling sequences of
DNA or RNA of sufficient length (approximately 50-300 base pairs). These
probes can be used to detect particular sequences of DNA or RNA. (Jensen,
2014; Kumar, 2010) There are four types of probes: Double-stranded DNA
(dsDNA), single-stranded DNA (ssDNA), single-stranded complementary
RNA (sscRNA), and synthetic oligonucleotides (Kumar, 2010). This technique
is used for gene mapping, in cytogenetics, to localize gene expression, in
prenatal diagnosis and development, and to detect viral infection. (Jensen,
2014) In OPSCC, in situ hybridization is a highly specific and sensitive method
to detect HPV positivity (Randen-Brady et al., 2019).

2.12. Tissue microarray (TMA)
TMA is a technique by which multiple equal-sized tissue samples can be
combined into a single paraffin block in a highly arranged manner such that
they can be stained and viewed on a single slide. This technique was primarily
used for researches evaluating cDNA (DeRisi et al., 1996) but is now a
powerful tool widely used in histopathology at the DNA, RNA, and protein
level (Bubendorf et al., 2001). In the 1980s another closely related technique,
named the multi-tissue or “sausage” block technique, was used; but in this
technique, the recipient block composed of larger and less arranged tissue
specimens than in TMA (Battifora, 1986). The steps of TMA are minutely
described in the Materials and Methods.
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3.

Aims of the study

This study aimed to explore and detect twelve potent molecular prognostic
markers for OPSCC. The major aim of this study was to evaluate the prognostic
roles of these markers in OPSCC that may aid OPSCC patient prognosis and
treatment in the future.
The specific aims were:
I.

To evaluate the expression and the prognostic value of TLR5, TLR7,
and TLR9 and their relationship with clinicopathological parameters in
OPSCC.

II.

To examine and evaluate the expression of hormone receptors (AR, PR,
and ER) and to assess their prognostic value and their association with
the clinicopathological parameters in OPSCC.

III.

To examine the expression of Bmi-1 and the newly developed CSC
markers HESC5:3 and HES77 and to evaluate their prognostic value
and their relationship with clinicopathological parameters in OPSCC.

IV.

To examine the expression of the well-known EMT markers E-cadherin,
b-catenin, and vimentin and to study their prognostic value in OPSCC.
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4.

Material and methods

4.1. Patients
We analyzed a total of 331 consecutive patients diagnosed with OPSCC at the
Department of Otorhinolaryngology – Head and Neck Surgery, Helsinki
University Hospital (Helsinki, Finland) between 1 January 2000 and 31
December 2009. Patient inclusion based on the following International
Classification of Diseases 10th revision codes: C01, C02.4, C05.1, C05.2,
C05.8, C05.9, C09.0, C09.1, C09.8, C09.9, C10.0, C10.2, C10.3, C10.8, and
C10.9. All the included OPSCC patients were treated with curative intent at the
Department of Otorhinolaryngology – Head and Neck Surgery, Helsinki
University Hospital (Helsinki, Finland). We excluded OPSCC patients
receiving palliative treatment (n = 44), those with concurrent (n = 5) or
previously treated HNSCC (n = 11), and those with histology other than SCC
or a subtype of SCC (n = 18). In addition:
In study I, we excluded patients for whom no tumor tissue was available (n =
51). The final study cohort consisted of 202 patients.
In study II, we excluded patients for whom no tumor tissue was available (n
= 54). The final cohort of study II consisted of 199 patients.
In study III, we excluded patients for whom no tumor tissue was available (n
= 51). The final study cohort consisted of 202 patients.
In study IV, we excluded patients for whom no tumor tissue was available (n
= 51 for E-cadherin and b-catenin, and n = 52 for vimentin). The final study
cohort consisted of 202 patients for the E-cadherin and b-catenin study, and
201 patients for the vimentin study.
The unavailable tissues (n= 51) represents the same patients in the four studies.
In study II, the tissue from three more patients was lacking and in study IV the
tissue from one additional patient was lacking.
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Clinical data were collected from OPSCC patient records. The smoking and
alcohol use were recorded as never, earlier and current user. As this study is a
retrospective study, some patient data belong to the smoking and alcohol
history were missed. 31 (15%) patients lack the smoking history, and 79 (39%)
patients lack alcohol history. The median follow-up time for OPSCC patients
was 5.0 years (range and was 3.51 years and 5.00 years or until death). All
patients had a minimum follow up of 3.0 years. The dates and causes of death
were obtained from Statistics Finland.

4.2. Tissue microarray
From the formalin-fixed and paraffin-embedded surgical OPSCC samples, we
selected four spots; two from the superficial part and two from the invasive
front of the OPSCCs. We marked these areas on slides stained with H&E. For
each case, the four tumors spots were detached from the tissue biopsy block
(Donor block) by a 1-mm needle and placed onto a TMA paraffin block
(Recipient block) with a semiautomatic tissue microarrayer (Beecher
Instruments, Silver Spring, MD, USA) (Figure 3). We have made two groups
of TMA blocks: A and B. From each part of the sample (the central or the
invasive front), we cut two spots, and we placed the first spot in a block of
group I and the second spot in its counterpart in group II in the same place as
in group I. Thus, each block from group I and its counterpart in group II have
the same tissue samples. Therefore, we have examined each OPSCC sample
using four tissue spots, two in each TMA block of the two groups. In total, each
TMA group is composed of 17 TMA blocks on them, we equally, divided all
the tissue samples, so that each TMA block contained 56 spots of tumor tissue
and six control spots. The OPSCC spots were arranged in four groups: A, B,
C, and D, in addition to the control spots which were adjoining to group A
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(Figure 4). These control spots were from adenocarcinomas in pancreas and
breast and were used for slide orientation and as a positive control as well.
In addition to TMA, whole sections of OPSCC were included for the
examination of the staining patterns in a larger area of tumor tissue.

Figure 3. A brief description of tissue microarray (TMA) procedures. (1) and
(2) detachment of spot from donor block. (3) Insertion of detached spots into
TMA block. (4) The semiautomatic tissue microarrayer used for these studies.

45

Figure 4. A model of tissue microarray (TMA) blocks used in our study. (A)
Photo of a TMA block used in our study. (B) Illustration of arrangements of
tumor spots in a TMA block used in our study: Groups A, B, C, and D of
OPSCC tissue spots (Blue), in addition to the six tissue control spots (Red).
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4.3. Immunohistochemistry
From the TMA blocks, 4-µm thick sections were cut, deparaffinized in xylene,
and rehydrated through a graded alcohol series. For all markers (except for βcatenin, E-cadherin, and vimentin), antigen retrieval was achieved by heating
the samples in 98°C Tris-HCl buffer (pH8.5) for 20 min in a pretreatment PTmodule (Lab Vision Corp., Fremont, CA, USA). EDTA buffer (pH9.0) was
used for antigen retrieval for β-catenin, E-cadherin, and vimentin. The samples
were then cooled to room temperature and incubated in methanol containing
1.6% hydrogen peroxidase for 30 min. The antibodies used for immunostaining
are shown in Table 5.
We used the Dako Real Detection System (Dako, Denmark) and peroxidase
DAB+ (abcam, Cambridge, UK) in an Autostainer 480 (Lab Vision, Thermo
Fisher Scientific, Massachusetts, US) for staining of all antibodies except for
the AR antibody, where we used a Discovery Automated IHC stainer
(Hoffmann-La Roche Ltd, Basel, Switzerland) with the ultraView Universal
Alkaline Phosphatase Red Detection Kit (Ventana Medical Systems, Tuscon,
Arizona, USA).
For each antibody, a positive control was used as shown in Table 5. Samples
incubated in diluent lacking the primary antibody served as negative controls.
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4.4. Scoring
Two independent investigators (HM and JH) evaluated the immunopositivity
of tumor cells in a blinded manner without knowledge of the
clinicopathological data. The highest score of the four spots from each tumor
was used for further analysis, except in study I, the average score was used. In
study I, the average score of the four spots from each tumor was used for further
analysis. Then, in study II, III, and IV, we have chosen the highest score to be
used for further analysis. We have changed the criterion of choosing the
adopted score from average to highest score because some articles which we
have used as references of scoring have used the same criterion (Hayry et al.,
2010; Saukkonen et al., 2016).
In study I, TLR5 and TLR9 were scored based on their cytoplasmic intensity
in OPSCC cells. TLRs scoring was carried out as described by Lauri et al.
(2015) as follow: The intensity of TLR5 and TLR9 was scored as none (0),
mild (1), moderate (2), and strong (3). TLR7 mainly localized to the membrane
and was scored as none (0) if no TLR7 was observed, mild (1) if some nuclear
membranes were positive, moderate (2) if all nuclear membranes and some
nuclei were stained, and strong (3) if nuclear membranes and nuclei stained
substantially. The OPSCC was regarded as p16 positive if over 70% of OPSCC
cells were estimated as strongly immunopositive (Lassen et al., 2014).
In study II, AR and ER-b expressions in OPSCC cells were nuclear and scored
according to the percentage of the positive stained OPSCC cell nucleus as
described by Elebro et al. (2017) as follows: negative as (0), <10% as mild (1),
10% to 50% as moderate (2), but unlike Elbero et al., we consider >50%
positive stained cell nuclei as (3), because few OPSCC samples showed >50%
positive nuclei. Because PR expression of OPSCC cells was unexpectedly, in
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their cytoplasm, we have used the simple and common scoring system for
cytoplasmic intensity as negative (0), mild (1), moderate (2), and strong (3).
Since ER-α remained negative in all OPSCC samples, no scoring was
performed.
Whole tissue slides were used to examine the staining patterns across the entire
OPSCC sample. In total, 10 whole OPSCC slides were stained for AR and PR
and 8 for ER-b. No significant differences in the AR, PR and ER
immunoreactions were detected between TMA spots and whole slides of the
same OPSCC samples.
In study III, Bmi-1 immunoexpression in OPSCC was nuclear and was scored
according to the percentage of positive tumor cells as described by Häyry et al.
(2010). No positivity was graded as 0; <30% positive cells was scored as 1
(very low); 30-50% as 2 (low); 50-80% as 3 (moderate); and >80% as 4 (high).
HESC5:3 immunoexpression of OPSCC was scored according to Heikkilä et
al. (2015) as follows: cytoplasmic staining as 0 (negative), 1 (mild), 2
(moderate) and 3 (strong) according to intensity. Nuclear scoring was based on
the percentage of positive OPSCC cells as follows: 0 = negative; 1 = low (135%); 2 = medium (36-75%); and 3 = high (>75%).
The scoring of HES77 immunoexpression of OPSCC was performed according
to Jernman et al. (2015) based on the intensity of the cytoplasmic staining.
Scores ranged from 0 to 4 as follows: 0 = negative expression; 1 = weak
expression; 2 = moderate expression; 3 = strong expression; 4 = very strong
expression.
In study IV, we scored cytoplasmic and cell membranous expression of βcatenin, cell membranous expression of E-cadherin, and cytoplasmic
expression of vimentin according to their intensity in OPSCC cells. E-cadherin
and β-catenin immunoexpressions were in OPSCC cells, while vimentin
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immunoexpression was in OPSCC stroma. For E-cadherin and β-catenin, the
scoring was as follows: negative (0), weakly positive (1), moderately positive
(2), or strongly positive (3) (Jeschke et al., 2007; Saukkonen et al., 2016), while
vimentin was scored as negative (0), weak (1), and strong (2) (Rismanchi et al.,
2014).

4.5. HPV in situ hybridization
In study I, we performed the Ventana Inform HPV DNA in situ hybridization
(ISH) assay using a HR-HPV probe (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,
and 66) and iVIEW Blue detection kit in a Benchmark XT series stainer
(Tuscon, Arizona, USA) according to the manufacturer’s guidelines. We
performed the assay on 5-µm thick paraffin sections, deparaffinized with EZ
prep buffer (Ventana, Tucson, AZ, USA). Pretreatment included extended
incubation with CC2 buffer (Ventana, Tucson, AZ, USA) and 32 min
incubation with ISH protease 3 (Ventana, Tucson, AZ, USA). After probe
incubation (2h), slides were rinsed with SSC buffer (Ventana, Tucson, AZ,
USA). Denaturation step was 12 min following application kit components:
anti-DNP 20 min, iVIEW amplification 8 min, biotinylated Ig 12 min,
streptavidin alkaline phosphatase 8 min, enhancer 4 min, and iVIEW NBT and
BCIP 24 min, respectively, according to instruments programming. Washes
between protocol steps were done with Reaction Buffer (Ventana, Tucson, AZ,
USA). Two independent investigators (HM and JH) evaluated the HPV
positivity. HPV status was considered positive if any OPSCC spot was positive
using ISH.
HPV ISH and p16INK4a were performed in the first study, but we used their
scoring results and studied their relationships with the markers in all four
studies.
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4.6. Statistical analyses
Statistical analysis was performed using SPSS Version 20.0 (SPSS, Inc.,
Chicago, IL, USA). The chi-square test with asymptotic and exact P-values
was used in calculating the statistical significance of differences between
categorical variables. Our prognostic model was the Kaplan-Meier (KM)
estimate with the log-rank test, wherein we used for death from disease
(disease-specific survival, DSS) or locoregional or distant recurrence
(recurrence-free survival, RFS) as the endpoint. We assessed DSS to evaluate
the survival of our patient cohort in relation to the investigated markers, while
(RFS) was used to assess the recurrence rate in relation to these markers. The
Cox proportional hazards model served in the multivariate analysis of
prognostic factors. The proportional hazards assumption was tested using KM
curves. Factors with a univariate P-value of < 0.1 were selected for multivariate
analysis. A two-sided P value of < .05 was considered statistically significant.

4.7. Ethical considerations
This study was conducted in the Department of Pathology and
Otorhinolaryngology Head and Neck Surgery, University of Helsinki and HUS
Helsinki University Hospital. Institutional review board approval was obtained
from the Research Ethics Committee of Helsinki University Hospital (HUS)
(Dnro179/13/03/02/2013). In addition, we obtained a license from Valvira to
use OPSCC tissue samples in this study (Drno 1004/06.01.03.01/2012). All
procedures performed in the studies involving human participants were in
accordance with the ethical standards of the institutional and/or national
research committees and adhered to the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards.
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5.

Results

5.1.

Baseline clinicopathological data in relation to HPV
status and p16 expression

The examples of HPV in situ hybridization and p16 immunohistochemistry
stainings are shown in Figure 5.

Figure 5. (A) In situ hybridization (ISH) showing HPV-positive oropharyngeal
squamous cell carcinoma (magnification X40). (B) HPV-negative oropharyngeal
squamous cell carcinoma (magnification X400). (C) Oropharyngeal squamous cell
carcinoma with positive (>70%) p16 expression (magnification X400). (D)
Oropharyngeal squamous cell carcinoma with negative p16 expression
(magnification X400).
Reproduced and slightly modified with the permission of Springer
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Of OPSCCs, 52% (105/202) of OPSCCs were HPV-positive and 58%
(117/202) of OPSCC were p16-positive. The sensitivity and specificity for p16
in determining HPV status were 96.2 and 83.5%, respectively. HPV positivity
and p-16 positivity of OPSCCs were negatively correlated with tobacco use (p
< 0.001for both) and with alcohol abuse (p < 0.001 for both). In addition, HPV
positivity of OPSCC was positively correlated with regional lymph node
metastasis (p = 0.029) and OPSCC stage (p = 0.027). Further, the majority of
HPV-positive and p16-positive OPSCC originated from lateral wall of the
oropharynx (p < 0.001). Last and not least, HPV positivity and p-16 positivity
were positively correlated with OPSCC grade (p < 0.001 for both) (Table 6).
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5.2.

Prognostic value of Toll-like receptors 5, 7 and 9 in
OPSCC (Study I)

TLR5, TLR7 and TLR9 expression in relation to clinicopathological
characteristics as well as to HPV status and p16 status is shown in Table 5. In
comparison with HPV-negative OPSCC, HPV-positive OPSCC expressed
lower levels of TLR5 and TLR9 and higher levels of TLR7 (p < 0.001 for all
of them) (Table 7). High TLR5 expression and low TLR7 expression was
associated with poor DSS (p = 0.001 for both) (Figure 6).

Figure 6. Using the Kaplan-Meier, (A) Disease-specific survival curve for all patients in
relation to Toll-like receptors 5 (TLR5) expression. (B) Disease-specific survival curve for all
patients in relation to TLR7 expression. (C) Disease-specific survival for HPV-positive patients
in relation to TLR5. (D) Disease- specific survival for HPV-positive patients in relation to
TLR7.
Reproduced and slightly modified with the permission of Springer
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In HPV-positive OPSCC, patients with high TLR5 expression and low TLR7
expression had poor DSS (Figure 5). For patients with HPV-negative OPSCC,
there was no relation between TLRs and DSS. In addition, a high level of TLR5
expression was associated with poor locoregional RFS in all OPSCCs and in
HPV-positive OPSCC subgroup (p = 0.001 and p < 0.001 respectively) (Table
8). A low level of TLR7 expression was associated with poor locoregional and
distant RFS in HPV-positive OPSCCs (p = 0.003 and p < 0.001 respectively)
(Table 8). Furthermore, in the Cox proportional hazards model, the univariate
and multivariate analyses revealed that HPV status had a statistically significant
interaction with TLR7 expression (p < 0.001 and p = 0.027) (Table 9). In the
HPV-negative OPSCC group, we did not detect any prognostic role of TLR5,
TLR7, and TLR9.
Table 8. Toll-like receptors 5, 7, and 9 expression and 5-year locoregional and distant
recurrence-free survival, using log-rank test analysis

TLR5

0 (%)
1 (%)
2 (%)
3 (%)
P

All
95.3
93.8
76.9
73.1

Locoregional RFS
HPV+
HPV97.8
85.7
96.2
85.7
90.0
70.7
53.6
80.7

All
89.6
93.9
93.2
100.0

Distant RFS
HPV+
93.4
92.1
94.7
100.0

HPV75.0
100.0
92.3
100.0

0.004

<0.001

0.503

0.390

0.910

0.030

75.2
85.6
90.8

60.0
92.4
96.2

77.6
76.7
68.6

88.1
93.4
95.5

60.0
92.4
98.1

92.5
95.1
85.7

0.062

0.003

0.669

0.490

<0.001

0.504

88.9
96.3
89.5
74.5

100.0
100.0
93.7
80.4

50.0
80.0
81.9
71.7

100.0
92.9
92.0
93.6

100.0
95.5
91.7
94.4

100.0
83.3
92.2
93.4

P
0.057
0.072
0.608
0.867
Reproduced and slightly modified with the permission of Springer

0.816

0.792

TLR7

1 (%)
2 (%)
3 (%)
P

TLR9

0 (%)
1 (%)
2 (%)
3 (%)
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5.3.

Expression of hormone receptors in HPV-related and
non-HPV-related OPSCC (Study II)

AR, PR, and ER-β expression was detected in 16%, 27%, and 63% of the
OPSCC respectively (Table 9). ER-α was negative in all slides. In 10 whole
tissue samples, AR expression was seen predominantly along the invasive
front, and PR expression was confined to the central part of the tumor. In 8
whole tissue samples, ER-β expression appeared along both the central and
invasive regions in addition to the basal layer of normal epithelium (Figure 7).
HPV- and p16-positive OPSCC expressed a higher level of AR and lower level
of PR than HPV- and p16-negative OPSCC (p = 0.001 and p < 0.001
respectively). There was no significant difference in ER-β expression between
HPV- and p16-positive and HPV- and p16-negative OPSCC (Table 10).
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Figure 7. Immunohistochemical staining pattern of AR, PR, and ER-β receptors in
oropharyngeal carcinoma. (A) OPSCC with positive nuclear AR expression
(magnification X40), in which the expression appears along the invasive front. (B)
OPSCC with positive nuclear AR expression (magnification X400). (C) OPSCC with
negative AR expression (magnification X400). (D) OPSCC with positive cytoplasmic
PR expression (magnification X40), in which the expression appears along the central
part of the tumor rather than the invasive front. (E) OPSCC with positive cytoplasmic
PR expression (magnification X400). (F) OPSCC with negative PR expression
(magnification X400). (G) OPSCC with positive nuclear ER-β expression
(magnification X40), in which the expression appears both along the central and
invasive parts, and in addition along the basal layer of normal epithelium. (H) OPSCC
with positive nuclear ER expression (magnification X400). (I) OPSCC with negative
ER expression (magnification X400).
Reproduced and slightly modified with the permission of Springer
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Patients with strong PR OPSCC expression had poorer 5-year DSS than those
with negative staining (p = 0.001) (Figure 8). Likewise, patients showing
strong PR expression of their OPSCC had a lower 5-year locoregional RFS rate
than those with negative staining (p = 0.028) (Figure 8), although PR
expression did not associate with distant RFS. In addition, in multivariate
analysis high PR expression of OPSCC conferred a 3.8-fold increased risk of
death of disease (hazard ratio = 3.8) (Table 11). The other independent factors
for poor prognosis are HPV negativity, T4 class, N2-3 classes, and male gender
(Table 11).

Figure 8. Using the Kaplan-Meier, (A) Disease specific survival curve for 199 patients in relation
to PR expression, (B) Locoregional recurrence-free survival curve for 199 patients in relation to
PR expression.
Reproduced and slightly modified with the permission of Springer

63

Table 11. Univariate and multivariate Cox regression analysis for disease-free survival in 202
oropharyngeal squamous cell carcinoma patients (Study II)
Univariate analysis
Variables

Multivariate analysis

HR

CI 95%

p value

HR

CI 95%

p value

2.2

1.0-4.9

0.054

2.4

1.1-5.7

0.035

Sex
Male vs. Female
T class

0.060

0.056

T2 vs. T1

3.0

0.7-5.3

0.178

2.2

0.8-6.3

0.123

T3 vs. T1

1.8

0.6-5.3

0.284

1.6

0.6-4.9

0.374

T4 vs. T1

3.6

1.3-10.0

0.013

3.7

1.3-10.2

0.013

2.1

1.0-4.2

0.037

2.7

1.3-5.7

0.009

N class
N2-3 vs. N0-1
AR

0.352

1 vs. 0

1.4

0.5-3.6

0.557

2 vs. 0

0.4

0.1-1.6

0.201

PR

0.002

0.026

1 vs. 0

2.5

1.1-5.7

0.034

2.3

1.0-5.5

0.064

2 vs. 0

2.7

1.3-5.8

0.011

2.2

1.0-5.1

0.054

3 vs. 0

4.3

1.8-10.5

0.001

3.8

1.4-10.2

0.008

2.2

1.2-4.0

0.007

2.0

1.0-4.0

0.040

HPV
HPV- vs. HPV+

Abbreviations: HR, hazard ratio; CI, confidence interval
Reproduced and slightly modified with the permission of Springer
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5.4.

The relationship of Bmi-1, HESC5:3, and HES77 with
HPV status in OPSCC (Study III).

Nuclear Bmi-1, cytoplasmic HESC5:3, and cytoplasmic HES77 were seen in
61%, 67%, and 44% of OPSCC tissue samples, respectively. Nuclear HESC5:3
was detected only in 4% of the OPSCC tissue samples and had no relationship
with all the clinicopathological factors examined (Figure 9).
In univariate analysis, HPV-positive and p16-positive OPSCC expressed
higher levels of cytoplasmic HESC5:3 (p = 0.016 and p = 0.006 respectively)
and lower levels of Bmi-1 (p = 0.006 and p = 0.013 respectively) than HPVnegative OPSCC. In addition, HES77 was positively correlated with HPV
status (p = 0.030), but not with p16 expression (Table 12). These relationships
were confirmed by multivariate analysis, except for HES77, which appeared to
not be independently associated with HPV positivity (Table 13).
Among patients with HES77-negative OPSCC, the relative proportion of
earlier and current smokers was higher than among those with HES77-positive
OPSCC (p = 0.036) (Table 12).
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Figure 9: Immunohistochemical staining pattern of B cell-specific murine leukemia
virus integration site 1 (Bmi-1), HES5:3 and HES77 in oropharyngeal carcinoma
(OPSCC). A. OPSCC with negative Bmi-1 expression (magnification X40).
B. OPSCC with positive nuclear Bmi-1 expression (magnification X40). C. OPSCC
with negative HES5:3 expression (magnification X40). D. OPSCC with positive
cytoplasmic HES5:3 expression “green arrows” and nuclear HES5:3 expression “red
arrows” (magnification X40). E. OPSCC with negative HES77 expression
(magnification X40). F. OPSCC with positive cytoplasmic HES77 expression
(magnification X40).
Reproduced and slightly modified. No permission needed, as this work has been
published under the Creative Commons CC-BY-NC license and permits noncommercial use.
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Table 13. Multivariate logistic regression analysis for variables predicting HPV
positivity in oropharyngeal squamous cell carcinoma (n=202).
Variables
P
OR
95% CI for OR
Lower

Upper

Bmi-1
0
1-2
3-4

REF
0.005
0.006

0.251
0.181

0.097
0.054

0.652
0.606

0
1-2
3

REF
0.011
0.010

3.532
6.650

1.334
1.559

9.354
28.360

0
1-2
3-4

REF
0.151
0.183

1.922
2.582

0.787
0.639

4.692
10.445

Never

REF

Earlier

0.052

0.172

0.029

1.018

Currently

<0.001

0.017

0.003

0.100

N0

REF

N+

0.009

5.282

1.529

18.247

HES5:3

HES77

Smoking

cN

•

Abbreviations: OR, odds ratio (for HPV positivity); CI, confidence interval; REF,
reference category.

•

OR > 1 = a positive relation between the variable and HPV positivity.

•

OR < 1 = a negative relation between the variable and HPV positivity.

Reproduced and slightly modified. No permission needed, as this work has been
published under the Creative Commons CC-BY-NC license and permits non-commercial
use.
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5.5.

Correlation of β-catenin and vimentin expressions to
HPV status (Study IV)

β-catenin expression appeared in the cytoplasm and the cell membrane of
OPSCC cells, and E-cadherin expression appeared in the cell membrane of
OPSCC cells, while vimentin appeared in the stromal cells of OPSCC (Figure
10). The immunoexpression of vimentin and cell-membranous β-catenin were
stronger in HPV-positive than in HPV-negative OPSCCs (p=0.026 and
p=0.001 respectively) (Table 14 and 15). In addition, high expression of βcatenin is associated with the presence of regional lymph node metastasis
(p=0.036) (Table 14). Furthermore, β-catenin and vimentin were negatively
associated with alcohol use (p=0.016 and p=0.020 respectively) (Tables 14 and
15). All grade-I OPSCCs were immunopositive for E-cadherin, and 50% of
them showed strong E-cadherin expression (P = 0.020) (Table 16).
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Figure 10: Immunohistochemical staining pattern of b-catenin, E-cadherin,
and vimentin in oropharyngeal squamous cell carcinoma (OPSCC). A. The
cell-membranous expression of b-catenin in OPSCC (magnification X40).
B. The cytoplasmic expression of b-catenin in OPSCC (magnification X40).
C. The cell-membranous expression of E-cadherin (magnification X40). D.
Vimentin expression in the tumor-related stromal tissue of OPSCC “blue
stars”, while the tumor tissue remained negative “red stars” (magnification
X20).
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Table 14. Cell membranous and cytoplasmic expression of b-catenin and their associations with
clinicopathological factors in oropharyngeal squamous cell carcinoma

* Chi square test with asymptotic P-value; ** Chi square test with exact P-value
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Table 15. Expression of Vimentin and its association with clinicopathological factors in oropharyngeal
squamous cell carcinoma
Vimentin scoring
Variables

Negative

Weak

Strong

Total number

P

Smoking
Never
Earlier
Currently
Total

0
0
1
1

11
24
53
88

15
25
42
82

26
49
96
171

0.158

Alcohol abuse
Never
Earlier
Currently
Total

0
1
0
1

29
12
28
69

32
11
10
53

61
24
38
123

0.016

Positive
Negative
Total

1
0
1

45
64
109

54
37
91

100
101
201

0.026

Gr1
Gr2
Gr3
Total

0
0
1
1

9
42
58
109

9
36
46
91

18
78
105
201

0.595

T1
T2
T3
T4
Total

0
1
0
0
1

21
45
20
23
109

16
30
26
19
91

37
76
46
42
201

0.414

N0
N+
Total

0
1
1

20
89
109

19
72
91

39
162
201

0.603

Cell membranous bcatenin expression
Negative
Weak
Moderate
Strong
Total

0
0
0
1
1

7
21
41
40
109

4
10
20
48
91

11
31
70
89
201

0.026

Cytoplasmic b-catenin
expression
Negative
Weak
Moderate
Strong
Total

0
0
0
1
1

24
5
39
41
109

18
15
17
41
91

42
20
56
83
201

0.447

E-cadherin
Negative
Weak
Moderate
Strong
Total

0
0
1
0
1

6
19
48
36
109

3
11
48
29
91

9
30
97
65
201

0.251

HPV

Grade

T class

N class

Chi square test was done with exact P-value
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Table 16. Expression of E-cadherin and its association with clinicopathological factors in oropharyngeal squamous cell
carcinoma
E-cadherin scoring
Variables

Negative

Weak

Moderate

Strong

Total number

P

1
2
5
8

3
12
12
27

14
22
48
84

8
13
31
52

26
49
96
171

0.798**

Total

1
1
1
3

13
3
4
20

28
15
19
62

19
5
14
38

61
24
38
123

0.414**

Positive
Negative
Total

4
6
10

16
14
30

48
49
97

33
32
65

101
101
202

0.796*

Gr1
Gr2
Gr3
Total

0
2
8
10

1
7
22
30

8
48
41
97

9
21
35
65

18
78
106
202

0.020*

T1
T2
T3
T4
Total

3
2
1
4
10

5
11
7
7
30

19
40
21
17
97

11
23
17
14
65

38
76
46
42
202

0.944*

N0
N+
Total

1
9
10

4
26
30

21
76
97

13
52
65

39
163
202

0.370*

2
3
4
1
10

4
5
10
11
30

5
15
41
36
97

1
8
15
41
65

12
31
70
89
202

<0.001**

43
20
56
83
202

<0.001**

Smoking
Never
Earlier
Currently

Total
Alcohol abuse
Never
Earlier
Currently

HPV

Grade

T class

N class

Cell membranous bcatenin expression
Negative
Weak
Moderate
Strong
Total

Cytoplasmic bcatenin expression
Negative
7
10
17
9
Weak
2
2
12
4
Moderate
1
8
31
16
Strong
0
10
37
36
Total
10
30
97
65
* Chi square test with asymptotic P-value; ** Chi square test with exact P-value
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6.

Discussion

In the present study of OPSCC, men constitute 74% of the total patients, 67%
of patients were at younger ages (<61.1 years), and 52% of patients were HPVpositive. Similar results were recorded in other studies on OPSCC in Scotland
(77% were men, 76% were ≤ 69 years, and 60% were HPV-positive)
(Wakeham et al., 2019), in Denmark (72% were men, 81% were ≤ 60 years,
and 59% were HPV-positive) (Gronhoj et al., 2018), and in the US (82% were
men, 77% were <65 years, and 62% were HPV-positive) (Amini et al., 2016).
These similar results indicate the predominance of men OPSCC patients over
women and increase of the number of younger HPV-positive OPSCC patients,
in relation to older HPV-negative OPSCC patients, in the cohorts of the recent
studies. In addition, 84% of our OPSCC patient cohort was in stage III and IV
at the time of diagnosis. The same results were recorded in the three
aforementioned studies, in all of them more than 80% of the OPSCC patients
were in stage III and IV at the time of diagnosis (Amini et al., 2016; Gronhoj
et al., 2018; Wakeham et al., 2019). This could indicate the delayed diagnosis
of OPSCC.

6.1.

Toll-like receptors 5 and 7 as prognostic markers in
HPV-OPSCC (Study I)

The TLR pathway may be required for HPV infection and disease progression
and for the development of HPV-related carcinomas, by interacting of HPV16
E6 gene with several proteins of the TLR signaling pathway, such as MyD88,
TRIF, and TRAF6, and subsequently, enhancing NF-kB activation. (Oliveira
et al., 2018). In this study, we found that TLR7 immunoexpression of OPSCC
correlated

positively

with

HPV

status,

while

TLR5

and

TLR9

immunoexpression correlated negatively with HPV status. The same results
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have been shown in a study on OPSCC by Lauri et al (2015). In contrary, one
year after our study, a study on mRNA expression of TLR1 to TLR10 in
HPV16-positive OPSCC cell lines did not find significant differences in TLR5,
TLR7, and TLR9 expression between HPV-positive and HPV-negative groups
(Tobouti et al., 2018). However, these conflicting results may be due to the
different methods of investigation used, as we have evaluated the
immunohistochemical expression of TLRs in OPSCC, while the other study
has evaluated the mRNA level of TLRs in OPSCC cell lines using qPCR,
Western Blot, and flow cytometry. A recent study on BOTSCC showed that
absent or weak TLR5 immunoexpression and strong TLR7 immunoexpression
are more frequent in HPV-positive BOTSCC compared with HPV-negative
BOTSCC (Haeggblom et al., 2019). In addition, suppression of TLR9 by HPV
has been proven and explained by a study on cervical cancer, where they
showed how HPV targets innate immunity through the TLR9 pathway (Hasan
et al., 2007). We found the same results in OPSCC.
In the present study, HPV-positive OPSCC that had high TLR7 and low TLR5
and TLR9 expression had better DSS. However, in patients with HPV-positive
tumors, high TLR5 immunoexpression was associated with poor 5-year
locoregional RFS, and low TLR7 immunoexpression was associated with both
poor 5-year locoregional RFS and 5-year distant RFS. Thus, high TLR5 and
low TLR7 may be poor prognostic factors in HPV-related OPSCC. To our
knowledge, this is the first study reporting such a result in OPSCC. A study on
tongue cancer reported results concordant with our findings and postulated that
high TLR5 could be a predictor of recurrence and mortality (Kauppila et al.,
2013). However, two other studies reported contrasting results. A study on
ovarian cancer observed that TLR7-positive patients in advanced stage had a
poorer survival rate than TLR7-negative patients (Vlad et al., 2018). The

75

second study in lung cancer revealed that high TLR5 was associated with better
disease-free survival (DFS) and OS and thus with better prognosis (Zhou et al.,
2014). However, our study and the previous three studies were on different
types of cancers; different cancers have different pathogenic mechanisms.
Further, a study demonstrated that a combination of a TLR7 agonist
(Imiquimod) and RT could boost the radiosensitivity of breast carcinoma cells
(Dewan et al., 2012). In our study, HR-HPV-positive OPSCC, which often are
radiosensitive, demonstrated TLR7 overexpression. This could indicate the use
of the TLR7 signaling pathway in carcinogenesis of HR-HPV-positive
OPSCC, and this could be the cause of high radiosensitivity of HPV-positive
OPSCC.

6.2.

Prognostic role of AR, PR, and ER in OPSCC (Study II)

To our knowledge, this is the first study to assess hormone receptors
specifically in HPV-related and non-HPV-related OPSCC. We found that the
strongest AR expression clearly occurred along the invasive front, which may
indicate its role in OPSCC progression and development. This is consistent
with a study performed by Zhang et al. (2015) on esophageal carcinoma, in
which they showed that AR may promote carcinoma cell proliferation and
migration in vitro. In addition, AR may have an oncogenic role in OSCC
because knockdown of AR results in decreased proliferation, increased
apoptosis, and inhibited tumorigenicity of OSCC cells. The same study found
that 67% of OSCCs are AR positive and the expression was stronger in
malignant tissue than in normal tissue. (Wu et al., 2015) However, a study by
Nehse and Tunn (1994) on OSCC revealed that OSCC cells have a decreased
AR level compared to the normal oral mucosa. The contradictory results in the
previous two studies may be due to differences in methodology: In the first
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study, AR level was evaluated using the Western blot analysis and the
immunohistochemistry, while in the second study AR concentration was
measured using a radioligand assay.
Also, we found that both HPV status and p16 positivity of OPSCC were
positively associated with AR immunoexpression. This is consistent with a
study that showed that AR could promote the differentiation of an HPV16positive prostate cell line (Ling et al., 2001).
In contrast to AR, the HPV status and p16 positivity of OPSCC were negatively
associated with PR immunoexpression. The same result was reported by
Kwasniewska et al. (2011) in HR-HPV-related cervical cancer, where they
found a significant decrease in PR expression in the tumor cells. Furthermore,
our results show that strong PR expression of OPSCC is associated with shorter
DSS and RFS of the patients. In contrast, PR expression is a positive prognostic
marker in breast adenocarcinoma (Ruder et al., 1989) and uterine
leiomyosarcoma (Davidson et al., 2016) but has no effect on survival in
cervical adenocarcinoma (Bodner et al., 2010). This may be due to the different
pathogenic processes in different cancer types.
We can speculate from our results and the results from aforementioned studies
that HPV-positive OPSCC uses AR pathway and HPV-negative OPSCC uses
PR in their pathogeneses, but the mechanisms remain unclear, as according to
our knowledge, this is the first study on AR and PR in OPSCC.
Regarding ER-β expression, we found that ER-β expression was positive in
63% of all OPSCCs, but there was no significant difference in ER-β expression
between HPV- and p16-positive and HPV- and p16-negative OPSCC. In
addition, we found no significant correlation between ER-β and survival. One
year after our study, a Japanese study composed of 68 OPSCC patients showed
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results

that

are

consistent

with

ours,

in

which

ER-β

was

immunohistochemically expressed by OPSCC (29%), and with no significant
difference in ER-β expression between HPV- and p16-positive and HPV- and
p16-negative OPSCC. However, they found that ER-β positivity was
associated with better OS in patients with HPV-positive OPSCC. (Kano et al.,
2019)

6.3.

Relationship of Bmi-1, HESSC5:3, and HES77 to p16 and
HPV status in OPSCC (Study III)

To our knowledge, this is the first study that evaluates the expression of
HESC5:3 and HES77 in OPSCC and their relationship to HPV and p16 status.
We observed that HPV-positive OPSCC express less Bmi-1 (50%) and more
HESC5:3 (71%) than HPV-negative OPSCC. HPV positivity may promote
epithelial cells to acquire CSC behaviors and traits, including metastasis
(Swanson et al., 2016). This is consistent with our results displaying a higher
expression of HESC5:3 and HES77 in HPV-positive OPSCCs that usually
metastasize at an early stage.
Bmi-1 is recognized as a suppressor for p16 (Jacobs et al., 1999; Kotake et al.,
2007). Interestingly, our results suggest that HPV and p16 positivity of OPSCC
may suppress Bmi-1 expression, indicating a bidirectional pathway effect
between p16 and Bmi-1. In addition, high Bmi-1 expression is a prognostic
marker for poor prognosis in OPSCC (Huber et al., 2011) and in oral tongue
(Li et al., 2014), cervical (Min et al., 2011; Tong et al., 2012), and urinary
bladder carcinoma (Qin et al., 2009). In our study, HPV-negative OPSCC,
which is known to be more aggressive and have the poorest prognosis,
expressed higher levels of Bmi-1 when compared with HPV-positive OPSCC
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which have a better prognosis. However, we found no relationship between
Bmi-1 expression and patient survival.

6.4.

Correlations of β-catenin and vimentin to the HPVstatus in OPSCC (Study IV)

In this study, high β-catenin and vimentin expression correlated to HPV
positivity in OPSCC. The former is consistent with a study from Bulut et al.
(2011) which revealed that β-catenin may be involved in HPV16-mediated
cervical carcinogenesis via the Wnt/β-catenin pathway. The latter support
results by Schäfer et al. (2017) who showed that vimentin may serve as a
binding protein for the HPV16 pseudovirion and regulate the internalization of
the HPV16 pseudovirion in keratinocytes and in an epithelioid cervix
carcinoma cell line. Thus, both β-catenin and vimentin may play crucial roles
in the pathogenesis of HPV infection, but each with a different mechanism.
In our study, high expression of β-catenin is correlated to the presence of
regional lymph node metastasis. The same relationship has previously been
shown in breast carcinoma (Yasuhara et al., 2015). Another study on breast
carcinoma revealed that the integrity and function of the cadherin-catenin
complex may be impaired by the dysfunction of any of the proteins in the
complex. Thus, alteration in the expression of one of these proteins may affect
the adhesion and the anti-metastatic functions of the other proteins of the same
complex, increasing the risk of metastasis. (Bukholm et al., 1998) In OPSCC,
a study by Lefevre et al. (2017) found that low E-cadherin and high vimentin
expressions are associated with the presence of OPSCC metastasis. In addition,
a recent review by Re et al. (2018) reported that low E-cadherin levels are
associated with the presence of regional nodal metastases and worsening of
prognosis in laryngeal squamous cell carcinoma. However, there were many
inconsistencies between included studies, particularly in the use of different
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IHC scoring systems used across studies. Based on our results and the
aforementioned studies, we could speculate that the relationship between high
β-catenin expression and metastasis may be because an abnormal elevation of
β-catenin levels impairs the anti-metastatic function of E-cadherin. However,
we found no significant correlation between E-cadherin expression and
metastasis.
Heavy alcohol use may increase the risk of developing HPV-negative OPSCC.
In addition, even light drinking may raise the risk level of developing OPSCC.
(Bagnardi et al., 2012) In hepatocellular carcinoma, alcohol consumption was
shown to invigorate the Wnt/β-catenin signaling pathway, which subsequently
increases hepatocyte proliferation and stimulates hepatocarcinogenesis
(Mercer et al., 2015). Moreover, alcohol was demonstrated to increase the
expression

of

vimentin

in

breast

adenocarcinoma

and

colorectal

adenocarcinoma (Forsyth et al., 2010). Our results are contrary to these
findings, as we observed that β-catenin and vimentin were negatively
associated with heavy alcohol use in OPSCC.
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7.

Strengths and limitation of study materials and
methods

In this study evaluated a cohort of 331 consecutive patients diagnosed with
OPSCC at the Department of Otorhinolaryngology – Head and Neck Surgery,
Helsinki University Hospital during the period of ten years. Even after
excluding patients receiving palliative treatment, concurrent or previously
treated HNSCC, histology other than SCC or subtype of SCC, or patients
without pre-treatment samples, we still had a large and carefully documented
patient cohort (n=202). Our patient cohort had a minimum follow-up of 3.0
years or until death, and the median follow-up time was 5.0 years, which is a
reasonable period of follow-up. We collected clinicopathological data on
patient age, sex, tumor histology, grade, and TNM classification from hospital
records. The collected data are from a trustable source as Helsinki University
Hospital and Finnish cancer society carefully collect and register patient data
to be used in scientific research (Leinonen et al., 2017). All these factors
provided a clinical follow-up period of long duration and adequate survival
data.
Our cohort is an unselected material of consecutive patients and therefore we
are not able to analyze only patients with uniform TNM or WHO classiﬁcation.
Using this kind of cohort lowers the possibility of selection bias and increases
the cohort size. Also, our patient series is a retrospective cohort from the year
2000-2009 and HPV status was not determined systematically in these tumors
during that period at our institution. Consequently, HPV status was not
known at the time of treatment decision and thus, had no impact on treatment
decision. Therefore, the HPV-negative OPSCC patients in this series have
received both surgical and non-surgical treatments depending on other factors
that were discussed at the multidisciplinary tumor board meeting. In general, it

81

remains to be studied whether HPV-negative OPSCC patients would benefit
from surgical or oncological treatment approach or their combination. None of
them is clearly superior in terms of survival. Further, many treatment protocols
suggest that HPV status should impact treatment decision only in the context
of a clinical trial (Blitzer et al., 2014) and our study was not one of these clinical
trials.
In the statistical part of the study, the number of events in the DSS analysis is
49/202 (24.3). Chi-square test has the disadvantage of weighting all subgroups
equally, independent of size, but it is still the gold-standard test in
crosstabulation of categorical variables. However, we have used the exact pvalues when it is necessary.
The major advantage of in situ hybridization is that it enables researchers to
determine how the distribution of specific nucleic acids is related to protein
products of the target gene and their relation with cellular structures using
immunohistochemistry (Coulton and De Belleroche, 2012). Also, it enables the
maximum use of tissue specimens, as many hybridizations can be performed
on the same tissue and libraries of tissues can be formed and stored in the
freezer for future use. A disadvantage of in situ hybridization technique is the
difficulty in recognizing targets that have low DNA and RNA copies. However,
this technique is a powerful tool used for gene mapping, in cytogenetics, to
localize gene expression, and to detect viral infection. (Jensen, 2014) In
OPSCC, in situ hybridization is a highly specific and sensitive method to detect
HPV positivity (Randen-Brady et al., 2019). So, we have used a reliable
method to detect HPV positivity in OPSCC.
In this study, we have evaluated the prognostic biomarkers using the TMA
technique. As known, the advantages of this technique are:
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1. Reduces the amount of antibody required, as a single slide containing many
spots of different tumor tissue samples can be stained.
2. Permits evaluation of the molecular interactions and gene expressions in
different tumor tissues simultaneously, which is unattainable in conventional
staining (Russo et al., 2003).
3. Allows evaluation, examination, and comparison of cancer behavior in its
different stages one a single slide (Russo et al., 2003).
But, the disadvantage of this technique is a limited amount of tissue sample
that can be examined, which represents very small regions of the whole tissue
sample. In the case of tumor heterogeneity, this technique may thus yield the
wrong results. (Russo et al., 2003) In addition, in this technique, some tissue
spots could be, wrongly, taken from the carcinoma-free area. Also, this
technique is a time-consuming procedure and requires very precise and skillful
work. To overcome these disadvantages, we have made two groups of TMA
blocks: I and II. From each part of the sample (the central or the invasive front),
we cut two spots, and we placed the first spot in a block of group I and the
second spot in its counterpart in group II in the same place as in group I. Thus,
each block from group I and its counterpart in group II have the same tissue
samples. Therefore, we have examined each OPSCC sample using four tissue
spots, two in each TMA block of the two groups. We have taken four spots
from each sample to avoid the possible wrong sample reading causing by the
heterogeneity of the OPSCC samples. In addition, in case we missed an OPSCC
spot in group I, its counterpart in group II can compensate it. Also, in study II,
we have examined the whole section for some OPSCC samples, but we could
not perform it in the other studies because the available OPSCC samples had
no enough material for evaluation. So, the second strength is the careful
evaluation of the immunoexpressions in each OPSCC sample.
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There are many factors influencing the IHC results and the researcher should
be aware of them. These factors are non-speciﬁc background signal,
endogenous peroxidase, and the inappropriate antibody concentration. (Gown,
2016) The non-speciﬁc background signal is due to the presence of nonspecific antibodies in the background, and it may give false-positive results.
This can be avoided by blocking these non-specific antibodies using blocking
reagents such as a normal serum, bovine serum almond, gelatin, and dry milk
(Gown, 2016). The presence of endogenous peroxidase in the tissue may result
in high, non-specific background staining (false-positive results). Endogenous
peroxidase can be blocked using methanol containing hydrogen peroxidase or
strong oxidants such as periodic acid (Bussolati and Radulescu, 2011; Hira et
al., 2019). Antigen retrieval can be achieved using EDTA buffer (pH 9.0),
citrate buffer (pH 6.0), or Tris-HCl buffer (pH 8.0) (Hira et al., 2019; Pileri et
al., 1997). Inappropriate high or low antibody concentration may result in false
higher or lower antibody expression. So, the researcher should use the exact
concentration recommended by the manufacturer. (Gown, 2016). All
aforementioned factors are well-known for our experienced research team and
the well-skillful lab technicians. There are two other factors that influence the
IHC intensity and we could not control them. These are the fixation process
and the duration of sample storage (Gown, 2016; Tauber et al., 2019) Tissue
fixation with 10% neutral buffered formalin give a perfect IHC intensity results
(Tauber et al., 2019). However, Prolonged formalin fixation is known to reduce
the immunoreactivity of many antibodies in paraffin sections (Goldstein et al.,
2003; Oyama et al., 2007). In this study, although we have used formalin-fixed
samples, the fixation time was not under our control, as this work is a
retrospective study. In addition, our samples are from OPSCC patients in the
period between 2000 to 2009, and so the storage period was 10-19 years. The
long storage period could cause fading of IHC-staining intensity, but according
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to Tauber et al. (2019), only the storage time more than 20 years has the
significant effect on the staining intensity. The storage period of our samples
is less than 20 years, and so I not think this period will affect the intensity
staining of our OPSCC samples.
According to REMARK criteria for tumor marker prognostic studies which
have been described by Altman et al. (2012), Harris (2005), and McShane et
al. (2005), we should compare our results with previous similar studies.
Unfortunately, sometimes, it was often difficult to compare our results with
results from previous prognostic studies on OPSCC due to variations in patient
selections and methods, and due to the absence of a previous study on OPSCC,
in case of HESC5:3 and HES77.
The weakness of this study is related to the missing of smoking and alcohol
history for some patients. As this study is a retrospective study, we could not
get these missing pieces of information. Thirty-one patients lacked the smoking
history, and seventy-nine patients lacked alcohol history. This may affect the
results of the relation between evaluated markers and alcohol or smoking
status.
The second weakness is the two biomarkers HESC5:3 and HES77. These
markers are newly developed monoclonal antibodies raised against
undifferentiated embryonic SCs. The problem is that the target antigens for
both of them have not yet been identified. Although some other antibodies
against undetermined antigens (such as Ki-67) have been introduced into
clinical uses, this issue still limits the value of these two new biomarkers as
they are still ambiguous markers.
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8.

Future prospects

In this work, we studied four types of biomarkers: TLRs, hormone receptors,
CSC markers, and EMT markers.
Hormone receptors are usually important for cancers that originate from the
sex organs. This is the first study that examined the expression of hormone
receptors and their relationship to clinicopathological parameters and HPV
status in OPSCC. We have shown that AR, PR, and ER-β are expressed in
OPSCC; AR expression was higher in HPV-positive OPSCC, while PR
expression was higher in HPV-negative OPSCC. In addition, we found a strong
relationship between PR and survival. Consequently, the possibility of
hormonal therapy being introduced in the treatment of OPSCC using AR and
PR as targets could be considered and explored in the further.
The relationship between HPV status and TLRs, AR, PR Bmi-1, HESC5:3, βcatenin, or vimentin may confirm that HPV-positive and HPV-negative
OPSCC are different entities with different carcinogenic backgrounds and use
different signaling pathways. In addition, exploring the role of these
biomarkers in the carcinogenesis of both types of OPSCC in future studies
could reveal more about the mechanism behind it, and thus a better
understanding of OPSCC.
The significant relationship between survival and TLR5, TLR7, or PR could
be explored in future in clinical settings to investigate the value of these results
in determining the appropriate treatment plan.
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Finally, standardization of the methods used in the prognostic studies is very
important to clear the conflicting results obtained from different studies that
used different laboratory methodologies (If prognostic studies become more
homogenous, it will be easier to compare the results). Although it is very
difficult to be fixed, this point should be considered in the future.
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9.
I.

Conclusions
TLR7 expression was higher (94% showed moderate-high expression),
and TLR5 and TLR9 expressions were lower (30% and 71% showed
moderate-high expression) in HPV-positive OPSCC than in HPVnegative OPSCC (58%, 77%, and 80% respectively showed moderatehigh expression). Furthermore, high TLR5 expression and low TLR7
expression may be regarded as poor prognostic factors in HPV-related
OPSCC.

II.

The hormone receptors AR, PR, and ER are expressed in OPSCC, and
their expression differs between HPV-positive and HPV-negative
OPSCCs. AR expression was more often present in HPV-positive
OPSCCs (28% in HPV-positive OPSCC and 2% in HPV-negative
OPSCC), while PR expression was more often present in HPV-negative
OPSCCs (12% in HPV-positive OPSCC and 44% in HPV-negative
OPSCC). In addition, PR expression could be a negative prognostic
marker for DSS (p=0.001).

III.

Bmi-1, HESC5:3, and HES77 may have different roles in HPV-positive
and HPV-negative tumors. HPV-positive OPSCC OPSCCs expressed
less Bmi-1 (50%) and more HESC5:3 (71%) than HPV-negative
OPSCCs did (72% and 63%, respectively).

IV.

HPV-positive OPSCCs showed a stronger β-catenin expression (83%
moderate-high expression) than HPV-negative OPSCCs did (74%
moderate-high expression). Similarly, the stroma of HPV-positive
OPSCCs showed stronger vimentin expression (54% strong
expression) than in the stroma of HPV-negative OPSCCs (37% strong
expression). These two different patterns of expression may indicate the
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different roles of β-catenin and vimentin in HPV-positive OPSCC; the
former in the carcinoma tissue itself and the latter in the tumor stroma.
In general, the results of our previous four studies support the fact that
HPV-positive and HPV-negative OPSCC are different tumors that
originate from different pathogeneses, and use different signaling
pathways.
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