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CHAPTER 1

General introduction




1.1. General introduction

The head and neck anatomical region consists of a series of structures in the oral cavity,
oropharynx, and larynx. Squamous Cell Carcinomas of the Head and Neck (HNSCCs)
are the sixth most common type of cancers. Up to 2018, approximately 850,000 new
patients worldwide were diagnosed per year, including about 151,000 in Europe (Paolo
Boscolo-Rizzo et al. 2017; Johnson et al. 2020). The most well-established risk factors
for HNSCCs are tobacco and alcohol consumption (Liu et al. 2018). Since the 1980s the
incidence of these HNSCCs has decreased over time due to an increased public
awareness, and consecutive reduced smoking and alcohol consumption rates (Paolo
Boscolo-Rizzo et al. 2017; Rosenberg and Vokes 2021). However, the incidence of
oropharyngeal squamous cell carcinoma (OPSCC), including squamous cell carcinomas
(SCC) of the tonsils (Figure 1), soft palate, base of tongue and lateral/posterior pharyngeal
walls, which include a significantly high proportion of HNSCC:s, is rising (Paolo Boscolo-
Rizzo et al. 2017; Ndsman, Du, and Dalianis 2020; Mcllwain et al. 2014).
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Figure 1. Estimated age-standardized incidence rate with 95% CI of HPV-positive
and HPV-negative tonsillar squamous cell carcinoma (SCCs) cases per 100,000
individuals/year in Stockholm between 1970-2006. Adapted from Ndsman et al.
2020.

The increased fraction of oropharyngeal HNSCC, registered during the past decade and
independent of tobacco and alcohol use, was associated with high-risk human
papillomaviruses (HPVs), with a remarkable contribution of HPV16 type (Rosenberg and
Vokes 2021). It is worth mentioning that before 2000 HPV16 accounted for up to 40.5%
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of OPSCC cases, rising up to 70% of OPSCC cases since 2009 (Mcllwain et al. 2014;
Ekanayake Weeramange et al. 2020).

High-risk HPV16 is not only responsible for oropharynx cancers, including tonsil, base
of tongue and other oropharyngeal sites. Indeed, the last evaluation of the International
Agency for Research in Cancer (IARC) concluded that there is enough evidence for
HPV16 carcinogenicity in the oral cavity as well. Limited evidence for laryngeal cancer

and HPV16 has been established so far (Bruni et al. 2019).

In several Countries prophylactic vaccination programs are now available, whereas they
are in progress in other Regions. Notwithstanding, a significant reduction in HPV-
OPSCC incidence is not expected until 2060. Altogether these data indicate the need of
investigations to improve disease prevention, diagnosis, and treatment (Chaturvedi et al.

2018; Gillison et al. 2015).

1.2. Clinical and pathological features of OPSCC

HPV-related OPSCC constitute a distinct epidemiological, molecular and clinical form
as compared to non HPV-related OPSCC (Bruni et al. 2019; Seiwert et al. 2015). HPV-
negative OPSCCs tend to affect older patients with a history of heavy tobacco smoking
and alcohol consumption, whereas they have an onset similar to other squamous cell
carcinomas (SCCs) of the head and neck. HPV-positive OPSCCs affect younger patients
who show a reduced history of smoking and alcohol intake (Mcllwain et al. 2014). Some
studies indicate that the most likely explanation for the origin of this distinct form of head
and neck cancers associated with HPV is a sexually acquired oral HPV infection that is
not cleared, persists and evolves into a neoplastic lesion (Bruni et al. 2019; Chaturvedi et

al. 2015).

HPV-associated OPSCCs present different features compared to HPV-negative tumors.
For instance, histopathologically, HPV-positive tumors tend to have a poorly
differentiated and frequently basaloid histology (Lewis 2017; P. Boscolo-Rizzo et al.
2013), which in the classic sense of tumor classification and differentiation status, could
mislead clinicians since, classically, poorly differentiated looking tumors are more
aggressive when HPV-negative (Thompson 2013). Interestingly, HPV-positive tumors
tend to have overall a better prognosis (Thariat et al. 2010).



Tumor morphology of HPV-related OPSCC is unique amongst head and neck tumors,
partially because of the anatomical region of the oropharynx, but also because of the way
HPYV infection occurs. Indeed, the tumorigenesis process begins at the tonsillar crypts
after HPV infection that is not cleared by the host’s immune system (Figure 2). Over time,

SCC may spread to the neck lymph nodes, and progress once tumors have metastasized
(Lewis 2017).
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Figure 2. HPV infection of the tonsil crypt and the onset of HPV-positive OPSCC.
HPV: Human papillomavirus; SCC: Squamous cell carcinoma. Adapted from

Johnson et al. 2020.

1.3. Role of the human papillomavirus in oncogenic transformation

The HPV family consists of approximately 8,000 base pairs, circular, double-stranded,
non-enveloped DNA viruses. Viral genome consists of early and late genes and a non-
coding sequence named long control region (LCR). Early genes encode for proteins
involved in viral replication, such as, E1 and E2/E4, and the accessory proteins; ES, E6
and E7, whereas the late genes transcribe for the capsidic L1 and L2 proteins (Sabatini

and Chiocca 2020; Egawa et al. 2015) (Figure 3).
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Figure 3. Reference HPV16 genome. From PaVe database.

High-risk HPVs are able to induce carcinogenic transformation of the infected mucosal
epithelium by escaping cell-cycle checkpoints (Sabatini and Chiocca 2020). The
contribution of HPV to the HNSCC onset occurs commonly within the tonsillar crypt of
the oropharynx. Crypt cells are arranged in a discontinuous single-layer epithelium,

which is susceptible to carcinogenic transformation (Sabatini and Chiocca 2020).

HPVs normally infect the basal layer of the epithelium, then exploit the epithelial-to-
keratinocyte proliferation and differentiation pathways to complete the viral life cycle
(Rotondo et al. 2020b). The primary transforming activity of HR HPVs depend on the
ES, E6 and E7 oncoproteins. In particular, the two major viral oncoproteins E6 and E7
inhibit apoptosis and promote tumor cell growth (Zhang et al. 2016). E6 binds and
disrupts the tumor suppressor protein p53, the major protein involved in the control of
cell cycle, while E7 binds to the tumor suppressor pRb protein, which regulates the G1-S

phase transition through interaction with the E2F transcription factor.

E7 binding disrupts the Rb-E2F complex, leading to the inactivation of Rb through
proteasomal degradation. As a result, genes promoting the entry of cells into S phase are
continuously activated, whereas the pl6 gene, the inhibitor protein of the cyclin D1
CDK4/CDK6 complex, is continuously overexpressed (C. A. Moody and Laimins 2010a)
(Figure 4).
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Figure 4. Classical mechanism of action, during the transformation, operated by

HPV E6 and E7 oncoproteins.

Overexpression of the p16 protein has been reported in different HPV-associated cancers.
In cervical intraepithelial lesions (CIN), overexpression of pl16 protein is considered a
reliable marker of tumor progression (Agoff et al. 2003), whereas in HPV-positive
HNSCC, pl6 overexpression has been associated to favorable outcome (Pinatti et al.
2021). On the other hand, in about 20% of HPV-positive HNSCC cases the p16 protein

presents normal or downregulated expression (Henley-Smith et al. 2021).

HR-HPV ES5, E6 and E7 oncoproteins are key players in tumor development by activating
cellular oncogenes and inactivating tumor suppressor genes (R. Yang et al. 2019).
Usually, HPVs replicate in epithelial cells, where the viral DNA is maintained in episomal
form (Kurita et al. 2019). In this phase, HPV expression is regulated by cellular and viral
transcription factors. In particular, HPV E2 protein, regulates viral expression (McBride
and Warburton 2017, 6), through the interaction between two E2 proteins with four E2
binding sites (E2BSs) located in the long control region (LCR) of the viral genome
(Balderas-Loaeza et al. 2007) (Figure 5).
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Figure 5. Schematic representation of the four E2 binding sites (E2BSs) in the LCR
of HPV16. When E2 binds to the high affinity E2BS1 (left) the early promoter p97
is activated until increased levels of E2 are produced to bind to the low affinity
E2BS 3 and 4 (right) and result in inhibition of the p97 promoter. This mechanism
leads to a fine-tuned auto-regulatory feed-back inhibition of the HPV16 LCR.

The transcription of HPV early genes leads to inactivation of cellular control functions,
and triggers reprogramming of cell proliferation, apoptosis, differentiation, epigenetic
reorganization, and genomic instability (Zhang et al. 2016). These changes support the
integration of episomal HPV DNAs into the genome of the host cell (McBride and
Warburton 2017; Akagi et al. 2014), whereas the loss of E2 protein repression of viral
transcription due to loss of E2 regions upon integration (Pinatti et al. 2021), contributing
to E6 and E7 oncogenes overexpression and the initiation of the carcinogenesis process

(Egawa et al. 2015; Preti et al. 2020) (Figure 4).

Despite data from cervical carcinoma studies (Rotondo et al. 2015), viral integration
seems to be unnecessary for carcinogenic transformation in HNSCC, where integration,
altered methylation patterns or a combination of both have been observed to play a role

in the cancer onset (Wang et al. 2017; Khanal et al. 2018).

1.4. Diagnosis

Many studies have investigated the clinical presentation of HNSCC at different locations
with efforts to improve early diagnosis (Kwon et al. 2021). The assignment of a proper
clinical and pathological stage is key to facilitate prognosis estimation and to determine

the best treatment option upon diagnosis (Lydiatt et al. 2017).

HNSCC patients present low 5-year survival rates associated to failure in early diagnosis.
Diagnosis at advanced tumor stages is fairly common due to the lack of early
detection/screening tests for HNSCCs detection (Mcllwain et al. 2014), which is usually
based on clinical examination of the upper aerodigestive tract and histologic analysis of
tissues under analysis. This type of analysis may miss hidden tumor sites, such as the

tongue base or tonsil crypts (Punyadeera and Slowey 2019).
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Figure 6. Anatomy of the head and neck region; parts of the head and neck that are
susceptible to HPV infection and percentage of HPV-positive tumors per part

according to Betiol et al 2013.

Usually, at early disease stage (I or II), tumors of the oral cavity and oropharynx present
a small size (less than 2cm) and are often asymptomatic, while patients at late disease
stage (III and IV) present symptoms, such as pain, otalgia, dysphagia, sore throat, etc.,
often accompanied of lymph node involvement (Mcllwain et al. 2014). Furthermore,
HPV-positive HNSCC, being a distinct form of HNSCC from HPV-negative HNSCC,
presents a different clinical feature (Ekanayake Weeramange et al. 2020; Betiol, Villa,
and Sichero 2013). For instance, HPV-positive patients commonly present a neck mass
as the initial symptom, whereas HPV-negative patients more commonly present
symptoms related to the primary tumor site, such as sore throat, dysphagia, and/or
odynophagia (Mcllwain et al. 2014). Most HPV infections cause no symptoms, whereas
due to the anatomical complexity of the affected region, it is difficult to find preneoplastic
lesions, as routinely occurs for cervical cancers (Figure 6). Taken the inability to screen
for and detect precursor lesions or early-stage cancers (Gillison et al. 2015), most HPV-
positive patients are typically diagnosed with late-stage disease (Dahlstrom, Anderson, et
al. 2015), usually presenting early tumor stage and advanced nodal stage compared to
HPV-negative, in general, TNM stage disease III and IV at presentation (Machczynski et
al. 2020).

The absence of defined early warning signs puts in evidence the need to find specific
biomarkers for early disease diagnosis, prediction of prognosis, and ultimately,
appropriate selection of therapy (Economopoulou, de Bree, et al. 2019; Punyadeera and

Slowey 2019).

11



HPYV status has a significant effect on patient prognosis, whereas it may help to determine
the appropriate therapy. HPV positivity is the most favorable non-anatomic predictor for
HNSCC outcome (Machczynski et al. 2020) and accordingly, HPV DNA status is one of
the first markers analyzed upon HNSCC diagnosis (Ekanayake Weeramange et al. 2020).
Since current classification methods fail to differentiate between HPV-positive and HPV-
driven HNSCC tumors, the recognition of distinctive molecular profiles to allow for
correct classification of HPV-positive HNSCC:s is still imperative for the choice of best
treatment in order to prevent tumor recurrences after primary treatment (Ekanayake

Weeramange et al. 2020).

1.5. Treatment and prognosis

HNSCC treatment approach is generally guided by tumor anatomical location, stage, and
disease and functional characteristics (Johnson et al. 2020). The use of the American Joint
Committee on Cancer (AJCC) and the Union for International Cancer Control (UICC)
staging systems are the prevalent choices for patient stratification and treatment selection,
although personalized nomograms and molecular analyses for therapy choice (MATCH)

approaches are emerging holding the promise of better stratification (Lydiatt et al. 2017).

The head and neck are a complex anatomic area, involved in vital functions, such as
breathing, swallowing or speech. Usually, SCC treatment is very aggressive, leading to
permanent impairment of speech or swallowing. The treatment selection is difficult, as it
should aim for function preservation while maintaining highly curative approaches
(Johnson et al. 2020). Currently, the main choices for HNSCC treatment are resection,

radiation and chemotherapy.

For early-stage tumors (stages I or II), the primary treatment consists on tumor resection
and/or radiation. In the event of primary treatment failure, after single modality radiation
or surgery, salvage with radiation or chemotherapy will reduce the risk of recurrence and
improve survival. Resection is also used as a rescue method for late stage patients

presenting tumor relapse (Mcllwain et al. 2014; Johnson et al. 2020).

For patients with advanced disease stage (stages III or IV) with extra-nodal extension,
close or involved surgical margins, or perineural invasion; multimodality treatment with
combinations of surgery, radiation, and/or chemotherapy is commonly used. The

administration of high-dose cisplatin chemotherapy in combination with radiation further
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improves disease-free survival, whereas it impacts patient survival in high risk groups

(Johnson et al. 2020).

Complexity of HNSCC is suggested by molecular biology/genetic analyses that reveal
heterogeneity independently from the tumor location and stage (Ekanayake Weeramange
et al. 2020), whereas it evidences the need for a better understanding of the biology of
HNSCCs to find biomarkers for personalized treatments. Some altered targets have
already been found, but clinical improvements are slow. For instance, the monoclonal
antibody targeting EGFR, Cetuximab, has been approved for both HPV-positive and -
negative HNSCCs, with limited efficacy (Alsahafi et al. 2019). Recently, the use of
immunotherapy has been also approved for HNSCC. In 2016, the anti-programmed cell
death protein (PD-1) monoclonal antibodies, nivolumab and pembrolizumab, for the
treatment of patients with recurrent/metastatic HNSCC refractory to platinum-based
therapy were approved. In 2019, the use of pembrolizumab was approved for the first-
line treatment of patients with unresectable recurrent/metastatic HNSCC (Cohen et al.
2019). For patients with recurrent/metastatic HNSCC expressing PD-L1 with a combined
positive score (CPS) >1, the use of pembrolizumab in combination with platinum and
fluorouracil was approved as the frontline therapy (Cohen et al. 2019; Johnson et al.

2020).

Since the use of chemoradiotherapy (CRT) following surgery is associated to increased
radiation toxicity, and a wide range of side effects, it is of extreme importance to
accurately predict the extent of disease prior to treatment administration (Johnson et al.
2020). In fact, there is over 50% of likelihood for distant metastases in patients with HPV-
positive oropharyngeal cancer that are primarily managed with resection surgery, whereas
65% of these patients need to be further treated with CRT (Rosenberg and Vokes 2021).
About 10-25% of HPV-positive patients will present recurrence and/or distant metastasis
within the first two years of treatment (Cohen et al. 2019; Economopoulou, Koutsodontis,

et al. 2019).

Only now current staging systems are beginning to differentiate HPV-related tumors from
other HNSCCs (Lewis 2017). HPV-positive tumors are usually highly responsive to
therapy, resulting in better overall survival (OS) with increased rates of locoregional
control (Machczynski et al. 2020). Therefore, treatment de-escalation for HPV-positive

patients has been proposed, but because of the risk of recurrence the decision on patients
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that would be good candidates for treatment de-intensification is difficult (Rosenberg and

Vokes 2021; Alsahafi et al. 2019).

1.6. Aim and outline of my experimental thesis

Overall, my thesis has been organized in four chapters:

1. Chapter 1 provides a general introduction on Head and neck squamous cell carcinoma
(HNSCC); (1.1) The site of onset and etiopathogenesis, (1.2) the main clinical and
pathological features; (1.3) the role of the human papillomavirus in the onset of
oropharyngeal squamous cell carcinoma (OPSCC), a subset of HNSCCs; (1.4) how
HNSCC is diagnosed and (1.5) treated based on classical considerations and molecular

characterizations.

2. The second chapter of my thesis discusses the materials and methods used for the study
of several markers in HNSCC, including the developed methods that have been useful for
the publication of other four studies (Oton-Gonzalez et al. 2021; Rotondo et al. 2020b;
Tognon et al. 2020; Malagutti et al. 2020).

3. In the third chapter, the study results are presented in the form of three different
subchapters. Each one of these chapters corresponds to a manuscript in preparation;
therefore, the main structure of the article has been maintained with an introduction,
results and a discussion section. The overall aim of these studies was to find new markers
serving as molecular targets in HNSCCs for the planning of targeted therapeutic strategies

to improve patient’s survival.

3.1. Treatment de-escalation has been proposed on HPV-positive patients based on their
improved prognosis compared to HPV-negative, but still a subset of HPV-patients present
high relapse rates and metastasis, making difficult to decide which patients are good
candidates for treatment de-intensification. The identification of molecular markers for
HPV-positive tumors that allow for the stratification of this group of patients is necessary.
In this subchapter a prognostic model based on the identification of circulating viral

oncoproteins as a marker for patient stratification is proposed.

3.2. HPV plays an important role in the prognosis of HNSCC patients. HPV-positive
tumors present an overall improved survival compared to HPV-negative. The main

transforming activity of HPV relies on the oncoproteins E6 and E7; for this reason, HPV
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mRNA expression, a marker of transcriptional activity of the virus, is considered
necessary to initiate the carcinogenesis process. In the second subchapter, the different
mechanisms involved in HPV oncogene expression are studied, focusing mainly on the
impact that different variants of the HPV long control region (LCR) and its methylation

status have on oncogene expression and patient’s prognosis.

3.3. Head and neck squamous cell carcinoma (HNSCC) is a heterogeneous disease.
Several attempts have been made to classify these tumors based on anatomic location,
clinical stage and tumor phenotype; once these characteristics are individualized, the
appropriate treatment is chosen, but not always classical characterization correlates to
prognosis; therefore, there is a need to find new prognostic in HNSCCs for planning
targeted therapeutic strategies to improve patient’s survival. In this subchapter, a set of
tumor suppressor genes and proto-oncogenes are studied in correlation to HNSCC;
finally, a combination of molecular markers in HNSCC are proposed in order to plan

personalized treatment strategies.

4. Finally, in chapter four a general discussion of the contents presented in the thesis is

presented.
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CHAPTER 2

Materials and Methods
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2.1 Study population

Head and neck squamous cell carcinoma (HNSCC) specimens (n=84) from patients, with
amean age =+ standard deviation [SD] 65.91£11.39 years old, together with control tumor-
free samples (n=58) from non-oncological patients (normal controls) who underwent
tonsillar surgery; 39+15.17 years old, were collected at the ear, nose and throat (ENT)

Clinic, University Hospital of Ferrara, Ferrara, Italy.

Patients were assessed for eligibility of this study in agreement with the Declaration of
Helsinki and local rules. All patients gave written informed consent to participate in the
studies. Clinical data of patients were available from hospital records. The studies were
approved by the Ethics Committee of Ferrara. Inclusion criteria were (i) detection of
primary OPSCC in patients 18-95 y old; (ii) exclusion criteria were the radiotherapy
and/or chemotherapy treatments before ascertainment and patients’ recruitment. Tumor

and non-tumor tissue biopsies, together with blood, were collected at the time of surgery.

2.2 Nucleic acid extraction

2.2.1. Fresh tissue

DNA/RNA extractions from HNSCC (n=67) and control biopsies (n=58) were carried out
using the AllPrep DNA/RNA/Protein Extraction Kit (Qiagen, Milan, Italy). DNA and RNA
were quantified with the NanoDrop 2000 (Thermo Scientific, Milan, Italy) and stored at -
80°C until the analyses. DNA suitability was assessed by qualitative PCR for $-Globin gene
amplification as done before (Oton-Gonzalez et al. 2021). Due to transport/extraction
methods, some RNA samples degraded and were not available for further analyses.

Matched RNA/DNA samples were n=41.

2.2.2. FFPE tissue

To increase the sample size of HPV-positive HNSCC samples formalin-fixed and paraffin
embedded tissues (FFPE) (n=17) were used. DNA and RNA were extracted from FFPE
tissues using the QIAamp DNA FFPE tissue kit and RNeasy FFPE kit, respectively
(Qiagen, Milan, Italy) as done before (Rotondo et al. 2016, 6). DNA and RNA were
quantified with the NanoDrop 2000 (Thermo Scientific, Milan, Italy) and stored at -80°C
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until the analyses. DNA suitability was assessed by qualitative PCR for B-Globin gene

amplification as done before (Rotondo et al. 2018a).

2.3 HPV screening

DNAs were tested for HPV DNA sequences by RT-qPCR using the universal primer pair
for HPV L1 detection GP5+/GP6+ (Table 1) (Malagutti et al. 2020; Oton-Gonzalez et al.
2021). Each RT-qPCR assay was performed using a recombinant plasmid vector
containing the complete HPV16 genome, as positive control and two negative controls; a
HPV-negative DNA obtained from human placenta (Rotondo et al. 2020b) and a mock
sample consisting of distilled H>O. Briefly, 50ng of human genomic DNA were used in
10 pl qPCR reactions, including: 2x of the SsoAdvanced Universal SYBR Green
Supermix, Bio-Rad (Hercules, CA, USA) and a final concentration of 500nM for each
primer. Thermal conditions were: initial step of 95°C for 5 min and 45 cycles of 95°C for

15 s followed by a 60°C for 30s step. Each sample was analyzed in triplicate.

2.4 Genotyping

At the end of the RT-qPCR reaction, a final high resolution melting step was added from
65-95°C, increasing 0.1°C every 0.03 s. Plasmids containing different HPV types were
used as positive controls. DNA void of HPV genome was used as negative control. Initial
genotyping was done by comparing the HNSCC samples melting peaks to the plasmid
controls; similar melting peaks indicated same genotype as the control (Figure 1). Further

characterization was performed using the specific genotype primers for HPV

amplification.
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Figure 1. Melting curve analysis for HPV detection obtained by qPCR. (A)

Representative melting curve analysis of qPCR products employing recombinant
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plasmid vectors containing the complete genomes of HPV6, 11, 16, 18, 31, 33, 45,
52 and 58 types, used as positive controls. The melting curve assay showed a
differential melting temperature (Tm), i.e., 77.9 °C for HPV16 and 79.5 -C for
HPV18. (B) HPV genotype in correspondence to its Tm. Each color represents one
sample from graph A.

2.5 Viral DNA load

After HPV genotype determination on the basis of differential melting temperature (Tm)
(de Araujo et al. 2009; Oton-Gonzalez et al. 2021), a standard curve of specific
recombinant plasmids was used to calculate the viral DNA load. HPV DNA load values

were reported as viral copies per 10* human cell equivalents (copy/10* cells).

Quantification of the viral DNA load was performed against a plasmid-HPV-specific
standard curve. Viral load was expressed as HPV copies per cell. Since at least one HPV
genome copy/ cell is expected in transformed cells, 1 copy/ cell was defined as the cutoff

for high viral load, samples below the cutoff were determined to have low viral load.

2.6 HPV DNA physical status

HPV DNA physical integration/episomal status was investigated using the qPCR as
described (Table 1) (Peitsaro, Johansson, and Syrjanen 2002). Specific primers
amplifying the viral regions E2 and E6 were used. Briefly, 50 ng of template DNA were
analyzed in triplicate in 10ul multiplex qPCR reactions consisting of 2x TagMan
Universal Master Mix II, no UNG, Thermo Fisher Scientific (Waltham, MA, USA).
Primers were used in multiplex at a final concentration of 500nM and 300nM for E6 and
E2, respectively. Probes labelled with reporter dyes FAM for E6 and ROX for E2, were
used at a final concentration of 100nM each. The thermal conditions were: an initial step
of 95°C for 5 min and 45 cycles of 95°C for 15 s followed by a 60°C for 30s step. A
standard curve using the HPV 16 recombinant plasmid was used to calculate the amount
of E2 and E6 amplified. Then, the E2/E6 ratio was assessed to determine the HPV DNA
physical integration/episomal status. A ratio E2/E6 of 0, i.e. no E2 presence, indicated
integration, while the ratio greater than 1 and lower than 1 indicated episomal form and
concomitant integrated and episomal form, respectively. The HPV16-positive cells,

employed as controls, SiHa and CaSki cell lines, were used as comparative samples.
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2.7 Total mRNA retrotranscription

Total mRNA was retro-transcribed using the Improm II (Promega, Wisconsin, USA)
reverse transcription system, as performed before (Torreggiani et al. 2019). Briefly,
1050ng of total mRNA were used for retrotranscription in 21ul of reaction mixture. Each
reaction contained: the diluted RNA in DEPC-treated water up to a 10ul volume, 1 pl of
random examers; and the RT MIX composed of: 4 pl 5X IMPROM buffer, 4 ul MgCl,
25Mm, 1 pul dNTPs (10Mm) and 1 pl of RT IMPROM. RT-PCR conditions were: 70°C
for 10 min after mixing the diluted RNA with the random primers; and 42°C for 60 min,
followed by 15 min incubation at 70°C, after addition of the RT mix. cDNA was finally

diluted to 1:2 to a final concentration of 25ng/ul to be used in PCR reactions.

2.8 Gene expression

2.8.1. Viral gene expression

cDNAs were analyzed for the expression of HPV E2, E5, E6 and E7 genes, using the
specific ddPCR assay QX200 Droplet Digital PCR System-Bio-Rad (Bio-Rad, Segrate,
Italy). DAPCR reactions contained; 11 pL of a 2 xddPCR super mix (QX200 EvaGreen
ddPCR, Bio-Rad, Segrate, Italy), primers at final concentration of 225nM each, and 10
puL of DNA/ddH20 (~50 ng per reaction). Specific primers for each HPV gene were used
(Table 1). The mixture was added to the DG8 cartridge with 20 pL of droplet formation
oil, using an automated droplet generator (Bio-Rad, Segrate, Italy). Every sample was
partitioned into ~20,000 droplets, which were then transferred into a 96-well PCR plate,
covered with pierceable foil, heat-sealed using a PX1 PCR Plate Sealer (Bio-Rad,
Segrate, Italy), and placed in a thermal cycler (SimpliAmp, Applied Biosystem, Milan,
Italy). Cycling conditions were as follows: heat to 95 °C for 5 min, followed by 94 °C for
30 s, 60 °C and for 1 min for a total of 45 cycles, then 5 min at 90 °C, ending at 4 °C.
After PCR, the 96-well PCR plate was placed in the reader and data were analyzed using
with the QuantaSoft analysis tool (Bio-Rad, Segrate, Italy). The GAPDH housekeeping
gene was employed as control for the gene expression analysis (Rotondo et al. 2020b).
Each ddPCR experiment included one DNA extraction negative control, an additional
negative control (H>O) without DNA, and a positive control consisting on HPV16

recombinant plasmid (Oton-Gonzalez et al. 2021).
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2.8.2. Host gene expression

cDNAs were analyzed for the expression of cellular genes. Real-time qPCR was
performed using 2x SsoAdvanced Universal SYBR Green Supermix, Bio-Rad (Segrate,
Italy). A final concentration of 500nM of each primer (Table 1) was used in single assays
of 10ul each, samples were run in triplicate, along with no-template controls. Thermal
cycling consisted of an initial cycle of 95°C for 5 min, 40 cycles of 95°C for 15 s and
60°C for 30 s. Fold changes of the host mRNA were calculated using the 2" method,
using as control the cellular housekeeping gene, GAPDH. Furthermore, data was

normalized against the control group.

2.9 Promoter methylation analysis

2.9.1. Bisulfite conversion

DNA from (i) fresh HNSCC biopsies and control non-tumor specimens, together with (ii)
FFPE OPSCC tissues, were subjected to sodium bisulfite treatment using the EpiTect
Bisulfite Kit (Qiagen, Milan, Italy). Briefly, 500ng of DNA were converted in 140ul
reactions containing; 20ul of DNA dilution in ddH20, 85ul of bisulfite mix and 35ul of
DNA protect buffer, provided by the kit. Reactions were left to incubate overnight
following manufacturer instructions. DNA was extracted following the protocol for fresh
tissue samples (1): “Sodium bisulfite conversion of unmethylated cytosines in DNA” and
for FFPE tissues (ii): “Sodium bisulfite conversion of unmethylated cytosines in DNA
isolated from FFPE tissue samples”, both contained in the EpiTect Bisulfite Handbook
(09/2009).

2.9.2. HPYV promoter methylation

Since bisulfite treatment is known to introduce nicks in the DNA, HPV16 long control
region (LCR) sequence was divided into three segments, to preserve the high efficiency
of the PCR reaction as done before (Kalantari et al. 2004). Bisulfite-treated DNA was
amplified using three primer copies: 16msp3F/R (positions 7049 to 7560), 16msp4F/7R
(positions 7465 to 7703) and 16mspSF/R (positions 7748 to 86), which amplify in a
noncontiguous manner the HPV16 5’LCR, the central LCR known as the enhancer

region, and the 3’LCR containing ORI and p97 promoter regions, respectively (Kalantari
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et al. 2008; Milutin GaSperov et al. 2015). The PCR started at 95°C for 5 min, followed
by 45 amplification cycles of 95°C for 30s, annealing at variable temperature according
to primer pair for 1 min (Table 1), and extension at 68°C for 1 min as done before
(Kalantari et al. 2004). There was a final extension at 68°C for 7 min. A PCR negative
control, containing distilled water, and three positive controls, containing the HPV16
plasmid, SiHa and CaSki cell lines DNA, were included per reaction. PCR products were

run onto 2% agarose gels.

2.9.3. Host gene promoter methylation

Methylation was studied at the RARB (OMIM: 180220) promoter region of DNA from
HNSCC patients and healthy subjects; these promoters contains 9 CpG dinucleotides.
Amplification was done by PCR, using specific BSF primers as done before (Rotondo et
al. 2018b; 2016) (Table 1). Briefly, The PCR started at 95°C for 5 min, followed by 50
amplification cycles of 95°C for 1 min, annealing at variable temperature according to
primer pair for 1 min, and extension at 72°C for 1 min. There was a final extension at
72°C for 10 min. A PCR negative control, containing distilled water and a positive control

were included per reaction. PCR products were run onto 2% agarose gels.

2.9.4. Direct DNA sequencing and sequence analysis

All DNA amplicons were purified using the QIAquick PCR Purification Kit (Qiagen,
Milan, Italy) and then subjected to direct sequencing using the automated ABI-Prism-
3130X DNA sequencer (Applied Biosystems, Monza, Italy), as performed before
(Mazzoni, Rotondo, et al. 2017; Rotondo et al. 2017). The obtained sequences were
manually edited with Chromas Lite 2.1.1. (Technelysium Pty Ltd, South Brisbane, AU)
and aligned to that available in the GenBank database using the BiQ analyzer software

(Bock et al. 2005).
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Table 1. Validated primer sets used in gPCR and/or ddPCR to detect and quantify HPV DNA and both, viral and cellular genes.

Amplicon size

Annealing

Target Primers names Primer sequence (5°— 3’) (bp) temp. (°C) Reference
DNA
Viral HPV LI GP5+ TTTGTTACTGTGGTAGATACTAC 139-145 60 (Rotondo et al.
GPo6+ GAAAAATAAACTGTAAATCATATTC 2020a)
HPV16 E2 E-HPVI6E2F AACGAAGTATCCTCTCCTGAAATTATTAG
E- HPV16 E2R CCAAGGCGACGGCTTTG 82 60 (Peitsaro,
E Probe 16E2PRO [ROX]CACCCCGCCGCGACCCATA[BHQ2] Johansson,
HPV16 E6 I+E-HPV16 E6 F GAGAACTGCAATGTTTCAGGACC and Syrjanen
I+E- HPV16 E6 R TGTATAGTTGTTTGCAGCTCTGTGC 81 60 2002)
I+E Probe 16E6PRO [6FAM]JCAGGAGCGACCCAGAAAGTTACCACAGTT[BHQ1]
Host B-Globin B-Globin F TGGGTTTCTGATAGGCACTGACT 152 56 (Martone et al.
B-Globin R AACAGCATCAGGAGTGGACAGAT 2007)
Bisulfite treated DNA
Viral HPV16 E2-M FWD (16msp5F) TAAGGTTTAAATTTTTAAGGTTAATTAAAT 187 57
promoter E2-M REV (16msp5r) ATCCTAAAACATTACAATTCTCTTTTAATA
HPV16 16msp3F AAGTAGGATTGAAGGTTAAATTAAAATTTA 543 55 (Kalantari et
5'LCR 16msp3r AACAAACAATACAAATCAAAAAAACAAAAA al. 2004)
HPV16 16msp4F TATGTTTTTTGGTATAAAATGTGTTTTT 278 53
enhancer l6msp7R TAAATTAATTAAAACAAACCAAAAATATAT
Host RARB RARB SQ F AGAGGTAGGAGGGTTTATTTTTTGT 36 48 (Rotondo et al.
promoter RARB SQ R AATCATTTACCATTTTCCAAACTTACT 2018b)
RNA
Viral HPVI6E2 HPVI6E2F AACGAAGTATCCTCTCCTGAAATTATTAG 82 60 (Peitsaro,
HPV16 E2 R CCAAGGCGACGGCTTTG Johansson,
HPVI6 E6 HPVI6E6F GAGAACTGCAATGTTTCAGGACC ’1 60 and Syrjanen
HPVI16 E6 R TGTATAGTTGTTTGCAGCTCTGTGC 2002)
HPVI6 E5 16-E5 FWD CGTCCGCTGCTTTTGTCTGTGTCTACATAC 89 60 (Weyn et al.
16-ES REV CACCTAAACGCAGAGGCTGCTGTTATCCAC 2011)

23



Host

HPVI6E7 E7FWD AGGAGGATGAAATAGATGGTCCAG o ” (Pett ct al.
E7 REV CTTTGTACGCACAACCGAAGC 2006)
PIGINK4A  pl6 inkda FWD CCAACGCACCGAATAGTTACG . 0 (Marcoux et
p16 inkda REV GCGCTGCCCATCATCATG al. 2013)
IRF6 IRF6_F GCTCTCTCCCAATGACTGACCTGGA 130 0 (Zengin ct al.
IRF6 R CCATGACGTCCAGCAGCTTGCTA 2015)
P63 F AGCAGCAAGTTTCGGACAGT (Yalcin-
P63 - 236 60 Ozuysal et al
P63 R TGCTGTTGCCTGTACGTTTC o 15/) :
RARB Rarb f TGAAAATCACAGATCTCCGTAGCA s o (Rotondo et al.
Rarb r CCAGGAATTTCCATTTTCAAGGT 2018b)
c-Jun cJun f GAGAGGAAGCGCATGAGGAA 6 o (Kolomeichuk
cJun_r CCAGCCGGGCGATTC et al. 2008)
EGFR EGFR fwd AACTGTGAGGTGGTCCTTGG e 0 (Ganly et al.
EGFR rev GTTGAGGGCAATGAGGACAT 2007)
GAPDH  GAPDHF GAAGGTGAAGGTCGGAGTC 16 0 (Xiao et al,
GAPDH R GAAGATGGTGATGGGATTTC 2011)
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2.10 Serological testing

Blood samples were collected for HNSCC patients at the time of diagnosis for all HNSCC
patients and during the follow-up of 3, 6, 12, 24 months for HPV-positive HNSCC patients.
Upon collection, blood samples were allowed to clot for 30 min at room temperature and
then centrifuged at 1,300 g for 15min to separate the serum. Sera were transferred into new
tubes and stored at -80°C until the analyses. Serum HPV16L1 IgG antibodies and E7
oncoproteins were evaluated in HNSCC patients, HPV-positive and HPV-negative at the
time of diagnosis for all patients, and during a follow-up at 3, 6, 12 and 24 months for HPV-

positive patients.

2.10.1. Serum HPV16 L1 Antibodies

HPV16 L1 IgG antibodies were analyzed by ELISA with a commercial kit (HPVI6LI,
Cusabio, TX, USA). The test was performed according to manufacturer’s instructions.
Serum samples were diluted 1:1000 and thoroughly mixed before use. The signal intensity
was measured as Optical Density (OD) at 450 nm (Thermo Electron Corp., model
Multiskan EX, Finland) (Bononi et al. 2018). The cutoff value was calculated according to
manufacturer’s instructions, i.e., an OD sample/OD negative ratio, equal or greater than

2.1, was considered HPV 16 IgG positive.

2.10.2. E7 oncoprotein levels

HPV16 E7 oncoprotein concentration in sera was assessed using the “HPV16 E7
Oncoprotein ELISA Kit” (Cell Biolabs, California, US), according to manufacturer's
instructions. The ELISA plates were read spectrophotometrically at 450 nm (OD) as done
previously (Mazzoni et al. 2018). HPV16 E7 protein concentration was calculated using
standard curves of recombinant E7 proteins provided by the kit. Briefly, according to
manufacturer’s instructions, seven serial dilutions (1:3) from; 135 ng/ml were prepared and
used for sample interpolation. Presence or absence E7 HPV16 oncoprotein was determined
by comparing the absorbance of the sample to the cutoff value, calculated as done before
(Pietrobon et al. 2017). The cutoff for HPV16 E7 oncoprotein was 0.75ng/ml. HPV16 E7
oncoprotein variation during the follow-up was assessed by the ratio between protein
amount the time of relapse/the previous time point; ratios >1 indicated increment of protein

prior to relapse, while ratios <1 indicated decrement.
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2.11. Statistical analysis

Statistical analyses were carried out using the GraphPad Prism for Windows (version 8.0,
GraphPad). Student’s t-test was used to compare the mean between groups for gene
expression analyses and viral load (Mazzoni, Di Stefano, et al. 2017). Pearson/Spearman
correlation tests were used to analyze correlation between viral gene expression and HPV
DNA load; between E7 oncogene and pl6 expression in HPV-positive HNSCCs; to
estimate the correlation of viral DNA with viral mRNA expression; establish the
associations between HPV LCR epigenotypes and viral gene expression; to check for
correlation between nucleotide variation/methylation within transcription binding
sequences and viral gene expression; and to assess the univariate differences of

clinicopathological features according to E7 oncoprotein presence in serum.

For methylation analyses; sequences showing more than 50% of methylated CpGs were
considered hypermethylated. Fisher's exact test was used to test the hypotheses that the
methylation frequencies correlated to HPV physical status. All HPV16 LCR sequences
were compared with the prototype clone (K02718.1), isolated from a human invasive
cervical carcinoma and regularly used for this type of studies (Yao et al. 2019; Escobar-
Escamilla et al. 2019). The PROMO-ALGGEN database (Messeguer et al. 2002; Farré et
al. 2003) was used to predict the cellular transcription factor binding sites (TFBS) affected
by nucleotide variations in HPV16 LCR. A dissimilarity rate of 5% was permitted.

Finally, all parameters were correlated to patient’s progression-free survival (PFS) and
overall survival (OS) using the Kaplan-Meier model; tick marks indicated censored
subjects and drop-offs. Kaplan-Meier statistical significance was estimated using the log-
rank test. P values less than 0.05 were considered statistically significant (p<0.05) for all

analyses.
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CHAPTER 3.1

Serum circulating E7 HPV

oncopraz‘ein as a recurrence marker

of Head and neck Squamous Cell

carcinomas
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3.1.1. Introduction

Despite the great improvements in treatment options for HNSCC, and in particular,
OPSCC, preventing relapses and treating patients remains a challenge. Optimization of
therapy is the primary purpose, aiming to increase survival rates through more targeted
options and personalized treatments for all patients (Wittekindt et al. 2019). However,
treatment protocols for OPSCC management do not take into account the biological
differences between HPV-positive and HPV-negative tumors, and therefore standard
treatments for both subtypes are currently employed (Hargreaves et al. 2019; Qian et al.

2019).

Several clinical trials, such as PATHOS (NCT02215265) or OPTIMA (NCT02258659),
are now in progress (Hargreaves et al. 2019; Mirghani and Blanchard 2018) aiming to
determine whether treatment de-intensification confers improved quality of life for HPV-
positive OPSCC patients whilst maintaining high rates of cure. In fact, while many HPV-
positive OPSCC patients respond well to treatment de-escalation, some others present
with complex cases, marked by high relapse rates and worse prognosis (Hargreaves et al.
2019; Roberts et al. 2019), indicating heterogeneity within this subgroup of patients.
About 10-25% of HPV-positive patients will present recurrence and/or distant metastasis
within the first two years of treatment (Cohen et al. 2019; Economopoulou, Koutsodontis,

etal. 2019).

Hence, a correct stratification of HPV-positive patients is necessary to select patients that
will benefit from treatment de-intensification (Mehanna et al. 2019). In the effort to
improve stratification, many studies investigate HPV status, p16 overexpression, the
surrogate marker of HPV transformation (Lydiatt et al. 2017; Cohen et al. 2019), and
HPV E6/E7 mRNA expression (Reuschenbach et al. 2019). However, the current
stratification system leads to several pitfalls: first, HPV might be present as a transient
infection, but not active in the tumors (Reuschenbach et al. 2019); second, p16 expression
1s not always observed in HPV-positive tumors (Lechner et al. 2018); third, HPV mRNA
levels could be too low to be detected (Kitamura et al. 2020); last, many HNSCC tumors
are anatomically difficult to access and could eventually be missed, especially during the

patient’s follow-up (Van Abel and Moore 2012).

Serological testing has gained interest in the past few years for HPV-positive OPSCC

prognostic studies. The immune response of the host has been studied in association to
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both HPV-positive tumors and patient’s prognosis (Wittekindt et al. 2019; Holzinger et
al. 2017). HPV16 L1 capsid antibodies have been found several years before OPSCC
presentation, but are also cumulative markers of viral exposure (Dahlstrom, Anderson, et
al. 2015; Piontek et al. 2019). Antibodies to HPV16 E6 and E7 oncoproteins at the time
of diagnosis may be useful to predict disease-free survival in HPV-positive OPSCC
patients (Spector et al. 2017; Lang Kuhs et al. 2017). However, routine testing for
antibodies against HPV oncoproteins are difficult to perform due to the lack of available

commercial kits.

Studies on cervical cancer have shown that detection of HPV E6 and E7 oncoprotein in
cervical scrapings may constitute valuable markers for disease progression (Y.-S. Yang
et al. 2012; Kong et al. 2020). Moreover, the presence of HPV16 E6 and E7 oncoproteins
has been demonstrated by direct ELISA in culture supernatant of cervical cancer cell lines
SiHa and CaSki, indicating release of viral oncoproteins from tumor cells (Lee et al.
2001). On this ground, we hypothesized that HPV E6 and E7 oncoproteins could be
present in serum of HPV HNSCC patients, whereas their serum detection could be useful
for prognostic purpose. The presence of HPV E6 and E7 oncoproteins in serum of HPV-
associated cancer patients has not been investigated yet. Lack of studies on this field may
be due to unavailable commercial kits for serum HPV E6/E7 oncoprotein detection,
although new kits for testing serum HPV E7 protein are starting to be commercialized in

the past few years.

The aim of this study was to identify markers for a better stratification of HPV-positive
HNSCC patients. To this purpose, classical tumor markers, such as HPV DNA, pl6
expression and HPV E7 mRNA were studied in different HNSCC subtypes, including
OPSCC. Serum from HNSCC patients was analyzed for HPV16 L1 antibody titers and,
for the first time, for HPV16 E7 oncoprotein levels at time of diagnosis and during the
follow-up at 3, 6, 12 and 24 months. Finally, results were correlated to patient’s relapse-

free survival (RFS) and overall survival (OS).

3.1.2. Results
3.1.2.1. HPV DNA analysis

Head and Neck squamous cell carcinomas (HNSCCs) and control samples were analyzed

for HPV DNA sequences and genotype. HPV DNA was found in 20/67 (29.85%) HNSCC
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samples. HPV-genotype was determined by high resolution melting (HRM) to be HPV16
in 19/20 (95%) of the HNSCC HPV-positive cases and HPV33 in 1/20 (5%) of the cases.
Control DNAs were found to be HPV11-positive in 1/58 (1.7%) of the cases. Our further

studies were hereafter focused on HPV type 16 due to the high prevalence in HNSCC.

Viral DNA load in cancer specimens ranged from 2.52x10-4 to 426.7 copies of HPV

DNA per cell (Figure 1A).
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Figure 1. Analysis of classical markers for stratification of HNSCC samples.

Statistical significance was indicated as * for p<0.05 and ** for p<0.0001; (A) viral
load quantification of HPV-positive HNSCC samples by qPCR; (B) differential p16
mRNA expression in HNSCC samples analyzed by qPCR; (C) Viral E7 mRNA

expression in HPV-positive HNSCC samples; p16 analysis in HNSCC samples; (D)

Spearman correlation analyses between the expression of E7 (logz) oncogene and

pl6 (log2) showed correlation (r=0.59; p<0.05) in HPV-positive HNSCC tumor

samples.
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3.1.2.2. P16 gene expression

Due to transport/extraction methods, some RNA samples degraded, and therefore 41/67
HNSCC matching DNA/RNA samples were available for further analyses. P16 mRNA
expression was investigated in HNSCC samples, showing upregulation in 12/16 (75%)
of the HPV16-positive HNSCC and in 5/25 (24%) of the HPV-negative HNSCC samples
compared to controls (p<0.001). HPV-positive patients presented overall pl6 gene
upregulation compared to controls (Mean + [SD], 2.60 + 3.98 log> fold, p<0.05) with the
exception of two samples that harboured pl16 downregulation. HPV-negative samples
were downregulated compared to control samples (Mean + [SD], -2.34 + 3.71 log> fold,
p<0.05). Differences in pl6 expression between HPV-positive and negative were also

significant (p<0.0001) (Figure 1B).

3.1.2.3. HPV mRNA expression

HPV-positive HNSCC samples were analyzed for HPV16 E7 gene expression by qPCR.
Specifically, HPV16 E7 gene expression was analyzed in 16 HPV-positive HNSCC
samples. mRNA expression of E7 was detected in 15/16 (93.75%) (Figure 1C). Pearson
correlation test showed no correlation between the expression levels (logio) of E7 and

HPV DNA load (r=0.42, p>0.05).

Furthermore, Pearson correlation analyses showed correlation between the expression of
E7 and the up-regulation of p16 (r=0.46; p>0.05) (Figure 1D). But, HPV E7 mRNA
expression did not correlate to pl6 upregulation for all samples, since two samples
presented E7 expression with pl6 downregulation, and one sample presented pl6
upregulation but no E7 expression; therefore p16 is not always a good marker indicating

HPV active infection.

3.1.2.4. Serological studies
3.1.2.4.1. HPV16 L1 antibody titer

HPV16 L1 antibodies were found with a similar proportion in 18/20 (90%) HPV—positive
HNSCC and 7/8 (87.5%) HPV-negative HNSCC patients (p>0.05). HPV DNA-positive
HNSCC patients presented higher Optical Density (OD) readings for antibodies anti-
HPV16 L1 compared to -negative (Mean[SD], 4.001+2.11 vs. 2.294+0.32; p<0.05)
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(Figure 2A). The antibody response was further compared during the follow-up at 3, 6,
12 and 24 months. Results indicated that HPV16 L1 antibody titers did not vary
significantly during follow-up (p>0.05) (Figure 2B).

A B

10 * 154

10

Normalized OD (450 nm)
(=]
e
Normalized OD HPV16 L1 (450 nm)

Time (Months)

100+ 100+
95
90

85

1.0 ®
HengBa AT
0.54 A Ap

HPV16 E7 oncoprotein (ng/ml)
P
HPV16 E7 oncoprotein (ng/ml)

0.0 a

05— 0

W
& & Time (Months)

Figure 2. ELISA tests on HNSCC serum samples. Statistical significance was
indicated as * for p<0.05; (A) Serum antibody levels against HPV16 L1 in HNSCC
patients. Differential OD between HPV-positive and HPV-negative patients
(p<0.05); (B) HPV16 L1 antibody variation during the follow-up of HPV-positive
patients; (C) HPV16 E7 oncoprotein quantification in serum shows no difference
between HPV-positive and HPV-negative patients (p>0.05); (D) HPV16 E7

oncoprotein variation during the follow-up of HPV-positive patients.
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3.1.2.4.2. HPV16 E7 oncoproteins in sera

HPV16 E7 oncoproteins (ng/ml) amount was evaluated at the time of diagnosis and
during a follow-up of 3, 6, 12 and 24 months. At TO; HPV16 E7 oncoprotein was detected
in 6/20 (30%) HPV-positive patients’ serum and none of HPV-negative (p>0.05) (Figure
2C). Variation in the amount of E7 oncoprotein during the follow-up was studied; for
instance 9/20 (45%) samples remained negative for HPV E7 oncoprotein during the
follow-up, 9/20 (45%) presented increment in the amount of oncoprotein; 4/9 (44.44%)
of those, were positive at the time of diagnosis; while 5/9 (55.55%) became positive
during the follow-up. Two samples out of 20 (10%), positive at the time of diagnosis,
presented HPV E7 decrement over-time, one became negative. HPV E7 variation among

samples, during the follow-up, resulted not statistically significant (p>0.05) (Figure 2D).

Finally, HPV16 E7 protein level in serum was studied in correlation to the viral mRNA
expression in the tumor samples. Results showed correlation between the amount of
HPV16 E7 mRNA expressed in the tumors and E7 oncoprotein in serum (r=0.79, p<0.01),

suggesting that circulating E7 protein may be due to release from tumor site.

3.1.2.5. Survival analysis
3.1.2.5.1. RF'S and OS in correlation to HPV DNA, p16 expression and HPV mRNA

The median follow-up time for this study was 24 months. The relapse free survival (RFS)
and overall survival (OS) were assessed in HPV-positive HNSCC patients (n=20)
compared to HPV-negative (n=47); different RFS rates were observed for both groups
72.11% and 48.77% for HPV-positive and —negative, respectively (p>0.05) (Figure 3A);
also OS was improved for HPV-positive patients; 88.89% compared to 52.08% in HPV-
negative OPSCCs (p<0.01) (Figure 3B).

To study the effect of p16 expression on survival, all HNSCC samples were subdivided
into pl6-over or —underexpression in the tumor samples. High and low expression were
considered when log> of the fold change was greater than 1 (n=13) or lower than -1
(n=17), respectively. Samples with a log> of the fold change between 1 and -1 (n=11)
were considered to have normal expression, therefore were not represented. RFS was
73.84%, in patients carrying p16 upregulation, compared to p16 downregulation, 48.12%
(p>0.05) (Figure 3C). OS was 100% in patients with higher expression of p16 compared
to 52.94% of patients with p16 downregulation (p<0.01) (Figure 3D).
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RFS and OS were also assessed for HPV E7 mRNA expression in HNSCC samples. All
HPV DNA-negative samples with matching mRNA, were considered as HPV mRNA-
negative. Samples were divided into expressing E7 oncogene (n=15) and not expressing
(n=26). Survival proportions retrieved from the analysis indicated that RFS was 64.61%
in patients positive for E7 mRNA, while 48.77% in patients HPV mRNA-negative
(p>0.05) (Figure 3E). OS was higher in patients carrying HPV E7 mRNA, 92.85%,

compared to those HPV mRNA-negative, 52.08% (p<0.05) (Figure 3F).
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Figure 3. Kaplan-Meier (KM) curves for RFS and OS in HNSCC; (A, B) KM
curves of RFS (a) and OS (b) for HPV DNA presence in HNSCC tumor samples;
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(C, D) KM curves of RFS (e) and OS (f) for pl6 over- or under-expression in
HNSCC samples; (E, F) KM curves of RFS (c¢) and OS (d) for HPV E7 mRNA
expression in HNSCC tumor samples. Statistical significance was indicated as

p<0.01 or p<0.05.

3.1.2.5.2. RES and OS in relation to serum HPV16 L1 antibodies

The next step was to study the association of serological markers of HPV infection, such
as HPV16 L1 antibody and E7 oncoprotein presence, with patient’s survival. We did not
observe significant differences of HPV16 L1 antibodies in RFS or OS for HPV-positive
patients (n=20) at the time of diagnosis and during the follow up. RFS was 51.28% and
100% for HPV16 L1 antibodies-positive patients (n=18), and 100% for HPV16 L1
antibodies-negative (n=2) (p>0.05) (Figure 4A). OS was also similar between HPV-
positive patients and HPV16 L1 antibody positivity or negativity, being 63.64% and
100%, respectively (p>0.05) (Figure 4B). Overall these results indicate that HPV16 L1 is
not a good indicator of prognosis and since it is a cumulative marker of exposure, it may

be only used for epidemiological purposes.

3.1.2.5.3. RF'S and OS in relation to serum HPV16 E7 oncoprotein

HPV16 E7 oncoprotein presence in serum was correlated to patients’ clinicopathological
characteristics (Table 1). Interestingly, E7 oncoprotein in serum was strongly associated
to recurrence in HNSCC patients (p<0.0001) and in the OPSCC subgroup (p<0.001).
Statistical analyses on the other HNSCC subtypes were not possible due to the small
sample size (Table 1). RFS was 90.9% for patients testing negative for E7 protein (n=14)
compared to 0% for HNSCC patients presenting E7 positivity (n=6) (p<0.0001) (Figure
4C). OS was higher in patients negative for E7 oncoprotein (n=14) compared to those

positive for E7 (n=6), 100% and 50%, respectively (p<0.01) (Figure 4D).

The variation of serum E7 oncoprotein was also studied in correlation to patients’
survival. RFS was 42.85% in HNSCC patients who increased the amount of E7
oncoprotein during the follow-up or remained positive (n=9), compared to 79.55% of

those who experienced E7 decrement or remained negative during the follow-up (n=11)
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(p>0.05) (Figure 4E). OS proportion was 85.71% for patients who increased E7
oncoprotein or remained positive (n=9), and 90.9% for those who decremented E7
oncoprotein or remained negative (n=11) (p>0.05) (Figure 4F). These results put in
evidence the necessity of patients’ monitoring for recurrence after circulating HPV E7

oncoprotein finding at the time of diagnosis, and eventually, its increasing levels during

the follow-up.
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Figure 4. Kaplan-Meier (KM) curves for serological tests representing RFS and OS
in HNSCC patients for HPV16 L1 and OPSCC for E7 oncoprotein; (A, B) KM of
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RFS and OS for HPV16 L1 presence in HNSCC patients; (C, D) KM of RFS and
OS for HPV E7 oncoprotein presence in serum of HPV-positive OPSCC patients;
(E, F) KM of RFS and OS for increment or decrement of E7 oncoprotein in serum
of OPSCC patients during the follow-up. Drop-out patients, where no follow-up
was available, were not represented in the graphs. Statistical significance was

indicated as p<0.05.

3.1.2.6. TNM, stage in correlation to OPSCC patient prognosis and E7 oncoprotein in

serum

Survival analyses showed that patients with smaller tumor size had similar RFS and OS
rates to those with greater size. RFS was 72.9% and 57.14% for patients with T (1-2) and
T (3-4), respectively (p>0.05) (Figure 5A), while OS 87.5% and 90%, respectively
(p>0.05) (Figure 5B). Similarly, no statistically significant differences were observed for
RFS nor OS survival rates when studied in correlation to lymph node involvement; RFS
was 100% vs 58.18% for patients without and with lymph node involvement (p>0.05)
(Figure 5C), while OS was similar; 100% and 86.67%, respectively (p>0.05) (Figure 5D).

Patients in stages III/TV are more likely to recur. Indeed, RFS for patients in stage III/IV
was 42.86% compared to 100% for patients in stage I/II (p<0.05) (Figure SE), while OS
was similar for both groups 83.33% and 100%, respectively (p>0.05) (Figure 5F).

Last, we studied the correlation between serum E7 presence and tumor size, lymph node
involvement and disease stage. E7 presence in serum correlated to tumor size (p<0.05),
but not to lymph node involvement in OPSCC (p>0.05) (Table 1). Out of 6 HPV-positive
patients with stage I/II, none presented the E7 oncoprotein in serum at TO, while 5/12

(41.66%) of the patients in stage III/IV presented E7 oncoprotein in serum (p>0.05).
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Table 1. Clinicopathological features of HNSCC patients

Clinicopathological variables = HPV-negative = HPV-positive  p-value | Tumor Site (HPV-Positive)

Tumor Site Oral p-value*  Oropharynx  p-value Hypopharynx  p-value* Larynx p-value*
Oral 25/47 (53,20%) 2/20 (10%)

Oropharynx 13/47 (27,66%)  15/20 (75%)

Hypopharynx 1/47 (2,13%) 2/20 (10%)

Larynx 6/47 (12,77%) 1/20 (5%)

Hidden 2/47 (4,25%) -

Tumor Size

Tl 7/47 (14,89%) 320 (15%) 0,225 - NA 2/15(13.33%) 0,031 1/2 (50%) NA - NA
T2 14/47 (29,79%) 5/20 (25%) - 4/15 (26.67%) 1/2 (50%) -

T3 9/47 (19,15%) 3/20 (15%) - 3/15 (20.00%) - -

T4 17/47 (36,17%) 9/20 (45%) 2/2 (100%) 6/15 (40.00%) - 1/1 (100%)

Node Status

NO 9/47 (19,15%) 3/20 (15%) 0,108 - NA 2/15(13.33%) 0,096 - NA 1/1 (100%)  NA
N+ 38/47 (80,85%)  17/20 (85%) 2/2 (100%) 13/15 (86.67%) 2/2 (100%) -

Clinical Stage

I 1/47 (2,13%) 1/20 (5%) 0,467 - 1/15 (6.67%) 0,336 - NA - NA
I 7/47 (14,89%) 5/20 (25%) - 5/15 (33.33%) - -

I 7/47 (14,89%) 5/20 (25%) - 4/15 (26.67%) 1/2 (50%) -

IVa 25/47 (53,19%) 9/20 (45%) 2/2 (100%) 5/15 (33.33%) 1/2 (50%) 1/1 (100%)

Ivb/c 7/47 (14,89%) - - - - -

Recurrence 16/47 (42,55%) 6/20 (30%)  0,0001 1/2 (50%) NA 4/15 (26.66%) 0,001 1/2 (50%) NA 0/1 (0%) NA
Persistance 4/47 (8.51%) 2/20 (10%) 2/15 (13.33%)

N/A 2/47 (4,25%) 2/20 (10%) - 2/15 (13.33%) - -

Tobacco consumption

No 5/47 (10,64%) 2/20 (10%) 0,481 - NA 2/15(13.33%) 0,582 - NA - NA
Ex Smoker 13/47 (27,66%) 7/20 (35%) - 4/15 (26.67%) 2/2 (100%) 1/1 (100%)
Smoker 25/47 (53,19%) 7/20 (35%) 2/2 (100%) 5/15 (33.33%) - -

N/A 4/47 (8,51%) 4/20 (20%) - 4/15 (26.67%) - -

Alcohol consumption

No 10/47 (21,28%) 5/20 (25%) 0,962 - NA 4/15 (26.67%)  0.725 - NA 1/1 (100%)  NA
Ex consumer 3/47 (6,38%) 2/20 (10%) 1/2 (50%) 0/15 (0%) 1/2 (50%) -

Consumer 27/47 (57,45%) 9/20 (45%) 1/2 (50%) 7/15 (46.67%) 1/2 (50%) -

N/A 7/47 (14,89%) 4/20 (20%) - 4/15 (26.67%) - -

Age 64,04£11,55 67,05+£9,05 0,709 63+1.41 NA 65.73£9.15 0.409 73+1.41 NA 83£NA NA
Gender

Male 33/47 (68,09%)  17/20 (85%) 0,244 2/2 (100%)  NA 12/15 (80%) 0.289 2/2 (100%)  NA 1/1 (100%)  NA
Female 15/47 (31,91%) 3/20 (15%) - 3/15 (20%) - -

! Clinicopathological variables in HNSCC patients both HPV-negative and HPV-positive. P-values are referred to correlation between E7 oncoprotein expression in serum and the different variables

in HPV-positive HNSCC patients. P values < 0.05 were considered statistically significant. *Too few pairs were available for correlation analysis.
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Figure 5. Kaplan-Meier (KM) curves for tumor size (T), node status (N) and stage
in HPV-positive HNSCC patients representing RFS and OS; (A, B) KM
representing RFS and OS for patients divided into tumor size: T (1-2) and T (3-4);
(C, D) KM representing RFS and OS for patients divided into node status: NO and
N+; (E, F) KM representing RFS and OS for patients divided into stages I/II and
II/TV; OS for patients divided into stages I/II and III/TV. Statistical significance

was indicated as p<0.05.
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3.1.3. Discussion

The current study aims to find markers for recurrence in HPV-positive patients. For
patient stratification we studied classical HPV markers; HPV DNA, P16 mRNA and viral
mRNA expression. Once stratified, we studied the presence of potential serological
markers; HPV16 L1 antibodies and, for the first time, HPV E7 oncoproteins presence.

Serological markers were then correlated to patient’s prognosis.

In a first screening, we found that 29.85% of the HNSCC tumor samples, including 75%
OPSCC, harbored HPV-DNA, and 95% of them presented HPV16. These findings are in
agreement with other studies indicating that HPV is found in 25% of all HNSCC, and up
to 70% of OPSCC tumors (International Agency for Research on Cancer 2007;
Castellsagué et al. 2016; Betiol, Villa, and Sichero 2013; Mcllwain et al. 2014), whereas
90% of all HPV-positive tumors carried HPV type 16 (Pytynia, Dahlstrom, and Sturgis
2014). P16 mRNA expression was found overexpressed in 75% of the HPV-positive
HNSCC samples. P16 is an established surrogate marker for tumors with transcriptionally
active HPV, which is known to be associated with less genetically altered and less
complex tumors that respond better to therapy and have improved outcomes (Lin et al.
2014; Schlecht et al. 2015). Yet, not all HPV-positive tumors present pl6 gene
upregulation, as shown in ours and previous studies (Reuschenbach et al. 2019). In order
to match clinical stratification, based on HPV DNA presence (Reuschenbach et al. 2019;
Amin, American Joint Committee on Cancer, and American Cancer Society 2017; Slebos
2006), transcription of E7 viral oncogene was assessed in HPV-DNA positive patients
only, showing 93.75% of the HPV16 DNA positive samples expressed HPV16 E7
oncogene. Nevertheless, HPV mRNA has been previously found in HPV-DNA negative
tumors (Dwedar et al. 2020). This discrepancy could rely on the sensitivity of the method

of detection used, which may vary from one study to another (Forslund et al. 2019).

Since HPV status has a great impact on patient prognosis and may soon guide therapy
(Ekanayake Weeramange et al. 2020), the correct stratification of patients is imperative.
In our study, we found that 30% of HPV-positive patients presented recurrence within the
first two years from diagnosis, similarly to other studies (Hargreaves et al. 2019; Roberts
et al. 2019; Cohen et al. 2019; Economopoulou, Koutsodontis, et al. 2019). The study of
classical markers of HPV infection, i.e., HPV DNA presence, pl6 and HPV mRNA
showed improved patient OS, in our cohort of study, although it was not correlated to

recurrence.
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Antibody response against L1 was studied for the prevalence of viral infection among
HNSCC patients. HPV L1 antibodies are cumulative markers of past and present
infections and its presence does not imply HPV-driven tumorigenesis (Pierce Campbell
et al. 2016). In fact, in our study both HPV-positive and —negative HNSCC patients
presented antibodies against HPV16 L1 with a similar prevalence of 90% and 87.5%,
respectively. Interestingly, the antibody title in HPV-positive patients was higher
compared to HPV-negative, which could be indicative of active infection. We also studied
the antibody response during the follow-up to monitor disease status, as proposed by
Routman et al. (Routman et al. 2019), but we did not observe a significant change for
antibody titers during the follow up, indicating that antibody levels against HPV L1

should not be useful to diagnose or monitor disease.

In the past few years, the study of antibody response against HPV E6/E7 oncoproteins in
OPSCC, the major subtype of HNSCC, has been proposed as a marker for disease
progression, and in spite of the good perspective for both diagnosis and prognosis
(Holzinger et al. 2017; Dahlstrom, Anderson, et al. 2015; Spector et al. 2017; Lang Kuhs
et al. 2017; Kreimer et al. 2019), results are still under debate due to the lack of
seroconversion of many patients, as evidenced for other diseases related to viral infections
as well (Rizzo et al. 2016). In a study conducted by Kreimer et al., 57.6% of OPSCC
patients remained HPV E6 seronegative during follow-up (Kreimer et al. 2019). To our
knowledge, no previous research has been conducted to detect HPV E7 oncoproteins in
HNSCC patient’s serum, while the availability of ELISA kits for oncoprotein detection
could rapidly facilitate the study translation into the clinic. We specifically found E7
oncoprotein in serum with a frequency of 30% in HPV-positive samples, and detection
of the circulating protein at the time of diagnosis strongly correlated to relapse. Our data
is in accordance with studies finding higher levels of antibodies against HPV
oncoproteins at time of diagnosis in association to significantly increased risk of
recurrence (Spector et al. 2017; Fakhry et al. 2016). Similar to previous studies for
antibody titer variation during the follow-up we could not associate the variation,
increment or decrement, of E7 oncoprotein in OPSCC serum during the two-year follow-
up with patient’s outcome (Piontek et al. 2019; Schroeder et al. 2018; Dahlstrom,
Anderson, et al. 2015). Nevertheless, serum E7 increase or decrease during the follow-up

was observed in patients experiencing recurrence or not, respectively, thus, lack of
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significant correlation between serum E7 level and relapse may be due to limited sample

size.

Of note, circulating E7 protein showed correlation with high E7 mRNA expression in the
tumor, suggesting that tumor site may provide circulating oncoprotein. In this view,
circulating E7 protein may be considered a marker of tumorigenesis, representing at
serological level what occurring at tumor site. Sources of viral oncoproteins in serum are
currently not established, but some hypotheses could be proposed. First, the
transcriptionally active circulating tumor cells may account for serum viral oncoproteins
presence (Economopoulou, Koutsodontis, et al. 2019). In fact, HPV spreading through
blood circulation has been previously reported (Vergara et al. 2019), and HPV E6/E7
transcription in circulating tumor cells (CTCs) has been correlated to patient’s prognosis
(Economopoulou, Koutsodontis, et al. 2019). Second, invasion and the associated
development of a tumor vascular bed may result in the release of E6/E7 proteins from the
tumor mass, probably as a consequence of necrosis (Stanley 2003). Third, HPV-positive
tumor cells may secrete exosomes containing viral oncoproteins, as reported for other
DNA viruses (Rajagopal and Harikumar 2018). Whatever the mechanism, we
successfully found HPV16 E7 oncoproteins in HNSCC patients’ serum and correlated
their presence to patient’s prognosis. The detection of the E7 oncoprotein in serum at the
time of diagnosis displayed strong diagnostic and prognostic reliability in predicting
relapses and overall survival of HPV-positive HNSCC patients, especially HPV-positive
OPSCC patients.

Moreover, E7 oncoprotein also correlated to tumor size, but not lymph node involvement
or disease stage. Overall, 41.66% HNSCC patients with high disease stage II/IV
presented E7 oncoprotein in serum, while none of those with low stage I/I1, in agreement
with previous serologic studies (Dahlstrom, Anderson, et al. 2015; Dahlstrom, Li, et al.
2015), making the detection of E7 oncoprotein in serum an excellent discriminator for

HNSCC patients that may relapse.

This study demonstrates for the first time, the presence of circulating E7 oncoproteins in
serum of HNSCC patients by using a direct ELISA assay. Our results indicate that
presence of E7 oncoprotein in OPSCC patients’ serum at the time of diagnosis are
indicative of a higher risk for recurrence. Liquid biopsy for the detection of prognostic
markers in HPV-positive OPSCC patients provides valuable information on disease

progression, and may help stratify and monitor patients over-time; this, can result
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extremely useful for patients presenting persistent or occult tumors. For future studies, in
order to increase the statistical power of the study, a larger sample size for all HNSCC
subtypes will be considered. This study takes one step closer to correct patient
stratification for therapy de-intensification. The combination of classical markers with
serological markers, may be used to plan personalized treatment strategies for HPV-

positive patients.
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CHAPTER 3.2

Implication of HPV16 Long Control

Region variants and methylation status

on HNSCC prognosis
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3.2.1. Introduction

Besides HNSCC, HPV16 has been associated to other cancers, such as, vulvar,
anogenital, penile, vaginal and the most studied; cervical cancer (Rotondo et al. 2020a;
Preti et al. 2020). The main transforming activity of the virus is carried out by the E6 and
E7 oncoproteins, which expression is required for immortalization of squamous epithelial
cells and that are involved in cell proliferation, promoting tumor cell growth and
inhibiting apoptosis (Kurvinen et al. 2000). E6 and E7 gene expression are directly
regulated by the p97 promoter situated at the E6-proximal end of the LCR (Kurvinen et
al. 2000). The activity of the promoter is controlled by both viral and cellular proteins
though the interaction with specific binding sites situated within the LCR that can
stimulate or suppress viral transcription, that are: (i) four E2 binding sites (E2BSs), and
(i1) several binding sites for cellular factors, such as activator protein-1 (AP1), nuclear
factor-1 (NF1), nuclear factor of activated T-cells (NF-AT), yin-yang-1 (YY1), Sex-
determining Region Y (SRY), etc. (Ribeiro, Caodaglio, and Sichero 2018b; C. Moody
2017).

The viral protein El interacts with the origin of replication (ORI) (Durzynska,
Lesniewicz, and Poreba 2017), while the E2 protein can bind as a dimer to the E2BSs and
together with the cellular factors regulate the expression of E6 and E7 genes (McBride
and Warburton 2017, 6). Depending on the binding position of E2 protein it may act by
activating or repressing viral transcription; in particular, binding to the high-affinity
E2BS1 promotes the activation of the p97 promoter, inducing expression of E6 and E7
oncogenes at low levels. E2 starts binding the low-affinity E2BS3 and E2BS4 as the levels
of E2 increases in the cell. The binding to these sites repress the E6 and E7 transcription
(Durzynska, Lesniewicz, and Poreba 2017), therefore, E2 transcription
activation/repression works as a fine-tuned mechanism for the regulation of the viral

transcription.

Interestingly, methylation of E2BS1 and E2BS2 results in promoter hyper activation,
while methylation of the E2BS3 and E2BS4 prevent binding of E2, thereby blocking the
transcriptional repressor of E6 and E7, and resulting in increased transcription of these
viral oncoproteins, necessary for transformation (Durzynska, Lesniewicz, and Poreba

2017; von Knebel Doeberitz and Prigge 2019).
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Transcription of these early genes leads to inactivation of cellular control functions, and
triggers reprogramming of cell functions such as proliferation, apoptosis, differentiation,
epigenetic reorganization, and genomic instability (C. A. Moody and Laimins 2010b).
These changes support the integration of episomal HPV genomes into the genome of the
host cell (McBride 2017). Integration is thought to be a critical step in malignant
progression, and it has been observed to occur in about 80% of the cervical cancer cases
(McBride and Warburton 2017; Rotondo et al. 2020b), and in 60% of HNSCCs (Paolo
Boscolo-Rizzo et al. 2017), where tumorigenesis seems to be independent of HPV
physical status (Olthof et al. 2014). In HNSCC the deregulation of viral gene expression
is, thus, caused by a combination of factors including viral genome integration with E2
disruption, HPV DNA methylation by host cell methyltransferases and cellular factors
involvement (Egawa et al. 2015; Preti et al. 2020; Ekanayake Weeramange et al. 2020).

Many cellular transcription factors participate in the regulation of viral gene transcription
together with E2, binding to their specific regulatory sequences of the LCR (Durzynska,
Lesniewicz, and Poreba 2017). Previous analyses of the regulatory regions of HPV16 in
cervical cancer have revealed the presence of nucleotide variations and deletions within
transcription factor binding site sequences (Kurvinen et al. 2000). In fact, the LCR has
been described as the most variable region of the HPV16 genome, and may exert an
essential role for persistent viral infection and cancer progression (Fang et al. 2020; Zhe
et al. 2019). Variations of LCR have been previously linked to squamous epithelial
differentiation, immune escape and tumor progression in cervical cancer (Dai et al. 2020;
Zhe et al. 2019; Ribeiro, Caodaglio, and Sichero 2018a). Different HPV LCR variants
affect viral persistence and progression differently, although the results from these studies
are still inconclusive (Fang et al. 2020). HPV variants could have an effect on response
to therapy, but so far there is no indication that HPV variants research in HNSCC could
be clinically relevant (Combes and Franceschi 2018). Only a few studies report HPV16
variants in HNSCC within the E6 sequence (Combes and Franceschi 2018), leaving aside
the LCR. Since HPV16 LCR variation can strongly influence cervical cancer risk, there

is increasing need to understand if a similar effect occurs in HNSCC (Clifford et al. 2019).

The main aim of the present study was to determine whether different variants of HPV16
LCR may contribute to HNSCC prognosis. Viral gene expression was studied in
correlation to HPV16 LCR region variants, and since constitutively E6 and E7

oncoproteins expression allows for cell transformation, mechanisms for deregulated viral
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transcription, such as HPV16 LCR methylation and viral DNA integration and DNA load
were assessed in correlation to viral gene expression. Finally, these parameters combined,

will be studied in correlation to tumor recurrence and patient’s survival.

3.2.2. Results
3.2.2.1. HPV DNA characterization in HNSCC

HPV DNA status was analyzed and characterized in 35 HPV-positive HNSCC tumor
samples (Table 1). Characterization by high resolution melting (HRM) showed that all
samples carried the genotype 16, one of which presented a co-infection with HPV18.
Physical status analyses determined that HPV16 DNA was in episomal form in 12/35
(34.28%) of HNSCC samples, integrated in 4/35 (11.43%) and mixed, i.e., coexistence
of both episomal and integrated genomes, in 19/35 (54.28%) of the samples. Episomal
samples showed higher viral load compared to integrated samples (p<0.05) (Figure 1A).
Pearson correlation studies showed that, overall, the physical status of the viral DNA
correlated to the viral DNA load: r=0.52, P<0.001. Viral load for episomal, integrated and
mixed samples was Mean+SD: 53.95+121.5, 1.87£3.48 and 0.023+0.041 copy/cell,
respectively (Table 1, Figure 1A).
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Table 1. Clinical characteristic of HNSCC patients with HPV-infection

Histological

Patient ID# Sex Age diagnosis Location Sub-location TNM Stage HPV type Viral load* E2/E6 rate
4 M 57 SCC Oropharynx Epiglottic vallecula T4N2MO 111 HPV16 84,9254 0,99
5 M 86 SCcC Oropharynx Tonsil T4N2MO IVA HPV16 426,7421 1,32
6 M 64 SCC Oral Oral floor T4NIMO IVA HPV16 0,0039 0,72
8 M 65 SCC Oropharynx Tongue base T4N2MO 111 HPV16 0,0055 0,26
9 F 73 SCC Oropharynx Tonsil T2N2Mx 11 HPV16 72,3162 0,97
10 M 68 SCC Oropharynx Tonsil T4N2MO 111 HPV16 2,6571 0,86
11 M 74 SCC Hypopharynx Aryepiglottic fold and pyriform sinus T2N2MO IVA HPV16 0,0411 1,05
12 M 83 SCC Larynx Supraglottic T4NOMO IVA HPV16 0,0043 0,14
13 M 77 SCC Oropharynx Tonsil T4ANOMx VA HPV16 0,0036 0,60
15 M 72 SCC Hypopharynx Pyriform sinus TINIMO 111 HPV16 0,0219 0,24
16 F 68 SCC Oropharynx Uvula T2N2MO VA HPV16 0,0003 1,07
18 M 75 SCC Oropharynx Tongue base T2N2MO IVA HPV16 0,0035 0,05
26 M 62 SCC Oropharynx Tonsil T3N2Mx 11 HPV16 2,1293 1,04
29 M 50 SCC Oropharynx Tonsil TINOMO I HPV16 0,0849 0,03
36 M 63 SCC Oropharynx Tonsil T4N3MO 111 HPV16 50,9591 1,19
37 M 62 SCC Oral Cheek T4N2MO VA HPV16 0,0004 0,07
54 F 63 SCC Oropharynx Tonsil T3N2MO 11 HPV16 4,3340 1,12
62 M 56 SCC Oropharynx Tonsil T2N1Mx 11 HPV16 3,2576 1,26
67 M 61 SCC Oropharynx Tonsil TINIMx 11 HPV16 0,0044 0,00
P01 M NA SCC Oropharynx NA NA NA HPV16 0,0027 0,12
P02 F 55 SCC Oropharynx Tonsil T4N3MO 111 HPV16 0,1089 0,83
P03 M 81 SCC Oropharynx Tongue base T4N1MO NA HPV16 0,0005 0,81
P04 F 48 SCC Oropharynx Tonsil T4NIMO NA HPV16 0,2090 0,85
P05 M 83 SCC Oropharynx Tonsil T4NIMO NA HPV16 0,0027 0,72
P06 M 67 SCC Oropharynx Tonsil T4NIMO NA HPV16 0,0445 0,75
P07 F 73 SCC Oropharynx Tonsil T3NIMO NA HPV16 3,4034 0,87
P08 M 88 SCC Oropharynx Oropharynx T4N1Mx NA HPV16 0,0253 1,00
P09 M 70 SCC Oropharynx Tonsil T2N2MO NA HPV16 0,0273 0,93
P10 M 80 SCC Oropharynx Tonsil TINOMx NA HPV16 4,7913 0,80
P11 M NA SCC Oropharynx NA NA NA HPV16 0,0712 0,92
P12 F 54 SCC Oropharynx Tonsil TINIMO 111 HPVI16 7,3274 0,35
P13 M 64 SCC Oropharynx Triangle + Tongue base NA v HPVI6, 18 0,0163 1,04
P15 M 79 SCC Oropharynx Tonsil T4N2MO NA HPV16 8,2517 0,87
P16 M 81 SCC Oropharynx Tonsil T4N2MO NA HPV16 11,3683 0,87
P17 M 65 SCC Oropharynx Tonsil TINIMO NA HPV16 0,0088 0,86

SCC, Squamous cell carcinoma
*HPV16 DNA copy/cell
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Figure 1. (A) Representation of the viral load (log10) copies/cell according to HPV
physical status, viral load was normalized against B-globin; (B) Viral mRNA
expression according to HPV DNA status, gene expression was normalized against

GAPDH. Statistical significance was indicated as * for p<0.05 and ** for p<0.01.

3.2.2.2. Expression analysis of HPV16

HPV16 E2, E5, E6 and E7 mRNA expression was analyzed in HPV-positive HNSCC
samples by ddPCR. Samples, n=32/35, were available for these analyses. mRNA
expression of E2 was detected in 28/32 (87.5%) of the samples, E5 in 28/32 (87.5%), E6
in 31/32 (96.8%) and E7 in 31/32 (96.8%). Gene expression heterogeneity was observed
among the samples, depending on the viral physical status and DNA load (Figure 1B). In
particular, higher viral gene expression was observed for mixed compared to integrated

samples for ES, E6 and E7 (p<0.05) (Figure 1B). Pearson correlation test showed no
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correlation between E2/E6 ratios and HPV mRNA levels (r=-0.19 for E2; r=0.27 for ES;
r=0.21 for E6 and r=0.23 for E7, p>0.05). It also failed to show correlation between the
mean logio expression levels of the viral genes E2, E5, E6 or E7 and the viral load;
indicating that viral mRNA expression is not dependent on viral load (r=0.36 for E2;
r=0.32 for ES; r=0.28 for E6 and r=0.26 for E7, p>0.05), or the physical status of the viral
DNA within the cell.

3.2.2.3. Sequence variation analysis of HPV16 LCR

A total of 35 DNA samples were amplified by Endpoint PCR after bisulfite conversion.
HPV LCR sequences were analyzed for nucleotide variation. Nucleotide variations were
detected in the LCR of 27/35 (77.14%) of the samples analyzed; 19/35 (54.29%) of the
sequences presented more than one nucleotide variation (Table 2). A total of 30 variation
sites were verified in HNSCC HPV sample sequences compared to the reference sequence
for the region analyzed. Sequence variations were overlapped with the correspondent
transcription factor binding sites (Table 2). Specifically, The PROMO-ALGGEN
database was used to predict the cellular transcription factor binding sites (TFBS) within
the LCR sequence analyzed. The consensus binding sequence was: 5'-TGACTCA-3' for
C-Jun/c-Fos; 5-CCGCCATNTT-3" for YY1; 5'-TTGGC(N)eCC-3' for NFI1; 5'-
RTTGCGYAAY-3' for C/EBP, where R=A or G,and Y =C or T; 5'-CCTTTGA-3"' and
5'-CCATTGT-3' for SRY and 5'-[ACJA[AT]T[AG]TT[GT][AG][CT]T[CT]-3" for
HNF3-B.

In particular, variation G7521A was frequently detected in 19/35 (54.29%) of the
samples. It is located at a YY1 binding site, a repressor for viral gene expression
(Mosmann et al. 2015). In-silico prediction showed that sequence variation G>A leads to
a loss of recognition site for YY1. Deletions were also detected frequently found in this
region, for instance: 7528-7529delAC (3/35, 8.57%), 7529delC (2/35, 5.71%) and
7537delT (7/35, 20%).

Other variants were less common, for instance: A7507T (1/35, 2.86%) creates a binding
site for SRY, a repressor for HPV transcription; G7552C, G7552T and G7552A (1/35,
2.86% respectively) were found as well, these variations are located flanking a NF1 TF
binding region, that promotes transcription. The C7886G change in 3/35 (8.57%) of the

samples affected the signal transducer and activator of transcription 3 (STAT3) binding
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ID#

Reference
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Table 2. Nucleotide variation and mehylation sites in the HPV16 LCR region.
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Table 3. Nucleotide variations and de-novo methylation of HPV-16 LCR

Nucleotidp mutation Nucleotide change n. (%) Transcription

site factor
7504 T>G 1(2,86) C-Jun/C-Fos
7505 T>mC (CpA) 3(8,57)
7507 A>T 1(2,86)
7510 T>mC (CpC) 1(2,86)
7512 A>G 2 (5,71)
7513 G>mC (CpC) 1(2,86)
7516 A>mC (CpC) 1(2,86) YY1
7518 T>mC (CpA) 1(2,86)
7519 A>mC (CpT) 1(2,86)
7521 G>A 19 (54,29)
7525 T>A 3(8,57)
7526 A>mC (CpA) 1(2,86)

7528-7529 Del AC 3(8,57)
7529 Del C 2(5,71)

7529-7531 CTT>mCAA 2(5,71)
7531 T>mC (CpG) 1(2,86)
7537 Del T 7 (20) NF1
7538 T>mC (CpT) 1(2,86)
7539 T>mC (CpC) 2(5,71)
7545 T>mC (CpT) 2(5,71) C/EBP
7551 T>mC (CpG) 1(2,86) NF1
7552 G>mC (CpC) 1(2,86)

G>T 1(2,86)
G>A 1(2,86)
7564 C>A 3(8,57)
7834 G>T 1(2,86) SRY
7840 T>mC (CpG) 2 (5,71)
7886 >G 3(8,57) SRY
7900 A>G 1(2,86)
64 G>T 1(2,86) TATA box
meljlllycllaet(i)éfzi te De-novo methylation n. (%) Trar;zslzg);;tlon

7504 C>mC (CpT) 1(2,86) C-Jun/C-Fos
7511 C>mC (CpA) 3(8,57)
7514 C>mC (CpA) 2(5,71)
7517 C>mC (CpT) 1(2,86) YY1
7540 C>mC (CpC) 4(11,43) C/EBP
7544 C>mC (CpT) 3(8,57)
7549 C>mC (CpA) 1(2,86)
7557 C>mC (CpC) 2(5,71) NF1
7558 C>mC (CpC) 2(5,71)
7563 C>mC (CpC) 1(2,86)
7843 C>mC (CpA) 9 (25,71) SRY
7845 C>mC (CpA) 1(2,86)
7874 C>mC (CpA) 4(11,43) HNF3-$
7876 C>mC (CpA) 5(14,29)
7889 C>mC (CpT) 2 (5,71) SRY

5 C>mC (CpA) 2(5,71)




site, located as well at a SRY binding site. All variants found and related transcription

factors were reported in Tables 2 and 3.

3.2.2.4. HPV16 LCR promoter was differentially methylated in HNSCC samples.

Collectively, it has been shown that non-CpG methylation is attributable to de-novo
activity of the DNMT3A/B-DNMT3L complex (Kalantari et al. 2004; Patil, Ward, and
Hesson 2014). New methylation sites, n=16, reported as CpA, CpT and CpC, as described
before (Kalantari et al. 2004), were verified in 20/35 (57.14%) samples. Interestingly,
upon nucleotide variation research in bisulfite converted sequences, we observed that
often, nucleotide changes within the HPV16 LCR region generated new sites for
methylation. Specifically, nucleotide variation generated 15 extra methylation sites, not
reported before in literature (Table 3). In particular, one de-novo methylated CpA at
position 7843 and located in a binding site for SRY, was reported in 9/35 (25.71%) of the
samples. De-novo methylation was also verified in 4/35 (11.43%) and 5/35 (14.29%) at
positions 7874 and 7876, located at a HNF3-f3 binding site. The variation verified at 7529-
7531 CTT>meCAA created a new binding site for SRY (Table 3).

Despite control by cellular transcription factors, it is widely known that HPV LCR is
mainly controlled by E2 interaction with the E2BSs and E1 with the ORI. Cytosine
methylation within E2BS1-4 modulates viral gene expression. In particular, E2BS1 alone
was methylated in 8/35 (22.85%) of the samples and E2BS2, located at the origin of
replication was methylated in 9/35 (25.71%) of the cases. Hypermethylation (half or more
of the CpGs methylated) was observed between positions 37-58 in the p97 promoter
region containing the E2BS3 and 4, in 13/35 (37.14%) of the samples, that compared to
the methylation at the E2BS1, resulted statistically significant (p<0.01) (Figure 2). While
methylation of E2BS3 and 4 is necessary to repress E2 binding to promote viral gene
expression, E2BS1 methylation is not necessary, and methylation at this site and E2BS2,

will hyperactivate as well the HPV promoter for viral gene expression.

Other interesting positions at the HPV LCR region, usually studied, are; 7535, methylated
in 6/35 (17.14%) of the cases, and position 7553, that was methylated in 7/35 (20%) of
the samples. These two sites are known binding sites for the transcription factor NF-1 to
promote viral gene transcription. Finally, at position 31, a binding site for SP-1 is present,

and was found methylated in 11/35 (31.42%) of the samples (Figure 2).
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Figure 2. Structure of HPV16 LCR and location of the CpG sites. Transcription
factor binding sites are also shown aligned to the corresponding CpG site.
Dinucleotide methylation is represented as a colored square (black), while
demethylated CpGs are represented as non-colored squares (white). Missing data is

presented in grey squares.
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3.2.2.5. Influence of nucleotide variation and methylation within HPV16 LCR

transcription factor binding sites on viral gene expression.

Since nucleotide variation or methylation can potentially influence transcription factors
binding to the HPV16 LCR, resulting in enhanced or reduced viral gene expression, we
studied viral gene expression in correlation to HPV LCR sequence variation or

methylation on specific transcription factor binding sites.

Nucleotide variation within the LCR affected viral gene expression, in particular for NF1
at position 7535-7539 and C/EBP at position 7540-7549 binding sites. HPV 16 variants
within NF1 TFBS had a significant reduced expression of viral oncogenes (p<0.001),
while variations within the C/EBP TFBS result in reduced expression of E6 (p<0.05).
Sequence variation on the remaining TFBSs also affected viral gene expression, although

it was not statistically significant (Figures 3A and B, Table 4).

Gene expression variation in correlation to the variation/methylation within a
transcription factor binding site in the HPV16 LCR can be seen in Table 4. Out of the 8
binding sites studied, NF-1 at position 7535-7539, C/EBP situated at position 7540-7549
and HNF3-f at position 7874-7876, showed a negative correlation to the amount of
HPV16 gene expression. In particular, samples presenting sequence variation within the
NF-1 TFBS, at position 7535-7539, significantly reduced the amount of viral mRNA
expressed (p<0.01), while samples with variations within the C/EBP binding region

expressed less E6 oncoproteins compared to samples with unvaried sequence (p<0.01).

Interestingly, Pearson correlation test showed that methylation within the HPV LCR did
not correlate to viral gene expression, nor when analyzed by E2BS or cumulatively. For
instance, r=0.01; -0.006; 0.04 and 0.04, for E2; E5; E6 and E7 (P>0.05) for E2BS1;
r=0.27; 0.20; 0.29 and 0.33, for E2, E5, E6 and E7 (P>0.05) at the E2BS2; r=-0,09; -
0,12; -0,06 and -0,15 for E2; ES; E6 and E7 (P>0.05) for E2BS3, and r=0,16; 0,07; 0,19;
0,12 for E2; ES; E6 and E7 (P>0.05) for E2BS4. Cumulative methylation over the HPV16
LCR did not correlate either to viral gene expression; r=046; 0.69; 0.25 and 0.28, for E2;
E5; E6 and E7, P>0.05).
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Figure 3. (A) HPV16 E6 mRNA expression correlated to TFBS reference sequence
or variation. (B) HPV16 E7 mRNA expression correlated to TFBS reference
sequence or variation. Each section represents a position where a TF binds within
the HPV16 LCR. Expression in correlation to unvaried sequences are represented
with white bars (Reference), while gene expression in correlation to sequence
variation is represented with black bars (Variant). Statistical significance was

indicated as * for p<0.05 and *** for p<0.001.

Viral load showed significant association with the methylation frequency of the LCR
(r=0.52, p<0.001). When assessed according to the physical status of the samples;
methylation frequency also correlated to E2/E6 ratio (r= 0.41, p<0.05).
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Table 4. Pearson correlation test results: r for every transcription binding site variation/methylation in correlation to viral gene expression.

HPV16 C-Jun/ P- P- P- P- P- P-  HNF3- P- P-

gene C-Fos  value Yyl value NFI value C/EBP value NFI value SRY value B value SRY value
E2 0,109 0,595 | 0,085 0,680|-0,657 2,66E-04* | -0,319 0,112 | 0,061 0,768 |-0,051 0,806 |-0,140 0,494 | -0,068 0,740
ES 0,143 0,486 | 0,156 0,448 |-0,517 0,007* -0,060 0,770 | 0,261 0,197 | 0,127 0,536 | 0,234 0,250 | 0,020 0,924
E6 0,144 0,473 |-0,007 0,972|-0,708 3,63E-05* | -0,509 0,007* | 0,110 0,584 | 0,011 0,956 |-0,043 0,830 | 0,039 0,845
E7 0,136 0,499 | 0,187 0,351 -0,589 0,001* -0,249 0,210 | 0,077 0,703 | 0,010 0,962 |-0,067 0,739 | 0,005 0,979

*Statistically significant values



3.2.2.6. Influence on prognosis of nucleotide variation/methylation within

transcription factor binding sites.

Patients (n=35) were followed-up for a 3-year time period where relapse and death events
were registered, progression free survival (PFS) and overall survival (OS) were assessed
in correlation to variation/methylation for all the transcription factor binding sites studied.
Nucleotide variation/methylation at single nucleotides did not yield any significance for
PFS nor OS. When analyzed according to TFBS interesting results emerged. While no
significant results were observed for PFS and OS when nucleotide variation/methylation
was verified within the LCR for viral E2BS1-4, nor cellular C-Jun/C-Fos (at position
7504-7516), NF-1 (at position 7535-7539), C/EBP (at position 7540-7549) and NF-1 (at
position 7551-7564), SRY (at position 7834-7843), HNF3-f (at position 7874-7876) or
SRY (at position 7886-7900), important results emerged for cellular YY-1 (at position
7517-7531).

For instance, variation/methylation within the YY-1 sequence, resulted to be a strong
marker of patient’s relapse; PFS was 80.25% for HNSCC patients with nucleotide
variation/methylation (n=20) vs. 17.85% for patients carrying the unvaried sequence
(n=7) (p<0.05), but not OS; 68.55% vs. 66.67% for patients with variation/methylation
compared to those with unvaried sequence for YY-1 (p>0.05) (Figure 4A).

Variation/methylation within the C/EBP sequence had no effect on patient survival. PFS
was 83.33% for patients with variation within the C/EBP sequence (n=7) vs. 47.85% for
patients with the wild type sequence (n=20) (p>0.05), while OS was 85.71% for patients
presenting nucleotide variation/methylation vs. 54.76% for those with unvaried sequence

(p>0.05) (Figure 4B).

But since nucleotide variants greatly influenced C/EBP binding, and it is known to
interact with YY-1 (Y. Shi, Lee, and Galvin 1997), the combination of YY1 and C/EBP
for survival studies depending on varied or reference sequence, were performed: PFS was
100% for patients with the variant sequence for the YY1 and C/EBP TFs (n=5), while 0%
for patients carrying the HPV with the same sequence as the reference genome (n=5)
(p<0.01); OS was 80% and 50% for patients carrying the variants, compared to those
without them (p>0.05) (Figure 4C).
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Figure 4. Kapan-Meier curves representing progression free survival (PFS) and
overall survival (OS) for HNSCC according to the presence or absence of
nucleotide variations and/or methylation within the transcription binding sites
sequences present in the LCR of HPV16; (A) Kapan-Meier curve for HNSCC
patients with or without nucleotide variations/methylation within the YY-1 TFBS
situated at position 7517-7531 of the LCR; (B) Kapan-Meier curve for HNSCC
patients with or without nucleotide variations/methylation within C/EBP TFBS
situated at position 7540-7549 of the LCR; (C) Kapan-Meier curve for HNSCC
patients combining YY-1 and C/EBP TFBS, with or without nucleotide

variations/methylation. Statistically significant values are represented as p<0.05.
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3.2.2.7. HPV classical markers in correlation to patient’s survival.

HPV markers such as viral load, the amount of viral mRNA expressed, the physical status

of HPV DNA within the sample and methylation within the E2BS1-4 were assessed in

correlation to patient’s prognosis. None of these parameters were significant when

correlated to patient’s survival. For instance, PFS was 63.49% vs. 52.39% for patients
with high HPV DNA loads compared to those presenting low HPV DNA loads (p>0.05);
OS was 35.06% and 64.37%, respectively (p>0.05) (Figure 5A).
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Figure 5. Kapan-Meier curves representing progression free survival (PFS) and
overall survival (OS) for HNSCC patients according to HPV16 markers (A) Kapan-
Meier curves for PFS and OS for HNSCC patients with high or low HPV DNA
load; (B) Kapan-Meier curve for PFS and OS for HNSCC patients according to the
HPV DNA status within the host cell; (C) Kapan-Meier curve for PFS and OS for
HNSCC patients presenting high or low HPV16 mRNA expression; (D) Kapan-
Meier curve for PFS and OS for HNSCC patients according to the methylation
status of the HPV16 LCR. Statistical significance was indicated as p<0.05.

The physical status of the HPV DNA within the host cell did not play a role in patient’s
prognosis: PFS was 50%, 71.81% and 50% for patients presenting episomal, mixed and
integrated HPV DNA (p>0.05); OS was 40.40%, 65.55% and 75%, respectively (p>0.05)
(Figure 5B).

The amount of HPV mRNA expressed was not correlated to survival either; PFS was
52.20% vs. 57.14% for patients with high HPV mRNA expression compared to those
with low expression (p>0.05); OS was 40.50% and 64.28%, respectively (p>0.05) (Figure
5C). Finally, the methylation status of HPV16 LCR was studied in correlation to PFS and
OS; results showed that PFS was 60% and 50% for patients presenting HPV16 LCR
methylated, compared to those with no methylation (p>0.05); similarly, OS was 40% and
54.68%, respectively (p>0.05) (Figure 5D).

3.2.3. Discussion

Cellular transcription factors play an important role in HPV LCR transcription regulation,
and nucleotide variation could introduce or eliminate transcription factor binding sites
from the LCR sequence (Chong et al. 1991, 199), affecting transcription factor binding
for their recognition sites, therefore regulating E6/E7 levels and tumorigenesis (Silva et
al. 2020). In fact, during a normal infection the p97 promoter is transcriptionally repressed
by E2 in order to keep E6 and E7 expression levels low to not activate tumor progression
(Graham 2010), while higher oncoprotein expression was associated to tumor progression
and aggressiveness (Das et al. 2015). Cellular transcription factors can indeed stimulate
or repress HPV16 promoter transcription. In particular, NF-1, AP-1, SP-1 or TEF-1 have

been correlated to HPV promoter stimulation and viral gene transcription, contrary to
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YY-1 or SRY (Kurvinen et al. 2000). In this study, nucleotide variation in HPV LCR
sequences was detected in 77.14% of HNSCC samples. In-silico analysis indicated that
these variations overlapped with several TFBSs, influencing TF binding and modulating

of viral gene expression.

In particular, the G7521A variation was detected in 54.29% HNSCC and has been often
observed in preneoplastic lesions and cervical cancer (Escobar-Escamilla et al. 2019;
Mosmann et al. 2015). G7521A overlaps with TFBS for Ying-yang 1 (YY-1), a repressor
of LCR, and mutation of any site for YY-1 binding was correlated to an increase in
transcriptional activity (O’Connor et al. 1996). Accordingly, HNSCC samples containing
this variation experience an increment of viral gene expression compared to those with
unvaried site, although this increment resulted not statistically significant. Survival
studies showed not significance for the study of single nucleotides, but when analyzed
according to the TBFS, results showed that patients carrying variations within the YY-1
sequence were less likely to recur, compared to patient’s carrying the unvaried sequence.
This finding is very interesting, because variations within this TFBS have been correlated
to persistent infection and, in cervical cancer, many HPV16 variants are carriers of YY 1-
binding sites changes, although no clear association between this marker and
carcinogenesis has been made yet (Escobar-Escamilla et al. 2019). In fact, a study carried
by Mosmann et al. found that G7521A mutation was mostly present in low-grade
squamous intraepithelial lesions (LSIL) (Mosmann et al. 2015), while another study on
cervical cancer found no association between this mutation and disease progression
(Hildesheim et al. 2001). Furthermore, the reference HPV16 genome that is widely used
was initially isolated from a human invasive cervical carcinoma (Yao et al. 2019; Escobar-
Escamilla et al. 2019), so it is possible that the lack of variation within Y'Y 1-binding site,
and in particular, the lack of G7521A variation, could be indicative of a more aggressive
HPV16 variant, oppositely to what originally thought (Escobar-Escamilla et al. 2019;
Mosmann et al. 2015). YY-1 also can be altered by other cellular transcription factors that
are located adjacently in the same promoter; in the HPV18 promoter, interaction between
the CCAAT/enhancer-binding protein (C/EBP) and YY-1 was found to be likely
responsible for the abrogation of the repressor activity of YY-1 (Y. Shi, Lee, and Galvin
1997). Interestingly, variations within the C/EBP TFBS sequence did not seem to
correlate to patient prognosis, although tumors carrying HPV16 with these variations,

expressed significantly less E6 mRNA, compared to those with the reference sequence.
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Based on this, survival was studied combining YY-1 and C/EBP TFBSs. Patients
presenting YY-1 TFBS variations are more likely to recur, and this was reinforced when
C/EBP TFBS variations were present, giving a strong indicator for risk of relapse in these
patients. Nucleotide variations upon the NF-1 region significantly reduced the amount of
all viral mRNAs, but it did not correlate to OS or RFS. It is possible that samples
containing variants that hamper viral gene expression could benefit for improved
prognosis, although more studies with a greater sample size are necessary to clarify this

matter.

Together with cellular factors, viral E2 protein participates in HPV early gene
transcription regulation (Verma et al. 2017). E2 gene products may activate or repress
transcription depending on the E2BS it binds. While binding to the E2BS1 promotes basal
HPV transcription, binding to E2BS3 and 4 represses it (Durzynska, Lesniewicz, and
Poreba 2017). Methylation within E2BSs hamper E2 binding and de-repress HPV LCR,
allowing for constitutive viral gene expression (von Knebel Doeberitz and Prigge 2019).
This mechanism has been well studied in episomal samples that carry intact E2 gene,
while viral genome integration with E2 gene disruption often leads to deregulated
expression of viral early genes (Sabatini and Chiocca 2020). Our results indicate that HPV
DNA was detected in episomal form in 34.28% of HNSCC samples, similar to previous
studies (Paolo Boscolo-Rizzo et al. 2017), while integrated and mixed in 11.43% and
54.28% of the samples, respectively, indicating that integration appears to be unnecessary

event for viral transformation in HNSCC.

Methylation of the E2BSs in the LCR, often results in overexpression of the E6/E7 early
viral proteins (Paolo Boscolo-Rizzo et al. 2017; Ekanayake Weeramange et al. 2020; von
Knebel Doeberitz and Prigge 2019), although we could not find this direct correlation in
our study, suggesting that methylation of the E2BSs may be not the only events implicated
in viral mRNA transcription, but rather, a combination of E2BS and TFBS control of the
gene expression is required for viral transcription. It is also possible that due to missing
sequences within the LCR of HPV, we were not able to see these correlations, further
analyses are ongoing to clarify this matter. Furthermore, methylation level of the HPV
LCR correlated to E2/E6 ratios, so epigenetic control of the virus may occur through
methylation, in order to promote oncogene expression. In fact, samples carrying episomal
or mixed HPV DNA presented overall higher viral gene expression. Interestingly, viral

load showed a significant association with the methylation frequency of the LCR as well,
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suggesting that methylation occurs upon presence of multiple HPV DNA copies, as seen
before (Marongiu et al. 2014). The viral load of cases with higher E2/E6 rates was higher
compared to those where no E2 was detected, as seen previously (Ghosh et al. 2012;
Lillsunde Larsson et al. 2014), probably because the presence of E2 protein enhances
viral DNA replication by interacting and recruiting the viral replication factor E1 to the
origin of replication. Also, E2 may facilitate viral genome segregation by tethering the
viral DNA to host mitotic chromosomes (Ghosh et al. 2012). Nevertheless, nor
methylation within E2BS1-4 nor other HPV markers were positively correlated to

patient’s prognosis.

Viral gene transcription, therefore, seems to happen under a coordinated series of events,
including sequence variation and methylation of certain regions in the LCR. This, to our
knowledge, is the first study that demonstrates variation of HPV gene expression upon
LCR nucleotide variation/deletion in HNSCC and correlates these variations to patient’s
prognosis. Previous studies have highlighted the importance of nucleotide variations in
the sequence of the viral genes such as E6, E7 or L1, and although no clear establishment
to patient’s prognosis was made (Combes and Franceschi 2018), this study shows for the
first time that, variations in the viral LCR affect the expression of viral genes and

influence patient’s prognosis.

This study reveals the importance of viral gene expression regulation during
carcinogenesis, new markers for patient relapse emerge, improving the understanding of
functionally significant epigenetic alterations in HPV-infected cells, and highlighting the
importance of variant research to be incorporated to diagnostic strategies and for the
planning of treatment strategies for HPV-positive cancers. Knowing the important role
that methylation plays in viral gene expression and this, in tumorigenesis, clinical
approaches aimed to reduce the amount of oncoprotein expressed should be of particular
interest for the treatment of HPV-related HNSCCs. These patients could benefit from
treatments with demethylation agents such as like 5-aza-2’-deoxycytidine. In fact, only
one clinical trial is currently studying the effects of these treatment in HPV-positive
HNSCC patients (NCT02178072). Preliminary results for the use of Vidaza seem
promising (Biktasova et al. 2017), and could lead to new treatment strategies for HPV-

positive HNSCC; more targeted and less aggressive compared to current protocols.
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CHAPTER 3.3

Differential expression profiles in HPV-
positive vs HPV negative HNSCCs
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3.3.1. Introduction

Head and neck tumors are very heterogeneous and several classifications have been made
according to the anatomic region where it arises, etiology, and molecular markers
(Klussmann 2017). According to etiology, HNSCC can be associated to tobacco and
alcohol consumption, generally for tumors of the oral cavity and larynx, while the human
papillomavirus (HPV) has been associated to tumors in the pharynx/oropharynx (Johnson
etal. 2020). Generally, the 5-year survival rates for oral, pharyngeal and laryngeal cancers
have been estimated to range between 51% and 62%, for all stages combined (Reyes-
Gibby et al. 2014; Klussmann 2017), although HPV presence is a good prognosis factor
for HNSCC with 5-year survival rates ranging 75-80% (Sabatini and Chiocca 2020).
Therefore, HNSCC tumors can be further classified into HPV-negative and HPV-

positive.

Despite improved prognosis for HPV-positive HNSCC:s, still a subset of patients present
high relapse rates (Economopoulou, Koutsodontis, et al. 2019). Thus, the optimal way to
predict clinical outcome for all HNSCCs types is to evaluate several biomarkers (Sabatini
and Chiocca 2020). In fact, treatment selection criteria based on the presence of

biomarkers is now the focused of personalized medicine (J. J. Chen et al. 2015).

Surgery and primary chemoradiotherapy (CRT) treatment are the first line treatments for
HNSCC. When comorbidities prevent the use of cytotoxic chemotherapy, the EGFR
monoclonal antibody cetuximab is used in combination with radiation (Johnson et al.
2020). EGFR is implicated in HNSCC pathogenesis and its expression is independent of
HPV, and therefore treatment with EGFR blockers is recommended in all HNSCC types
(Verma et al. 2017). Over 90% of tumors present EGFR upregulation, entailing one of
the most prominent oncogenes in HNSCC, and its expression correlates with poorer

survival (Cassell and Grandis 2010; Kriegs et al. 2019).

Downstream of EGFR is the PI3K/AKT signaling pathway which is considered one of
the most important pathways in HNSCC. PIK3CA oncogene is frequently mutated in
HNSCC and plays a role in both HPV-negative and HPV-positive tumors (Psyrri, Seiwert,
and Jimeno 2013). The PI3K/AKT signaling pathway plays a key role in the tumor self-
renewal process. A recent study on breast cancer demonstrated that suppression of IRF6
enhanced the PI3K/AKT signaling activation PIK3R2, and suggested that IRF6 could be

a viable therapeutic target (Xu et al. 2019). IRF6 exhibits tumor suppressor activity in
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squamous cell carcinomas and was previously found downregulated due to CpG
methylation in its promoter region (Botti et al. 2011; Rotondo et al. 2016). IRF6 is
involved in a feedback loop with TP63, a member of the TP53 gene family, to regulate
epidermal differentiation (Moretti et al. 2010). The TP63 gene (also known as the p63)
encodes for two isoforms. Isoform ANp63 has been implicated in HNSCC tumor growth
by suppression of apoptosis and pl 6INK4A expression (Johnson et al. 2020). Treatment
with Imatinib has previously demonstrated to downregulate TP63 mRNA expression in

HNSCC (Ongkeko et al. 2006; Vanbokhoven et al. 2011).

Several PI3K inhibitors are under clinical testing for HNSCC, such as BYL719, that in
combination with SP600125, an inhibitor of c-Jun N-terminal kinase (JNK), has shown
in vitro antiproliferative effects in HNSCC cell lines (Badarni et al. 2019). C-Jun
expression in HNSCC has been correlated to worse prognosis. Human squamous cell
carcinoma gene knockout models have previously shown that c-Jun has tumor promoter
effect and its dowregulation was associated with better survival (Verma et al. 2017). C-
Jun participates in the formation of the AP-1 complex to promote gene expression, in
particular regulates the expression of genes implicated in treatment resistance, such as
AXL (Badarni et al. 2019). JNK blocking using the SP600125 compound led to arrest of
tumor growth in several cellular models (Badarni et al. 2019; Z. Chen et al. 2008).

In addition to genetic alterations, epigenetic changes also have a role in HNSCC
oncogenesis. In particular, RARB promoter has been frequently found hypermethylated
with a consequent gene downregulation (Johnson et al. 2020; Rotondo et al. 2018b).
RARB is a tumor suppressor protein that antagonizes AP-1 complex (Lubecka et al.
2018). RARB reduction may in turn upregulate c-jun and c-fos genes that contain AP-1
domains in their promoter region (Burris and McCabe 2001). HNSCC patients carrying
hypermethylated RARB promoter could benefit from treatments with demethylation
agents 5-azacitidine (5-aza-CR; azacitidine) and 5-aza-2'-deoxycytidine (5-aza-CdR;
decitabine) (Bais 2019). However, the methylation status of RARB promoter in HNSSCs

has not been investigated in depth yet.

The aim of the study was to investigate the expression profile of the EGFR, IRF6, RARB,
pl6, p63 and c-jun genes in both HPV-negative and HPV-positive HNSSCs, in order to
verify if different molecular profiles emerging between groups could be used as molecular
markers for the planning of targeted therapeutic strategies aimed to improve patient’s

survival.
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3.3.2. Results
3.3.2.1. Study population and patient samples

Head and neck squamous cell carcinoma (HNSCC) patients (n=84), with a mean age +
standard deviation [SD] 68.15+£10.84 years (y) old, and non-oncological patients as
controls (n=58) undergoing tonsillar surgery, with a mean age = [SD] 39+15.17 (y), were
enrolled at the ear, nose and throat (ENT) Clinic, University Hospital of Ferrara, Ferrara,

Italy.

3.3.2.2. HPV analyses

HNSCC were screened for HPV DNA presence. HPV DNA was found in 37/84 (44.04%)
of the samples analyzed. Genotyping with high resolution melting (HRM) showed that
34/37 (91.89%) of HNSCCs carried HPV type 16, 1/37 (2.70%) HPV type 33, 1/37
(2.70%) HPV type 31, and 1/37 (2.70%) presented a coinfection with HPV types 16 and
18. Control DNAs were found to be HPV11-positive in 1/58 (1.7%) of the cases. For
further analyses, samples with matching DNA/RNA availability (n=59) were used in this
study, for HPV-negative (n=25) and HPV-positive (n=34) samples. Clinicopathological

characteristics of these patients, according to HPV status are presented in table 1.

3.3.2.3. Gene expression analysis shows differential gene expression among HNSCC

samples

HNSCC samples were analyzed for gene expression. Differences can be observed for
HPV-positive and- negative HNSCC groups (Figure 1). EGFR presented higher mRNA
expression in HPV-positive tumors compared to control samples and to negative tumors
(p<0.05). Mean fold change+SD for EGFR expression was 1.32+2.12 and 0.06+1.59
(p<0.05) in HPV-positive HNSCCs and HPV-negative, respectively (Figure 1A).
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Table 2. Clinicopathological characteristics of HNSCC patients

Clinicopathological variables HPV-negative HPV-positive P value
Tumor Site

Oral 18725 (72%) 2/34 (5,88%) 0.0001
Oropharynx 5/25 (20%) 32/34 (94,11%) 0.0001
Hypopharynx 1/25 (4%) - -
Larynx 1/25 (4%) - -
Tumor Size

T1 1/25 (4%) 5/34 (14,70%) 0.2283
T2 5/25 (20%) 5/34 (14,70%) 0.7292
T3 6/25 (24%) 4/34 (11,76%) 0.2970
T4 13/25 (52%) 17/34 (50%) 1,0000
NA - 3/34 (8,82%) -
Node Status

NO 5/25 (20%) 3/34 (8,82%) 0.2649
N+ 20/25 (80%) 28/34 (82,35%) 1,0000
NA - 3/34 (8,82%) -
Clinical Stage

I - 1/34 (2,94%) -

I 4/25 (16%) 5/34 (14,70%) 1,0000
I 3/25 (12%) 6/34 (17,64%) 0.7199
Iva 14/25 (56%) 8/34 (23,52%) 0.0150
Ivb/c 4/25 (16%) - -
NA - 13/34 (38,23%) -
Recurrence 13725 (52%) 10/34 (29,41%) 0.1071
N/A 1/25 (4%) 5/34 (14,70%)

Tobacco consumption

No 3/25 (12%) 2/34 (5,88%) 0.6414
Ex Smoker 8/25 (32%) 8/34 (23,52%) 0.5585
Smoker 12/25 (48%) 7/34 (20,58%) 0.0950
N/A 2/25 (8%) 20/34 (58,82%)

Alcohol consumption

No 6/25 (24%) 5/34 (14,70%) 0.5015
Ex consumer - 2/34 (5,88%) -
Consumer 15/25 (60%) 10/34 (29,41%) 0.0322
N/A 4/25 (16%) 20/34 (58,82%)

Age 68,4+12,67 67,96+10,77 0,8832
Gender

Male 14/25 (56%) 27/34 (79,41%) 0.0853
Female 7/25 (28%) 7/34 (20,58%) 0.5487
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Figure 1. Differential gene expression for samples according to HPV status.
Statistical significance is represented as * for p<0.05; ** for p<0.01; *** for

p<0.001 and **** for p<0.0001.



For IRF6 no statistical significances were observed between groups and compared to the
control group; mean fold change+SD was -1.18+3.79 and -0.12+3.21 (p>0.05), in HPV-
positive and HPV-negative, respectively (Figure 1B).

P63 gene, was observed upregulated in most HNSCC cases, and in particular, the
upregulation in HPV-positive samples was significant compared to normal (p<0.01). No
significant differences were observed between HPV-negative samples and normal or
HPV-positive and HPV-negative samples: mean fold change+SD, 1.67+£2.14 and
1.41£2.52, respectively (p>0.05) (Figure 1C).

P16, which is by definition the surrogate biomarker of HPV infection was overexpressed
in HPV-positive samples (p<0.0001) and downregulated in HPV-negative HNSCCs
(p<0.01) compared to normal. Differences between HPV-positive and negative groups
were statistically significant: mean fold change+SD, 3.63+3.65 and -2.34+3.72,
respectively, (p<0.0001) (Figure 1D).

c-Jun gene showed higher mRNA expression in HPV-positive samples compared to
control and to HPV-negative samples; for instance, mean fold change+SD was 2.24+3.32

and -0.26 £1.66 (p<0.01) (Figure 1E).

Lastly, RARB was mostly downregulated in HPV-negative HNSCCs compared to normal
(p<0.0001). Differences between the HPV-positive HNSCC group and HPV-negative for
RARB mRNA expression were also significant: mean fold change+ SD, -0.11+3.46 and
-3.48+2.52, respectively (p<0.001) (Figure 1F).

3.3.2.4. RARB promoter methylation analysis shows inverse correlation to gene

expression

The hypermethylation of the tumor suppressor gene promoter RARB, may favor the onset
of cancer (Rotondo et al. 2018b). Upon mRNA downregulation observation, the
methylation status of the RARB gene promoter was studied in both HNSCC and control
samples. Significant hypermethylation was observed in HNSCC samples, for both HPV-

positive and negative samples, compared to control (Figure 2).

Furthermore, correlation studies showed a negative correlation between RARB mRNA
expression and promoter methylation (r=-0.37, p<0.01) and in particular associated to

HPV-negative (1=-0.47, p<0.01), while this correlation was not evident when analyzed
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HPV-positive samples alone (r=-0.15, p>0.05). Thus, RARB expression may be in part
controlled by an independent mechanism rather than promoter methylation; it is possible

that, at least in part, HPV mediated.
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Figure 2. (A) Histogram representing methylated CpGs in the RARB promoter.
Black columns correspond to HPV-positive HNSCC samples; grey columns
represent HPV-negative HNSCC samples; and white columns represent non
tumoral samples; (B) Percentage of methylated CpGs in the RARB promoter region
analyzed. Black columns represent HPV-positive HNSCC samples; grey columns
correspond to HPV-negative HNSCC samples; and white columns represent non

tumoral samples. Statistical significance is represented as **** for p<0.0001.

3.3.2.5. Survival analyses

Overall survival (OS) and progression free survival (PFS) were studied on HNSCC
patients in correlation to each one of the tumor suppressor genes or proto-oncogenes over
a two year-follow up. Patients that presented upregulation of RARB had an OS rate of
83.33% compared to 50.65% of those with low expression (p>0.05). PFS was 46.17% for
patients with high RARB expression and 47.66% for those with low expression (p>0.05)
(Figure 3A).

The related gene c-Jun presented overall survival rates of 68.81% and 60% for patients
presenting high and low expression, respectively (p>0.05). PFS was 58.3% and 50% for
patients with high and low c-Jun expression (p>0.05) (Figure 3B).
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P16 expression has been previously correlated to improved overall survival (Hashmi et
al. 2020). OS was 65.72% for patients with P16 overexpression compared to 50% for
patients with low gene expression (p<0.05). Also, PFS was better, 65.02%, in patients
with high P16 mRNA levels compared to 38.82% for patients with gene downregulation
(p<0.05) (Figure 3C).

Although high EGFR expression has been previously correlated to poor survival in
HNSCC (Kriegs et al. 2019), in our study OS was 66.55% when EGFR was upregulated
compared to 66.66% when it was downregulated (p>0.05). PFS was 40.85% for HNSCC
patients with high EGFR and 55.55% for patients with low EGFR mRNA levels (p>0.05)
(Figure 3D).

IRF6 downregulation has been classically correlated to worse prognosis (Li et al. 2019);
we studied the prognosis effect of IRF6 expression in HNSCC and found that OS was
64.28% for patients with high expression, while 57.14% for patients with low expression
(p>0.05); the PFS was 46.15% for patients with high expression and 42.85% for those
with low expression (p>0.05) (Figure 3E).

P63 expression is essential for survival of HNSCC cells, due to its suppression of a
proapoptotic transcriptional program (Rocco et al. 2006). OS in HNSCC patients with
P63 upregulation was 58.4% compared to 80% for patients with low expression (p>0.05).
PFS was 49.9% vs. 26.66% for patients’ samples presenting high vs. low P63 mRNA
expression, respectively (p>0.05) (Figure 3F).

Survival according to HPV status was also studied. In particular, survival analysis for
IRF6 expression in HPV-positive and -negative gave interesting results. HPV-positive
patients presented an OS of 100% for those patients with high expression, while 80% for
those with low expression (p>0.05). PFS was 40% for patients with high expression and
60% for those with low IRF6 expression (p>0.05) (Figure 4A).

On the other hand, for HPV-negative patients; OS was 44.44% for patients with high
IRF6 expression and 0% for those with low expression (p>0.05). PFS was 50% for
patients with high expression and 0% for patients with low expression (p<0.05) (Figure
4B). These results put in evidence the role of IRF6 in cancer progression, and when
focused on HPV-negative samples, it is a strong indicator of relapse. No significant
differences were observed for survival when studied the HPV-positive and HPV-negative

HNSCC groups separately for the rest of the genes studied.
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Figure 3. Kaplan-Meier curves representing OS and PFS for HNSCC patients (n=59); (A) Represent OS and PFS for RARB gene expression up- or downregulation; (B) Represent OS
and PFS for c-Jun gene expression up- or downregulation; (C) Represent OS and PFS for P16 gene expression up- or downregulation; (D) Represent OS and PFS for EGFR gene

expression up- or downregulation; (E) Represent OS and PFS for IRF6 gene expression up- or downregulation; (F) Represent OS and PFS for P63 gene expression up- or
downregulation. Statistically significant values are represented as p<0.05.
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Figure 4. Kaplan-Meier curves (KM) for OS and PFS according to IRF6
expression; (A) KM in HPV-positive HNSCC samples; (B) KM in HPV-negative
HNSCC samples. Statistically significant values are represented as p<0.05.

3.3.3. Discussion

Several attempts have been made to classify HNSCC tumors, and based on distinctive
characteristics the appropriate treatment is chosen (Canning et al. 2019). While classical
characterization based on tumor location and stage is usually used to assess the best
treatment option, recent data show that it does not always correlate to patient’s response
to therapy and prognosis (Leemans, Snijders, and Brakenhoff 2018). Thus, there is a need
to find other methods to classify these tumors, such as molecular markers (Canning et al.
2019; Johnson et al. 2020). Different gene expression patterns were found in our cohort
of study between the HNSCC subtypes. In particular EGFR, p16, RARB and c-Jun,

harbored differential gene expression between HPV-positive and negative samples.
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When studied according to survival, p16 resulted to be a good prognostic marker for both
HNSCC subtypes, i.e., HPV-positive and —negative. The p16 tumor suppressor gene plays
a key role in cell cycle regulation (H. Shi et al. 2015) and has been studied as an
independent prognostic value in HNSCC. P16 overexpression has been previously
associated to lower T- and N-stage and better survival (Hashmi et al. 2020). In our study,
both OS and PFS were associated to p16 expression. In particular, patients showed better

prognosis when p16 expression was high, independently of HPV status.

We also studied the gene expression in correlation to survival for RARP, a tumor
suppressor protein that inhibits HNSCC growth by modulating cell proliferation and
differentiation, cell cycle progression, and apoptosis (Lubecka et al. 2018). Suppression
of RARB has been associated with tumor progression (Lai et al. 2014). In fact, in our
study, patients with RARB downregulation had a lower OS compared to those with gene
upregulation, and since, RARB gene expression is inhibited by promoter methylation
(Johnson et al. 2020; Rotondo et al. 2018b), we studied the methylation status of RARB
in our cohort of patients. RARB downregulation following promoter methylation was
observed. Based on this, many HNSCC patients could benefit from a combination with
demethylation agents such as; 5-azacitidine (5-aza-CR; azacitidine) and 5-aza-2'-
deoxycytidine (5-aza-CdR; decitabine) (Bais 2019) added to their current treatment
regimens. In fact, treatment combination has demonstrated to have a favorable effect
when applied according to the molecular profile of the tumors (Lubecka et al. 2018), and

should be considered in the future taking into account the patient’s molecular profile.

For instance, current treatment strategies with monoclonal antibodies, such as Cetuximab,
targeting EGFR, are effective to inhibit EGFR signaling in HNSCC (Verma et al. 2017,
Johnson et al. 2020). Interestingly, EGFR expression seems to be higher in HPV-positive
patients in our study, so the patients could especially benefit from this type of treatment.
Although EGFR gene overexpression had been previously associated with poor overall
survival (OS) and progression-free survival (PFS) (Johnson et al. 2020; Kriegs et al.
2019), in our study population we did not observe great differences in OS and PFS,
probably because most of the samples with EGFR upregulation belonged to the HPV-

positive subgroup, which overall have an improved OS.
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Furthermore, the expression and prognostic value of c-Jun was studied. Although certain
studies support a pro-oncogenic function of c-Jun N-terminal kinases (JNK), in particular,
c-Jun upregulation has been previously associated to poor survival in HNSCCs (Verma
et al. 2017) and was associated to increased resistance to chemotherapy (Badarni et al.
2019). Other studies provide evidence that JNKs act as tumor suppressors in HNSCC
(Gkouveris et al. 2016). In our study cohort c-Jun expression did not correlate to OS nor
PFS for HNSCC patients. Interestingly, its expression was higher in HPV-positive

samples. Further studies are necessary to elucidate the role of c-Jun in these patients.

The P63 gene was also studied in correlation to prognosis. P63 encodes two major
isoforms, ANp63 and TAp63, and is overexpressed in a majority of HNSCC tumors
(Johnson et al. 2020). ANp63 promotes HNSCC tumor growth by promoting cell
proliferation (Walter et al. 2013). This could be possible for HPV-positive samples in our
cohort of study were P63 was found mainly overexpressed, although we did not observe

differences for OS and PFS for patients depending on the P63 expression levels.

On the other hand, low IRF6 mRNA expression, correlated to prognosis of HPV-negative
HNSCC:s. IRF6 is involved in the regulation of squamous differentiation (Stransky et al.
2011); diminished levels of IRF6 have been previously associated with poor prognosis
(Xu et al. 2019; Li et al. 2019) and correlated to promoter methylation in several tumors

(Rotondo et al. 2016; Nobeyama and Nakagawa 2017; Botti et al. 2011).

In this study, deregulated expression of a combination of candidate genes were studied.
A profile for better and worse prognosis based on molecular differences has emerged.
These are preliminary results and further studies taking into account the current
uncertainties of this work are ongoing. Overall, a better understanding on the expression
profile of HNSCC tumors would help plan personalized strategies aimed to target the
main deregulated pathways in this pathology. Finally, the development of relevant
preclinical models for HNSCC representing the disease at the genetic, histological, and
functional levels will provide a method for future studies on the molecular modifiers of

response to therapies that are currently in use or now being tested in clinical trials.
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CHAPTER 4

Conclusion
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Over the past few years there has been a global attempt to classify head and neck
squamous cell carcinomas (HNSCCs), in order to improve its prognosis and treatment
outcome. For instance, HPV-positive HNSCCs have been defined as a different entity
from HPV-negative based on its onset and treatment response. HPV-positive tumors
usually respond better to standard treatment choices, while overall survival of these
patients is improved. Still, a subset of these patients will present tumor recurrence and/or
metastasis within the first two years from initial treatment. The overall survival for this

subset of patients is reduced compared to treatment responsive HPV-HNSCCs.

Several studies are ongoing, in order to understand the molecular bases underneath this
differential response in the subset of HPV-positive patients. Yet, up to date, no common
ground has been reached, and no specific markers to determine outcome for these patients
has been established. The main current problem is that there are no standard guidelines
to classify HPV-positive patients, and while many clinicians and/or pathologists
determine positivity based on HPV-DNA or RNA in situ hybridization (ISH) or HPV-
DNA presence, this technique may be misleading and may induce to wrong classification
of non-HPV driven tumors into HPV-positive. Another relevant issue is that ISH is not a
reliable technique, since small quantities of HPV DNA or RNA may be missed. Recent
studies have stated that to be an HPV-driven tumorigenesis, HPV gene expression is
fundamental, in order to interact with the host machinery and initiate the carcinogenic
process, and although it may indicate which HNSCCs are HPV- driven, it is not able to

differentiate patients for improved survival.

Regarding to HPV, classical markers alone, such as HPV DNA, HPV mRNA and pl16
expression, were not sufficient to stratify HPV-positive HNSCC patients for disease
recurrence in our study, but the combination of classical markers with serological
markers, resulted to be strong indicators of prognosis; particularly for oropharyngeal
squamous cell carcinomas (OPSCC). HPV16 E7 oncoprotein presence in serum at the
time of diagnosis, correlated with disease recurrence and two-year overall survival. The
research for E7 oncoproteins in serum may turn useful as a non-invasive procedure for
HPV-positive patients’ stratification and follow-up, helping identify patients at risk at the
time of diagnosis for tumor recurrence during the follow-up, giving a tool for clinicians
to determine which patients would be good candidates for treatment de-escalation or

should be kept under close surveillance.
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Furthermore, differences in the HPV sequence itself may impact patient prognosis and
may suppose a molecular tool for the identification of HPV-positive patients at risk of
relapse. While methylation of the LCR plays a fundamental role in the control of HPV
gene expression, the importance of regulation by other cellular transcription factors
emerges, and, interestingly, for the first time, sequence variations within the YY-1
transcription factor binding site, mainly G7521A, were correlated to improved patient
survival, contradicting what hypothesized in literature, although never demonstrated
before in a cohort of HNSCC patients. The study on the second subchapter shows the
importance HPV16 sequence variations have for transcription factor binding and how
changes in this sequence can greatly affect viral gene expression, which is, after all,

necessary to promote carcinogenesis.

Finally, the content of my thesis describes in detail several differences at molecular level
between HPV-positive and negative tumors; differences were significant between EGFR,
pl6, c-Jun and RARB, and these markers may help create an expression profile in order
to stratify HNSCC patients at diagnosis, and to select the best treatment choice according
to it. Furthermore, IRF6 emerged as a recurrence marker for HPV-negative patients, since

diminished levels of IRF6 correlated to recurrence in HPV-negative patients.

The findings presented in my thesis show molecular differences between HPV-positive
and negative tumors, and shed light on fundamental aspects of the HPV biology, that had
been poorly studied in HNSCCs so far. The first one being the presence of circulating
viral oncoproteins in HPV-positive patients in serum, whose study was difficult due to
the lack of commercial kits until a few years ago; and the second one, the importance that
HPV16 sequence has on the behavior of the virus and its pathogenic potential. Both
aspects turned to be equally important related to patient’s progression free survival and
should be studied in more depth as candidate markers for patient stratification in the

future.
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